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STELLINGEN 

1 .  Bij de pye lum-ureter obstructie dient bij voorkeur een pyel um

plastiek vo lgens Anderson-Hynes te worden verricht . 

2 .  Het diure se-renogram is een bel angri j k  aanvul lend onderzoek 

in die geva l len , waarbij het niet duidelijk is o f  een hydro

nephro se wordt veroor zaak t  door een afvloedbelemmering . 

3 .  Een nier met een " ge s lote n "  bo lvormig nierbekken kan zich 

o ntwikkelen tot een hydronephrose . 

4 .  Het intermitterend ( z e l f - ) c athe teriseren is een behandeling s 

methode van ontledings s toorni s s en van d e  blaas , die fre

quenter toegepas t  dient te warden . 

5 .  Na het ligeren van de vena spermatica blijven de verwachtingen 

op verbetering van een aantal semenkwa liteiten en de kans op 

fertiliteit te hoog gesteld . 

6 .  Niet voor a l le niercarcinomen is nephrectomie , bij ontbreken 

van diss eminatie , de be ste methode van behandeling . 

7 .  Te vaak wordt door , z owe l de patient a l s  de medicus ,  inade

quaat gere ageerd op het alarmerende symptoom van de mac ro s 

copis che h aematurie . 

8 .  Wegens het veelvuldig voorkomen van blaasontlediging s s toor

nis s en na rectumoperatie s ,  verdient het de voorkeur om tij 

delijk een cystostomie aan te leggen . 

9 .  Uit het oogpunt van preventie van ( neurologis che ) blaas functie

s toornissen na een uterusextirpatie , verdient de abdominale 

benadering de voorkeur boven de vagina le . 

1 0 . Stomata zoals een colos tomie , een ileos tomie of een urostomie 

moeten door de rectusmus cula tuur heen warden aangelegd . Een 

anus praeternaturalis kan z onodig in de mediaanli j n  warden ge

p laats t .  
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1. His tory 

The aetio logy and surgical correc tion of the pe lvi-ureteric j unc

tion obstruction h ave long been discus sed . Probably no problem in 

uro logical surgery has been approached by more divergent opinions 

among urolog i s t s  than that of pelvi-ureteric j unction obstruc t ion 

( PUJO ) . 

Hippocrates ( 4 6 0- 3 7 7  B . C . ) already knew the difference between 

hydronephrosi s caused by a s tone and a pelvi-ureteric j unction 

obs truction . 

Nicolaas Tulp ( Tulpius 1 6 7 2 )  first mentioned the condition o f  

intermittent hydronephros i s  which o n l y  happened by full moon . I t  

l asted f ive days and was cured b y  b loodl ett ing . A n  explanation 

for this could be that in tho se days full moon was a good reason 

to pay a v i s i t  to the local pub to drink beer , which increased the 

diures i s  and c aused the hydronephro s i s . The bloodle tting mi ght have 

caused an o l iguria and the complaints d i s appeared . Bo i s s iers de 

S auvage ( 1 7 7 3 )  agreed completely with Tulp ' s  opinion and called i t : 

" I schuri a  lunatica Tulpi i " . 

By the end of the 1 7 th c en tury , mos t  surgeons were more or l e s s  

i n  accord that the true indication for nephrotomy was t h e  infec

ted c a lculous kidney , d i s tended by an accumu lat ion o f  pus , and 

tho se k idneys i n  wh ich the calculus cou l d  be palpated in the or

g an i t s e l f  or through a sinus . 

The first accurately recorded nephro l i thotomy on an otherwise 

he a l thy kidney was performed by Henri Morri s in 1 8 8 0  when he suc

ce s s fully removed a s tone . 

The birth o f  renal surgery actually took place in 1 8 6 2  when Gus 

tav S imon , Professor o f  Surgery at the Univer s i ty o f  Heide lberg , 

del iberately and succe s s fu l ly removed a k idney . 

The first con serva tive operation for rel i e f  of PUJO was performed 

by Trendel enburg ( 1 8 8 6 ) . Ku s ter ( 1 8 9 1 )  was the first to perform 

resec tion of the upper ureter with reimpl antation into the renal 
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pelvi s . Fenger ( 1 8 9 2 )  appl ied the Heinecke-Mikul i c z  technique for 

pyloric s teno s i s  to a PUJO . Bazy ( 1 8 9 6 )  performed a partial re

section of the renal pe lvi s and lowered the insertion of the ure

ter and Albarran ( 1 9 8 6 )  pub l i shed about the uretero-pyeloneostomy 

done by h im .  Braasch ( 1 9 0 9 )  pointed out that a plastic operation 

should not be attempted if the pelvis contained over 1 8 0  ml . of 

urine . Peck ( 1 9 1 0 )  used an ureteric catheter pas sed through the 

kidney and down the ureter as a splint for the sutured ureter , 

the ca theter being allowed to remain in place for about 5 days . 

From that moment on unti l  the pre sent day there have been and are 

" sp l inters " and " non spl inter s " . Von Lichtenberg ( 1 9 2 1 )  des cribed 

a l ateral uretero-pelvic anastomo s i s  of the ureter to the pelvis 

thus increas ing the s i z e  o f  the pe lvic outlet . Fo ley and S chwyzer 

( 1 9 2 3 )  used an Y-shaped inci sion in the pelvi s and ureter to form 

a f l ap which was s utured down the ureter to enl arge the pelvic 

outlet . Young ( 1 9 3 2 )  propo sed a method of re secting the anterior 

and po sterior portion o f  the renal pelvis in such a way that the 

ureter was drawn away from the aberrant ve s s e l  thus e l iminating 

the nece s s i ty o f  sectioning e i ther the ves se l  or the ureter . 

D avis ( 1 9 3 3 ) , Vo se ( 1 9 3 4 ) , Bidgood and Roberts ( 1 9 3 5 )  have each 

p erformed an operation on a s tricture of the pelvi-ureteric 

j unction corresponding to the Rams tedt operation for pyloro spasm . 

More recently the pyelop l a s ty advocated by Andersen and Hyne s  

( 1 9 4 9 )  became the technique mo s t  in f avour . The pelvi c - f l ap tech

n ique o f  Culp and de Weerd ( 1 9 5 1 )  has be en i n  f avour for a long 

time , espe c i a l l y  in the United States . 

The l i terature i s  f i l led with conflicting s tatements regarding 

both the aetio logy and treatment . From the aetiological aspect 

mos t interes t  has been paid to mechanical f actors such as aber

rant ves s e l s , adhe sion s , kink s , high insertion of the ureter and 

pos t-infl ammatory strictures .  The theory of Murnaghan ( 1 9 5 8 )  laid 

the foundation for a more dynamic aspec t . He found a mu scular ano

maly in the pelvi-ure teric j unction ( PUJ ) , with an exc e s s  of longi

tudinal musc l e  f ibre s  in relation to the c ircul ar ones , whi ch 

could be the cause of the di s turbance in the conduction of the 

peristaltic wave s . I n  his opinion aberrant ve s s e l s  only accentu

ate the further development o f  the condition . 
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The success ful treatment of PUJO po stulates both knowledge of the 

aetiolog ical factor or factors involved and the ir proper recogni

tion and evaluation at operation . Moreover the surgical procedure 

c ho s en for correction must be that one wh ich i s  adapted to a give n  

deformity . The res ul t  should b e  a funne l - shaped , dependent , we l l  

draining pe lvi-ureteric outlet with a good coordination between 

pelvic and ureteral neuro -mus cular urodynamic functions . 
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2. 1. Embryology 

2 . 1 .  Embryology of the kidneys and ureters . 

The greater part of the urinary sys tem i s  formed from the mesoderm 

of the intermediate cel l mas s . Three sets of s truc ture s appear 

succe s s ively , called the pronephro s ,  the me sonephro s and the meta

nephros . 

Pronephro s . 

The pronephro s of each s ide i s  rudimentary in the human subj ect 

and cons i s t s  o f  several tubules formed from me sodermal c e l l s  o f  

t h e  intermediate c e l l  m a s s  in the cervical region .  Glomerul i  do 

not develop and the tubu les do not open into an excretory duct . 

The f irst formed tubules regre s s  before the more caudally placed 

last one s are formed and the entire pronephro s dis appears by the 

end of the fourth week . 

Mesonephro s . 

The mesonephro s , l ike the pronephro s ,  con s i s ts of a number of tu

bules and i s  formed from the me sodermal c e l l s  o f  the intermediate 

c e l l  ma s s  in the thoracic and lumbar regions . The medial end of 

e ach tubule enlarges and becomes pear-shaped , and its wa l l  is in

vaginated by a c l u s ter o f  cap i l l aries which form a glomerulus . The 

c api l l aries are connected to a branch of the aorta . The l ateral 

end o f  each tubule opens into a longi tudinal co llec t ing duct cal

led the me sonephric ( or Wo l f f i an )  duc t .  The me sonephric duct de

velops as a solid rod o f  c e l l s  in the intermedi ate cell mas s .  

This canal i ze s  and its c audal end grows to reach the lateral wa l l  

o f  the cloaca , which it perforates .  Meanwhile each me sonephric 

tubule undergoes further deve lopment . Wi th the formation o f  the 

g lomerulus ,  the indented medial end of the tubu le forms the g lo

merular c apsule . The glomerular capsule and the glomerulus to

ge ther are known as the me sonephric corpusc l e . The increase in the 

length of the tubul e  causes it to become bent and S-shaped and the 

equivalent of the proximal and d i s ta l  convoluted tubules and the 
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collect ing tubul e s  are formed .  As the mesonephric tubul e s  cont inue 

to form and grow , the me sonephros forms a spindle-shaped ridge , 

which pro j ec t s  into the coe lomi c c avity on e ach side of the mid

l ine . La ter it become s an ovoid body , which is suspe nded from the 

po s terior abdominal wal l  by a thick mesonephric me sentery . During 

the s econd month , the me sonephros reache s i t s  maximum degree o f  

development a n d  extends on e a c h  s ide from the region o f  the sep

tum transversum down to the third lumbar segment . After functio

ning for a short period , the tubul e s  s tart to degenerate , and this 

pro ceeds in a craniocaudal dire c tion . By the beginning o f  the th ird 

month , the majority of the mesonephric tubul e s  and g lomeru l i  have 

disappeared . However , a f ew c audal me sonephric tubules remain and 

become a s so c i ated with the genital sy s tem in both sexe s . 

Metanephro s . 

The metanephros , or permanent kidney , deve lops from two sourc e s : 

1 .  the ure teric bud from the me sonephric duc t ; 

2 .  the metanephrogenic c ap from the i ntermediate c e l l  mass of the 

lower lumbar and s acral regions . 

The ureteric bud ari ses as an outgrowth o f  the mesonephric duct 

near the opening o f  the lat ter into the anterior part of the c loa

c a .  The bud grows dorsocrani a l ly into the me soderm of the inter

mediate c e l l  mas s , which conde nses around it to form the metane 

phrogen i c  c ap . The ureteric bud forms the ureter , which d i l ates 

at i t s  upper end to form the pelvis o f  the ure ter . Later the pe l 

vi s gives o f f  branches that form the major calyce s , and these in 

turn d ivide and branch to form the. mi nor calyces and collec t ing 

tubule s . New co l le c ting tubu l e s  continue to be formed until the 

e nd of the f i fth month of foetal l i f e . 

The mesodermal c e l l s  of the metanephrogenic c ap form the g lome 

rular capsules ( Bowman ' s  c apsules ) ,  the proximal and di s tal con

voluted tubu l e s , and the loops of Henle . The g lomerular capsule 

become s i nvag inated by a c l u s ter of c ap i l l aries that form the 

g lomerulus . Each tubule e longates in a manner s imi l ar to that seen 

in the development of the me sonephric tubu l e . I t  is important to 

real i z e  that the metanephrogenic t i s sue pro l i f erates and d ivide s  

wi th the ure teric bud , so that each new tubul e  has its own c ap 

o f  mesoderm . Each distal convoluted tubu l e  formed from the me

tanephrogenic c ap t i s sue become s j o ined to a collect ing tubule 
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Fig. 2 . 1 .  1 .  Pronephros; 2. Mesonephros; 3 .  Metanephros; 4 .  Cloaca; 

5. Mesonephric duct; 6 .  Allantois; 7. Mesonephric duct; 8 .  Metanephrogenic 

mass; 9. Ureteric bud. 

der ived f rom the ureteric bud . The surface of the kidney i s  at 

f i r s t  lobulated , but after birth this lobul ation usually soon 

disappear s . 

The metanephros i s  at f i r s t  a pelvi c organ . It is found at the 

level of the upper sacral segmen t s  and receive s its arterial s up

p ly f rom the pe lvic continuation o f  the aorta , the middle sacral 

a rte ry . As development proceeds , the kidneys change their posi

tion and g radually " a scend " up the posterior abdominal wal l . This 

so-called a scent of the kidney i s  l argely apparent and i s  c aused 

mainly by the growth o f  the body i n  the lumbar and sacral regions 

and by the straightening o f  its curvature . The ureter e longates 

as the " ascent " continue s .  The kidney i s  vascu larized at succe s 

s ively higher leve l s  by successively higher lateral spl anchnic 

arterie s , branches o f  the aorta . The kidneys ul timately reach 

their final pos i t ion oppo s i te the second lumbar vertebra . Because 

o f  the l arge s i ze of the right lobe o f  the l iver , the right kid

ney lies a t  a s l ightly lower level than the l e f t  kidney . 

I t  is generally bel ieved that the me sonephric and metanephric kid-
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neys produce urine before birth . Thi s  i s  pas sed via the c loaca in

to the amniotic c avity and contributes to the l iquor amn i i . It 

s hould be po inted out , however , that the placenta functions as the 

k idney in the foetus , and it is only at birth that the k idneys a s 

s ume their important function . 
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2. 2. Anatomy 

2 . 2 .  Anatomy of the ki dneys .  

2 . 2 . 1 .  Gro s s  appearance . 

The k idneys l i e  along the psoas mus c l e s  and are therefore obl i 

que ly placed . T h e  po si tion of the liver cau s e s  the right k idney 

to be lower than the left . The adu l t  k idney each weigh about 

1 5 0  g . •  Both k idneys are supported by the perirenal fat ( which i s  

enclosed i n  the perirenal fascia ) , the renal vascu l ar pedicle , 

abdominal mus c l e  tone , and the general bulk of the abdominal v i s 

c era . Vari ations in these factors permit variations in the degree 

of renal mobil i ty .  The average descent on insp iration or on a s 

sumi ng t h e  upright po s i tion i s  4 - 5  c m  . .  Lack of mobility s ugge s t s  

abnormal fixation , b u t  extreme mob i l i ty is no t nec e s s arily patho

logical . 

On long i tudinal section , the k i dney i s  seen to be made up o f  an 

outer cortex , a central medul l a , and the calyces and pelvi s . The 

cortex is homogeneous in appearance . Portions of it proj ect toward 

the pelvi s between the pap i llae and forni c e s  and are called the 

co lumns of Bertin . The medu l l a  con s i s t s  of numerous pyramid s  formed 

by the converging col lecting renal tubu l e s , which drain into the 

minor calyces . 

2 . 2 . 2 .  B lood supply . 

Arteri al . Usually there i s  one renal artery , a branch of the aorta , 

which enters the hilum of the k idney between the pelvi s ,  whi ch 

normal l y  lies pos teriorly , and the renal vein . I t  may branch be

fore i t  reaches the kidney , and 2 or more separate arteries may 

be noted . In dup l i cation of the pe lvi s and ureter , often each 

renal segment has its own arteri al supply . This artery further 

divide s  into the i nterlobular arterie s , whi ch as cend in the co

l umns of Berti n  (between the pyramids ) and then arch along the 
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base of the pyramids ( arcuate arterie s )  . From these ve s s e l s  sma l 

l e r  ( af feren t )  branche s pass t o  the g lomeru l i . From the glomerular 

tuf t , e f ferent arterioles pass to the tubu l e s . 

For many years " aberran t "  or " acces sory " arteri e s  have been of in

tere s t  to the c l inician , because o f  the ir suspe c ted part in the 

c aus ation of hydronephro s i s . In th i s  case , the words " aberrant "  

and " acces sory " are synonymou s .  I n  f ac t ,  however , they are bo th 

mi s nomers . It had long been a s sumed that any addi tional artery 

which entered one po le of the kidney was nec e s s ari ly an extra 

source of supply to that provided by the main-stem of the renal 

artery . In an i n j ection s tudy o f  a po s t-mortem kidney whi c h  also 

had an aberrant renal artery , Grave s ( 1 9 5 4 ) found that this ves s e l  

w a s  n o t  additional i n  any way , but w a s  in f ac t  the artery t o  the 

l ower segment who s e  ori gin was more proximal than usual . This and 

subsequent similar s tudi e s , conf irmed that the " aberran t "  or " ac

c e s sory " artery was a normal segmental artery o f  pre co c ious origin , 

o f ten from the aorta ins tead of the renal artery . The incidence 

of arteries entering one po le has been shown to vary between 1 0  

and 4 0 %  (Merk l i n  and Miche l s , 1 9 5 8 ) . Graves found that i n  6 3 %  o f  

c a s t s  t h e  lower segment artery h a d  t h e  mos t  proximal origin o f  a l l  

the segmental ves s e l s ; certainly tho se t o  t h e  lower pole are ap

proximately twi ce as common as tho se to the upper pole . 

Ve nous . The renal vei n s  are paired with the arteries , but any o f  

them wi l l  drai n  the entire kidney i f  the others are tied o f f . 

Lymphatic s .  The lymphati c s  o f  the ki dney drain into the lumbar 

lymph node s . 

2 . 3 .  Anatomy of the renal pelve s and ureters . 

2 . 3 . 1 .  Gro s s  appearanc e . 

The pelvis may be entirely intrarenal or partl y  i ntrarenal and 

partly extrarenal . I n feromedially i t  tapers to form the ureter . 

I f  the pelvis i s  partly extrarenal , i t  lies a long the lateral 

border of the psoas mus c le and on the quadratus l umborum mus c le ; 

the renal vascul ar pedi c l e  is p laced j us t  anterior to the pelvi s . 

The left renal pelvi s  l i e s  at the leve l o f  the first or second 

lumbar vertebra ; the po si tion o f  the right pelvi s i s  a l ittle 

lower . 
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The adult ureter i s  about 3 0  cm . long , varying i n  direct relation 

to the height of the individual . It fol lows a rather smooth S

curve . Areas o f  narrowing are found at the PUJ , in the lower ab

domen where the ureter cros ses over the iliac ve sse l s , and also 

where it courses through the bladder wall . 

From crani al to caudal , the ureter lies on the psoas muscle , 

pas ses medially to the sacro i liac j oint and then swings laterally 

near the ischial spines before pass ing medially to penetrate the 

base of the bladder . The uterine arteries are closely related to 

the j uxtavesical portion of the ureters . The ureters are covered 

by the pos terior perito neum ; their most distal portions are c lo

sely attached to i t ,  while the j uxtaves ical portions are embedded 

in retroperi toneal fat . 

2 . 3 . 2 .  Blood supply . 

The renal calyces , pe lvi s ,  and upper ureter derive their blood 

supply from the renal arteri e s . Because the renal pe lvi s has a 

cons tant rich arterial and venous anastomotic blood supply inter

ference through surgical incisions appears unlikely . 

The mid-ureter i s  fed by the i nternal spermatic (or ovarian ) ar

teries . The lowermost portion of the ure ter is served by branche s 

from the common i liac , hypogastric , and ve sical arteries . The 

veins of the renal calyces , pe lvi s and ureters are paired with the 

arteries .  

Lymphatic s . The lymphatics of the upper portion of the ureter as 

well as those from the pe lvis and calyces enter the lumbar 

lymphnodes . The lymphatics of the mid-ureter pass to the hypogas

tric and common iliac lymph nodes ; the lower ureteral lymphatics 

empty i nto the ves ical and hypogastric lymph node s . 
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3. His tology 

Detailed study of the microscopic and u l tra-microscopic anatomy 

of the ureter during recent years has substantial ly increased our 

knowledge of the function and pathology of the organ , though much 

remains to be learned . Many mi sconceptions of the past have been 

corrected ; a l l  investigations have reveal ed the fallacy , still 

often perpetuated , o f  drawing analogies between the phy siology 

of the ureter and of the intestinal tract by postulating a com

parable pathology in cases of obstruction . 

3 . 1 .  Anatomy of the ureter as described in the l iterature . 

3 . 1 . 1 .  Microscopic anatomy of the ureter . 

By l ight microscopy the wal l  of the human ureter can be seen to 

compri se three layer s , an external adventitia , a smooth muscular 

coat and an inner mucous membrane . 

A .  The outer layer i s  a loo s e  connec tive t i s sue sheath which sur

rounds the ureter entire ly , blending with its muscular coat and 

merging into the surrounding retroperitoneal tissue s . It is pre

ponderantly composed of fibrocytes and multitudinous col l agen f i 

bre s  between which small blood ves s e l s  are present and bundles o f  

unmyelinated nerve fibre s which run t o  and from the ureter . 

B .  The muscular coat consists o f  one layer of smooth muscle fibres . 

By l ight microscopy , only few deta i l s  of the structure of the 

mus c l e  cel l s  or the ir connections can be demonstrated . S imilarly 

orientated fibres are collected together in bundles whi ch are 

s eparated from one another by loo s e  connective t i s sue . The bundles 

exhibit varying and seemingly haphazard orientation in the mus 

cular layer . Accordingly i t  i s  very difficult t o  see how the con

cept of an "outer circular " and an " i nner longitudinal layer " of 

smooth muscle bundles can be supported , although thi s is the ar

rangement described in many texts . Satani ( 1 9 1 9 )  observed that the 
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muscular coat of the ureter varies in thickne ss at var ious leve l s  

and h e  claimed that in the upper ureter the bundles proceed in all 

directions to produce a " braided " hi stological appearance , whi lst 

in its lower part the i nner bundles are di spo sed longitudinally 

and the outer ones circularly . Murnaghan ( 1 9 5 8 )  however , described 

bundles forming an i nterlacing series of spirals , each commenc ing 

as longitudinal strands in the outer region of the musculature , 

next forming a middle c ircular layer as they describe their spiral 

turn be fore terminating again as longitudinal bundles adj acent to 

the lamina propria . Murnaghan found the spirals to be i ntermingled 

in the upper ureter , in a simi lar way as S atani's " braided " bundles .  

Tanagho ( 1 9 7 1 ) has extended this , and de scribed a he lical arrange

ment of i ndividual mus cle bundles in the ureteric wall . It is  ob

viously an extreme ly difficu l t  procedure to fol low individual 

bundles , as  Tanagho has attempted , but it is  a more ac curate pro

cedure than making assumptions from the appearance of transverse 

sections only . Allen ( 1 9 7 3 )  extended Tanagho's general concept by 

describing a single layer of muscle with fibres , though inter

twining extensively , ori entated predominantly in a longitudinal 

direction . These descriptions certainly afford a more meaningful 

interpretation of transverse sections through the ure teric wall . 

I t  would seem advisable to abandon the hi storical concept of 

" layer s "  of muscle fibres di sposed in longitudinal or circular 

fashion , in favour of a concept of an intermingl ing mass of fibre 

bundles laid down in a spiral or helical fashion . 

Below the muscular layer i s  a loose connective-ti ssue layer , the 

lamina propria . I t  contains multitudes of col l agen f ibres and 

their supporting fibrocytes , the maj ori ty of the fibres arranged 

parallel to the long axi s of the ureter . 

C .  Lining the lumen of the ureter i s  its third layer , the trans 

itional epithel ium . In transverse section , the epithe l ium and l a 

mina propria frequently exhibit a n  irregular z ig - z ag pattern be

cause i n  vivo the outer elastic layers of the ureter apparently 

pull the epithelium into longi tudinal folds resulting in the ure

teric lumen appearing stellate . Only i f  the ureter is fixed in a 

distended condition are these folds absent . The transi tional 

epithelium is composed of four to five superimpo sed cell layers . 

The superficial cel l s  tend to be f lattened , particularly i f  the 
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ureter i s  fixed after di stens ion . The basal cells are plump with 

more densely staining nucle i .  With light microscopy no basement 

membrane is revealed between the lamina propria and the epi the l ial 

cell s . 

3 . 1 . 2 .  Ultrastructure of the ureter . 

With the electronmicroscope the three layers , adventitia , muscle 

coat and mucous membrane , can easily be identif ied in the wall of 

the human ureter . 

A .  The outer layer o f  the ureter i s  an adventitial connective t i s 

s ue sheath o f  variable thicknes s .  I t  i s  composed mainly o f  dense 

bundles o f  col lagen fibres cours ing in all directions , the maj o

rity however along the long axi s of the ureter . They are accompa

nied by numerous fibrocyte s .  In the adventitia numerous blood 

ve ssels of varying s i z e  are present . Most are disposed longi tudi

nally , a few pass obl iquely through the thickness o f  the adven

titia . Many ve s se l s  are accompanied by bundles of unmyelinated 

nerve fibres; the larger ve ssels especially receive a rich inner

vation . Bundles of such fibres are present throughout the adven

titia and are scattered unevenly around the c ircumference of the 

ureter . They vary in s i z e  diameter and contain between 1 0  and 15 0 

unmyelinated axons enclosed in Schwann-cel l  cytoplasm . 

B .  The muscular coat of the adult human ureter measure s approxima

tely 7 5 0  )llll in thickne s s  and is composed of bundles of smooth 

muscle cell s . These c e l l s  are elongated and contain densely-stai

ning myof i l aments arranged paral lel to the long axi s of the cell . 

There i s  no continuity o f  the contractile elements from one cell 

to another and no evidence o f  the exi stence of a syncytium con

s tituted by the cel ls . Two types of muscle cel l s  can be differen

tiated , a pale cell and a dark cell ; the dark c e l l s  appear so by 

virtue of having abundant myofilaments which are tightly packed 

together , while the pale cel l s  have few myofi laments which are 

more widely spaced . A minority of the muscle cells shows both pale 

and dark areas within thei r  cytoplasm , and i t  i s  not uncommon to 

see a " halo " around the nucleus where the myofilaments are less 

closely packed . Small collections o f  c lear ve sicles , probably 

endo- or pinocytotic ve sicles , about 50 run .  in diameter occur in 

many of the muscle cel l s , closely aggregated beneath the plasma 
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membrane. Each muscle cell is surrounded by a basement membrane , 

about 4 0  nm. thick , situated about 4 0  nm .  from the plasma membrane . 

Numerous contacts are obse rved between adj acent muscle cell s . At 

these points the basement membranes of contiguous cel l s  are fused 

together so that the plasma membranes of the two cells are in close 

apposition . The se j unctions take various forms : they may be pre

sent between two more or less flat or reciprocally curved cell 

surfaces ;  the contiguous surfaces may be infolded and i nterdigi

tated: a process from one cell interlocking with a rece ss i n  an

other cel l ; or two cells may have corresponding processes , the ends 

of which make contac t . Using special fixation technique s ,  the 

p lasma membranes have been shown to be in actual contact with fu

sion of the membranes to form a nexus. The individual muscle cells 

are arranged in bundles mo st of which are totally or partially 

enclosed by fibrocytic processes. All the cells in a bundle are 

s imilarly orientated . Bundles of muscle cells are cut longitudi

na�ly , obl iquely and transversely in all areas of the muscle coat 

and a consi stent feature i s  their wide spacing with many col lagen 

fibres between them. 

Throughout the thickness of the muscle l ayer smal l  blood vessels 

are present . Small bundles of unmyel inated nerve fibres accompany 

many of these ve ssels and seem to innervate the vessel wall s . 

Bundles-of collagen fibres occur throughout the muscle coat , be

tween the i ndividual muscle f ibres and in large groups between 

the bundles of muscle fibres. They are arranged mainly paral lel 

to the long axi s of the ureter , but a minority i s  orientated in 

all direction s . F ibrocytes are pre sent between the muscle cell 

groups ; thei r  processes enclose them totally or partially. 

C .  The transitional epithelium is from four to five cel l s  i n  

height . Two types of c e l l s  are present : a large l ight c e l l  and a 

smal ler dark cell . The lumen o f  the ureter i s  mainly lined by the 

large pale cells with only occasional dark cells intervening . The 

deepe s t , or basal , layer of the epi thelium cons ists e ntirely o f  

small dark cell s ,  whilst the intermediate layer is made u p  of 

both types o f  cells , wi th a predominance o f  the dark type. The 

dark cells have a densely-staining granular cytoplasm which con

tains abundant small , rounded , dark mitochondria. The mitochon

dria are usually aggregated at one side of the nucleus around a 
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Golgi-zone in which a centriole is seen in appropriate section s . 

Mos t  basal dark ce l l s  show conspucious large collections o f  coarse 

granular , dark-staining material which is prefere ntially aggrega

ted c lose to one side of the nucleus . The basal plasma membrane , 

which is deeply info lded , contac ts a continuous basement membrane , 

about 2 5  nm . thick , which extends about 30 nm . from the cell wall . 

"Attachment-plate s "  s eem to be absent ( Notley 1 9 6 8 )  . I n  the pale 

cells , small , rounded , densely-staining mitochondria are present 

in lesser numbers than in the dark cells and are scattered through

out the cytoplasm . The plasma membrane s of the lateral borders and 

bases of the cells of the transitional epithelium are infolded and 

interdigitated with the proce sses of neighbouring cell s . The cells 

are joined together at the luminal end of their lateral borders 

by a dense j unctional complex . Between the basemen t  membrane of 

the epithelium and the muscular layer o f  the human ureter is the 

3 50- 700)UIIl thick lamina propria . This layer is characterised by 

l arge numbers of col lagen fibre s arranged in bundles and inter

spersed with fibrocytes and their processes . The collagen fibres 

have a similar orientation as the majority o f  other collagen fi

bre s in the ureteric wal l : mainly longitudinally . Scattered ran

domly throughout the lamina propria are small blood vessels cut in 

various plane s . Many are associated with small bundles of non-mye

linated nerve fibres . Lying closely applied to the basement mem

brane are many longitudinally disposed capillaries . Throughout 

the lamina propria , bundles of unmyelinated nerve fibre s enclosed 

in Schwann cell cytoplasm are observed . They range from large 

bundles containing 4 0 - 5 0  axons enclosed in several Schwann cells 

to small col lec tions o f  8 - 1 0  axons in a single Schwann cell . 

3 . 2 .  Pathology of the pe lvi-ureteric junction . 

3 . 2 . 1 .  Lightmicroscopy . 

Hydronephrosis is the most common sequel to pelvi-ureteric j unc

tion obstruction encountered in infants and children . De spite nu

merous reports o f  diverse pathologic findings at the PUJ in hydro-

nephro sis due to PUJ obstruction , there is still a widespread 

conviction that the actual cause is a " functiona l "  obstruction . 

This should be sugges ted by the persistence of pelvic dilatation 
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after a l l  adhe sions have been freed. If the ureter is transected 

just below the pelvi-ureteric segment urine wi ll not drain freely 

from the pelvis , al though a probe can easily be passed upwards. 

Evidently , the pelvi-ureteric segment is unable to transport urine 

from the pelvis i n  a normal manner. Several theories have been 

put forward to explain this abnormal function . 

In a light microscopic study of the obstructed PUJ , Murnaghan ( 1 9 5 9 )  

reported a predominance o f  longitudinal muscle fibres and sugges

ted that a developmental muscular anomaly exi sts in this region , 

the spiral muscle fibre s bei ng deficient. The affected pe lvi

ureteri c  segment would therefore be unable to propel its contents 

downwards during peri stal s i s. It is  unlikely that one s ingle causal 

factor will be found re sponsible for all cases of PUJ dysfunction. 

Indeed a spectrum of abnormal i ties was observed in 35 obstructed 

segments in the study of Hanna et al ( 1 9 7 6 ) .  Three groups were in

vestigated. Eight specimens were morphologically entirely normal. 

Reduced muscle bulk in the PUJ was observed in 1 3  specimens. The 

third group of 1 4  cases exhibited muscular malorientation , thi cke

ned adventitia , and a variable degree of inflammatory cell infil

tration. 

Foote ( 1 9 7 0 ) noted in 7 of 5 8  patients a complete absence of mus

c le or of the presence of abnormal , small muscle fibres at the 

P UJ in'3 7  patients. The bundles became smal ler and less numerous 

as the j unction was reached from below , sometimes di sappearing 

total ly , or remaining as miniature bundles. In mo st case s muscu

l ar hypertrophy was present above thi s  defect . Occasionally the 

hypertrophied muscle would have been a secondary obstructing fac

tor and the area of primary muscle def i ciency was hardly apparent. 

These segments , collapsed by hypertrophied muscle , may show the 

gro ss appearance of a valve. In thi s  series there were 6 patients 

with normal musc les and 8 with hypertrophy o f  the muscle layer in 

the renal pelvis. 

F ladderer ( 1 9 7 5 )  demonstrated in 1 5  out of 2 1  patients a s ignifi

cant increase of collagenous tissue within the PUJ , along with a re

lative deficiency of monocytes. Each o f  the smooth muscle f ibres 

was surrounded by f ibrous t i ssue , which could have caused i nter

ruption of the " nexus " function and therefore def iciency of muscle 

contractions. Thus , insufficient muscle contractility within the 
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PUJ could be a major fac tor in the pathogenes i s  of hydronephro s i s  

associated with PUJO . The remaining 6 showed mus c le hypertrophy 

and subepi the lial fibro s i s . 

3 . 2 . 2 .  Electronmi cros copy . 

Electronmicroscopic studi e s  o f  the abnormal pelvi-ureteric segment 

by Notley ( 1 9 7 1 ) have revealed normal muscle ce l l s  with normal 

nexus and a normal innervation of the region , but have also demon

s trated a considerable increase in the amount of fibrous t i ssue 

in the ureteri c  wall . Not only were the muscle bundles widely se

perated by collagen fibres , but occasionally the lamina propria 

was as much as one mi l l imetre thick . A corset of inelastic colla

gen would prevent distension o f  the pelvi-ureteric segment by uri

ne so that only a smal l  constant volume of urine wil l  escape from 

the renal pe lvi s  ( an aperistaltic segment ) ;  during diure s i s  urine 

will accumulate in the pelvi-calyceal system , producing hydrone

phros i s . This finding was partly confirmed in a detailed study by 

Hanna ( 1 9 7 6 ) . Excess ive col lagen be tween the muscle cells of the 

obstructed PUJ and compromi sed muscle cells in the area immedia

tely proximal to the j unction were noted . In moderately dilated 

pelves a progressive increase in numbers of normal muscle cel l s  

was observed a s  sections were inspected in progressive cephalad 

directions away from the PUJ . In gross hydronephros i s  there was a 

severe muscle cell distorsion and an increased collagen and ground 

substance depo sition over a more extended area of the renal pel

vi s .  The nexus were markedly attenuated or ruptured accounting 

for s tructural and functional discontinu i ty between the muscle 

cell s . I t  i s  bel ieved that these abnormalities have a prognostic 

impact on the results o� surgi cal repai r . 

I n  cases of primary obstructive megaureter and hydronephros i s  due 

to PUJO, Gosl ing ( 1 9 7 8 )  observed exce ssive amounts of connective 

tissue extending throughout the entire length of
· 

the distended 

ureter and renal pelvi s . Structural changes in the smooth muscle 

cells included a reduction in number of myof ilaments and the 

deve lopment of unusually large quantities of granular endoplas

matic reticulum and Golgi complexes . The connective tissue sepa

rating smooth muscle cel l s , consisted of bundles o f  randomly 

orientated col lagen fibre s together with numerous pale staining 

1 7  



elastic fibres . This infi l tration of connective tis sue and the 

smooth muscle changes continued distally as far as the " narrowed " 

segment ( pelvi-ureteric j unction and ureteroves ical j unction) where 

it ceased abruptly . 

Gos ling proposed two a lternative hypotheses . Firstly , a primary 

anomaly of renal pelvic smooth muscle is pre sent which is reflec

ted in f ine structural and histochemical changes associated with 

the manufacture of excessive amounts of connective ti ssue . On this 

bas i s  an intrinsic mal function of muscle cel l s  should be the 

aetiological moment in this condit ion . Alternatively , the morpho

logical feature s of the wall of the dilated renal pelvis could 

s econdari ly arise in response to di stension , the latter being due 

to obstruction from an as yet indetermined cause . In other words : 

i s  hypotonic dilatation of the renal pelvis as sociated with nor

mal morphological feature s aetio logically a different condition 

f rom the establi shed di latation associated wi th pelvi-ureteric 

j unction obstruction with abnormal morphology? Alternatively , do 

the two groups represent di fferent stages o f  the same disease 

proces s ?  
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4 . 1 . Phys iology 

Which are the mechani sms taking care of urine transport in the 

normal calyces , pelvis and ureter? 

There are three forces which act on the urine in the renal pelvis 

and encourage its transport into the ureter and the bladder : the

se are the pressure produced in the nephron ( glomerular f i ltra

tion and tubular excretion ) ,  the peristal s i s  and the hydro static 

pres sure ( gravity ) . Glomerular f i l tration is a process mainly 

dependent on blood pres sure and is less affected by intrapelvic 

pres sure than tubular excretion . Intravascular pressure i s  about 

1 0 0  cm. H2o ( 8 0  mm . Hg) . This is opposed by a colloid o smotic pre s 

sure of 3 3  cm . H2o and a tubular re si stance approximating 3 3  cm . 

H2o .  The resultant filtration pres sure in the glomerulus is there

fore approximately 34 cm . H 2o .  Tubular secretion is an active phy

s iological proce s s , requiring cellular activity . The tubules alone 

are capable of considerable secretory pressure . The total excretion 

pres sure is approximately the re sult of the combined pressures o f  

glomeru lar filtration and tubular secretio n . 

The ro le which each of these fac tors plays in transport i s  depen

dent on the c ircumstances which prevail at the time . Whi l st lying i n  

bed with a n  empty bladder , f o r  instance , the hydro s tatic pre s sure 

will be almost z ero , whereas the renal excretion pressure diffe

rence in both pos itions i s  minimal . Peris ta l s i s  is  almost whol ly 

responsible for transport in this s i tuation . Whi lst during the 

day the hydrostatic pres sure caused by the height of the k idney 

above the bladder assists in keeping the urine flowing down the 

ureter , the peristals i s  is the active factor propelling boli of 

urine down to the bladder , perhaps wi th an enhanced frequency 

because of the hydro static factor . 

The forces active when a peristaltic wave propel s a bolus o f  

fluid down the ureter ( Whitaker 1 9 7 5 ) , are shown in F ig .  4 . 1  . .  

Although the ureteric muscles are spirally orientated , the con-
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Fig. 4. 1 .  Resolution of forces on a bolus of urine in the ureter. 

traction force s can be resolved into radial and longitudinal for

ces . There is a strong radial contraction at the top o f  the bolus 

and at the same time a shortening longitudinal contraction pul ls 

the ureter up over the bolus . This ac tion i s  most e ffective only 

i f  the radial forces have comp letely obl iterated the lumen o f  the 

ureter preventing escape of urine in the cranial direction . 

Peristalsis is able to conduct fluid down the normal ureter by 

me ans of c ircumscript moving areas with a closing contraction . 

As the bolus reaches the ureterovesical j unction the onward move

ment of the radial closing force s will drive the bolus through 

the orif i ce and at the same time the longi tudinal shortening 

force will help by pul l ing the last few mil l imetres of ureter up 

over the bolus . By this coordinated activity the orifice i s  pul

led open to allow the bolus through . It i s  probable that there is 

a minimum pres sure , perhaps of only a few centimetre s  o f  water , 

needed to assist the muscular activity to open the orifice in the 

normal ureter . To be e ffective the pre ssure must be higher than 

in the bladder . 

I ncreased flow of urine will initially cause increased frequency 

of contractions of the renal pelvis with corre spondingly i ncreased 
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contractions distally (Weinberg 1 9 6 7 ) . 

According to Kiil ( 1 9 5 7 )  the normal renal pelvis and ureter can 

tolerate a flow of 8 - 1 0  ml . /min . per ureter without increasing 

pelvic pressure . I f  the production o f  urine increases at such a 

rate to reach a pelvic pressure o f  3 0  to 4 0  cm . H20 ,  the con

tractions of the pelvi s and proximal ureter will come to a halt 

( Backlund 1 9 3 6 ) . Risholm et al ( 1 9 6 0 ) call this a pelvic dampening 

effect , whereby increased flow wi ll di stend the ure ter and pelvis 

to a free column o f  urine , the pres sure in the ureter then caus ing 

enough res i stance to prevent radial forces from clos ing the urete

ric lumen . The peri stalsis at the lower end may f inally be super

seded by a continuous flow into the bladder . Thi s is  produced by 

a pres sure within the who le upper tract which is sufficiently 

raised to constantly overcome the minimal resistance of the ori

f ice . 

The normal pelvi-ureteric j unction is inconspicuous and ill-de fi

ned as there is a gradual tapering between the renal pelvis and 

the upper ureter . It is this gradual tapering which makes it so 

effective as an emptying system ( Fig . 4 . 2 . ) . 

The question arises as to whether there is an innate frequency 

of peristal s i s  to form and propel a bolus or ureteric activity 

initiated by a stimulus , produced by the rate o f  renal excretion . 

Actually both , an i nnate perista l s i s , enhanced by a neuromuscular 

response to dilatation , probably coexist (Glassberg 1 9 7 7 ) . Back

lund ( 1 9 6 3 )  demonstrated that there is electrical conduction be

tween the muscle cells and that an electrical wave can progress 

down the ureter . But for thi s  to occur something , somewhere , 

needs to initiate or at least to alter the conduction . Peristal

tic muscular activity within the urinary transport system may be 

initiated when the volume o f  excreted urine stretches the c e l l s  

in the wal l  of the collecti ng system . 

The maj ority of contractions appear to arise somewhere in the vi

cinity o f  the pelvi-ureteric j unction , but special ised pacemaker 

c e l l s  cannot be identified by histological or phy s iological stu

dies . Whether a contraction is due to a pacemaker or a local area 

of di sten sion by the production of urine is immaterial to the 

present discussion . In f act, it appears that peristaltic activ i 

t y  may begin in any portion of the collecting system , depending 
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Fig. 4.2. Sequency of peristalsis at the normal pelvi-ureteric junction. 

upon the point at which the stimulus is app l i ed and whethe r the 

local factors are receptive to the s timulus . Cinefluorographic 

observations have demons tr ated repeatedly in the s ame patient 

a wandering s i te from which per i staltic wave s progre s s  downward 

through the remainder of the transport system . On more than one 

occas ion we and o ther inve s tigators obs erved these peristaltic 

waves s tarting i n  the calyx or infundibular area only to shift 

to another location ( Culp 1 9 7 2 ) . However , in most ins tanc e s  the 

s i te o f  origin seems to be the region of the renal pelvis .  

At least some o f  the se contractions reach the PUJ and pas s  down 

to the upper end . In the lower part of the funneled renal pel

vis there is a po int at which the downward moving contractions 

are able to close the lumen to form a bo lus . 

Peri s taltic a ctivity then carries the bo lus on downwa rds . Once 

the bo lus is forme d ,  the pres sure within it can exceed the pres

sure within the renal pelv i s  (Kiil 1 9 5 7 ) , but i s  dependent on 

the resistance below the bo lus . The pre s sure in the pelvis c an 

thus remain low and the ki dney i s  protected ( Wh i taker 1 9 7 5 ) . 

The mechani sm or progre s s ion o f  the peri staltic waves has been , 

and remains , a point of controversy between those who believe 

in the myogenic and thos e  who f avour the neurogenic theory o f  

ureteric peri s ta l s i s . However ,  more recent studies o f  ureteric 

function s eem to i ndicate that mechanical , e lectrical and pharma-
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cological s timuli a l l  affect the rate and amp l itude of peri s t a l t i c  

activi ty . 

Lapides ( 1 9 4 8 )  came to the fol lowing conc lusion s : 

- tonus and rhythmic contractionH of the intact human ureter are 

entirely independent of the central nervous sys tem inc luding the 

autonomic nervous sys tem and a l l  i t s  gang l i a . 

- the normal s timulus for the ini tiation and maintenance of ure

teric peris ta l s i s  is a s tretching of the smooth mu s c l e  fibres o f  

t h e  u reter b y  the urine excreted b y  the k idney . 

- peri staltic activ ity of the ureter c an be a l tered by changes in 

urine volume output , within certain l imi t s . 

Boyarsky ( 1 9 6 8 )  wro te : 

- e lectrical , mechanic a l  and pharmaco log i c a l  s t imulation of the 

renal nerves in the renal pedic l e  or po sterior to the calyces c an 

s low down or speed up ureteric per i s tal s i s . 

- the myogenic and neurogeni c  theories of ureteric peri s t a l s i s  may 

both be t rue in part . 

In this way we con s i de r  the pro c e s s  a s  a ne uromu scular activity , 

taking into account that combined mechani cal , e l ectrical and 

visc oelastic activi t i e s  and forc es are present . 

Conc lusions : 

The normal pelvi-ureteric j unction i s  funne l  shaped whi ch enables 

the per i s taltic activity , somewhe re in the course o f  the funne l , 

to close the l umen ; in this way a change is taking place from a 

mixing a c tivi ty to a real propul s ive activity of a preformed bo

lus . 

The s i te of origin of the peri staltic waves i s  the calyx or in

fundibular area o f  the renal pelvi s .  

The frequency o f  the per i staltic waves depends o n  the urine vo

l ume produced by the kidney . 
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4 . 2 .  Pathophy s iology 

Obstruc t ion , occurring in the upper urinary trac t , imp l i e s  that 

the usual f low is reduced or only maintained at the cost o f  a 

higher than normal pre s sure within the renal pelvis , which will 

act as a back pre s sure on the renal parenchyma . I f  there is ob

s truc t ion in the transport o f  urine to the bladder it results in 

mor e  activi ty and leads to hypertrophy o f  the conduc ting s truc

tures . Later o n  when the hypertrophied mus c l e s  are no longer able 

to overcome the antagonistic force , atony , muscular atrophy , 

di l atation and parenchyrnal destruc tion fol low . 

Muscular hypertrophy is marked above the obstruc t ion , wh ich is 

usua l l y  p arti a l . Hypertrophy begins d i stally in the region o f  the 

u rinary tract j us t  above the obstruc tion ,  and it is also here 

that decompensation f i r s t  occur s . For th i s  rea son , iso l ated 

c hanges c an be observed in the terminal part o f  the ureter if 

the obstruction is located at the uretero-ve sical j unction . With 

continued muscular activity , dil atation re sults even when the in

creased contractile force o f  ureteric per i s ta l s i s  cannot overcome 

the obstruction . S ince the ureteri c mu scle is arranged as a he lix , 

its lengthening will enl arge the ureter not only c ircumferential

ly but a l so longi tudinal ly , result ing in the typical tortuo s i ty 

seen on roentgenograms . 

Dil atation and parenchymal destruction fol low mus cu l ar decompen

s a t io n , s i nce the hyperactive per i s tal s i s  and muscular hypertro

phy of the second s tage no longer empty the calyc e s , pe lvi s and 

ureter sufficiently and do not keep in balance wi th the vo lume 

produced by the kidney parenchyma . Thi s  i s  the mo s t  demaging sta

ge i n  the proce s s  o f  hydronephrosi s .  D i l atation and hi gher pre s 

sure c ause parenchyrnal des truction b y  s tretching the conducting 

s tructure s ,  interfering with the c i rculation o f  blood and com

pre s s i ng the c e l l s  of the tubu l e s  ( Hinman 1 9 3 5 ) . The mechanical 

pres sure o f  the enlarging rena l pelv i s gives rise to atrophy o f  

2 4  



the renal parenchyma ( " backpres sure a trophy " ) . This cou l d  result 

f rom i s chemic atrophy caused by impairment o f  renal bl ood flow , com

pre s s ion of the interlobar and arcuate arte ries and direct paren

chymal damage due to the pres sure . The severity of renal d amage 

not only depends upon the degree but a l so on the duration o f  the 

obs truction . 

The term o b s tructive uropathy has been accepted as a convenient 

expression for the abnormal i tie s of ren a l  function a s so c i ated with 

obstruc tion ; however ,  it mus t  be admi tted that when the empha s i s  

i s  l a id on changes i n  t h e  nephron rather than i n  the urinary tract 

the term obstructive nephropathy is a more pre c i s e  one . I n  general , 

the urolog i s t  tends to think o f  obs truction in terms o f  pathophy

sio logy , urodynami c s  and operative technique , whereas the nephro lo

g i s t ' s  special intere s t  is directed to the abnorma l ities in renal 

function , especial ly salt and water excretion . The c hange in uro

dynamic s , however , i s  the base o f  it and the term obs tructive uro

pathy i s  the more comp r i s ing one , obstructive nephropathy only in

d i c ating what happens i n  the parenchyma of the k idney s . 

A continuing production o f  urine i s  e s s ential for the produc t io n  

o f  hydronephro s i s . O n e  c o u l d  spe culate that in t h e  earl i e s t  s tage 

of hydronephros i s  due to a partial pelvi -ureteric obstruction , the 

i ntrapelvic pres sure mi ght be e levated . It is known that a tempo

rary o c c lusion of the ureter leads to an immediate intraureteric 

pressure rise . Dependi ng upon the degree o f  pres sure increase , 

the smooth mus c l e  mus t  give way to accommodate a greater vo lume 

o f  urine than norma l , and the presence o r  absence o f  an intra- o r  

extrarenal pelvis could b e  a factor inf luencing the degree o f  re

nal parenchymal damage . Any smooth mu s c le f ibre that i s  continu

ously overs tretched gives way and l o s e s  its contractile abi l i ty , 

and i t  could be that the end s tage o f  hydronephro s i s  would then 

show lowered pressures . 

The o ther po s s ib i l i ty i s  that in longs tanding hydronephros i s  the 

k idney eventual l y  produc e s  l e s s  urine s o  the di l atation may de

crease and a new balance is set between the vo l ume produced and 

the c apa c i ty of the pelvi-ureteric j unc tion . 

Atony of the pelvi s and ureter increases throughout the cours e  

o f  progre s s ive hydronephros i s ; t h i s  i s  ref lec ted in t h e i r  dila

tation and c apacity for increas ing vo lumes o f  f luid . At f i r s t  
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an easier d i s tension upon overhydration or reflux with lower pres

sures wi l l  occur . As imbalance continues , as in longs tanding 

partial but high grade obstruction , l arge quant ities o f  urine may 

accumul ate , resulting in complete atony and mus cular atrophy o f  

t h e  pelvic a n d  ureter ic wa l l s  a n d  d i s turbance o f  renal function . 

As renal impairment progre s s e s  there i s a tendency for the k id

neys to produce a greater volume o f  more d i lute urine . Thi s higher 

f low rate in the presence o f  a fixed degree of obstruc tion wi l l  

in i tself demand a h ighe r pre s sure t o  overcome the obs truction . 

vascu lar derangement develops from e longation and compre s s ion of 

the ve s se l s  during pe lvic d i l atation ; the blood supp ly to the 

cortex gradua l l y  decrease s . The renal func tion is proportional 

to renal arterial blood f low . The diame ter of the renal arte ry 

a fter complete ureter i c  occlus ion dimi n i shes in proportion to 

the overall decrease in renal func tion . Removal of the obstruction 

al lows partial return o f  func tion , and the arterial diameter in

c reas es proportiona l l y . The longer the obs truc tion per s i sts , the 

l e s s  the percent age of return of renal function . After 3 0  day s , 

onl� minimal function returns in dogs ; in humans , howev e r ,  in

s tances o f  recovery o f  function after much longer periods o f  ob

s truction have been reported . Bas ically , the longer and the more 

severe the obstruction , the greater the irreversibi l i ty of the 

damage wi l l  be . 

The interplay betwe en urine formation and resorptio n-excretio n  

i s  i l lustrated better b y  parti a l  obs truction than b y  complete 

obstruction . In partial obs truction , instead of resorption a s 

s uming t h e  entire task of correct ing urine imbalance , excretion 

takes over part or mo s t  of that funct ion . The patho logical changes 

are the s ame , howeve r .  Becaus e the balance i s  delicate and a lo

wer pres sure i s  maintained ( which delay s  renal atrophy ) , hydro 

nephro s i s  may be more advanc ed . In c ases of partial obstruc t ion , 

intrapelvic pre s sure measured in the human hydronephrotic kidney 

usually approaches normal leve l s  because an equi librium is e s t a

b l i shed between urine formation and urine transmi s s ion down the 

urete r . Atrophy wi l l  result from recurrent episodes o f  increased 

urine formation during diure s i s  or from tran s ient increases in 

the degree o f  obs truction as a result o f  minor trauma , oedema , 

or change i n  po s i tion . S tatements vary a s  to the effect of urete-
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r i c  obs truc tion on the ki dney . The be s t  evidence i s  that with sud

den complete obs truc tion resulting in clo sed hydronephro s i s , the 

k idney may undergo atrophy wi th decrease in s i z e . Such atrophy may 

fol low not only comp lete obstructio n ,  but a l so partial and inter

mi t tent hydronephro s i s . 

In trying to compare what happens in o ther organs in case of ob

s truction, we can see that the frequency with wh ich the pancreas 

and sal ivary glands shrink after obstruction o f  the ir main duc t s  

indicates a response o f  these organs strikingly dif ferent from 

that of the kidney . In the case of a l l  three organs , the abrupt 

c e s sation of secretion or glomerular fi l tration after obs truct ion 

would s eem to be the simp l e s t  and mo s t  reasonable exp lanation for 

primary atrophy . However , the development o f  atrophy o f  the k id

ney gives a qu i te dif ferent p i c ture in both humans and animal s , 

because the kidney in mo s t  instances enlarge s with hydronephro 

s i s  a fter urete r i c  obs truction . 

4 . 2 . 1 .  Backf low . 

In the case of obstruc tive uropathy great importance has been 

given to the unique ro le of back f low . S i nce g lomerular f i l tra

tion i s  a mechanical pro c e s s  depdendent on pure ly phy s i cal factors 

and s ince tubular secretion also c an con tinue during comp l ete ob

s truction , there mu s t  be e i ther auxil i ary routes for external 

excretion o f  the urine o r  resorption of i t  along the excretory 

pathway . Otherwi se , the pre s sure within the conducting struc

tures would rapidly rise unt i l  g lomerular f i l tration and tubu lar 

secretion were comp l e te ly s toppe d ;  the re sult would be primary 

atrophy rather than prog res s ive dilatation of hydronephro s i s . The 

urine may e s cape by way o f  the fornices into the venous system 

( pyelovenous backf lbw) , through the tubules ( pye lo-tubu lar back

flow )  , by way o f  the lymphatics ( pyelo- lymphat i c  backflow) and 

s inus e f flux into the peripelvic and peri renal t i s s ue s . 

The role of the renal lymphatics in obs truction was inve s tigated 

in dog s  by Naber ( 1 9 7 3 ) . From the compo s i tion of the renal lymph , 

it could be demons trated that the hilar , but not the s ubcapsular 

lymph i s  draining the occluded pelvi s . Howeve r ,  pyelovenous 

backf low was found to be more e f fec tive than pyelo lymphat ic 

b ac kf low s ince only approximate ly 0 . 3  per cent o f  the h i l ar lymph 
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represented reabsorbed urine . 

The ba lance between renal excretion and backf low mu st be del icate , 

as i s  shown by the finding o f  a normal or only s l ightly elevated 

intrape lvic pres su re in chronic partial obs truction . Underwood 

( 1 9 3 7 ) , K i i l  ( 1 9 5 7 )  and Me l i ck ( 1 9 6 1 )  agreed that in e stabli shed 

pelvi-ureteric obstruction the intrapelvic pre s sure was normal . 

An increase in excretion wi l l  raise the intrape lvic pre s sure , 

which in turn wi l l  increase the rate of backf low and perhap s s low 

down the excretion and so reestabl i s h  a balance . 

Fo r pe lvic pres sure recordings and infusion , mo s t  earlier inve sti

gators have used a c atheter pas sed through the pe lvi-ureteric 

j unction f rom below . The se c atheters no doubt di s turb the outf low 

through the PU- j unction . This was c ircumvented by the s tudy o f  

Back lund et al ( 1 9 6 5 ) . With dif ferent pe rfus ion rates b y  way o f  a 

needle in the renal pelvi s, he tried to mimic a diure s i s  within 

phy s iologi cal limi t s . I n  his s tudy , he found a thresho l d  value o f  

intere s t  i . e .  the maximum flow not inducing a n  increase in intra

pelvic pre s sure during pro longed perfus ion . According to Ki i l  ( 1 9 5 7 )  

the normal renal pe lvis and ureter can to lerate a f low o f  8 - 1 0  

ml/mi n . per ure ter wi thout increasing pelvic pres sure . He gave 

data on 4 patients with hydronephros i s  due to pelvi-ureteric j unc

tion ob s truction and o f  one patient with pyelonephr i t i s  and a 

normal pelvi-ureteric j unct ion . 

I f  only a nephrogram i s  evident on intravenous urography during 

acute obs truction , it may be a s sumed that l i ttle or no backf low 

is oc curring . If contrast dye appears in the pelvi s ,  however , 

b ackf low mus t  be taking p lace . Further proof of the presence o f  

backf low i s  manifest i f  the dye i s  excreted o n  the non-obs tructed 

s ide, many hours a f ter the ini t i a l  i n j e c tion ; evident ly the dye 

i s  being p icked up in the b lood and lymphat i c s  on the obs tructed 

s i de and then excreted by the normal kidney ( Hinman ) . 

Pye lovenous backf low i s  quanti tative ly the mo s t  important route 

for resorption in a cute hydronephro s i s . The fornix o f  the minor 

calyx is the s i te of breakthrough into the venous plexus sur

rounding the base o f  the c a lyx . Tubular backf low is o f ten seen 

a fter overf i l l ing during retrograde pye lography . The typical tuft 

formation is not uncommon , e spec i a l ly if the kidney is infecte d . 

Pyelolymphatic backf low i s  seen on both retrograde and i ntravenous 
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urography as wavy lines cour s ing from the hilum toward the mid

l ine . 

The rate of hydronephrot i c  atrophy i s  greater in higher obstruc 

tion than in lowe r , more di s tal one s , this may be due to the buf 

fer e f fect o f  ureteric pe ristal s i s , which maintains a more even 

i ntrapelvic pres sure , o r  it may be due to increased backf low via 

the urete r i c  lympha t ic s .  

Pyelo-inter s t i t i a l  backf low i s  a more extreme form o f  backf low ; 

i t  i s  seen in intravenous u rography only in cases of acute ob

s truction or severe abdominal compre s s ion . Hinman saw 5 patient s , 

mo s t  o f  whom had ureteric obs truction due to calcul i , with peri

pe lvic extravasation o n  intravenous urography . Studies o f  in

fection i n  anima l s  showed the l eak starting in the rim o f  the 

forni x and then p a s sing between the c a l i ceal and the pe lvic wal l s  

and the renal parenchyma to the peripe lvic t i s sues . 

4 . 2 . 2 .  Infection o f  the pe lvi-caliceal sys tem . 

Hydronephros i s  results from back pre s sure on the kidney , whi le 

pyelo-nephritis result s  from infection which i s  perpetuated in 

the upper urinary tract because of s ta s i s . The urinary tract is 

unable to get rid o f  bacte r i a  by washout with urine . Al though 

back pre s s ure and s t a s i s  are both consequences of obs tructive 

l e s ion s , they are different pathologi c a l  proce s se s . The i r  evo lu

tion and damaging e f fec t s  c an best be a s s e s sed separately , since 

prophy laxi s and uro logi c a l  treatment for hydronephrotic atrophy 

may be qu ite d i f fe rent f rom that for chronic upper urinary tract 

infection . 

S t a s i s  means incomplete exchange of urine . S ince bacte ria double 

in number approximately every hal f hour , the movement o f  new urine 

into and of a l l  o l d  urine out of a condu i t  mus t  be complete in 

h a l f  an hour if the number of bacteria is to dimini s h . I ncomplete 

exchange can result from one of the fol lowing two factor s : 

1 .  a vo lume in the condui t  exceeding the half hour rate o f  urine 

production and 

2 .  incomp l ete mixing o f  new and old urine , so that urine in certain 

areas o f  the condui t rema i n s  longer than the period required for 

bacter i a l  doubling . 

ad . l .  The normal pelvi-caliceal compl ex hol d s  an average o f  6 ml . 
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( 2  to 1 2  ml . )  of urine . With a total urinary output of 1 , 2 0 0  ml/day 

an average ratio between vo l ume present and f low rate i s  1 : 2 .  

A better ratio for washout i s  seen during periods o f  diure s i s . Sta

sis i s  present when obstruct ion increases the vo lume in the con

duit and when the ratio fal l s  to less then 1 : 1 .  

ad . 2 .  Urine pa s ses through the calyces and pelvis at a rate that 

permi t s  l aminar , rather than turbulent , f low ; thi s  mean s that the 

urine in the center of the s tream f lows at a normal or higher rate 

wh ile the rate decreases progressively to reach zero at the wal l  

itsel f . A s  a resu l t , bacteria i n  urine adj acent to the wa l l  have 

ample time to multiply even though there is good total volume ex

change . Ob servations o f  the pelvic a l i ceal mu sculature and mobil ity 

l ead to the conclusions that generally the cali ceal and pelvic ac

tivity i s  not purely pe ristaltic , that i s , movement of urine oc

curs in both antegrade and retrograde direction s . The mixed ante

grad� and retrog rade ac tivity o f  the renal pelvi s ,  move s the uri

ne in and out o f  the c alyx . Hinman concludes that the ro le o f  ca

l i ceal ( and pelvi c )  activity i s  to mix the urine to ensure a to

tal washout . In hydronephro s i s  with pelvic and cal iceal di lata

tion , effec t ive mixing ceases and , since the basic exchange rate 

between new urine and res ident pelvic urine is al ready marginal 

because o f  the increased pe lvic vo lume , bacteri a  are not e l imina

ted . Hence , if infection i s  initiated , i t  is ma intained . Cal i ceal 

diverticula are prime examples o f  interference with mixing plus 

imbalance in urinary exchange . 

Rec ent experimental evidence shows and confirms the c l inical evi 

dence that certain bacteria immediately and directly affect urete

ric pe r i s ta l s i s .  Cl inica lly , roentgenograms confirm these ch ange s 

in contrac t i l ity , By decreasing pelvic contracti l i ty , endotoxins 

increase the tran s i t  time o f  urine into the ureter and decrease 

mixi ng , permitting greater bac terial propagation with ine f f i c ient 

WI. shout . 

S tones promote infection not so much because they irr itate the mu

cosa , but becau se they interfere with f low . 

The reduc t io n  of urine formation that u l t imately occurs in the 

l ater stages o f  hydronephro s i s  further favours growth of the 

bacteria . The d i s t inction between infected hydronephro s i s  and 

f rank pyonephros i s  is poorly defined . Perhap s the only tenable 
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difference i s  that in pyonephros i s , renal f unc tion ha s virtua l l y  

ceased , s o  that the pe lvic contents a r e  appre c i able thicke r  than 

urine and increas ing at the expense of parenchymal destruction . 

I f  the obstruc tion i s  relatively complete , pyonephro s i s  can be 

the end s tage o f  infected hydronephros i s ,  for a s  func t ion f a l l s ,  

bacteria and pus increase to f i l l  eventu a l ly the c lo sed sac . 

The formation o f  stones combi ned with s ta s i s  i s  common . In fact , 

a s tone that i s  partially obstruc tive , grows a t  a f a ster rate than 

a s to ne that produces complete obstruction ; the latter depre s se s  re

na l function , and , hence , the supp l y  of ions nec e s sary for s tone 

f ormation . Many sma l l  s tone s wou l d  pa s s  spontaneou s l y  if obstruc

tion were not pre sen t ;  a calculus i t se l f , however , can be the pri

mary cause o f  the obstruction . 

4 . 2 . 3 .  Compensatory mechan i sm o f  the kidney . 

Compensato ry hypertrophy o f  a kidney develops a fter occlu sion o f  

the ureter o f  the oppo s i te kidney and/o r a fter contralateral ne

phrectomy . Donadio et al ( 1 9 6 7 )  s tudied f ive donors of kidneys 

for renal al lotransplantation who lent themselves we l l  to the stu

dy o f  func tional and anatomic renal hypertrophy a s  they were 

o therwi se healthy individua l s . Functional hypertrophy was evident 

at 6 to 1 1  day s a f te r  nephrectomy . The GFR amounted � 7 0 %  o f  the 

o r iginal kidney function . I n  animal experiments i t  has been shown 

that the hypertrophy of the tubular c e l l s  is greater in young 

animal s than in the more mature one s . This could explain the bet

ter response o f  the ki dney in the human infan t  than in the adu l t  

(Vaughan 1 9 7 3 )  a f ter release o f  t h e  obs truc tion . 

Rena l  counterba lance , proposed by Hinman in 1 9 2 3 , imp l i e s  that a 

damaged kidney cannot compete with i t s  normal mate and therefore 

atrophies .  If this conclus ion were true i t  wou l d  be u s e l e s s  to 

attempt any p l a s tic procedure that would s ave a k idney damaged 

by obstruction long enough to cause the oppo s i te kidney to t ak e  

over t h e  ful l or partia l  functional responsibil i ty . These expe

r iments were carefully repeated some ye ars l ater by Joe l son e t  al . 

The results publi shed in 1 9 2 9 were not i n  acco rd with the f i ndings 

o f  Hinman . Joe l son c learly demons trated that a k idney complete l y  

obstructed f o r  a period o f  1 9  days could recover i t s  function 

a fter the obstruction was removed , although the oppo s i te k idney 
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had undergone compen satory hypertrophy . Regardle s s  of the se re

sults H inman contended that insufficient time was a l lowed in Joe l 

s on ' s  experiments for compensatory hypertrophy t o  become complete 

in the oppo s i te kidney . He draws a rather sharp dis tinction between 

full anatomi cal hypertrophy of the kidney and the full reserve 

functional output . 

Regardle s s  of the se rather divergent views on the repair of dama

ged kidneys one knows from practical experience that a kidney 

partia l ly obstructed for long periods of time increases its 

functional output after the obstruction has been removed regard

l e s s  o f  the change s which have tak en p l ace in the oppo s ite kidney . 

Schulhof ( 1 9 3 7 )  came also to the conc l u s ion that H inman ' s  theory 

was not s upported by the c l inical evidence . On the basis o f  tests 

applied by him , kidneys we re found to be functionle s s , but fo l lo

wing surgical drainage , the re was a return o f  func tion . 

Expe riments with dog s , performed by Vaughan ( 1 3 7 1 ,  1 9 7 3 )  also em

pha s i zed the abil i ty of the damaged kidney to recover in the pre

sence o f  a heal thy contral ateral kidney , thu s  fail ing to ful f i l l  

the prophecy o f  Hinman . 

Shapi ro ( 1 9 7 6 )  describe d three pa tient s with apparently complete 

uni lateral ureteric obstruct ion of at least 2 8 , 2 8 and 1 5 0  days . 

The contral ateral kidney was norma l . Urography and renal s canning 

were used to document the presence or absence o f  renal function . 

After corrective surgery there was good recovery of function i n  

a l l  cases . H e  conc luded that the dec i s ion t o  rel ieve obstruc tion 

in an attempt to save a kidney should not be made on the bas i s  of 

a poor renal scan or urogr am . 

4 . 2 . 4 .  Postoperative renal function . 

The results of both c l i nical and exper imental s tudies have def ined 

several patterns o f  abnormal renal function due to obs truction alone 

( Chisholm 1 9 7 0 ) . There is also evidence that these abnorma l i ti e s  

o cc ur i n  a l l  patients both during a n d  after t h e  relief o f  o b 

struction , though they may b e  comp l i cated e i ther b y  infection o r  

b y  o smotic diures i s . The f a c t  that a disturbance o f  nephron func

tion i s  not always clinically obvious is due to several factors . 

Mo s t  of the abnormal ities are transient and d i s appe ar after the 

relief of an obs truc tion within a short t ime . In addition , di f fe -
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rence in glome rular f i l tration after uni l a teral obs truc tion will 

not be detectable wi thout dif ferenti al bilateral cl earance s tudies 

because o therwise abnormal l o s s e s  will be obscured i f  only total 

fi ltration rates are me asured . 

Remarkable post-obs truction polyuria has bzen recorded on several 

occas ions and may be so severe as to threaten l i f e . S ince the se 

abnorma l i t i e s  occur i n  uro logical patients the uro logi s t  mu s t  not 

only recogni z e  thei r  potential hazard but also be sufficiently 

fami l i ar with the pathophy s io logy to correct the l o s s e s . I t  is 

e s sential that blood chemi s try and e l ectrolyte lo s s e s  a re measured 

in the l aboratory . C l inical s igns, carefully kept f luid ba l ance 

charts and regular meas urement o f  the blood pres sure are sufficient 

to s ignal the onset o f  hypovo l aemi a in a ma j or i ty of patient s . 

The urgency to rel ieve an asymptomatic obs truct ion , such a s  an 

" idiopath i c "  ( pe lvi -ure te ri c )  hydronephro s i s , i s  o f ten debated . 

Provided that the obs tr �ction i s  both asymptomati c and non-pro

g re s s ive , a case for conservatism can be made . Thi s however , over

looks the fact that any rise in intrarenal pres sure with a change 

in diure s i s  is a potential cause o f  damage . Thus a better c ase 

c an be made for a functional a s s e s sment o f  equivoc a l  pelvi -ure

teric obs truction ( Wh i taker 1 9 7 5 ) . 

The progno s i s  of a kidney with obs truct ive uropathy i s  o f ten un

predictable . It i s  not only d i f f i cu l t  to measure the extent of 

renal damage on c l inical presentation , prior to the release of 

the obstruction, a lthough kidney s canning and renography are help

ful , but i t  usual ly remains unknown until after treatment . Thus 

the c l inician mu s t  be alert to the exi s tence of obstruction i n  

unexplained uraemia and fami l i ar wi th the syndromes o f  abnormal 

function a s s o c i ated with obstruction . 

4 . 2 . 5 .  Hypertens io n . 

Experimental and c l inical experiences have shown that unil ateral 

and b i l atera l  hydronephro s i s  may be a s s o c i ated with hype rtension . 

The increased pressure in the renal pelv i s  and calyces may lead 

to i schaemia c aused by compre s s ion o f  the renal parenchyma . Thi s 

can be the cause of increased plasma reni n activity . I t  i s  very 

useful to be informed about the po s s ib le c ause o f  hypertension 

in PUJO before the operation . I f  by selec tive renal vein cathete-
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r i s ation a laterali sation o f  the abnormal renin activity va lues 

is found , the patient may become normotens ive after nephrec tomy 

or pyelop lasty . 

S everal papers about this sub j e c t  have been pub l i she s . Vaughan et 

al ( 1 9 7 4 ) found normal or low per ipheral plasma renin activity 

(PRA) in 1 2  patients with uni lateral PUJO and hypertens ion . I t  is 

possible that they found the se data be cause the pati ents we re not 

sodium depleted be fore the PRA was measured . However , Chapmen and 

Doug las ( 1 9 7 5 )  presented two patients (out of 3 )  with PUJO and in

creased PRA preoperative ly . Nephrectomy cured the hyperten s ion in 

the s e  patient s . Chapman and Doug l a s  a l so reported two children who 

became normotensive after pye loplasty . Davis ( 1 9 7 3 )  described a 

5 -year old boy with hypertension and hydronephro s i s  due to PUJO 

in a solitary kidney . After pyeloplasty the PRA returned to nor

ma l ,  his renal function improved con si derably and he became nor

motens ive . 

4 . 2 . 6 .  Conclu s ion . 

A pe lvi-ureteric j unction obs truction wi th a rise in pre s sure 

leads to hypertrophy of the renal pelvis wa l l  and later to de 

compen sation with atony , d i l atation and parenchymal des truc tion . 

The latte r  i s  due to i s chemi� a trophy from impairment o f  renal 

b loodf low by compression of the arterie s . 

Initial ly, renal impairment i s  especially caused by tubular dy s

function , whi ch leads to polyuria . 

The k idney could " es cape " the r i s e  in pres sure by the various 

types of back flow . 

Hypertens ion a s soci ated with hydronephro s i s  i s  reni ndependent in 

some cases . 
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5 .  Aetiology 

When the diagno s i s  hydronephros i s  due to PUJO in a patient has 

been e s tabl i shed , the fol lowing " cause s "  have been con s i dered al

though they only describe what was found a t  operation , whi l e  the 

real cause was s t i l l  obs cure . 

5 . 1 .  

5 . 1 . 1 .  

5 . 1 .  2 .  

5 . 1 .  3 .  

5 . 1 .  4 .  

5 . 1 .  5 .  

5 .  2 .  

5 .  2 . 1 .  

5 .  2 .  2 .  

5 .  2 .  3 .  

5 .  2 .  4 .  

5 .  2 .  5 .  

5 .  2 .  6 .  

5 .  2 .  7 .  

" Extrin s i c  c aus e s " . 

acces sory ve s se l s  to the lower pole o f  the kidney 

f ibrous bands cross i ng the j unction 

a peripelvi c  fascial sheath binding the ureter to the 

pelvic wal l  with or without acces sory ve s s e l s  

k inki ng of t h e  ureter 

nephroptos i s  

" Intrins i c  cause s " .  

congenital and acquired steno s e s  

congenital mucos a l  valve s 

h igh ins ertion of the ureter 

neuromu s cular dysfunction 

intussusception 

non- spec i f i c  granuloma 

inf l ammatory polyps 

Other d i seases caus ing obs truction at the pelvi-ureteric j unction 

(or more d i stally ) , together with secondary hydronephro s i s  due to 

urodynamic changes have also to be exc l uded . 
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5 . 1 .  EXTRINSIC CAUSES OF PELvI -URETERIC JUNCTION OBSTRUCT ION . 

5 . 1 . 1 .  Acces sory ve s s e l s . 

There are many con f l ic ting reports in the l iterature regarding 

the role o f  aberrant ve s s e l s  in the development of PUJO . Whether 

the aberrant ve ssel i s  a primary cause or a secondary enhanc i ng 

fac tor of hydronephros i s  i s  debatable , but i t  i s  the consensus of 

many observe rs that abe rrant ve s s e l s  are an important contribu

t i ng factor in the development of PUJO . 

Boogaard ( 1 8 5 7 ) attributed hydronephros i s  to compre s s ion of the 

j unction by acces sory ve s s e l s  to the lower pole of the k idney . 

Duval and Gregoire ( 1 9 0 6 )  thought that the pounding of an artery 

on the j unc tion might interfere with peristal s i s , but they s u s 

pected a lesion of t h e  urete r i c  w a l l  to be the basic c a u s e  of ob

s truction . 

I t  was thought too , by some workers , that a cons tant pul s ation of 

the ve s s e l  against the ureter might transform the normal ureteric 

mus culature into fibrous t i s s ue , resulting in an intrinsic as wel l  

as a n  extrin s i c  obs truction . 

Winsbury Wh ite ( 1 9 2 5 )  wrote : "Among the numerou s  reference s in the 

l i terature to hydronephro s i s  there are very many in wh ich the 

aberrant ve s s e l  is c i ted as the cause . In the large maj ority o f  

operated c a s e s  there i s  n o  de tailed account of the actual origin 

o f  the ves s e l s  or of the po ints at whi ch they leave the k idneys . 

In noting this lack of detail one has to bear in mind how d i f f i 

cult it is during an operation on a d i s tended ki dney to b e  sure 

of th e origin of certain ve s s e l s . No doubt thi s  diffi culty has 

often led to the erroneous conclus ion , that a normal ve s s e l  i s  

a n  abnormal one . Kus ter , I srael , Bazy , Duval and other ab le ob

s erve r s  all rej ect the abnormal-ve s sel - theory . I n  a number o f  

reported c a s e s  there i s  a n  i l lustr ation of the di seased kidney . 

I n  each one , the same re lationship be tween pelvi s , ureter and 

bloodve s s e l s  ex i s ted . However , al though in many instances the ve s 

s e l  i s  described as abnormal , i t  i s  obviou sly a normal one ! "  

The arteries may pass anterior ( 6 6 % )  or pos terior ( 3 3 % )  to the 

j unction ( Ekehorn , 1 9 0 7 ) . 

Jewe tt ( 1 9 4 0 )  bel ieved that polar ve s s e l s  were the sole c ause of 

obstruction in 24 of his s e ries of 7 1  patients with PUJO . Adams 
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( 1 9 5 1 ) , B ibus ( 1 9 5 8 ) , Qui nby ( 1 9 3 7 )  and o ther s  c l a imed that such 

ves se l s ,  by compres s ion of the ure te r , may be primarily re spons i 

b l e  f o r  hydronephros i s . Soley ( 1 9 4 6 ) reported 1 9  c a s e s  of PUJO in 

children under 14 years of age with 24 ureters invo lved . I n  his 

s er ie s , aberrant ve s s e l s  were found to be the cause in 7 of the se 

c a se s . Henl ine ( 1 9 3 5 )  reported a series o f  66 c as e s  o f  PUJO in 2 9  

o f  whi ch the cause was proven to b e  a n  abe rrant vesse l . After a 

c areful and exhaustive s tudy , Jewett ( 1 9 4 0 )  demonstr ated that 

there i s  no absolute PUJ . I n s te ad the pelvis bl ends into the ure

ter as a funne l . Where a definite PUJ exi s t s , obstruction s hould 

be con s i dered , particularly where there is pyelecta s i s . 

Applying this obse rvation to the finding of compre s s ion of the 

upper ureter by an aberrant vessel , it mus t  be reali zed that one 

is speaking in terms of an arbi trary PUJ , wh ich exi s t s  by virtue 

of the obstruction . 

Aaron ( 1 9 4 8 )  pre sented two brother s  with PUJ which he thought were 

definite ly c aused by aberrant lower pole ves se l s .  

On the other hand , the facts that the acces sory ves s e l s  to the 

lower po le are frequently encountered ( see anatomy , chapter 2 )  in 

the absence of obs truction ( Brosig 1 9 4 8 , Dodson 1 9 5 6 )  and that 

hydronephros i s  i s  also observed in adul t  l i fe , indicate that 

a comb ination of factors may be involved and the maj or i ty of uro

logi s t s  agre e s  that aberrant ves s e l s  act as a secondary obs t ru c 

ting factor t o  an al ready enlarged pe lvi s .  A vic ious c y c l e  i s  

thus estab l i shed a n d  the greater t h e  hydronephros i s  the more pro

nounced the obstruction become s . 

Van S ambeek ( 1 9 7 3 )  theorized that with progre s s ion o f  the PUJO 

the pelvis d i l ates in the direction that of fers least resis tance . 

The pe lvi s i s  surrounded on the med iodorsal s i de by the psoas 

mus c le , on the lateral and cranial s ide by the kidney parenchyma 

and on the dor sal s ide by the quadratus lumborum mu scle and the 

1 2 th rib , so the pelvis c an only bulge in the ventral or caudal 

direction . On the ventral s ide i t  c an herni a te be tween the main 

artery and the artery to the lower pol e . When the bu lging pro

g re s s e s  the PUJ may be pul l ed over the acces sory ve s se l  ( F i g . 5 . 1 . )  

Anderson ( 1 9 6 2 )  was d i s turbed by the fact that when the kidneys 

were divided i nto c a s e s  with an i ntrarenal and with an extra

renal pelvi s ,  acces sory ve s s e l s  were cho sen as the causal factor 
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Fig. 5 . 1 .  Accessory vessel. 

in an undue number of extrarenal hydronephroses , and that when 

acces sory ve s s e l s  were present but not regarded as c ausal , mos t  

of the cases had i ntrarena l pelve s . H e  wrote : " Thi s leads me to 

think that I have attached too much importance to ve s s e l s  as the 

immedi ate c au sative factor , a l though I f i rmly believe that they 

are a serious aggravating factor in extrarenal cases , where the 

di l ated pelv i s  hern i ates between leashes of ves se l s .  The embar

r a s sment caused by such ve s s e l s  is suf f i c ient to convert a mi ld 

case into one that requires surgical intervention to save the 

k idney . I maintain that accessory ve s s e l s  a re the primary causa

t ive factor i n  some cases . My reasons for this are : 1 .  Hydrone

phro s i s  occurs in cases of retrocaval ureter , 2 .  At operation , i n  

a c a s e  that i s  obviously functiona l , when the ureter i s  freed , 

the pelvi s seldom propel s  i t s  contents down the ureter with each 

contraction � in other wo rds , a ureteric contraction doe s not fol

low each pelvic contraction , and when the ureter is cut acro s s ,  

p e lvic contractions do not expel a spurt o f  urine from the stump . 

I n  such cases there i s  often a pe r s i s tent constriction of the 

urete r , pre sumably due to spasm , be cause there is no demons trable 

organi c s tr icture . In contra s t  to thi s , when ve s s e l s  appear to be 
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the cause , the segment of ureter above the ves se l s  is di lated , i t  

contracts i n  sympathy wi th the renal pelvis and the contraction 

stops at the ves se l s . When the ureter is freed from the ve ssel s ,  

the contraction s are propagated down the ureter , and when the ure

ter is cut acro s s  a spurt of urine accompanies each pelvic con

traction , 3 .  The undoubted success o f  Hami lton S tewarts operation 

( S tewart 1 9 4 7 ) must to some extent depend on vessels being the 

cause " . 

Maluf ( 1 9 5 6 )  concluded that it is shown that the c alyco-pelvi

ureteric sys tem of a completely normal urinary tract will undergo 

dilatation during forced diure si s .  He po stul ated that dilatation 

of an extrarenal pelv i s  may lead to its he rniation within a wide 

extrahilar bi furcation of the main stem artery and/or vein and 

thus result in acquired obstruction of the pe lvis . 

5 . 1 . 2 .  F ibrous bands cro s s ing the junction . 

5 . 1 . 3 .  A peripelvic fascial sheath binding the ureter to the pe l

vic wal l  with or without accessory vessels . 

5 . 1 . 4 .  Kinking of the urete r . 

Nixon publi shed his series of 7 8  children with hydronephros i s  in 

1 9 5 3 .  In 15 o f  the 19 cases , which were explored and where a con

servative operation was performed , an anomaly of the pelvi-ureteric 

j unction was de scribed . I n  all 1 5  there was some extri nsic abnor

mal ity . In 1 0  thi s  cons isted of "adherence " of the ure ter to the 

pelvis and in 5 there was kinking caused by " bands " .  These bands 

showed the same appearances as have been de scribed in the cases 

associated with aberrant ve ssels and the successes following their 

divi s ion demonstrate the abi l i ty o f  the bands to obstruct urinary 

outflow even though the lumen is not intrinsically narrowed . 

The se adhesions have often been attributed to previous inflamma

tion , causing peri-ureteriti s . Evidence o f ' such an inflammatory 

origin however is not convincing . They have a constant localisa

tion , so that it i s  difficult to bel ieve that they are caused by 

spread of a diffuse pelvic and peripelvic proce s s . Also histolo

gical examination of the region has not supported an inflammatory 

origin (Oestl ing 1 9 4 2 ) . Bands are found as commonly in early and 
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Fig . 5 . 2 .  Pelvi- ureteric adhesion s .  

uninfected cases as in late and infected ones . Oe stl ing ' s  ( 1 9 4 2 )  

study o f  foetal and olde r  specimens supports the view that they 

are congenital in origin . They appear to ari se in connection with 

the growth of the adventitial coat . Fig . 5 . 2 .  represents a typical 

adhesion from the lateral side o f  the upper end of the ureter to 

the pelvis . This is Oestling ' s  " sai l -shaped fold" . When the pelvis 

expands during diure s i s  or due to other causes , the ureter i s  

dragged up against the pelvi s , kink ing i t .  The dilatation re sul

ting from this obstruction , and the consequent rotation o f  the 

pelvis forward over the psoas muscle , would then cause a secondary 

obstruction over any ve ssel that may be present . 

O ' Conor ( 1 9 5 5 ) wrote in his paper : " In America we be l ieve that 

mos t  instances of dilatation in the urinary tract are the result 

o f  obstruction . We all recogni ze many instances of ureteric and 

renal pelvic dilatation that exist in the absence of evident ob

s truction , but the causal factor involved in these cases is often 

obscure and incomplete . The European pathologists of a previous 

generation summarily di smi s s ed thi s  discu s s ion by expl aining that 

these dilatations were the result of e i ther " f au l ty innervation" 

or " congenital overgrowth of ti ssue " . In fact , both S toerk and 

his successor , Bauer of Vienna , called our description of obs truc

tive le s ions of the ureter and renal pelvis " the American disease " . 

4 0  



This meant , of course , that they did not believe in what we term 

"mechanical " causes of obstruc tive uropathy . Actual proof of their 

own theories was never evident " .  

5 . 1 . 5 .  Nephroptos i s . 

Rayer ( 1 9 4 1 )  regarded exce s s ive mobi l i ty ( nephropto si s )  as a cause 

of hydronephro si s ,  but Ekehorn ( 1 9 0 7 )  f elt that it was only impor

tant if it s tretched the j unction over ve ssels or fascial bands . 

Jones ( 1 9 0 9 )  cited the numerous failures o f  nephropexy to alle

viate hydronephrosi s  as evidence that ptosis alone did not cause 

obstruction . Kelly and Burnam ( 1 9 1 4 )  and Mathe ( 1 9 2 8 ) shared Eke

horn ' s  views . Winsbury White ( 1 9 2 5 )  re ferred to Henri Morris who 

i s  reported as saying : " I  am much di sposed to think that in seve

ral cases in which hydronephros i s  and movable k idney coexi st , the 

mobi l i ty was acquired after and not before the hydronephro s i s " . 

And he continue d :  "The Dietl ' s  crise s , some time s to be observed 

i n  cases of movable kidney , are no doubt due to renal retention , 

not from an obs tructed outlet of the pelvi s , but from a conge sted 

kidney resulting from a pyelitis consequent on chronic inte stinal 

troub le so often present with general vi sceropto s i s , of which the 

nephropto s i s  is a part . Many cases having long histories of crises , 

fail to show any indi cation o f  a dilated pelvi s when submitted to 

operation " .  

Tuffier ( 1 9 1 6 ) , in de scribing the results of 4 5  nephropexies for 

attacks of pain , could find no evidence of dilatation in 3 6 . Ge

raghty and Front z ( 1 9 1 8 )  quote the combined figure s of seven 

authoritie s , based on a total of 4 5 7 6 cases . The se showed that a 

mobile k idney occurred in 2 0 %  of females and in 2 %  of male s . The 

authors also referred to Kel ly and Burnarn ' s  review of 2 4 5  case s . 

They found a mobile kidney on the right side in 1 7 7  cases , on the 

left side in 2 5 , and bi lateral ly in 4 3 . The writers point out that 

if a mobile kidney were the c ause of hydronephro s i s , we should 

f ind an overwhelming maj ori ty in women , with a right sided predo

minance , and the bi lateral condition should be more common than 

the unilateral left s ided . None of these facts could be sub

s tantiated by them , for although the di sease was twice as common 

in women as in men , it occurred with equal frequency in e ither 

kidney , and bilateral disease was rare . Moreover ,  the mobile kid-
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ney i s  a condition with a markedly increased inc idence in the 

fourth decade , while it is during the first and second decade of 

l ife that most cases of hydronephro sis occur . 

Quinby ( 1 9 3 0 ) cri tisised the importance placed on ptosi s .  He 

pointed out that with the descent of an abnormally mobile kidney , 

it is not only the organ i tself whi ch moves but the bloodve ssels 

move with it as a whole . In a typical case of mobi le kidney , the 

mobi l i ty takes place on the vascular pedi cle as a centrally fixed 

point and the peripheral ends of the ve ssels move with the organ 

itself . It is hard to see , how one portion can be assumed to move 

while another intrinsic structure remains behind . Mathe ( 1 9 3 7 )  

concluded that : " I t i s  generally accepted that renal mobility 

alone doe s not cause hydronephrosi s . However ,  when the k idney des 

cends and the upper redundant portion o f  the ureter sags , hangs , 

or comes in contact with aberrant vessel s ,  wi th fibrous bands or 

with its upper attachment to the perirenal fascia or to the poste

rior peritoneum , obstruction occurs result ing in hydronephro s i s . 

There i s  no doubt that a mobi le kidney in which the upper ureter 

has been obstructed , is  a definite cause of moderate hydronephro

s i s . Repeatedly regres sion of the hydronephrotic sac was noted by 

making serial pyelograms on patients in whom the kidney was sus

pended . This fact proves that ptosis plays a role in obstruction 

because surgical suspension is fol lowed by anatomical involution 

of the hydronephrotic sac " .  
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5 . 2 .  INTRINSIC CAUSES OF PELVI -URETERIC JUNCTION OBSTRUCTION . 

5 . 2 . 1 .  Congenital and acquired stenoses . 

Wo lfler ( 1 8 7 7 )  des cribed a congeni tal steno s i s  at the j unction . 

Jewett ( 1 9 4 0 )  found s i gns o f  inflarrunation in 1 6  of 3 3  such steno

ses and consequently regarded only 17 as congeni ta l  and the others 

as acquired . S tenoses may be caused by a thickeni ng of the muscu

lature , the development o f  hyperpl astic fibrous tissue and a fi

brous contracture producing a small stoma ( Deming 1 9 4 3 ) . 

Geraghty and Frontz ( 1 9 1 8 )  studied specimens from 9 patients with 

obstruction at the PUJ with respect to inflarrunatory changes . Their 

conclusion was that even in the absence o f  urinary tract infection 

the histological picture indicated a lesion of inflarrunatory na

ture . 

Schreiber ( 1 9 2 7 )  reported after a study of 1 0 0  cases that " urete

ric stricture as a local ized inf larrunatory proces s  in the ureteric 

wal l  due to local infection doe s  not occur or is relatively rare " . 

Oe stl ing ( 1 9 4 2 ) , in a study of 2 5 0  foetuses and newborns in va

rious s tage s of development ,  demonstrated that narrowing at the 

pe lvi -ureteric j unction developed at an early embryonic age and 

undoubtedly produced the subsequent malformations . He also stated 

that in the foetus , from the fourth to the fi fth month of gesta

tion , differences in the lumen of the ureter and its tortuos ity 

seemed to be local ized in the upper third o f  the ureter . On his

tological examination , there appeared to be folded muscle ti ssue 

in this region . He proposed that after birth the surrounding 

ti ssues grow more rapidly and thi s increased growth caused the 

ureter to straighten . 

In 1 9 7 0  Allen wro te an excellent paper about congenital ureteric 

stricture s . He found that the muscular wal l  of the normal collec

ting sys tem was not divided into distinct layers but exi sted as a 

s ingle-layered , meshwork of smooth muscle , the individual fibers 

of which were oriented primari ly in a longi tudi nal direction . 

According to Allen the congenitally narrowed ureter doe s  not 

deviate fundamenta l ly , from this pattern but is altered in

stead in a qualitative wa y ,  that is i t s  lumen tends to be re

duced in cal iber and there is often a relative and absolute 

decrease in muscle bulk . In addition , the obstruction 
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may be aggravated by external compression from overlying ve ssels and 

by di latation of the co llecting system proximally with resul-

tant kinking o f  the ureter and alterat ion in the direction by 

which the individual muscle fibers approach the steno s i s  itself . 

In the case of the pelvi-ureteric j unction , this angulation may 

approach 9 0  degrees so that contraction of the pelvic musculature 

pul ling at right angle s to the j unction might act much l ike a 

purse string to close the narrow opening even furthe r .  The prac 

tical effect of all these factors i s  to restrict the propuls ive 

effic iency of the ureter at that point . These observations are 

consistent wi th the be l ief that the obstruction produced by con

genital ureteric strictures is fundamentally mechanical in nature , 

and not the result of some vague and e lusive neuromuscular or dys

kinetic phenomenon .  

Any explanatory neuromuscular concept would have to be tempered 

by the fact that ureteric peri stal s is is  a myogenic rather than a 

neurological phenomenon . The poss ibi l i ty that myogenic conduction 

might be impaired by an inadequate musc le-to-muscle contact within 

the diseased segment is worth considering . 

Aetiologically , congeni tal ure teric stenoses appear to repre sent 

areas of loca l i z ed developmental arrest . The proposal that the 

stenosi s  results from pre ssure upon the ureter by some external 

force is not wi thout precedent . 

Mehta ( 1 9 6 7 )  postulated that the phys iological narrowings des

cribed in the normal ureter might be the result o f  com-

pres sion duri ng musculari zation . Allen ( 1 9 7 0 )  was intrigued by the 

relationship which seems to exi st between congenital ureteric ste

nosis and certain major branche s of the foetal arteri al tree . How

ever , if one subscribes to the proposal that these congeni tal 

stenoses are the consequence of incomplete ure teric development 

resulting from compress ion by contiguous foetal vesse l s , one must 

a l so accept the amendment that persi stance of the vessels i s  not 

an essential part of thi s  concept since such vessels are not al

ways demons trable . One could assume , in the face o f  the rapidly 

changing events of intra-uterine life , that a ves sel might cause 

a stricture , then vani sh , leaving the stricture behind as the sole 

evidence of its former exi stence . 
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5 . 2 . 2 .  Muco sal valves have received only l i ttle attention . When a 

so called " high insertion " develops a valve i s  formed at the PUJ . 

5 . 2 . 3 .  High insertion o f  the ureter into the renal pelvi s has e

voked cons iderable comment .  S ince the pelvi s is merely an ex

pansion of the ureter , the term " hi gh insertion" is a mi snomer 

but will be used because it is conventional . "Upward di splacement" 

or "high location of the PUJ " would be more accurate . Eng l i sch 

( 1 8 7 0 )  regarded it as secondary to pelvic di latation . S imon ( 1 8 7 1 ) 

thought it was the cause rather than the re sult o f  the hydrone

phro s i s . Hellstrom ( 1 9 3 4 ) , van Lichtenberg ( 1 9 2 9 ) , Hryntschak 

( 1 9 2 5 ) , Oestl ing ( 1 9 4 2 )  and others shared his view . 

High insertion is now cons idered as secondary to PUJO . Because of 

the obstruction the inferior pe lvic wall , lateral to the PUJ bulge s 

and displ aces the latter upward . 

5 . 2 . 4 .  Neuromuscular dys function means that the renal pelvi s i s  

di l ated and the ureteric lumen is normal , without a detectable 

mechanical obstruction . It has been the subj ect of lengthy and 

o ften very vague speculations .  One can divide these speculations 

into those of the neurogenic and of the myogenic protagonists . 

Underwood ( 1 9 0 9 )  spoke of " lack o f  inhibition " .  He thought that 

there were inhibi ting medu l lated nerve f ibres in the arteries and 

in the muscles of the normal j unction , but not in the abnormal 

one . Thi s  might be the s ame as the " spasm" mentioned by Pannet 

( 1 9 2 3 ) . Riimpe l  ( 1 9 2 2 )  opted for f aulty innervation , and B l att and 

Swenson ( 1 9 5 2 )  suspected a lesion of ganglion cel l s . In the myo

genic cate gory Lequeu ( 1 9 2 7  noted a disturbance of tone , and 

Bard ( 1 9 3 6 ) a congenital weakne s s  of the pelvic musculature . 

I n  Roberts and Slade ' s  ( 1 9 6 4 )  series of 2 0 0  cases , there were ma

ny cases which showed no obvious reason for the obs truct ion . Al

though at operation a probe entered the pelvis easi ly from the 

ureter when this was divided immediately below the PUJ , the pe l

vis remained di stended and required digital compres sion to pro

duce emptying . Zwahlen ( 1 9 7 0 )  called it muscular dysplas i a . In 

Uson ' s  series ( 1 9 6 8 )  of 1 3 0 cases , there were a l so severe cases 

in which the pathological report read " advanced hydronephrotic 

atrophy " , but the PUJ could be probed easily without meeting any 
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intri ns ic obstruction . 

The most satisfactory explanation for this group of cases i s  that 

given by Murnaghan ( 1 9 5 8 ) . He elaborated upon the theory of Schnei

der ( 1 9 3 8 )  that there was a conducting defect , meaning a functio

nal obstruction and not an anatomic obstruction . He came to the 

fol lowing conclusions : 

- the movement pattern of the normal PUJ segment as seen on cine

pyelography, at the operation or during perfus ion , sugge sts that 

co-ordinated contractions of the renal pelvis and upper ureter are 

associated with the uni form di stribution of mixed muscle spirals 

at the PUJ . 

- in congenital hydronephro s i s  pelvi -ureteric incoordination can 

be demons trated at operation or during percutaneous perfusion by 

raising the intrapelvic pre s sure and may be as sociated with a pre

dominance of longitudinal muscle fibre s at the PUJ in place of 

the normal spirals . 

- as
· 

the hydronephro sis progresses and the pelvis becomes more disten

ded , the adhesions form a curtain and bind the upper ureter to the 

pelvi s ;  this f ixation combined with sagging of the lower part of 

the pelvi s leads to upward migration of the renal pelvic outlets . 

This process c aused by adhe sions has usually been recogni zed as a 

secondary factor in the aggravation of the hydronephro s i s  rather 

than as the primary cause . 

- when lower polar renal ve ssels are associ ated with congenital 

hydronephro s i s  the aetiology of the pelvic di latation becomes more 

uncertain . The c l inical response of many cases to simple dissec

t ion or divi sion of the aberrant ve sse l s  indicate s that such ves

s e l s  may be directly re sponsible for the impaired drainage of the 

renal pelvi s . However ,  vascular bundles cross 6 %  of PUJ ' s  unasso

ciated with the pelvic dilatation ( Eisendrath 1 9 4 2 ) , and thi s  

"high " incidence i n  normal cases suggests that aberrant ve ssels 

should be considered as aggravating factors in cases of congeni

tal hydronephros i s  initiating from a definite intrinsic abnorma

l i ty of the j unction itself . 

A predominance of longitudinal muscle at the PUJ has been found 

or.casional ly in cases of hydronephros i s  which presented with an

terior lower polar ve ssels . It is no t intended to suggest that a 

muscular defect is the sole c ause of congenital or idiopathic 
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hydronephro s i s . Other lesions at the PUJ are possible and have in 

fact , been demons trated . Perfus ion of such preparat ions has sug

gested that blocking of muscular contraction is probably the ba sic 

mechani sm in the production o f  the di latation o f  the renal pelvis .  

Can a pelvi-ureteric obstruction be explained by any structural 

deviation from the normal si tuation? 

Data also from Backlund ' s  ( 1 9 6 5 )  small series sugge st the exi s

tence of a " functional stenosi s " , because the easy pas sage of ure

teric catheters failed to show an anatomical steno s i s . No obvious 

anatomical stricture could be found at operation , and he concluded 

that the abnormal hi stology must in some way interfere with the 

f unction . An explanation could be that , when the urine enters the 

ureteric cone , an insufficient stretch reflex i s  el icited in the 

more circular oriented muscles and this results in an inadequate 

stimulus for the propulsion of urine by the ureter . The importance 

of mechanical stimulation to the ureter was pointed out by Back

lund ( 1 9 6 3 )  among others ; he studied the conduction mechanism 

of the ureter in dog s . A certain minimum distens ion o f  the smooth 

muscle is necessary to promote peri s ta l si s . The orientation of 

the muscle fibre s may be of importance in this connection and it 

seems logical to assume that c ircular fibres become more distended 

and are there fore more eas i ly excited than longitudinal muscles 

by increasing pre ssure in the ureteric cone . If  the intraluminal 

pres sure is not high enough to produce an adequate muscular di s

tension in the abnormal region , which lacks an adequate c i rcular 

layer , the urine may merely be forced through the abnormal seg

ment without causing any peristalsis until it reaches a lower 

segment of the ureter . 

Whitaker ' s  ( 1 9 7 5 ) theory is a s  follows : 

The lack of cons i s tent or gross findings in the obstructed pelvi 

ureteric j unction suggests that a search should b e  made el sewhere . 

One exp lanation is tha t  the basic defect l ie s  not at the j unction 

but in the renal pelvis above . If the renal pelvi s is abnormally 

distensible , it rapidly loses i t s  funne l shape to become more like 

a bath wi th a plug-hole . Thi s  i s  the more usual configuration in 

the obstructed j unction . The l arger the pelvi s ,  the greater i s  the 

probabi l i ty of problems caused by polar vessels and a high urete

ric insertion . A high diures i s  or a s light compres sion by ve ssels 
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a b 

Fig. 5 . 3 .  A :  Funnel shaped pelvis . B .  Closed pelvis. 

c an convert the renal pe lvi s f rom A to B and this is seen in the 

i ntermittent type of hydronephros i s . ( fig . 5 . 3 . ) . 

Perfus ion s tudies at the time o f  operation c an show the true 

c ontribution to the obstruction by the lower polar ves se l s  

( Whitaker 1 9 7 3 ) . The s equence o f  events during pelvic wal l con

tractions in the abnormal renal pelvi s ,  a s  described by Whitaker , 

i s  shown i n  Fig . 5 . 4  . .  A wave o f  contraction pas s e s  along the 

rounded pelvic wal l . At no po int be fore the orifice do the wal l s  

mee t  to o c clude the lumen and n o  bo lus i s  forme d . Because o f  this 

there i s  no appropriate mus c l e  action to pul l  open the orifice 

( c f . section o n  lower end o f  wide ureter ) .  The combination of 

circular and longi tudinal mus c l e s  have no bo lus to grip o n , and 

wi thout a bolus the i r  action is wasted , as it is only with a bo l u s  

formation that the o r i f i c e  can b e  pul l e d  open . T o  make matters 

wor s e  the contrac tion o f  the c ircular mu scles c ontinues down to 

the point at whi ch the ureteric wal l s  finally do meet at the ori

f i c e  itself . Thei r  action a t  th i s  point is to c lose the ho le f irm

ly and actively prevent any f luid pas s i ng through . The analogy 

with the lower ureter i s  obvious , but there i s  a greater tendency 

for sel fperpetuation at the PUJ than e l s ewhere in the tract . As 
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Fig . 5 . 4 . Sequency of events in the closed type of renal pelvis. 

the tension r i s e s  in the renal pe lvi s ,  i t s  wa l l s  contract harder 

and the f inal squeeze of the c i rcular mu scle at the orifice i s  

stronge r . Thus the obstruction i s  due to a n  unopposed and i nad

vertent contraction of the circular musc l e  fibres at the PUJ . Thi s  

contractio n ,  however s trong , c a n  eas i ly be overcome b y  p a s s i ng a 

probe through the orifice at the time o f  pyelop l a s ty . There i s  

a gush o f  f luid a s  the probe i s  withdrawn , but thi s rapi dly s tops 
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as the circular muscle contracts agai n .  

How doe s  this s i tuation reso lve it self? After the diuresi s ,  which 

has precipitated the overdistension of the renal pelvi s and dis

torsion of the PUJ has abated , the pressure within the rena l pelvis 

s lowly drops . Initially , whi l st the pres sure is high , the tension 

on the pelvic wal ls opens the weake st point , which is the orifice 

leading to the ureter and some fluid wi ll passively drain out . 

Thi s results in a reduction of pres sure and ces sation of drainage . 

Pye lovenous and pyelo lymphatic backf low may also he lp to dissipate 

the pres sure . Fina l ly , at l east in the " intermittent type " of PUJ

obstruction , the shape of the pe lvi s returns to its original form 

and drainage returns to " normal " until the next attack . 

Recent work o f  Hanna ( 1 9 7 6 ) , Notley ( 1 9 7 6 )  and Go sling ( 1 9 7 9 )  has 

put new l ight on the " func tional obstruction" theory . Electron 

microscopic studies of the pelvi -ureteric segment in patient s with 

a hydronephros i s  due to PUJO , have demonstrated a considerable 

increase in the amount of fibrous tis sue in the ureteric wall . Not 

only were the muscle bundles widely separated by col lagen fibres , 

but occasionally the lamina propria was as much as one mi ll imetre 

thick . A corset of ine lastic co llagen would lead to an aperistal

tic segment . 

5 . 2 . 5 .  Intussusception has only been mentioned by Creevy ( 1 9 7 6 ) . 

5 . 2 . 6 .  Creevy ( 1 9 4 1 )  reported one case of non-specific granuloma 

in the mucosa of the j unction in a patient with hydronephro s i s . 

5 . 2 . 7 .  Creevy also found two examples of inflammatory polyps at 

the PUJ . 

5 . 2 . 8 .  Reflux and obstruction at the pelvi-ureteric junction . 

Urologists and radiologists are aware of the tremendous vari a

tions in the size , shape and emptying capacities of normal renal 

pelves . Under physiological condition s ,  the se variations are in

signi ficant because all the di fferent types o f  normal pelves can 

comfortably transport the volume of urine produced by the k idneys . 

We are so accustomed to think of the kidney as the sole source 

of urine in the ure ter and of the concept that the flow of urine 
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i s  from above downward , that we have not cons idered the changes 

that may be produced by the upward surge of l arge vo lume s o f  

urine . In complete reflux t h e  renal c a l y c e s  a n d  pe lvis l imit the 

upward passage of the ref luxing urine , and if thi s  i s  a s soc i ated 

with a reduced e f f i ci ency o f  the PUJ , d i latation of the calyces 

and pelvi s oc c ur . 

It i s  a reasonable conc lusion that repeti tion o f  thi s proc e s s  

c o u l d  r e s u l t  in permanent di latation o f  the renal pe lvi s ( Hinman , 

1 9 6 5 )  . 

In 1 9 6 2  Hutch and as sociate s  s tudied voi ding f i lms ( cine-f luoros 

copy ) and noted that some X-ray p i c tures o f  renal pe lve s  ove r f i l 

l e d  b y  refluxed urine we re i dent i c a l  t o  the X-ray pi ctures charac

teri s t ic o f  primary obs truction of the pelvi -ureteric j unction . 

They po s tu lated that the combination o f  reflux occurring concomi

tantly o r  at some time in the past , with a " c lo sed type " o f  renal 

pe lvis could result in the permanent di latation of the renal pe lvi s 

characteri s t i c  o f  obstruction at the pelvi-ureteric j unction . 

5 . 3 .  Conc lusion . 

The cause of pe lvi-ureteric j unction obstruction i s  s t i l l  unknown . 

Al l extrinsic factors , l i ke acces sory ve s se l s  and f ibrous bands , 

are thought to be secondary and may aggravate a deve loping hydro

nephros i s  due to pelvi-ureteric obstruc tion . 

" H igh ins ertion " of the ureter i s  also regarded a s  secondary to 

d i l atation and bulging of the i nferior pelvic wal l  which leads 

to an upward displac eme nt o f  the pelvi-ure te ri c  j unction . 

I t  i s  s t i l l  unknown i f  " s teno s i s "  at the pe lvi-ureteric j un ct ion 

i s  a primary or s econdary cause o f  hydronephro s i s . 

I n  r ecent years i t  has become c lear that a f un c tiona l obs truction 

a t  the pe lvi-ureteric j unction is the mo s t  probable c au s e . The 

per i staltic waves o f  the renal pelvi s are interrupted due to lo

cal pathological changes .  Electronmicroscopy revealed exce s s ive 

col l agen be tween the mus c l e  c el l s  of the obs tructed PUJ and ad

j acent mus c l e  c e l l s  in the area j us t  proximal to the j unc tion . 
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6 .  Symp tomato logy 

C l inical Picture . 

Almo s t  characteristic o f  this condition i s  that mo s t  patients be 

gin to have trouble in the f i rst and second decades , but it i s  

a l s o  seen in chi ldren with l e s s  spe c i f i c  symptoms . The development 

of the process however , may be extreme ly s low and ins idiou s . In 

Enge l s ' ( 1 9 5 1 )  series of 52 patients , 3 0 %  had symptoms for 1 0  or 

more years and 5 5 %  fo r at least 3 years before the diagno s i s  was 

made . S l ade ( 1 9 6 7 )  had 3 5  patients out of 2 0 0  who were compl ete ly 

asymptomatic , in 3 0  of them the anomaly being found at autopsy , 

after death due to o ther caus e s  and during a routine examination . 

I n  mos t  s eries the left s ide i s  af fected more f requently than the 

r ight and the male- female ratio varie s f rom 1 : 2 to 2 : 1 .  In cases 

o f  bilateral obs truct ion , the obstruction i s  usually more severe 

on one side than the othe r . In general the condition s hould al

ways be regarded as potentially bi lateral . In symptomatology pain , 

haematuri a , a palpable mass in the renal area , gastro- inte s t inal 

manifestation s , urinary tract infection s , hypertens ion , polycy

thaemia and renal fai lure play a role . The symptoms in children 

are l e s s  spec i f i c . 

6 . 1 .  Pain . 

There are no spe c i f i c  symptoms in pelvi -ure teri c  obs truc t ion . The 

mo s t  outs tanding complaint is pain in the f l ank , which may vary 

from a dull ache to severe pain . More commonly there is a his tory 

of recurrent attacks of pain in the upper lumbar regio n . In acute 

obs tructi on there is a severe sharp col icky pain in the costo

vertebral angle and f l ank , somet imes radiating down along the cour

se o f  the ureter . Pain caused by pelvi -ureter i c  obstruction may 

we l l  be inte rmittent and can s ometimes be produced by f luid 

loading . When a p atient come s with a hi story o f  recurrent attacks 

o f  pain after tak i ng more fluid than usual , the presence o f  a 
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pelvi-ureteric obs truc tion i s  probable . 

The region of the non-af fec ted kidney may a l so be the seat of some 

pain , which is usually due to engorgement of the normal k idney re

sulting in compensatory hypertrophy , although the po s s i b i l i ty of 

a bi lateral hydronephro s i s  mus t  a lways be cons idered ( Braasch 1 9 0 9 ) . 

When the ur ine become s infec ted , the pain usually becomes more se

vere , probably because the resultant inflammation increa s e s  the 

obstruction and/or causes swe l l ing o f  the kidney with tension in 

the capsule . In the presence of infection , chi l l s , fever , tender

ness in the f l ank and symptoms o f  bladder irritation usually co

exi s t . 

The di f fe rent i a l  diagno s i s  of the patient with vague upper abdo

minal pain arising in the r ight upper quadrant inc l udes the 

s tandard cons iderations such as appendiciti s , cholecy s t i t i s  and 

cho l e l i th ia s i s , nephro l ithias i s , ulcer disease , functional bowel 

dis tre s s ,  and prol ap s e  of a vertebral d i s c . The pain a l so may be 

c aused by nephrol i thias i s  secondary to pelvi-ureteric obstruct ion . 

David and Lavengood ( 1 9 7 5 )  reviewed 1 0 6 patients with nephro l i 

thias i s  and in 1 6 %  pelvi-ureteric j unction obstruc tion was demon

s trated . They proposed the theory that too o f ten the responsible 

pelvi-ureteric j unc tion obs truction goe s undetected when a " rou

tine " pyelolithotomy or nephrol ithotomy is performed . 

6 . 2 .  Haematuri a . 

Haematuri a i s  commonly seen and c an be c aused by a relatively mi

nor inj ury , but i t  seems to be particularly as sociated with epi

sodes of acute obstruction , caus ing sudden d i stens ion o f  the pel

v i s . Also c al cu l i  in the hydronephrot i c  kidney c an be the cause 

o f  gro s s  or micro s copic haematuria . 

6 . 3 .  Palpabl e  tumor . 

This f inding i s  sometimes revealed on phy s i cal examination as a 

sol itary symptom . I t  i s  a speci a l  feature in a cute episodes a f ter 

fluid load i ng , in combination with colicky pain in the lumbar 

region . 

6 . 4 .  Gastrointestinal manifestation s . 

Ref l ex symptoms l ike naus ea , vomiting and abdominal pain with fla-
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tulence and diarrhoea may o c cur and are occasionally the only s ymp

toms present . Some patient s had X-ray and o ther examinations per

formed and a l so abdominal operations wi thout re lief of symptoms , 

before the r ight diagno s i s  was made by intravenous urography with 

f luid loading . In many cases appendicec tomy i s  done be fore the 

diagno s i s  of pelvi-ureteric j unction obs truction i s  made . When 

urina l y s i s  is norma l , in patients with abdominal d i s tre s s , atten

tion is d irected from the urinary tract and the di agno s i s  may be 

long delayed . 

6 . 5 .  Urinary trac t infection . 

Ur inary tract infection may sometimes lead to the d i scovery of a 

pe lvi-ureteric j unction obstruction . It may present as an uro sep

sis c aused by pyelonephriti s . I n  fema le patients with symptoms of 

lower urinary tract in fections , a routine IVU may reveal hydro

nephro s i s  due to a pe lvi-ureteric obstruction . This may be s te

r i l e  but c an become infected i f  the cystitis causes temporary re

flux into the hydronephrotic kidney . 

6 . 6 .  Hypertens ion . 

In some cases o f  pelvi-ureteric j unction obs truc tion , hypertens ion 

i s  found . Be lman ( 1 9 6 8 )  and Schiff ( 1 9 7 5 )  demonstrated , by renal 

vein catheteriz ation , great ly increased activity of the renin

angiotensin sys tem in the affected kidney . Correct ive surgery or 

nephrectomy resulted in reversal of the hypertens ion in thei r  pa

tient s . The mechani sm by which ureteric obstruction i s  a s sociated 

with renin release is not c l early def ined ; functional i schemia 

secondary to decreased renal bloodl fow ( increased intracap sular 

pres sure? )  seem s  l ikely ( Stamey 1 9 6 3 ) . I t  may we l l  be that rever

sal of hyperten sion is only po s s ible in the early s tages of the 

disease . Al though initiated through the renal-pre s ser sys tem by 

hydronephro s i s , hypertens ion may be perpetuated by o ther mecha

n i sms . Neural or vascular f ac to r s  may account for the f a i l ure o f  

delayed surgery in lowering the blood pre s sure . 

6 . 7 .  Polycythaemi a .  

Renal ce l l  carcinoma and benign renal le sions e . g .  soli tary cysts , 

mu ltiple cysts , polycys t i c  disease and hydronephr o s i s  may cause 
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pol ycythaemia .  This i s  a secondary polycythaemia in which the in

creased pro l i feration o f  the bone marrow is limited to the ery

throcyte serie s . Narayana ( 1 9 7 6 )  presented two patients with PUJO 

and polycythaemia which were cured fol lowing nephrectomy . 

6 . 8 .  Renal fai lure . 

I f  a patient ha s a sol itary kidney or bil ateral hydronephros i s  due 

to pelvi-ureteric obs truc tion he or she may pre sent with symptoms 

of renal fai lure . 

6 . 9 .  Symptoms in chi ldren . 

The mo s t  common mode of presentation in non-communi c ative children 

is the d i s covery o f  an abdominal mass on routine examinat ion . Ab

dominal pain is the mo s t  important symptom and o lder children fre

quently complain o f  loin pain . A h i s tory suggestive o f  urinary in

fect ion , fai lure to thrive , no cturnal enure s i s  and spontaneou s 

haematuria often after minor trauma may a l s o  be present . In John

s ton ' s  ( 1 9 7 7 )  serie s o f  2 1 9  chi ldren 74 had a h i s tory o f  fever or 

d i s turbances o f  micturation sugge s tive o f  urinary infection but 

only 39 ( 1 7 % )  had a signif icant bacterial count in a b ladder uri

ne spec imen . I n  Ke lal i s ' series ( 1 9 7 1 )  symptoms sugge sting urina

ry infection were conspi cuously rare , being noted in only 6 of 

1 0 9  patient s . Hal f of these cases had concurrent ve s ico-ureteral 

reflux . A mass was d i s covered by the parent s or a phy s i c i an in 1 4  

chi ldren , most o f  whom we re young . Whereas mo s t  children pre

senting with mas s e s  were diagno sed and tre ated within 2 weeks , the 

duration o f  symptoms in the remaining chi ldren varied f rom 1 few 

months to 1 3  years . The average inte rval between the onset o f  

s ymptoms a n d  t h e  d i s covery of t h e  l e s ion w a s  2 �  year s . This l ength 

doubtl e s s  was due to the bi z arre c l inical pattern . I n  the series 

o f  children ( 5 6 boys , 32 girl s )  presented by D rake ( 1 9 7 8 ) , the 

presenting symptoms and s igns we re divided as fol lows : pain 5 1  pa

tient s , infection 32 patient s , haematuri a 1 1  patients ,  neonatal 

abdominal mass 2 ,  asymptoma tic ( incidental finding)  9 .  I n  Eck

s te i n ' s  series ( 1 9 7 1 )  o f  2 4  chi ldren the condi t ion was bi l ateral 

in 5 chi ldren . To give some per spect ive into the frequency of 

pelvi-ureteric obstruction he mentioned that in the same period 

from 1 9 6 3  to 1 9 6 9  he s aw approximately twice as many cases of 
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obs truc tion at the uretero-ve sical j unction and approximately 

three time s  a s  many cases o f  ve s ico -ure teric reflux requiring 

surgical treatment . Eckstein ( 1 9 7 1 )  saw in his series o f  24 pa

tients 5 and John s ton in a series of 2 1 9  patient s 34 a s soc iated 

anomalies such as uretero-ve s i c a l  obstruction , myelomeningoce le , 

ves ico-ureteric reflux , undescended te s ti s , hypospadius and con

tralateral renal l e s ions such a s  agene s i s , dysplasia and horse

shoe kidney . The association o f  hypospadius wi th upper urinary 

tract abnormalities i s  we l l  re cogn i z ed , and there are urolog i s t s  

who a re in f avour o f  performing routinely a n  IVU t o  exc lude upper 

urinary tract abnormal i ti e s  in children with hypospadius . It i s  

n o t  exact ly known how frequent abnormal ities occur that need treat

ment or fol low-up to prevent upper tract dangers in t ime . 
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7 .  Diagnos tic P rocedu res 

7 . 1 . l .  General a spects . 

Since the introduction o f  excretory urography in about 1 9 3 0 , there 

has been widespread use of this important diagnostic procedure . 

With the high do se urography technique one can obtain a p i c ture 

of the hydronephrotic k idney ( s )  in the majority of cases . 

I n  many papers nowadays the term IVU ( intravenous urogram )  i s  used 

ins tead o f  IVP ( intravenous pyelogram ) . The examination i s  one o f  

the entire urinary trac t , not j us t  o f  the collecting system . The 

intravenous examination can produce an exc e l lent nephrogram , thus 

opaci fying renal substance , in addition to i t s  abi l ity to demon

s trate the anatomy of the collecting and transport sys tem . S trict

ly speaking , the term urog ram per se indicates the roentgenogra

phic de l ineation o f  the entire urinary tract with opaque contrast 

medium . The term urograrn does not s tate whether the medium wa s in

t roduced by the retrograde or by the i ntravenous method . Some 

writers have confused the terminology by employing the word uro

grarn to mean roentgenog rams made by the excretory method as con

trasted to the word pyelogram , which they use to indicate a roent

genogram made by the retrograde inj ection o f  opaque medium . I t  i s  

obvious that such terminology i s  inac curate . I t  i s  better t o  use 

the term urogram to denote the roentgenogram that visual i ze s  the 

u rinary trac t by means of opaque contras t  medi um , regard l e s s  o f  

the method o f  i t s  admini stration . I f  the descend ing or excretory 

method is used , one could speak of it as excretory or intravenous 

urography . I f  the re trograde method i s  employed , i t  i s  called re

trog rade pyelo-urete rography , retrograde uretero-pyelography or 

retrograde urography . Speak i ng o f  a pyelogram one usually means 

a roentgenogram that outlines with opaque contrast medium the ca

lyces , renal pelvi s and ureter . The term pyelogram in i t s e l f  means 

only the delineation o f  the pelvi s . Neverthe le s s , the term has 

become so widely used , that i t  probably will a lways be accepted 
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in the l iterature to mean a f i lm which include s the calyce s , the 

pe lvi s and ureter . It mus t  nece s sarily be accompanied by the ad

j ec t ive retrograde or excretory ( in traveno u s )  to denote the method 

by wh ich it was made . In this the s i s  we use the term IVU . 

7 . 1 . 2 .  Preparation o f  the patient . 

The techniques o f  examination and the opaque materia l s  used have 

undergone f requent change s . However ,  certain fundamentals in pre

paring the patient and in making the urograms have been generally 

adopted and con sti tute a " routine procedure " in mo s t  ho spital s .  

Certain variations are apparently due to pre ferenc e s  o f  indivi

dual examiners . I n  the preparation o f  patient s , some advocate no 

purg ing and no enemas , whereas o thers pre fer thorough purging and 

enema s , if ne cessary . In many c l inics routine preparations c a l l  

for restrictio n  o f  food and f l uids f o r  a period o f  1 2 - 1 8  hours 

p rior to urographic s tudy . 

We prefer thorough purging without f luid restriction because the 

IVU should be made under " no rmal " c ircums tanc e s  and not when the 

pattent is dehydrated .  

7 . 1 . 3 .  Procedure . 

The excretion of the urographic contrast medium i s  a phy s io logical 

p roc e s s  whi ch depends on the f unctional s tatus o f  the kidneys . This 

fact led to a tendency to equate an early appearance of contrast 

medium and dense opac i f ication o f  the renal pe lvis with a good 

renal function . As urographi c  technique s have improved and as more 

accurate measure s of renal function have become available to the 

c l inician , it has become c lear that ordinary urography is not a 

reliable tes t  for e i ther the pre sence or the seve r ity of renal 

functional impai rment .  A gro s s  reduc tion in renal function resulting 

f rom obstruction , renal va scular insuffic iency , or severe paren

chymal disease is accompanied by delayed appearance of contrast 

medium and poor opacification o f  the renal col lecting sys tem in 

mos t  cases . Even i n  the severe cases o f  PUJO , however ,  only a qua

l i tative and not a quantitative estimate of renal function is po s 

s ib le . In the pre sence o f  l e s s  advanced disease , the ordinary ex

cretory urogram o f ten f ai l s  to demons trate e i ther a delay i n  ap

pearance or poor concentration of contrast medium and the presence 
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of mild or moderately severe functional impairment may not be sus

pected . With the larger doses of contrast medium , now commonly 

used in excretory urography , even severely depre ssed renal func

tion may be masked because of relatively dense opacification of 

the kidneys . In advanced cases of hydronephro s i s , function may be 

so reduced , that in the routine series of excretory urograms the 

usual 2 0 - and 4 5 -minute films show no excretion of contrast me

dium . In such cases the use of reinj ection or infusion type ex

cretory urography plus fi lms delayed over several hours may result 

in visualiz ation sufficient for diagnosis . In occasional cases 

urograms made 24 hours a fter inj ection of contrast medium may f i 

nally vi sual i ze condi tions suf ficiently for a diagno s i s . 

One should in general not use any abdominal compre ssion because 

it c an have considerably influence on the urogram and in cases of 

hydronephros i s  one wants to see the " true " picture ( Zwahlen 1 9 7 0 ) . 

I n  cases o f  uni lateral hydronephro sis the concentration of con

trast medium depends on the remaining function of the hydronephro

tic kidney and the function of the contralateral kidney . Contrast 

medium admini stered in a single injection or during a short in

fusion time is rapidly excreted by the normal contralateral kid

ney without maintaining the plasma level long enough to obtain 

sufficient urinary concentrations in the hydronephrotic kidney . 

This excre tion by the normal kidney can be compensated for by 

continuous infusion urography for several hours with large doses 

of contrast medium . I t  can improve the diagnostic pos s ibilities 

of excretory urography , especially in cases of unilateral obstruc

tion , and can minimi ze the need for retrograde pyelography (Na

ber 1 9 7 5 ) . 

All urologists are fami liar with the diagnostic problems o f  long

s tanding and progress ive hydronephro s i s . There is however ,  a type 

of temporary hydronephros i s  caused by intermittently recurrent 

obstruction at the pelvi-ureteric j unction . Between attacks of 

obs truction the patient may be asymptomatic or have minimal symp

toms and the IVU f indings are usually those of an almost normal 

upper trac t . Many investigators (Cov ington 1 9 5 0 , Nesbit 1 9 5 6 )  

have stre s sed that i t  i s  o f  the utmost importance to make an IVU 

during an attack of pain , or after diure s i s  i s  induced by the in

gestion of a l arge amount of f luid or a diuretic . An IVU of the 

5 9  



same patien t ,  performed fol lowing the " routine " fasting period of 

14 hours , could very we ll show no abnorma l i ties . 

Whitfield ( 1 9 7 9 )  concluded that standard intravenous urography was 

unreliable in the diagnosis of pelvi -ureteric j unction obs truction . 

Frusemide intravenous urography ( F IVU ) i s  a more accurate screening 

test that wi ll resolve the problem of whether pelvi-ureteric j unc

tion obstruction is present in 8 5 %  of cases . He advocated the adop

t ion of the F IVU as the initial investigation of choi ce . 

7 . 1 . 4 .  Radiological signs of obstruction . 

The first radiological signs of obstructive back pre ssure occur 

in the calyces . To appraise early changes accurately , it is  impor

tant that the variations in appearance of normal calyce s are un

derstood . The shape of a calyx depends on the contour of the renal 

papil lae . A narrow pointed papilla presents a narrow deep conical 

calyx ; a large broad papilla presents a wide ly " cupped " calyx ; 

other papi l lae may present a sess i le , almo st flat , contour . In ge

neral , however , the general configuration of the normal calyx is 

that of a " Y " . Progres sive papill ary atrophy and flattening al low 

more contrast medium to collect at the base of the papi lla , fi

nally resul ting in a definite " clubbing " of the c alyx . As the pro

cess continues , the papi lla no longer proj ects into the c alyx , but 

it becomes flat , and , later , concave ; also the wal ls of the calyx 

separate and become widened . In the maj ority of cases , thi s  latter 

state repre s ents essentially complete atrophy of the renal pa

pilla . The proce s s  of atrophy is not limi ted to the renal papilla , 

rather it proceeds throughout the entire renal substance . Although 

the obstructed kidney may appear either enlarged , unchanged , or 

reduced in size , the end-result is nearly always some reduction in 

s i z e  and thinni ng of the renal cortex . It is usually po ssible to 

dis tinguish obstructive parenchyrnal atrophy from the atrophy due 

to inf lanunation ( pyelonephri ti s ) , because the former tends to be 

more even and symmetrical whi l e  the latter tends to be local and 

spotty . When estimating the degree of renal atrophy , the basi s  of 

comparison is usual ly the " norma l "  contralateral kidney . This may 

provide a possible source of error , however ,  for ins tance , if one 

s ided renal damage i s  of long standing and the kidney has a rela

tively poor function , compensatory hypertrophy of the " normal " 
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contralateral kidney may have increased its s i z e . Usually dilata

tion of the pelvi s and calyces proceeds at a fairly uniform rate . 

In some cases , however , thi s  progre s s ion i s  unequal , and i t  i s  not 

uncommon to see substantial degree s of pyelectasis with normal 

calyces or signi ficant calyectasis wi th l ittle or no pyelectasis . 

When the medial s ide of the renal pelvis lies f lat against the 

psoas mus cle , one speak s of the symptom o f  Hutter . 

I t  has been thought that obstruction near the renal pelvis pre

disposes to dil atation o f  the pelvi s whereas more distal obstruc

tion produces more di latation of the calyces rather than of the 

pelvi s .  The value of thi s  observation is open to question . It is 

a l so apparent , that an extrarenal type of pelvi s dilates more 

eas i ly than the intrarenal variety , which is supported and con

tained within a more rigid and confined space . 

I nne s Will iams ( 1 9 7 6 ) found in his series o f  1 9 0  children with PUJO 

no de finite relationship between the s i z e  of the renal pelvis and 

the degree of di latation of the calyces . 

Megacalico s i s  is not an uncommon finding on urography in children . 

In thi s  condition the minor calyces show various grades o f  dila

tation but the pelvis is undilated and cone s normally into a nor

mal ureter . Although urinary s ta s i s  in the megacalyce s may be ap

parent on urography and i sotope renography , there is no demonstra

ble urinary obstruc tion and the pelvi s is seen at fluoroscopy to 

empty freely into the ureter . The pathogene s i s  of megaca l icos i s  

i s  uncertain but it has general ly been con s idered t o  be caused by 

a congeni tal underdevelopment of the renal pyramids . However ,  the 

radiological appearance strongly suggests that the di sease is the 

result of a transient obstructive lesion , whic h ,  having produced 

its effects on the renal parenchyma , has subsequently corrected 

i tself spontaneously . Johnston ( 1 9 7 3 )  supported thi s concept by a 

case in which a typical example o f  megacalicosis in one kidney 

was as sociated with a contralateral hydronephros i s  of unquestio

nable obstructive causation . He thought that megaca l icos i s  may be 

the result of a transient obstruction caused by foetal ureteral 

folds which subsequently involute and disappear with growth . 

In advanced cases of pye localiectasi s , due to PUJO , dramatic uro

grams may be obtained . Huge round , dilated calyces may be all that 

can be vi suali zed in an excre tory urogram , because there may not 
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be suff icient function to enable early visuali z ation of the large 

hydronephrotic pelvis . In such a c ase , the pelvis may be visuali-

zed if a 2 - to 6-hour or even a 2 4 - to 4 8 -hours delayed film i s  taken . 

The pelvis may become so large that by its own we ight the kidney 

descends and rotates on the anteropo sterior axi s  thereby decrea

s ing the angle at the pelvi -ureteric j unc tion and increas ing the 

degree of obstruction . In far-advanced cases a huge di lated sac 

may be all that remains of the kidney and pelvi s .  

In advanced hydronephrosi s ,  in which li ttle or no function remains ,  

diagnosis by excretory urography may be impo s s ible even with the 

use of high dose excretory urography and delayed fi lms . If pre s 

s ure or angulation from the greatly dilated pelvi s h a s  occluded 

the ureter and a catheter cannot be pas sed , it may be impo ssible 

to make a retrograde pyelogram . In such cases the lesion may be 

confused with a tumor . A finding that is often mi sunders tood is 

the occasional marked difference in appearance between a routine 

excretory urograrn and a retrograde pyelogram . Most urologists have 

encountered cases in whi ch the kidneys and ureters looked normal 

o n . excretory urography, yet the retrograde pyelograms demonstrated 

marked pyelectas is or pyeloureterectasi s .  And also cases in which 

the excre tory urograrn without abdominal pre ssure appeared normal , 

but an urogram made with abdominal pre ssure showed marked pye lo

ureterectas is .  At present thi s  is thought to re sul t from previous 

damage to the urinary tract by obs truction or infection or both . 

Sometime s the IVU shows a marked dilatation while on retrograde 

pyelography the picture is almo st normal . This is caused by the 

ureteric catheter that drains a good part of the fluid in the kid

ney and is partly replaced by contrast medium . 

The renal pelvis is usually si tuated at the level of the second 

lumbar vertebra . In the routine supine position used for urogra

phy , the kidney lies in a depre s s ion formed by the superior por

t ion of the lumbar lordotic curvature and consequently the proxi

mal ureter transports its contents in an up-hill-direction . As 

the hydronephrotic state progre s se s ,  the pelvi -ureteric j unc tion 

must rotate anteriorly , since expan sion is prevented posteriorly 

by the abdominal wal l  and medi ally by the psoas muscle . In the 

supine position , the pelvi -ureteric j unction is displaced ante

riorly from the p lane of the calyces . 
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Since muscular distension and atrophy result from pelvic dilata

tion, active e j ection of urine is ine f f ic ient and urinary propul

s ion i s  partly due to the force o f  excre tion , so long as the pa

tient remains supine . Another factor that may be respons ible for 

poor ureteric vi sual i zation with the patient supine is that urine 

containing a contrast medium has a higher spec ific gravity than 

normal urine . The contrast material , there fore , gravi tate s to a 

position below the pe lvic exi t . Early mixing at the superior le

vel i s  poor , urine of relatively low contrast density enters the 

ureter , and inadequate ure teric definition is obtained . With the 

patient prone , the re lationships between the calyce s and the pel

vi-ureteric j unction are reversed ;  the proximal ureter runs down

hill and the force of gravity makes up for the defici t in motor 

function . 

Hanley ( 1 9 5 9 )  s tudied 5 0 0  IV-urograms and divided human beings 

i nto two main type s with regard to their renal pelve s :  those with 

a perfectly smooth funnel which appears to be " open " at all ti

mes , and those wi th a rounded pelvis and clearly marked j unction 

which appears to be " closed" in the resting phase . These two ty

pes merge imperceptibly into each o ther . The ideas about the 

shape and s i z e  of the pelvi s are based upon what one can see on 

X-ray fi lms taken with the patient lying flat on his back . When 

a patient is in the prone position , the pelvic enptying rate is 

accelerated , whi le the upright pos i tion produces a totally dif

ferent radiological picture in most individuals ( Hanley) . The 

funne l-type j unction was found in over 8 0 %  of 5 0 0  routine pyelo

graphic s tudies of " normal " j unctions , but was pre sent in less 

than 1 0 %  of the hydronephrotic cases . Some 90%  of the hydrone

phroses had a " closed " type j unction , even after a thorough ure

terolys i s , and i t  is  probably fair to as sume that persons born 

with this type of j unction are more likely to deve lop a c l inical 

hydronephro s is than tho se pos sessing a wide open funnel type of 

j unction . It must be stres sed that even in the " closed " type a 

relatively l arge bougie can be passed through the j unction with 

ease in most cases . 

7 . 1 . 5 .  Fol low-up of the operated patients . 

The po stoperative urogram presents evidence o f  a final result and 
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is stressed in all pre sentations . It is often disappointing in its 

appearance , because of persi stent dilatation of the calyces and re

nal pelvi s .  The urogram is a pictorial documentation but fails to 

reveal the entire story and is often of secondary importance ,  be

cause unobstructed flow is the aim of the operation . The final post

operative evaluation should be made on the physiological improve

ment , the absence of ur inary trac t infection and on the c l inical 

result . 

An important que stion is always when the postoperative urography 

should be performed . Many different views about this have been pu

bli shed . Most urologists are anxious to see the re sult before the 

patient leaves the ho spital . However , one cannot obtain an accu

rate picture of the re sult so soon after surgery . At that time 

there is residual oedema and infi ltration of tissues assoc iated 

with the repair proce s s . The urogram will reflect thi s healing pro

cess by still showing an obstructive picture and the urologi st may 

consider that the operation was unsuccessful . Accordingly ( Eber

hart 1 9 6 3 )  one should not expect a " true " picture until at least 

3 months postoperatively . By this time the healing process has 

subsided . The urogram at 3 - 6 months will provide a good impres

s ion of the ultimate result , as after this period , li ttle , i f  any 

improvement occurs . 

Large series have been publi shed which conclude that the results 

are di sappointing , particularly in terms of the urographic appea

rance . 

The pre- and pos toperative urogram should be compared with res

pect to : 

1 .  The degree of dilatation of the calyce s ; 

2 .  The emptying of the pelvi s as j udged by visua l i z ation of con

trast material in the ureter ; 

3 .  The concentration of the contrast medium in the calyces , pe l

vis and ureter . 

Roberts et al ( 1 9 7 2 )  found radiological improvement of calyceal 

size in only 1 5  out of 75 operated cases . Frodin and Karstrom ( 1 9 7 3 ) 

reported pessimistically on the radiological results because there 

was almo s t  always a residual dilatation of the calyces . 

In 2 6  cases of Inne s Williams ' ( 1 9 7 6 )  series o f  1 9 0  children the 

IVU was performed about the 3rd month with later improvement by the 
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A .Boy , 1 1  years B . 3  months postoper. (Foley) 

A.Boy,6 months,preoper. B . 2  months postoper . (A-B) C . 2  years,postoper. 
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A.Boy,9 years B . 3  months postoper. (Anderson-Hynes) 

A . Male, 27 years B . 5  months postoper. (Anderson-Hynes) 
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A . Female,L4 years B.4 months postoper . (Anderson-Hynes) 

A.Girl , 9  years B . 4  months postoper . (Anderson-Hynes) 
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6 th month . I t  was a l so repeated in 3 3  cases in periods up to 5 �  

years , fol lowing operation . In the se cases the pic ture showed no 

change from those o f  the 6 th month serie s .  The maximum improvement 

was therefore attained at this stage and all patients in the lat

ter part of the series had only one postoperative IVU at 6 months . 

In Johnston ' s  series ( 1 9 7 7 )  of 2 1 9  chi ldren maximum urographic 

improvement was apparent on the urogram between 6 and 12 months 

postoperatively . In those cases in which later urograms were per

formed no more improvement was noted . However Johnston believed 

that a more lenghty fol low-up and repeated radiography were par

ticularly required in cases in which the hydronephrotic kidney 

needed to be removed .  In one of his patients the oppo site kidney , 

normal at the time of nephrectomy , was severely hydronephrotic 5 

years l ater , pre sumably because the pelvi-ureteric j unction was 

unable to cope with the obligatory increase in urinary flow rate . 

The po stoperative change , as observed in the calyces , showed that 

the greate st improvement occurred where the preoperative urogram 

was performed during an acute phase of obstructio n .  In the kidneys 

with severe excavation of the calyce s , despite some general de

crease in kidney s i z e , fol lowing removal of the obstruction , hard

ly any signi f icant improvement in the shape of the c alyces could 

be demonstrated . The s i z e  of the renal pelvis was considerably 

decreased in all case s , but this indicated the extent of the ope

rative procedure rather than the relief of the obstruction . Re

turn of the radiographic appe arance to normal occurred in about 

1 0 %  of cases , mo stly in those wi th an original ly mild degree of 

obstruc tion . The dilatation of the calyce s caused by parenchymal 

de struction is permanent , only dilatation of the elastic tissues 

can regress by lowering the pres sure in the renal pe lvi s .  There 

are obvious fallacies in trying to draw inferences concerning 

changes in rena l concentrating power and in pelvic emptying from 

comparing preoperative and postoperative urograms . Delayed or poor 

radiopacity in the kidney preoperatively may be caused by dila

tion of contrast materi al in a di lated , obstructed pelvis rather 

than by impaired renal function . In a routine IVU series the de

tection of contrast medium in the ure ter is often a matter of 

chance , depending upon the moment the exposure was made . However , 

improvement in caliceal s i z e  and contour , can be taken to indicate 
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improved kidney emptying . On the other hand , lack o f  change may 

s imply mean that irreversible parenchymal change s exi sted pre

operatively . 

Newling ( 1 9 7 4 ) concl uded that of the radiological parameters in

vestigated the single mos t  important one seemed to be the preope

rative non-visuali z ation of the ureter and its subsequent visua

l i zation in the postoperative serie s . Fai lure to demonstrate the 

ureter on the postoperative IVU seemed to corre late with a poor 

functional re sult . 

Whitfield ( 1 9 7 9 )  conc l uded that frusemide -IVU was useful in dis

tingui shing between obstructive and non-obstructive dilatation 

of the renal pelvi s ,  before as well as after pyeloplasty . 

7 . 1 . 6 .  Conc lus ion . 

Intravenous urography i s  the most important diagno stic procedure 

in pelvi-ureteric obstruc tion . In long- standing cases one should 

admini ster more contrast medium and make " late picture s " . If one 

suspects a patient of having a pe lvi -ureteric obstruction one 

should perform an IVU during an attack of pain or after increa

s ing the diure s i s  by giving large amounts of fluid or a diuretic . 

The postoperative IVU shoul d  be made a fter 3 - 6 months , because 

by this time the healing process has subsided . 

7 . 2 .  Micturating cys tourethrography . 

The relationship between reflux and hydronephros i s  i s  not clearly 

established , but the phenomenon i s  certainly o f  value in demon

s trating the anatomy of the upper urinary tract in the small in

f ant with reflux . .  The picture of pelvi-ureteric obstruction which 

i s  induced by ves i co-ureteral ref lux i s  we ll documentated but ill 

understood (Whitaker 1 9 7 6 ) . The radiographic f indings can be so 

impressive that PUJ obstruction is probably often over-diagnosed . 

Where the urogram i s  not suggestive for PUJ obstruction , a reim

p lantation of the ureter wil l  usual ly stop the gro s s  pelvic dila

tation and can result in a dramatic reversion to normal pelvi

ureteric f unction . Confronted with an abnormal amount of fluid to 

be excreted the rounded or closed type of renal pelvis fai l s  to 

f unction efficiently and cannot empty fast enough to accomodate the 

increased amount of urine . This results in a dilatation of the re-
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nal pelvi s .  Hanley ( 1 9 5 9 ) achieved overhydration by forcing fluids 

oral ly .  Alternative ly , the repeated flooding of a normal but clo sed 

type of renal pelvis by reflux would be an even better stimulus 

than overhydration to produce dilatation of the renal pelvi s .  The

oretical ly , therefore , the combination of ref lux and a closed type 

of renal pelvi s can produce the class ical picture of obstruc-

tion at the PUJ . 

Leadbe tter ( 1 9 6 1 ) - pointed out that in some patients ,  who appear 

to have pelvi-ureteric j unction obstruction , reflux is the basic 

pathological pro ce s s . He il lustrated this with a case report of 

a patient who se left kidney was removed because of hydronephros i s , 

pre sumed to be due to obstruction of the ureteropelvic j unction . 

Later it was found by micturating cysto-urethrography that the 

basic di sorder was bilateral reflux . Hutch ( 1 9 6 1 )  has shown that 

the intrave sical ureter at birth is very short ( about 5 mm . ) ,  

whereas this same structure in the adult measures about 1 3  mm . .  He 

also showed that the intrave s ical ureter reaches adult length at 

about the age of 1 2 . From this he postulated that the tendency 

for reflux ( or the ease with which a normal valve could be made 

to reflux by ve sical infection and oedema ) is greatest at birth 

when the intravesical segment is shorte s t .  As the child grows 

older , and the intravesical segment becomes longer , the tendency 

to re flux decreases . One can combine these two conc lus ions : 

1 .  Vesicoureteric reflux may cause permanent dilatation of a clo

sed type o f  renal pelvis and 

2 .  S i lent or undiagnosed reflux may occur in early childhood and 

disappears as the chi ld grows o lder . 

This gives a possible explanation for pe lvi -ureteric j unction ob

s truction in cases in which the reflux is no longer demonstrable 

at the time the upper tract disease is diagnosed . 

Hutch and Tanagho ( 1 9 6 5 )  presented a theory to explain " non-occlu

sive " dilatation o f  the uppe r urinary tract , including hydroureter 

( obstruction at the uretero-vesical j unction ) and hydronephro s i s  

( obstruction a t  the pelvi-ureteric j unction ) in the presence of 

vesico-ureteri c  reflux . The theory was based on the premi se that 

any normal ureter will dilate if called upon to transport a vo

lume of urine exceeding that of the emptying c apacity of any of 

its segments . S ince the segments of the ureter with the lowest 
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emptying capacities are the pelvi-ure teric j un��ion and the ure

tero-ves ical j unction , the dilatation of the ureter invariably 

begins above one , or the other , or both of these points . The ex

cess urine that the ureter is forced to excrete could come from 

the bladder by means of ve sico-ureteric re f lux . Al though the so 

called pelvi-ureteric obstruction due to ve sico-ureteric reflux 

might improve or disappear after operative correction of the 

reflux , Deklerk ( 1 9 7 9 )  presented two patients who did not fol low 

this pattern . This might be expected in cases with a severe de

gree of pelvi-ureteric tortuo sity , kink ing and periureteriti s , 

or intramural change s of the PUJ . 

7 . 3 .  Retrograde pyeloureterography . 

Before high-dose urography became available in almost a l l  cases 

retrograde pyelography was performed to obtain a picture o f  the 

diseased col lecting system of the kidney ( s ) . The catheter , if 

it will pass , sometimes acts as a splint and s traightens the 

ureter , while the unsplinted ureterogram may show obstructing 

kinks . 

I t  i s  important to stress that by retrograde pyelography and ure

terography , infection can be introduced . Infection of a poorly 

draining renal pelvis i s  a very serious matter . Moreover pass ing 

an ureteri c  catheter upward may cause oedema of the PU-j unction 

which makes drainage of the system even worse . 

Probably a retrograde investigation with the bulb ( Chevassu)  ca

theter is less traumatic and gives a more accurate picture of the 

actual s ituation . The safest procedure is to perform a retrograde 

investigation ( i f  necessary)  j ust prior to surgery . 

In our opinion it i s  only neces sary to perform a retrograde pyelo

ureterography (urography ) i f  high do se urography g ives inadequate 

information . In some cases of PUJ-obstruction the ureter is not 

visua l i z ed . In these cases it is advisable to perform preopera

t ive retrograde pyeloure terography to demonstrate the ureteric 

morpho logy and rule out at the same time existing pathology o f  the 

ureter below the PUJ . 

Lal l i  ( 1 9 6 7 )  concluded that in his series of nine patients the 

ureter of the affected, kidney was never opac i f  ied or identified on 

IVU . In the series of 1 0 9  chi ldren of Kelalis ( 1 9 7 1 )  retrograde 
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pyelography was necessary in only 2 1 %  of cases and the se included 

1 1  instances in which the obstructed kidney was urographical ly 

functionle ss . 

7 . 4 .  Angiography . 

In 1 9 4 7  Doss wrote : " The enlarged hydronephrotic kidney is too 

often hastily considered unworthy of preservation . The dec i s ion 

to extirpate the kidney is usually based on the pyelographic ap

pearance and on findings re sulting from study of renal function 

tests as ordinarily performed . Unfortunately , most of these tests 

can be mi s leading . For example , poor concentration of contrast 

medium in the roentgenograrn or the appearance of spurts of di

luted indigo-carmine -even the absence of the latter- by no means 

confirms the exi stence of inadequate function . Often pyonephrosis 

or even multiple cortical abscess formation does not preclude the 

poss ibi lity of plastic surgery in an e f fort to rehabi li tate the 

kidney . Instead of relying on the se ordinary efforts of deter

mining renal function , I have felt that the condi tion of the ar

terj al tree in each kidney should determine whether the organ i s  

to be preserved o r  removed . Thi s method o f  study has been care

fully appl ied during the past 6 years with grati fying results . I t  

is  my feeling , that a n  organ i s  no be tter than i t s  blood supply . 

I f  the blood supp ly is good , even though there is marked thinning 

o f  the renal cortex proven at surgery , every effort should be made 

to save the kidney . If on the other hand , the blood supply is poor , 

the kidney may be sacri f iced . Often , the hydronephrotic , appa

rently more diseased kidney , is as good if not the 

better of the 2 kidneys as determi ned by outl ining the arterial 

tree . The superimposi tion of an abdominal arter iogram on the re

trograde pyelo-ureterograrn i s  of further assi stance in determi

ning the presence of an aberrant vessel as the agent responsible 

for obs truction , except where the lumen of the ve ssel i s  obl ite

rated . Should the vessel be patent , it is  po ssible to determine 

the amount of renal parenchyrna which will be destroyed upon its 

ligation , often a very wel come bit o f  information at the opera

ting table " .  

S ince 1 9 4 7  the situation has changed cons iderably as the search 

for acce s sory ves sels preoperat ively is no longer nece ssary , be-

7 2  



cause they are no longer thought to be an important factor in 

the aetiology of PUJO . Moreover , even when an acces sory vessel 

( or vessel s )  is  found , it should not be l igated ( see chapter 8 ) . 

The high dose IVU technique , renography , renal s cintigraphy , ul

trasound and CT scan give us so much information about hydrone

phro s i s  due to PUJO that there is no indication for ang iography . 

The only indication for angiography in this respect could be in 

cases o f  horseshoe kidney , because i f  one decides to divide the 

isthmus it is  useful to have information about the vascular pat

tern , and in cases with hypertens ion , espec ially when there i s  

PUJO with nephroptosis ( De Z eeuw 1 9 8 0 ) . 

7 . 5 . Pelvi-ureteric junction pre s sure-f low study .  

Most urologists are from time to time faced with dif ficult pro

blems of upper urinary tract obstruction . Because neither pyelo

p lasties nor ureteric reimplants are free from morbidity or even 

mortality , the urologi st must be absolutely sure that the opera

tion is necessary . This may be diff icult as in the truly equivo

cal case radiographic and radio-i sotope techniques have severe 

l imitations . However , with the better understanding of urodynamics 

and the advent of c l inically appl icable perfusion (pressure /f low) 

studies (Whitaker 1 9 7 3 )  it is  not only pos s ibl e ,  but a l so practi

cal , to assess accurately the degree of obstruction and hence make 

a logical deci s ion as to management . 

Essentially , a single c annula is introduced into the renal pelvis 

percutaneously or during operation and a fast perfusion of 5 or 

1 0  ml/min is commenced . During perfusion the pre ssures in the 

pelvi s and in the bladder are measured . The latter subtracted from 

the former produces a " relative pres sure " or pre s sure gradient acro s s  

the pelvi-ureteric j unction a t  the f ixed and steady perfus ion rate . 

Most information i s  obtained i f  the se pre ssure-flow studies are 

performed with contrast medium so that at the same time the pelvic 

pres sure and the radiographi c picture can be fol lowed . 

As j udged by the results in over 1 2 0  such studies (Whitaker 1 97 3 )  

in a variety of conditions both with and without obstruction it 

seemed clear that this relative pres sure at 1 0  ml/min should not 

exceed 1 0 - 1 2  cm . H20 .  If the decision has be en made on c l inical 

and radiographic grounds to perform a pyeloplasty in the cer-
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tainty that an obs truction i s  present , clearly such a test i s  su

perf luous , but nevertheless a perfusion study with the kidney ex

posed j ust be fore the pyeloplasty produces documentary evidence of 

obstruction and a baseline against whi ch to compare the pressure 

on perfusing the kidney via a nephros tomy on the 1 0 th postoperative 

days . Such studies also provide a standard against which the dif

f i cult cases can be compared . 

The c annula needle is inserted into the renal pelvis away from the 

pelvi-urete ric j unction and be fore thi s region is dis sected . The 

kidney is allowed to lie in its natural po sition . In the equivocal 

case the study is performed before surgery and helps with the de

ci sion as to whether or not an operation is neces sary . The tech

nique is the same but the cannula is introduced percutaneously 

under f luoroscopic control after an intravenous inj ection of con

trast medium . It is usually pos s ible to enter the pelvis via a di

lated calyx . In the maj o ri ty of patients , including older children 

the procedure is very we ll tolerated under local anaesthesia . 

The perfusion test , however ,  is not very modern because in 

1 9 0 8  Lucas performed perfusion experiments . He found that i f  the 

ureter is obstructed below a cannula , the pres sure is raised and 

the number of peri staltic contractions increase d .  

I n  a more recent publication, Whitaker ( 1 9 7 9 )  presented an evalu

ation of 1 7 0  diagnostic pres sure f low studies of the upper urinary 

tract . He concluded that it can be valuable in patients of all a

ges . The compl ication rate ( transient haematuria , extravasat ion , 

urinary tract infectio n )  is low and there are few patients , ac

cordingly to him , in whom the se studies do not provide a clear-cut 

answer on the degree of obstruction . 

7 . 6 .  Renography . 

Radioisotope renography was introduced in 1 9 5 6  by Taplin as a diag

nos tic tool to estimate renal function . The principle of thi s test 

is based on the external detection of the behaviour of a radio

active tracer in the kidney region . The introduction of 1 3 1 I -o

iodohippurate ( Hippuran-R) in 1 9 6 0  was an important advance . 

0-iodohippurate has a high extraction rate ( 9 0  per cent ) by the 

kidneys with a glomerular f iltration component of 20 per cent and 

a tubular secretion component of 8 0  per cent . Assuming under normal 
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Fig . 7. 1 .  The normal renogram curve . 

c ircumstances a rena l blood f low o f  2 0  per cent o f  cardiac out

put and an extraction of 9 0  per cent , rapid accumulation in the 

kidneys , a brief renal pas sage and quick de livery into the urinary 

tract wi l l  resul t . 

In 1 9 6 7  S tevens publi shed a thes i s  on this subj ect . 

7 . 6 . 1 .  The renogram curve s . 

Intravenously inj ected o-iodohippurate qui ckly mixes with the blood 

and diffuses into the extracellular space . B lood level s  decrease , 

even in the absence of renal function , but thi s  decrease is much 

f aster if renal accumulation and excretion occur . Immediately a fter 

injection a rapid rise in count rate over the kidney occurs ( phase 

A ) , due to arrival of the tracer in the field of view of the de

tectors . About 30 seconds later an inflection point can be seen , 

which is the result of the rapidly f a l l ing background component 

and the r i s ing kidney component . Accumu lation in the kidney area 

is represented in a steep rise of the time- activity curve (phase B ) , 

reaching a peak 2 - 5  minutes after injection . At this moment the 

di sappearance of tracer from the kidney begins to overrule the ra

pidly dec lining accumulation . The result is a downward s lope of the 

curve , reaching a plateau near the ba se-line about 2 0  minutes af

ter inj ection (phase C)  . A normal renographic curve is represented 

in F ig . 7 .  l .  
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Fig . 7 . 2 . Progressive obstruction o f  one ureter ; schematic presentation of 

the e ffects on the renogram curve . 

In a theoretical attempt to analyse the function o f  the kidney , 

three elements can be distinguished : an uptake , a transit and an 

excretory function . The uptake is re lated to the supply rate and 

the extraction efficiency , i . e .  it depends on renal blood f low 

and glomerular and tubular function . The transit function is a 

reflection of the performance o f  the integral nephron population . 

The excretory function is primarily conne cted with the patency of 

the urinary tract . In practice , the se functions are closely in

terrel ated : the fol lowing sequence of alterations in a renogram 

is an example (Fig . 7 . 2 . ) . Partial obstruction of a ureter leads 

to disturbed excretory function , re sulting in del ayed di sappearance 

of the tracer ( Fig . 7 . 2 . 2 . ) . If the obstruction is progress ive 

disappearance deteriorates further and an upward slope in the C 

phase i s  recorded (Fig . 7 . 2 . 3 . ) . The first part o f  the curve re

mains unaltered but , when the obstruction pers ists , the transit 

and uptake are affected , leading to dimini shed accumulation in the 

early phase of the renogram . At this moment the C phase shifts 

downward , not because the obstruction i s  removed , but simply be

c ause the dimini shed kidney function causes a sharp decrease in 

the amount o f  tracer de livered in the urinary tract ( F ig . 7 . 2 . 4 . ) . 

Parallel with the deterioration of the affected kidney , the con

tralateral kidney takes over part of the function and becomes hy

pertrophic ,  resulting in an exaggerated accumulation on the unaf

fected s ide . I t  is the complexity o f  factors contributing to the 

shape of the curves that precludes a diagnosis solely based on re

nography . It is only in the complete cl inical investigation that 

the renogram can be an useful aid in the care of the 
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patient . 

7 . 6 . 2 .  Obstruction of urinary f low . 

Renography can provide meaningful information in cases of urinary 

obstructio n ,  provided the function of the kidney is sufficient . 

If renal function is serious ly disturbed , the radioi sotope is not 

accumulated and excreted in the renal pelvis , and no conc lusion 

can be made concerning the f low in the urinary tract . Providing 

that there is good rena l function , reliable information on the pa

tency of the urinary tract can be obtained . The gamma camera c an 

be very useful for locali sing obstruction . An obstruction at the 

pelvi-ureteric j unction , e . g . , reflected by a continuously ris ing 

curve of the renogram , reveals marked accumulation in the pelvis 

area . Lower ureteri c obstruction may give the same curve , but in 

this case an are a o f  increased radioactivity in the pelvis and 

proximal ( d i lated ) ureter is demonstrated by the gamma camera . Ham

pered urinary pas sage due to prostate hypertrophy can result in 

bilateral curves of the obstructive pattern , and on the images in 

visua l ization of both , di lated , upper urinary tracts . Once urinary 

tract obstruction is recogn i zed , kidney function can be monitored 

at T-egular intervals by renography to select the optimal t ime for 

intervention . After correction of an obs tructive les ion , reno

graphy can be helpful in evaluation of the recovery of kidney

excretion . 

Especi ally in uro logical problems in childhood , renography i s  a 

valuable tool because o f  its abi lity to pre sent functional informa

tion with a high sensitiv ity , combined with good patient accep

tance and a relatively small radi ation dose . 

It should be remembered that the gamma c amera image s have to be 

regarded as a visual adj unct to the curves ; because of the low geo-

me tric resolution , they should not be u sed for detailed morpholo

gical information . 

Otne s et al ( 1 9 7 5 )  evaluated 2 8  patients ( 2 9  kidneys ) c l inically 

by urography and by background subtracted renography performed 

preoperatively and up to 6 5  months after surgical correct ion o f  

hydronephros i s  due t o  pelvi-ureteric obstruction . Clinically 2 4  

patients were improved . Orography showed regre ss of hydronephro s i s  

and/or improved uri nary pelvic drainage in 2 2  patients , whereas the 
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kidney excretory function as j udged from renography was improved 

in only 8 patients . Their evaluation of radiological improvement 

was based partly on the state of the calyces and papi llae , partly 

on a visual evaluation of the pelvi-ureteric j unction . Others have 

based their evaluation on the degree of calyceal dilatation only . 

Their criteria of improvement may have been s l ightly accomodating , 

but they considered that the irreversibility of calyceal and pa

p i l l ary change s may mask a technically succe ssful result of the 

operative correction performed at the pelvi-ure teric j unction and 

that visual evaluation of this function must be included in the 

evaluation of the results . Evaluation by renography gave far fewer 

positive changes . Only 8 kidneys were improved ,  both clinically 

and radiologically . Of the 3 k idneys with deteriorated renograms , 

one was radiologi cally improved , the others were unchanged . The 

dis crepancy in the f indings obtained with radiolog ical and reno

graphic evaluation may of course be interpreted as due to short

commings in the radiologi cal evaluation , and the c l i nical evalu

ation is similarly open to criticism .  They felt , however ,  that the 

patients reported as improved by these criteria hav e  bene fited 

from their operation . In mo st o f  the cl inically improved patients 

there was radiological improvement as we ll while the function of 

the operated kidneys as assessed by renography remained unchanged 

in the maj ority of cases . 

Clinical evaluation , urography and renography cannot be directly 

compared as they g ive answers to different questions . C l inical 

evaluation combined with urinalysis tells whether pain and infec

tion is abo l i shed ; nei ther urography nor renography can give thi s  

i nformation . Urography i s  ideal for demonstrating a regres s ion in 

renal pelvis s i z e , while neither clinical examination nor renogra

phy is capable o f  g iving this morphologic al information . Urography 

also permits evaluation of urinary drainage . Renography , on the 

other hand , permits a s sessment of relative distribution of e f fec

tive renal plasma flow between the two kidneys , and neither c lini

cal nor radiolog ical methods can do this with reasonable relia

bil ity . It is  disappointing that renography quite often evidently 

fai ls to dis close improved drainage . They bel ieve the reason for 

this is , that renography in their cases fell outs ide the normal 

working range of the method I . e .  2 0  minutes . 
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Renography is very sensitive to changes in urinary drainage in the 

near normal range , but the method has low discrimina tory va lue in 

extreme , pathological cases . Even after pyeloplasty a hydronephro

tic pelvis is very capacious compared with a normal pelvis and 

therefore renography shows gro s s  patho logy with no fall in acti

vi ty within the 20 minutes usual ly used for regi stration . I t  is 

a lmost sure that prolonged moni toring would have d isclosed post

operative improvement in more cases . In their material , improve

ment in renograms was seen most often when the contralateral kid

ney was abnormal or absent . This may be explained by a greater ten

dency for regeneration and functional improvement in the operated 

kidney , or the method may be more sensitive to detect improvements 

when the radiohippuran is not rapidly el iminated from the c i rcula

tion by a normal , contralateral kidney . S imilar results have been 

reported by others in animal experiments as wel l  as clinically 

(Joekes 1 9 7 2 ) . I t  would have been advantageous i f  the comparati

vely s imple method of renography could be a substitute for uro

graphy at fol low-up after hydronephros i s  surgery . It appears that 

an improvement in renography is always confirmed radiologically , 

while an unchanged renogram does not exclude radiological and cli

nical improvement . I n  their material reliance on renographic impro

vement could have saved fol low-up urography in less than one third 

of the patients . Thi s saving is not sufficient to warrant the 

choice of renography in the form used as the main fol low-up method 

for hydronephro s i s  surgery . Renography is be st suited to estimate 

effective renal plasma f low , whi ch in most cases does not improve 

even af ter a successfu l  s urgical procedure on the renal pelv i s .  

7 . 6 . 3 .  Diure s i s -renography . 

O ' Re i l ly ( 1 9 7 8 )  and Lupton ( 1 9 7 9 )  introduced the diuresis-reno

graphy as a method to evaluate patients with equivocal pelvi-ure

teric obstruction . I t  involves the performance of a standard 
1 3 1 iodine-hippuran renograro followed by a second renogram 3 minu

tes after an intravenous inj ection of the diuretic frusemide . On 

the bas i s  of the response seen on the 2 renograms taken together 

or the single curve before and after diuresis , there are four dif

ferent reactions pos s ible ( Fig . 7 . 3 . ) . 
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RESPONSE l diuretic given RESPONSE 2 diuretic given 

t t 

( 
routine with diuresis 

RESPONSE 3A diuretic given RESPONSE 3B diuretic given 

t t 

Fig . 7 . 3 .  Response l : normal initial and diuretic renograms . Response 2 : initial 

and postdiuretic renogram with s i gni ficant obstruction . Response 3A : initially 

obstructive with rapid excretion after diuretic . Response 3B : initially ob

structive with only partial improvement in excretion after diuretic . 

Response 1 :  The initial and po stdiure tic renogram are normal which 

effectively exclude s a significant obstruction . 

Re sponse 2 :  The initial and po stdiuretic renogram show signi ficant 

obs truction . 

Response 3A : Initial renography shows obstruction which during diu

resis becomes converted to a rapid and complete e l imination of ra

dioactivity from the apparently obstructed upper tract . Th is i s  

the pattern of a hypotonic , di stended but non-obstructed system , 

in which the initial f lat curve represents a "mixing chamber ef

fec t "  of the isotope in the c apacious renal pelvis . By increas ing 

the urine flow rate the capaci ty of the pelvis becomes re latively 

insignificant in compari son with the urine f low and excretion pro

ceeds uninhibited in response to the diure s i s . 

Response 3B : the initial renogram shows obstruct ion , which is al

tered by diuresis but less dramatically than in the 3A response . 

The e l imination i s  only partial as the third phase of the reno

gram is still slow and prolonged . Although this group may be said 

to show a somewhat equivoca l  re sponse it almost certainly repre-
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sents a degree of subtotal obstruction . 

Examples o f  patients with response 2 and 3A are shown i n  Fig . 7 . 4 .  

and Fig . 7 . 5  . . 

O ' Reilly ( 1 9 7 9 )  examined 5 0  patients with dilatation of the upper 

urinary tract . Of the se patients 3 7  were suspected of PUJO while 

13 had persis tent dilatation 6 months or more after an Anderson

Hynes pyeloplasty . The results of the diures i s  renography were as 

follows : 

Response 

PUJO ? 

po st-pyelop lasty 

1 

1 0  

6 

2 

1 2  

2 

3A 

1 1  

5 

3B 

4 

Total 

3 7  

1 3  

In a l l  patients ( 1 2 )  with suspected PUJO , who showed response 2 ,  

the diagnosis was confirmed at operation . Re sponse 3A was found in 

11 patients with suspected obstruction and in 5 with po st-pyelo

plasty di latation . 

Alt�ough the diure s i s-renography is an easy and non-invas ive me

thod to evaluate patients with equivocal PUJO some errors may occur . 

Aaronson ( 1 9 8 0 )  reported three children with only slightly dilated 

pelves that emptied we l l  with po sture change or diuresi s ,  but in 

whom there was disproportionate dilatation of the calyces . Diure

s i s -renography would certainly have shown a non-obstructive curve . 

However pressure-flow s tudies showed normal basal pre ssures ( 1 0 -

2 0  cm H20 J  together with vigorous contractions producing rapid in

crease i n  pressure up to 1 0 0  cm HzO which resul ted in emptying of 

the renal pelvi s . I n  a l l  3 cases a pyeloplasty was performe d .  

The behaviour o f  the renal pelvis i n  this group of patients ap

pears to be analogous to the high voiding pres sure s in the par

t i ally obs tructed but compensated b ladders .  The muscle of the re

nal pelvis retains its tone on the IVU , but the repeated high 

peak pre s s ures result in progres s ive dilatation of the less mus

cular calyces . This may be a mechani sm for the urographic appea

rance de scribed as megacalicosi s .  As the definition of obstruc

tion ultimately depends on pre ssure-flow re lationships , i t  seems 

probable that there wi ll continue to be a place for their direct 

measurement by pre ssure-flow studies . 

From the present material i t  seems that standard renography and 
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diure sis -renography are val uable supplementary methods for estima

ting the result of surgical corre ction of hydronephro s i s . Renogra

phy exposes the patient to minimal radiation and causes only minor 

di scomfort . Since the investigation may be repeated several time s 

it i s  of significant value in the follow-up of patients with uro

logical di sease . In the first postoperative contro l , renography 

might replace urography , whi ch may be reserved for tho se cases in 

which renography failed to demonstrate definitive improvement . 

7 . 7 .  Renal scintigraphy . 

DMSA ( dimercapto-succinic acid)  labeled with 9 9mTc ( Technetium )  

is  now the i so tope of choice for renal sc intigraphy . After intra

venous inj ection it accumulates intensively in the renal cortex . 

With normal kidney function , good morphological information con

cerning the renal parenchyma can be obtained after two hours . With 

impaired function it take s sometime s four hours . Al so the relative 

" function " of each kidney can be determined with the use of com

pute r  registration . The overa l l  kidney function i s  reflected in 

the amount o f  i sotope accumulation in both kidneys . If  we want 

to perform renography and renal scanning on the same day the exami

nation starts wi th renography because Hippuran R is excreted com

p letely in a short time i f  there is no obstruction , so it will not 

di sturb the s canning . One hour after the renography the i sotope 

for the renal scanning can be inj ected . 

7 . 8 .  Renal function studies . 

Obstruction in the kidney outflow can produce renal damage and a 

progressive deterioration of renal function . For a good follow-up 

adequate infonnation about renal function by e s t imation of the 

creatinine clearance or the glomerular f i l tration rate ( GFR)  using 

a radioi sotope i s  necessary . 

To obtain information about the renal function , Mayor ( 1 9 7 5 ) stu

died 2 4  children with obs tructive uropathy . He divided them in 3 

group s , that were operated upon before 1 year of age ( 1 2  patients ) ,  

between 1 and 2 years ( 6  patients ) and after the age of 2 years 

(6 patients ) .  Twenty out of 24 patients had radiological ly evident 

bi lateral hydronephrosi s .  In his s tudy he came to the conclusion , 

that surgical relief o f  chronic urinary tract obstruction was fol-
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lowed by a lasting improvement of renal function only in those pa

tients operated upon be fore one year o f  age . When patients were 

operated upon between 1 and 2 years of age , renal function did not 

improve but remained stable at a lower than normal leve l . Finally , 

when patients were operated upon after 2 years of age , a s low and 

progre s s ive deterioration of renal function occurred po stopera

tively . The lack of any improvement in kidney function when correc 

tive surgery i s  performed after 1 year of age indicate s the need 

for early intervention before an irreversible state has developed . 

I t  thus appears e ssential to diagnose and to correct chronic hy

dronephro s i s  as sociated with renal fai lure before 1 year of age 

if an improvement in renal function is to be expected . 

7 . 9 .  Computerized tomography ( CT ) . 

The CT-scan is a comparatively new non- invas ive diagnostic method 

by which an image is created by passing a sma ll monoenergetic X

ray beam in many directions through a pl ane of the body and using 

a computer to recreate the pattern of tis sue s produced by the ob

served attenuation of the beam . The technique is limited because 

only transverse sections o f  the body can be studied . 

In hydronephros i s  due to PUJO it can give information about the 

parenchymal thickness and the dilatation of calyces and renal 

pelvi s . In general , however ,  it is not necessary to use the CT

s can because other diagnostic methods are avai lable ( IVU , ultra

sound , renal scintigraphy ) which are le s s  expens ive and give the 

information wanted with less radi ation . 

7 . 1 0 .  Ultrasound . 

B-mode ultrasound can have a place in the diagnosis of hydrone

phrosis due to PUJO . U l trasonography can demonstrate a dilatation 

of the col lecting sys tem and c an give information about the thick

nes s  of the parenchyma . Espec ially in sma l l  children it c an be 

of great value because it is  non-invas ive , simple and harmle s s  

t o  the p atient . 

7 . 1 0 . 1 .  Antegrade pyeloureterography. 

Ultrasound i s  a useful technique in combination with percutaneous 

puncture of the renal pelvi s which permits antegrade pyeloureter-
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ography , pres sure- flow studies or temporary pyelostomy ( see chap

ter 8 ) . 

7 . 1 1 .  Conclusions . 

I f  a patient is suspected of having a PUJO an IVU should be per

formed . Because the IVU could be almo s t  " normal " this investiga

tion should be performed during an attack of pain or af ter a 

diuretic has been admini stered . 

When pelvicaliceal di latation is demonstrated on an IVU the pre

sence of pelvi-ureteric j unction obstruction can be determined 

by subsequently performing a diuretic-IVU and/or a diure sis reno

graphy . 

Retrograde ureteropye lography is only neces sary i f  the proximal 

ureter is not visua l i z ed on IVU and shou ld be performed j ust prior 

to exploration of the kidney . 

There is hardly any remaining indication for angiography . Only in 

cases of horse shoe kidney it would be useful to be informed about 

the vas cular pattern if one decides to transect the isthmus . 

Renography i s  a very sensi tive test that gives information about 

renal function and excre tion . I t  c an be very useful before as we ll 

as after operative correction of the PUJO . The diuresis-renography 

can be used as a method to evaluate patients with equivocal PUJO . 

The mos t  reliable test in PUJO i s  the pressure-f low study which 

can be performed during operation or by percutaneou s puncture of 

the renal pelvis . 

There is hardly any indication for computerized tomography be

cause other diagnostic procedures are available with less radia

tion and less co sts . - Ul trasound is a " non-invas ive " investigation , 

which can be of great value . I t  i s  simple and harmle ss to the 

patient . 
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8 .  Therapy 

8 . 1 .  Introduct ion . 

The only cure for hydronephro sis lie s in the alleviation of the 

flow resisting fac tor . In order to conserve a hydronephrotic kid

ney some type of surgi cal procedure is required to re lieve the pa

tient of discomfort and to stop further damage to the kidney . Nu

merous surgical operations have been advocated . The ideal opera

tion in PUJO would be one which produces an adequate pelvi-urete

ric outlet , al lowing the kidney to function free from any resis

tance and infection and relieve the patient of all symptoms . 

In 1 9 2 3 Hunner stated : " In deal ing with a mechani sm as delicately 

ba lanced as the ureteropelvic j unction, and particularly when that 

mechanism has been badly dis arranged by disease , one hesitates to 

lay down hard and fast rules . Each case differs from the precee

ding one in the problems presented and the surgeon should approach 

these problems with an open mind , ready to adopt the course that 

seems best fitted for the individual case " . The se sound remarks 

are still applicable even today . Certain facts must be borne in 

mind in cons idering the conservation of renal parenchyma . When an 

individual is born he/she has a f ixed number of nephrons . They 

may be divided equally between two kidneys , or the total number 

may be limited to one kidney . Once the number of nephrons is de

termined, hyperplasia of the k idney by increasing the number o f  

nephrons i s  impo s s ible . After birth any hyperthrophy i s  accom

plished by an increase in the s i z e  of the existing uni ts . It is  

our duty to pre serve as many of those uni ts as pos s ible . No s in

gular operative technique i s  suitable for the repair of all types 

of hydronephrosis . The technique to be used should be suited to 

the particular defect , which can not be completely known until 

after the surgical exposure . I t  i s  therefore imperative , when ap

proaching such a problem , that the urologist should have an ade

quate knowledge of the alternative methods available . Various pro-
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cedures for re lief of pelvi-ureteric j unction obstruction have been 

described . Some of the se were adoptions of plastic surgery prin

ciple s . Their application in the field of urology did not contri

bute anything fundamenta l ly new but represented a gradual evolu

tion . End-to-end anastomosis of viscera had been employed in va

rious ways before the application in the "uretero-pyeloneostomy " 

by Kuster in 1 8 9 1 . Transverse suture of a longitudinal inc i s ion 

as applied to the pylorus in the Heineke-Mikulicz ( 1 8 9 0) operation 

was adopted for use in the pelvi-ureteric j unction by F enger ( 1 8 9 4 ) . 

The continuous s ide-to- side union was used in plastic procedures 

on the sk in be fore it was used as a pelvi-ureteric plasty by Fin

ney ( 1 8 9 8) . The simple Y-V p lasty differs from the Heineke-Miku

l i c z  principle only in deta i l : one end of the longitudinal inci

s ion i s  split but essentially i t  i s  a transverse suture o f  a long i 

tudinal inci s ion . Durante ( 1 8 9 5) appl ied this simple form of 

Y-V plasty to rel ieve a pyloric steno s i s  before its app l ic ation to 

the pelvi-ureteric j unction by Schwyzer ( 1 9 2 3 ) . 

The degree o f  hydronephros i s  and kidney function should be deter

mined as accurately as pos s ible , to help decide whether or not 

conse rvative treatment is indi cated . Sharp ( 1 9 6 1 ) thought that ex

cretory urography provides the most reliable means of estimating 

renal function . He advocated the use of an indwe l ling ureteric 

c atheter for a few days . It demonstrates the abi l i ty of the kid

ney to recover its function and gives a re liable indication of the 

improvement of the hydronephro s i s , which might be expected when 

the obstruction is permanently rel i eved by surgery . He stated that 

general ly , if thi: affected kidney has less than 2 5  percent of nor

mal function , nephrec tomy is preferable . This rule cannot always 

be fo llowed ; for instance in cases with impaired function of the 

contralateral kidney . The presence and type of infection are fre

quently important factors , but final j udgment rests on the ap

pearance and volume of the renal parenchyma at the time o f  opera

tion . Any k idney parenchyma should be salvaged , if pos s ible , 

without future risk to the pat ient. 

It is a long e stablished fact that hydronephros i s  due to pelvi

ureteric obstruction is often bilatera l . Removal of one k idney 

sometimes may result in marked progres sion of hydronephros is in 

the remaining kidney , because of increased f low of urine . 
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If one decide s to conserve the k idney another phase in the diag

nosis of obstructive lesions that has not been overly stressed , 

is their recognition at the time of opera tion . Culp ( 1 9 5 7 )  advo

cated careful study for evidence of obstruction during renal surge 

ry for other conditions , especially calculi . Un less the pelvi-urete

ri c region i s  funnel shaped , he cons idered that potential obstruc

tion was present and that a corrective procedure was indi cated . 

Eberhart and Rieser ( 1 9 5 3 ) called attention to the fact that the 

obstruction usually i s  not so evident at operation as it appeared 

to be on the urogram . Foley ' s  ( 1 9 3 7 )  method of inj ecting f luid 

with a syringe and needle before opening the pelvis is a reliable 

means of determining the location and degree of obstruc tion . Once 

the repair is completed , thi s  test wi ll then reveal how wel l  the 

fluid drains down the ureter and how efficient the anastomo s is i s . 

The therapeutic pos sibi lities of hydronephros i s  due to PUJO can be 

divided in several groups : 

1 .  Nephrectomy 

2 .  Drainage of the kidney 

-Nephrostomy 

-Pyelostomy 

3 .  Non-di smembered procedures 

4 .  D i smembered procedures 

The terms non-di smembered and di smembered mean operation with and 

witnout transection of the PUJ . In some dismembered pye loplasties 

the PUJ i s  resected . 

8 . 2 .  Nephrectomy . 

In 1 9 3 7 Schulhof warned against Hinman ' s  theory of counterbalance 

which said : " The healthier side will gradually undergo compensa

tory hypertrophy , which may be so capable o f  counterbalance as 

to render the work o f  its weak assi stant unnecessary , di suse of 

which will presently occur " . 

Many writers concluded that there was a remarkable return of renal 

function after removal of the obstructing lesion . Many so called 

functionless kidneys are valuable and should be preserved . 

In the years around 1 9 0 0  the mortali ty rate for most operations 

was very high . In those days one could make a nephrostomy and the 
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surgeon was happy i f  his patient survived a nephrectomy . 

Trendelenburg in 1 8 8 6  made the first deliberate attempt to widen 

an obstructed pelvi -ureteric j unction . Unfortunately his patient 

did not survive . I n  1 9 5 2  Schwartz publi shed his series of 5 4  pa

tients with hydronephros i s  due to pelvi-ureteric obstruct ion . In 

5 6 %  of these patients , the condition had progre ssed to such a 

point that nephrectomy was consi dered the procedure of choice . 

Z incke ( e t  al . 1 9 7 4 ) found 2 0 - 2 5 %  of a l l  cases basically no longer 

suitable for conservative surgery . Eckstein ( 1 9 7 1 )  had a primary 

nephrectomy rate of only 3% and Johnston ( 1 9 7 7 )  of 1 0 % .  

Though usually uni lateral when first di scovered , pelvi-ureteric 

obstruction may be either actually or potentially bi l ateral . There

fore , the effort is j ustified to pre serve the damaged kidney 

rather than remove it and run the risk of causing a subcl inical 

proces s  on the oppos i te s ide to " blos som out " . After nephrectomy , 

the functional load on the remaining k idney may acce lerate or 

even initiate the development of hydronephro s i s  given the proper 

setting , so a more lengthy follow-up and repeated urography are 

required . 

One should not hesitate to remove a hydronephrotic sac , but should 

always keep in mind that large hydronephrotic kidneys may recover 

very wel l . The parenchyma may be thin but the total volume can be 

considerable . I t  i s  now easier to obtain information about the 

function of a kidney thanks to the tests available . S aving the pa

tient however ,  will continue to be more important than saving a 

few extra nephrons .  Two factors warrant serious cons ideration when 

there is a good contralateral kidney : 

1 .  Rehabili tation . Too frequently urologists forget that the pa

tient should again be happy , healthy and a useful c i tizen . One 

should look f arther ahead than the day the patient c an leave the 

hospita l . Technical triumphs do not neces sarily assure the most 

practical results . Multiple operations on the s ame kidney have 

created many urologic cripples . Nephrectomy wi l l  continue to be 

prudent in many instances . 

2 .  Age .  Although chronological age can be mos t  deceiving , one 

s hould be reluctant to perform any type of pyeloplasty if the pa

tient i s  more than 60 years of age . Indeed ,  the virtues of such 

procedures after the age of 5 0  remain doubtful , if the other k id-
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ney has a good function . 

8 . 3 .  Drainage of the kidney .  

8 . 3 . 1 .  Nephro stomy .  

8 . 3 . 2 .  Pyelostomy . . 

As mentioned before a permanent nephrostomy or pyelostomy was fre

quently made in the early days because other poss ibilities were 

not available . These procedure s c ause infection and often stone 

formation . Nowadays a temporary nephrostomy is only necessary in 

exceptional cases and should be avoided if pos sible , because it 

makes a pye loplasty more di fficult later . 

Temporary urinary tract drainage was advocated by Barbaric ( 1 9 7 6 )  

in cases o f  infection in the obstructed urinary tract system . His 

method of choice was a percutaneous nephro ( pyel o ) stomy . 
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8 . 4 .  NON-DISMEMBERED PROCEDURES . 

8 . 4 . 1 .  Pelvi-ureterolys i s . 

Rolleston ( 1 9 5 7 )  was impres sed in many cases by the presence of 

a broad fascia! band extending from the lower pole of the kidney , 

cro s s ing the region of the pelvi-ureteric j unction and then mer

g ing with the coverings of the aorta and caval vein . Often thi s 

fascia contained abnormal lower pole vessels . He found that , after 

removing this fascia! band , cutting any associated abnormal ves

sels and freeing the secondary adhes ions between ureter and pelvi s ,  

cal ibration o f  the pelvi-ureteric j unction and upper ureter re

vealed an ample lume n .  Nothing further was required except fixa

tion of the kidney to prevent new adhesions of the ureter to the 

pelvi s or the lower pole of the kidney . 

8 . 4 . 2 .  Dilatation of the pelvi-ureteric junction . 

For a long time many patients with hydronephro s i s  due to pelvi

ureteric obstruction have been treated by dilatation . This dilata

tion was performed in a retrograde manner by cystoscopy or opera

tively in a orthograde manner via a pyelotomy . 

Mc . Iver ( 1 9 3 9 ) , Soley ( 1 9 4 6 )  and Mathe ( 1 9 5 4 ) were convinced that 

di latation by a catheter introduced at cysto scopy was the treat

ment of choice . 

This way o f  treatment , of course , will not improve the drainage of 

the hydronephrotic kidney . On the contrary , because of oedema , 

drainage will deteriorate . Moreover , there is a great danger of 

infecting the hydronephrotic kidney . 

8 . 4 . 3 .  Ligation of aberrant ve ssel s .  

The s ignificance o f  aberrant ve ssels passing to the lower pole of 

the kidney in the pathogenes i s  of pelvi-ureteric obstruction remains 

a controversial subj ect . B ibus and Hohenfel ler ( 1 9 5 8 ) , and others 

claimed that such vessel s ,  by compre s s ion of the ureter , may be pri

mari ly respons ible for hydronephros i s . In a study of 71 cases of 

pelvi-ureteric obstruction , Jewett ( 1 9 4 0 )  found lowe r polar ve ssels 

to be the only aetiological factor in 2 4  patients . On the other 

hand , the facts that acces sory renal ve ssels at the lower pole are 

frequently encountered when no obs truction exists ( Bro sig , 1 9 6 1 ,  
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Jewett ,  1 9 4 0 ) and that in addi tion hydronephros i s  is chiefly ob

served in the second decade of l i fe ( Boeminghaus ,  1 9 7 7 )  indicate 

that a combination of factors may be involved . 

The maj ority of urologi sts agrees with Boeminghaus ,  Bro s ig , Camp

bel l , Gibson and otpers that aberrant ves sel s act as a secondary 

obs truction to an already enlarging pelvis . 

Renal arteries are terminal arterie s .  Therefore , some risk is al

ways involved in the ir l igation , as necrosis of renal tissue can 

result .  Many authors ( B ibus and Hohenfel lner ( 1 9 5 8 )  , Bi schoff 

( 1 9 5 3 ) , Eng e l  ( 1 9 5 1 ) , advi sed l igation of lowe r polar vesse l s , if 

their obstructive function is obvious ,  i f  the cal ibre i s  small , 

i f  the ischaemic area on temporary occlusion does not exceed 2 5 %  

o f  the k idney surface , i f  the patient i s  young o r  i f  a partial ne

phrectomy is considered . S imon ( 1 9 4 0 )  has emphasized that tempora

ry occlusion of the vessel as a test to show the amount of renal 

tis sue involved , may be mi s leading . The same is true o f  the in

j ection o f  indigocarmine into the artery as suggested by Khoury 

( 1 9 5 0 ) . Compres sion of a capsular artery wi l l  produce cyanosis , 

whereas compres s ion of an artery supp lying central parts o f  the 

parenchyma wi l l  not . In 3 3 2  cases of l igation of lower polar ves

sels S imon found the incidence of tissue necro s i s , requiring se

condary nephrectomy to be 2 , 4 % .  Mo st authors agree that veins can 

be l igated safely . 

In search of a parenchyma conserving operation which would cure 

hydronephros i s  without sacri f icing the obstructing ve ssels Stewart 

( 1 9 4 7 )  introduced the nephroplication , and Young ( 1 9 3 2 )  and Hell

strom ( 1 9 3 4 ) advi sed transpos i t ion of aberrant ves sels . 

8 . 4 . 4 .  Partial pe lvectomy or pe lvic pl ication . 

For many years and even in 1 9 4 6  by Hinman , a partial pelvectomy or 

pelvic p l ication was advocated i f  after pelvi-ureterolysis a sub

stantial degree o f  pyelecta s i s  remained . 

8 . 4 . 5 .  Nephropexy . 

Because some writers thought that nephropto s i s  was the main cause 

of obstruction at the pelvi-ureteric j unction they only performed 

a nephropexy after pelvi-ureterolys i s . The kidney is f ixed in such 

a pos ition that the ureter is stretched , so preventing the rede-
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velopment of kink s . 

8 . 4 . 6 .  Vessel transposition . 

Young ( 1 9 3 2 )  and Hellstrom ( 1 9 3 4 ) used transpo sition of aberrant 

vessels , in combination with a resection of the enlarged pelvi s . 

Brosig ( 1 9 6 1 )  and Casey ( 1 9 5 9 )  agreed that in cases of moderate 

hydronephro s i s , the renal pelvis will shrink to normal s i z e  and 

regain its tone if the obs truction is re lieved . They bel ieved that 

if no organic stenosis of the pelvic outlet is pre sent , the trans

position of aberrant vessels will in many instances al leviate the 

symptoms of pelvi-ureteric j unction obstruction . On the bas is o f  

his experience , however ,  Bro s ig d i d  not feel justified t o  state 

that aberrant vessels alone could cause hydronephrosi s ,  al though 

their transpos ition may result in clinical cure . 

Technique . 

The obstructing aberrant ves sels are mobi li zed from the renal pel

vis by careful dissection and p laced at a higher level on the re

nal pelvis close to the main artery and attached to the medial 

border o f  the kidney parenchyrna by encas ing them in a f lap cut 

from the perirenal fat overlying the anterior p elvic wal l  ( Brosig , 

1 9 6 1 ) . Hj ort ( 1 9 4 2 )  made an anastomo s i s  of the renal pelvis around 

the ves sel s ,  without operating on the PUJ . 

8 . 4 . 7 .  Renal sympathectomy . 

In 1 9 3 5  H arri s stated that s ince 1 9 2 6  renal syrnpathectomy had been 

carried out for the relief of pain on increased intrarenal tens ion , 

in cases of urinary sta sis arising from neuromuscular dys function 

of the calyce s , renal pe�vi s and upper portion of the ureter , a 

definite type o f  obs tructive nephropathy to which he five years 

before af f ixed the title of " renal syrnpathico-tonu s " . Renal syrnpa

thectomy may be employed according to Harris in cases of thi s  type 

with a certainty of success which is exceeded by few other opera

tions . After a complete operation , in addi tion to a careful denu

dation of the renal artery or its main branches and of the renal 

vein , the renal pelvi s on both aspects as far as the hilum , a l so 

the pelvi-ureteric j unction and· the first inch o f  the ureter will 

have been cleaned up , the superior ureteric nerve being divided 

in the proce s s . F inally the kidney will be attached solely by its 
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denuded ve ssels and ureter . 

8 . 4 . 8 .  Trende lenburg .  

The first and very simple plasty was publi shed b y  Trendelenburg 

in 1 8 8 6 . He opened the hydronephrotic sac widely and divided the 

spur which was formed by the paral lel course of the ureter with 

the wall of the renal pelvis . The pelvis and ureter were split 

down to the point where the ureter left the pelvic sac . The mucosa 

of the pelvis and ureter were then united by catgut . Unfortunate

ly , the patient died of inte stinal obstruction . 

Von Lichtenberg ( 1 9 2 1 )  presented his lateral uretero-pyeloanasto

mos i s , a l l ied to the F inney gastroduodenostomy ( pyloroplasty ) . 

8 . 4 . 9 .  Fenger . 

In 1 8 9 4  Christian Fenger des cribed his technique . In those days 

the mortality of lumbar nephrotomy for pyonephrosis was 2 3 % . For 

primary lumbar nephrectomy it was 3 4 % . The disadvantage of nephro

tomy as compared wi th nephrectomy for pyonephros is was that a fis

tula remained in 4 5 %  of the cases . He found that in all cases where 

a stone was the cause of obs truction , passage is possible when the 

stone is removed . When there is no stone , s imple nephrotomy will 

leave the impediment in all cases and a permanent draining fi stula 

wi ll result , i f  in both calculus and noncal culus pyonephro s i s , 

where drainage via the ureter could be ree stab l ished , a lower per

centage of permanent fistulas was to be expected . 

Technique as described by Fenger (Fig . 8 . 1 . ) . 

A stenosis at the pelvi ureteric j unction can be treated by a 

plastic operation on the plan of the Heineke-Mikulicz operation 

for pyloric steno s i s . A longitudinal inc i s ion of the steno s i s  and 

transverse closure is done . 

H i s  opinion was that this method seemed preferable to resection 

of the s tenotic part of the ureter ( Kuster)  for the fol lowing 

reasons : "it is a more economical operation and preferable when , 

after exci sion of the stenos i s , the length o f  the u reter is in

s uffi cient to permi t the two cut ends to come in contac t , thus 

al lowing c losure and invagination without stretching " . 

A variation of the Fenger operation was done by Gibson ( 1 9 4 0 ) , who 

made a longitudinal inci sion both on the anterior and posterior 
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Fig . 8 . 1 .  The Fenger pyeloplasty . 

sides , c los ing these transversely . 

8 . 4 . 1 0 .  Albarran . 

Albarran stated that he was the first to perform a lateral ana

stomo s i s  in l 8 8 8 , al though he reported it in 1 8 9 8 .  It was like 

Wolfler ' s  gas troenterostomy . In 1 8 9 8  he a l so described his " re sec

tion orthopedique pyelorenale " , in which he exci sed the lower pol e  

and lower lateral renal pelvi s , extending the inci sion t o  the la

teral wall of the pelvi-ureteric j unction . The aim of the opera

tion was to transform the hydronephrotic kidney and renal pelvis 

into a funnel at the expense o f  the lower pole of the kidney . 

8 . 4 . 1 1 .  Schwyzer Y-V plasty .  

I n  1 9 2 3  Arnold Schwyzer described his technique . Because the re

sults of some operations had been unsatisfactory he apologi sed 

for offering another method . I t  was different in one essential 

point , in that he tried to avoid the difficulty encountered in 

l inear divis ion . With the transverse suture o f  the longitudinal 

inci s ion , the part o f  the wall oppos ite the suture always tends 

to produce a valve - l ike fold . Also a good deal of puckering occurs 

9 5  



Fig . 8 . 2 . The Schwyzer pye loplasty . 

at the s i te of the new pyelo-ureteral union ( Fig . 8 . 2 . ) . 

Technique ( as described by Schwyzer)  . 

The pelvis and proximal ureter are di ssected . An Y-shaped inci sion 

is now made with its center about � cm . above the PUJ . From here 

one leg runs downward into the ureter which is spl i t  for a dis

tance of about 1 cm • .  The two other legs of the incis ion run up

ward into the hydronephrotic sac wi th an angle of about 6 0  degrees 

between them . Each of the three branche.s of the incision is about 

l �  cm . long . The tip of the triangular flap in the kidney pelvis 

is united by catgut with the lower end of the s l i t  in the ureter , 

avoiding the mucosa . On each side sutures approximate the cut ed

ges in such a manner that the folds , which always occur , are we ll 

up in the wide portion of the pelvi s , whi le at the pelvi -ureteric 

j unction the parts are smooth . The upper end o f  the ureter thus 

becomes funnel shaped . Two catheters are now inserted from the con

vexi ty o f  the kidney , one into the ureter , the other only into the 

pelvic sac . The forme r is removed after two days , the one in the 

kidney pelvis a fter three . Schwyzer mentioned three es sential 

points : 

1 .  the muco sa is not sutured , but brought into exact appos ition ; 
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this reduces the danger of formation of concrernents . 

2 .  at the j unction of the pelvis with the ureter the parts are in 

linear approximation . 

3 .  the bulges and folds which are unavoidably produced by s l iding 

the flap downward to the end of the ureteric slit are adj usted at 

the upper end of the pelvic inc i s ions , so that the pelvi-ureteric 

j unction become s neither k inked nor puckered . 

8 . 4 . 1 2 .  Foley Y-V plasty .  

In 1 9 3 7  Frederic E . B . Foley publi shed h i s  paper : "A new plastic 

operation for stricture at the uretero-pe lvic j unction " .  Already 

in 1 9 2 3  he had devised thi s new method . He withheld the first des

cription of the operation until he could give a report of some 

long term results . Foley cons idered another technique because he 

was unsatis fied with the results of several procedure s which he 

had used . From the technical standpoint all these procedures had 

one or more of the fol lowing faults : 

1 .  unde sirable puckering or folding at the suture line . 

2 .  persi s tence of high insertion of the ureter . 

3 .  absence of gradual funne ling o f  the pelvi s into the ureter . 

The last is common to al l of them except Schwyz er ' s  Y-V plasty . Con

versely absence of puckering , correction of high insertion and 

gradual funneling, all accompli shed by one procedure would appear 

most des irable . Foley thought his technique met a l l  these requi

rements . The Foley Y - V  plasty differs from the Schwyz er operation 

in that in the Schwyzer operation the incis ion is made in one 

p lane with di stortion of the inc i sion by suturing whereas in the 

Foley operation the inc i s ion is made in two planes with direct op

posi tion of both p lanes for approximation and suturing wi thout 

distortion . Correction of the usual high insertion of the ureter 

should be cons idered an important detail in any operation for pel

vi-ureteric j unction . Fai lure to correct thi s  abnormal relation

ship leaves a segment of ureter below the j unction lying in contact 

with the pe lvis and the PUJ remains high . A one -way membrane valve 

e f fect is thus produced similar to the uretero-vesical valve . Under 

certain condi tions of distens ion and pre ssure , passage of urine 

from the pelvis will be prevented in the same way that prevents 

regurgi tation ( reflux ) o f  urine from the bladder into the ureter . 
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Technique ( as described by Foley) . 

A large incis ion with adequate exposure and complete freeing of the 

kidney are e s sential . It is folly to undertake a procedure techni

cally so exacting under the handicap of insuf f ic ient room . By 

careful examination the exact anatomic re lations pre sent and res

ponsible for obstruction are determined . Particular attent ion is 

paid to the vascular arrangement and di scovery of anomalous ves

sels playing a part in the obstruction . If  such ves sels are found 

they are held out of obstructing contact with the ureter while 

pressure on the pelvis determine s its freedom of evacuation and 

the presence or absence of intrinsic obstruction . A relatively 

high insertion o f  the ureter is usually present so that the late

ral wal l  of the ureter is opposite to or in contact with the me

dial wa ll o f  the pelvi s . Almost regularly connective tissue or 

fibrous ti s sue adhesions are present between the pelvis and the 

segment of ureter in contact with it . Adhesions pre sent between 

the pe lvi s and ureter are complete ly severed thus accurately ex

pos ing the pelvi-ureteric j unction . The latter is carefully exa

mined by inspection and palpation and if ne ces sary by ins trumental 

exploration through a small pyelotomy opening . By thes e  means the 

presence or absence of a " s tricture " and the need for a plastic 

operation are determine d .  The kidney and ureter are held in po

s i tion to g ive faci lity in accurately pl acing the Y incis ion in 

the pelvis and ureter . The stem of the Y is  pl aced in the lateral 

wal l o f  the ureter and thus will face the pelvis when the normal 

pos i tion if restored . The inci sion is carried through the uretero

pelvi c j unction and downward in the medial wall of the pe lvis , 

an appropriate di stance be low the uretero-pe lvic j unction . From 

this point the inci s ion continues as two diverging l imbs in the 

lower medi al wall of the pelvis in the form of an inverted V .  The 

incis ion in the pelvis p lus the length of the V shaped f lap are 

equal in l ength . The triangular opening in the pelvis and the 

triangular shaped flap of pe lvic wall when turned down , face di

rectly the incis ion in the ureter and the apex of the flap fits 

directly into the lower angle of the ureteric inc i s ion . U sing 

closely spaced interrupted sutures of 4 / 0 chromic catgut embra

cing only the muscularis wi th careful avoidance of the mucose , the 

edges of the ureteric incision are approximated directly to the 
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Fig . 8 . 3 .  The Foley pyeloplasty . 

edges of the triangular defe c t  in the pelvis , the tip o f  the flap 

fi tting neatly into the lower end of the ureteric incis ion . Upon 

completion of the suture a soft rubber catheter of size l OF or 1 2F 

i s  introduced through a small s tab opening on the posterior sur

face of the pelvis and is directed into the ureter for a di stance 

of 6 or 8 cm . .  A number of small fenestrations are cut in the in

trapelvic portion of catheter . The catheter serves to spl int the 

sutured segment and provides for drainage of urine from the pel

vis . It is left in place for about one week . A second catheter 

extending only into the pelvi s is also introduced for through and 

through irrigation . Upon removal of the splinting c atheter this 

second catheter may be used to test the efficiency with which a 

coloured solution such as mercurochrome will pas s downward into 

the bladde r .  

8 . 4 . 1 3 .  Davi s .  Intubated ureterotomy . 

In 1 9 4 3  David M .  Davis described h i s  new technique for correction 

of pelvi -ureteric and upper ureteric narrowings . In 1 9 4 8  he wrote 

that he be lieved the first person to perform thi s type of operation 
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was E . L . Keyes Jr . in 1 9 1 5 . A few other attempts at s imilar opera

t ions es caped his attention , among s t  wh ich shou ld be mentioned 

Ormond ( 1 9 3 6 ) and Mc Iver ( 1 9 3 9 ) . Davis refe rred to a case 10 years 

previously when he was f aced with a dense , fibrou s , thick wal led 

stric ture of the upper urete r . He succe s s fully appl i ed the prin

ciple of the Ramms tedt operation for pyloric s teno s i s  and divi ded 

the stri c ture longi tudina l ly , passing through a l l  the l ayers o f  

the ureteri c  wal l  except the muco sa . 

The que s t ion o f  spl inting after pelvi -ure teric plastic operations 

aro se wi th every operation but he had the impre s s ion that the 

resul t s  were better in the spl in�ed cases . Another aspect of the 

prob lem appeared as a result of experienc e s  with urethral stric

ture s . Twenty years previous ly Davi s had treated a patient with a 

severe urethral stricture by incising the s tricture and splinting 

the urethra with a 2 4F . catheter which was left in s i tu for 3 

weeks giving an excellent resul t . 

In 1 9 4 0  Davi s was confronted by a patient with a narrow , thin wal l ed 

stricture of the upper ureter j u s t  at the po int where the ureter 

disappeared into the k i dney , with a completely intrarenal pelvi s .  

An ureterotomy was made f rom the kidney downwards through the stric

ture . A 12F rubber catheter , with fene s trations to drain the pel

vis was introduced through a nephrotomy into the ure ter . The ure

ter was closed loosely around it with a suture o f  3 / 0  plain cat

gut . The tube was removed on the 1 4 th day with an exce l lent resul t .  

I n  the s ame paper he des cribed four other patient s .  The second pa

t i ent was i dentical except that he u sed no ureteric suture s and 

that the tube was acc identally pulled out on the 1 0 th pos toperative 

day . This result was a l so good . The third case was somewhat dif

f erent . There was a markedly d i s tended extrarenal pelvis with a 

s tenotic area l �  cm in length j ust be low the pelvi-ureteric j unc

t ion . The s tenotic area was inci sed longitudinally and a 1 4 F .  

rubber tube was pas sed down through the pyelo tomy into the ureter 

to a point about 3 , 5  cm be low the inci sion i n  the ureter . Openings 

were cut in the tube to drain the pelvi s .  No sutures were used 

in the ureterotomy . The tube was pul l ed out on the 1 5 th day . The 

result was good . The fourth patient had a narrowing j u s t  below 

the pelvi-ureteric j unction . There were bands of adhe s ions j o ining 

thi s part of the ureter to the pelvi s , and the lower portion of 
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the pe lvis was rounded and proj ec ted a l i ttle be low the pe lvi 

ureteric j unction ( h igh insertion ) . Via a pyelotomy it was impo s

s ible to pass a probe into the urete r , i t  always pushed out the 

lower portion of the pelvi s . The ure ter was therefore inc i s e d , 

beginning at the point where the narrowing began . The inc i s ion 

was carried upward unt i l  one coul d  see wi thin the ureter the tip 

of the clamp covered by a thin membrane , evidently a congen ital 

valve ! ( the picture s i s  his paper show a c l a s s ic high insertion ) . 

This was seized with forceps and exc i sed with s c i s sors . The 

c l amp then pas sed freely down into the ureter . A 1 4 F  rubber tube 

was then pas sed through the pye lo tomy down the ureter to a d i s 

t ance o f  about 5 cm . be low the ureterotomy . A pye los tomy drain 

was le f t  behind . On the 1 6 th day the ureteric tube and the pyelos

tomy was removed .  The result was good . The f i fth patient had a 

long s tricture of the ureter of about 1 2  cm . wh ich was incised 

longitud inally . A 1 6 F T- tube was used . The urete ric wa l l  was he ld 

in c lo s e  approximation to the tube by some 3/0 plain catgut sutu

res . On the 3 1 s t  pos tope rative day the T- tube was pulled out . The 

result was good . 

Davis c ame to the conclus ion that intubated ureterotomy i s  an ex

tremely valuable procedure . I n  the intubated ureterotomy , no effort 

i s  made to draw the ti s sues i nto a new form , and no sutures are 

used . The ope ration depends upon the phy s iological repair process 

o f  the ti s sue s . The splint i s  a mou ld upon wh ich the t i s sue s , by 

the i r  own pro l i f eration , recon s truc t the ureteric channel with a 

normal s i z e  and shape . At that t ime D avis had no i de a  what really 

happened and only later this became c lear . He thought that the use 

o f  an urete ric or pelvi-ureteric splint , the size o f  the splint , 

i ts shape ( and later the material ) and the length of t ime it i s  

l e f t  i n  place were the mo s t  important point s . A tube u s ed for this 

purpo se should be the l arges t  that will enter the uncut , or pre

sumably normal , part o f  the ureter without f i tting so t ightly that 

i t  will cause i s chaemia o f  the wal l . If a splint is wi thdrawn too 

s oon , it will fail of i t s  purpo s e . The a l lowance of time for the 

ti s sues to recons truct themse lves about it should be generou s , er

ring on the longer rather than on the shorter s ide . Three weeks 

may be enough , but s hould be regar ded a s  a minimum . Dav i s  be lieved 

it would s e ldom be neces sary to leave a spl int in p l ace more than 
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4 or 5 weeks . The provi s ion of fully adequate , continous drainage 

for the urine during the pe riod that the splinting tube remains 

in place i s  e s sential for succe s s . 

In 1 9 4 8  D av i s  answered to the fol lowing que s t ions mo s t  f requently 

posed concerning his procedure : 

1 .  What is the be s t  s i z e  for the spl inting tube ? 

2 .  How are calcareous depo s i t s  in the tubes to be overcome or 

prevented? 

3 .  How long should the splint be left in place? 

4 .  How does the ureter and particularly its muscularis heal around 

the tube? 

5 .  I s  the healed , recons truc ted ureter capable o f  per i s ta l s is ?  

6 .  W i l l  there be adynamic di l atation of the ureter? 

7 .  Doe s infect ion interfere with good re sul t s ?  

8 .  W i l l  there b e  late s tr i c ture s , so that good original resul t s  

deteriorate? 

His answe rs were : 

ad . l .  The splint tube should be as large a s  po s s ible ; experience 

shows that even if i t  f i t s  the ureter fairly tightly , i schaemic 

necro s i s  doe s no t occur . 

ad . 2 .  Calc areous depo s i t s  are combated by irrigation with a c id 

so lution . 

ad . 3 .  Experiments in 6 dog s showed that it is safe to as sume that 

heali ng w i l l  occur in 4 week s . 

ad . 4 .  The experiments showed that probably the mus cle does grow 

around the entire ureter . 

ad . 5 .  The experiment s  showed that the recons tructed ureter i s  c apa

ble o f  peri s tal s i s . 

ad . 6 .  Adynamic di l atation of the ureter had never been observed . 

ad . 7 .  Infection apparently did not prevent good results un l e s s  the 

k idney was so greatly dil ated that infection pers i s ted even after 

the urete ric obs truction was relieved . Of 1 0  cases infected be fore 

operation , 8 became s terile a f te rward . 

ad . 8 .  In this series there was one case in which there was a ste

nosis o f  the u reter occurring 2 years after operation ; bu t the ste

nosis was not at the s i te o f  the original s tricture , but was oppo

s i te the point at wh ich the lower end of the splint tube h ad lain ; 

as a result of this f i nding he had tended more and more to increase 
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Fig . 8 . 4 .  The Davis pyeloplasty . 

the length of the splint tube , preferably so that it will extend 

in every case over the pelvic brim into the pelvic ureter . 

In the discussion conce rning thi s  paper Henline ( 1 9 4 8 )  remarked that : 

ad . l .  Clinical experience and an imal experimentation had proven 

that the use of a l arge splint in the u reter is never fol lowed 

by pres sure necro s i s  in the ureter . 

ad . 2 .  The greate s t  ha zard with prolonged nephro s tomy or pyelos

tomy drainage with splinting o f  the ureter is the tendency to the 

formation of renal calcul i ;  in hi s series of 4 5  patients in which 

a nephros tomy tube and splinting ureteric c atheter had been al

lowed to rema in in po s i tion for 6 weeks , 1 1  per c ent o f  the pa

tients developed renal calcu l i .  

ad . 3 .  Kimbrough publ i s_hed h i s  series o f  7 c a s e s  in 1 9 5 0 . He re

moved the splints 1 4 - 3 5  days po s toperat ively . The results were 

equally s a t i s f ac tory in patients f rom whom the tubes were removed 

a fter 1 4  days as in tho s e  retained for 3 5  day s . There appe ared to 

be l i ttle advantage in retaining tube s for long periods . 

In 1 9 5 1  Davis summari z ed the advantages , or a s  he cal led them , 

the " po in t s  of supe rior ity " : 
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1 .  The operation is equally appl i cable to a l l  cases , regardle s s  o f  

the length , location o r  mul tiplicity o f  the stricture s . 

2 .  I t  i s  simp le and rap id to perform . 

3 .  No suture s whatever are u s ed , so that no dependence nee d s  to be 

put on the holding of suture s .  

4 .  S ince the spl inting tube c an be l e f t  in place a s  long as de s i red , 

good results have been obtained in many cases even in the pre sence 

of gro s s  infection . 

Moreover he mentioned that some surgeons had had d i f f i culties and 

f a i lure s , inc luding himsel f .  He be l i eved that in s uc h  in s tanc e s  

the difficulties had been due t o  errors in technique and h e  had 

attempted to remove the causes o f  imperfect results by mod i fying 

the method of performing the operation . 

Schwartz ( 1 9 5 2 )  preferred to bring the splinting and drainage tube s 

out through a nephros tomy wh ile Davis a lway s used pye los tomy drai

nage where po s s ible . S chwart z  did no t agree with Deming ' s  ( 1 9 4 3 )  

argument that thi s  induc e s  infection and renal s c arring , with hype r 

tension as a later po ssibi l i ty . H e  h a d  come t o  f avour the use , in 

general , o f  polyethylene tubing , whi ch ran the ent ire length of 

the ureter and out of the urethra . The upper end emerged through 

the lower pole of the ki dney a longs ide a Fo ley c athete r , whi ch 

drained the kidney pelvis . When a s imp le steno s i s  of the pelvic 

outlet exi s ted , multiple short l inear incisions through the s teno

tic area down to the mucosa were suff i c ient . When the s teno s i s  was 

more extens ive , a s ingle vertical inc i s ion was made extending 

through a l l  coats of the ureter for the length of the invo lved 

por t ion . The di ameter o f  the spl inting tube should conform c lo s e-

ly to the s i z e  of the normal part of the ure ter wi thout c aus ing 

pre s sure on its wall s .  The purpose o f  the splint was to act as a 

scaffolding and not as a di lating medium . S chwartz thought that a 

tight splint was likely to cause eventual fibro s i s  and cons tric

tion . The splint was pulled down the ureter by being f a s tened to 

an ureteric catheter , wh ich had been passed up the ureter cysto s 

copically prior t o  operation . Because in some c a s e s  the tubi ng 

c aused urethral i rri tation when it wa s left in place for several 

week s , the tube as i t  emerged f rom the urethra was cut off and the 

end was drawn back into the b ladder . 

In 1 9 5 5  Lapides publi shed h i s  exper iments to i nves t igate the fac-
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tor s  invo lved in fai lure o f  D avis type intubated ureterotomy . He 

came to the conclus ion that in dog s  comp lete regeneration of the 

mucos a  was present by the end of the third week . The defects in 

the ureters were not bri dged by smooth muscle unt il the s ixth 

pos toperative week . The evidence obtained in hi s s tudy sugge sted 

s trongly that ureteri c smooth muscle regenerates to a marked de

g ree . The experimental findings indicated a l so that periureteric 

fibro s i s  i s  the mos t  important factor in the f a i l ure o f  the Da

vis procedure . This comp l i cation can be avoide d  partially by en

c lo s ing the i nc i s ed po rtion o f  the ureter in re troperitoneal fat 

and by preventing prolonged leak age of urine into the operative 

are a . 

Oppenheimer and Hinman ( 1 9 5 6 ) undertook important research con

cerning the repair o f  ureteric defect s  and the ureter a f ter 

transection . In their excellent paper : " The e f fect o f  urinary f low 

upon ureteral regeneration in the absence of a splint " , they come 

to the fol lowing conc l u s ion s : 

1 .  Continued urinary f low through experimental ureterotomie s in

creased periureteric f ibro s i s  but did not signi f i cantly a ffect the 

degree of heal ing of the defec t . Urinary f low did not greatly 

change the pattern o f  regeneration , but the proce s s  took longer . 

2 .  Recons truction of a l l  layers of the ureteric wa l l  was hi ndered 

if the edge was forced to l ie f ree in the retroper itoneal space . 

The role o f  the splint was to act as a guide for epithe l i a l  re

generation . Wi thout a spl int , primary epi the l i ali z ation was de

ranged so tha t  an abnormal muscular coat was laid down , result ing 

in incomplete ureteric regeneration . 

3 .  The principal sequel to nonsplinting of an ureteric inci s ion 

was derangement o f  primary epithel i a l isation , made wor s e  by urina

ry f low . 

Their experimental work showed that f i r s t  epithe l i a l i s ation can 

take p lace and that complete recons t i tution o f  the muscular coat 

occurs by actual smooth muscle regeneration , ari s ing mainly 

f rom the cut edges o f  normal muscle . 

There are some f ac tors that influence epi the l iali sation . Hinman 

( 1 9 5 7 )  concl uded that the damage f rom uri nary f low was greater 

than any bene f icial hydraul i c  e f fec t s , such as Johanson ( 1 9 5 3 )  

described for urethral heal i ng . Moreover , heal ing against perito-
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neum progres s ed more readi ly , with more nearly normal primary epi

the l i a l i sation , than against fasc i a . His experiments tended to show 

that a rigid fibrous bed is hos tile to the reformation of an epi

the l i a l  lined tube and hence to adequate regeneration o f  the ure

teric wal £ . 

Creevy ( 1 9 5 6 ) advocated intubated ureterotomy in patient s who had 

been operated upon previous ly and had dense soar formation . The 

period of intubation may profi tably be extended for as long as a 

year , a s  was done in a patient he de scribe d .  

8 . 4 . 1 4 .  Stewart . Nephropl i c ation or nephropl a s ty . 

In 1 9 4 7  H . Hami l ton Stewar t publ i shed hi s paper cal led : "A new 

operation for the treatment of hydronephros i s  in association with 

a lower polar (or aberrant ) artery " . Encouraged by his initial 

succ e s s  ( 1 0 years e arl i e r )  he used the operation at first for 

cases s imi lar to the original one wi th l arge polar arterie s , but 

in 1 9 4 7 ,  as the se cont inued to give uni formly succ e s s ful results 

he extended its u s e  to all cases j udged worthy o f  cons ervative 

surgery . Only late r  he rea l i z e d  that he had been copying and 

at tempting to re-es tabl ish the anatomi cal relationship of infancy . 

Kel ly and Burnam ( 1 9 4 2 )  had shown that in the inf ant , the k idney 

is arched upon i t s e l f  to such an extent that the two po les ap

proach each other very closely over the enclosed pelvis .  If a 

lower po l ar artery i s  present in the inf ant , i t  wi l l  l i e  i n  close 

rel ation to the main renal artery , and in thi s  pos ition , he thought , 

i s  unlikely to produce outflow obs truction . As the child grows , 

the k i dney opens out rather like a bud developing into a f lower . 

The poles diverge markedly f rom each other and in this straighte

ning out process the lower po lar artery becomes separated f rom the 

renal artery , and is now in a lower po s i tion and i s , as he thought , 

c apable of producing obstruction . After the operation the " in fant " 

relationships are re-estab l i shed . Because lower po lar arteries 

f rom the aorta or main renal artery are fairly common and obs t ruc

tion by such a ve s s e l  i s  relatively rare , Stewart thought , that 

an add i tional factor or factors must be present . He wi shed to de

mons trate , in his paper , that whatever the preci s e  f ac tor may be , 

the operation de s c ribed cured the pathological condi tion . S tewart 

did not be l i eve that a congenital s tricture ( o r  neuromuscular de-
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feet at the pe lvi - ure ter i c  j unc tion)  pl ayed an important part and 

that the aberrant artery was a minor f ac tor . He thought , and the 

uni form success o f  the operation sugge sted i t , that the pre sence 

o f  a s teno s i s  in associat ion with an aberrant renal artery mus t  

be rare . H e  men tioned the dis advantages and dange r s  of the old 

operation s : inf arction , infection , loss o f  renal t i s sue , imper

fect drai nage with the r i sk o f  per s i s tant infection introduced 

through drainage tube s , steno s i s  o f  the ureter with f i stula for

mation etc . .  S tewart mentioned that the operation des c r ibed c an be 

used for all cases deemed worthy o f  conservat ive surgery . The 

bloo dsupply is not i nterfered with nor is the pelvi-ureteric 

continuity dis turbed . As a drainage tube i s  not inserted into the 

kidney pelvi s or urete r , there is no risk of introducing infec

tion i nto the urinary tract f rom the skin and provided the opera

tion is carefully performed , there is no risk of f i stula formation . 

The main underlying principle of the operation i s  the "moulding " 

of the kidney so that the lower polar or aberrant renal artery 

come s into close relationship with the renal artery . In thi s po

si tion i t  is no longer capable o f  caus ing obstruction . The poles 

o f  the kidney are brought toge ther as in the in f ant . The anterior 

surfaces of the pol e s  are brought toge ther so that a broad and 

s ecure grip is obtained and the kidney is thus he ld permanently 

in its new shape . 

Technique ( as de s cribed by S tewart ) . 

1 .  Exposure o f  kidney . Any of the recogn i z e d  loin incis ions may be 

used . The exposure o f  the kidney i s  fol lowed by a di s s ec tion d i s 

p l aying the lower polar or aberrant arte ry a n d  the pelvi-ureteric 

j unction . 

2 .  Rel i e f  o f  renal di stens ion . In the maj or i ty of c as e s , once the 

pelvi s and ureter have been d i s secte d  f ree f rom the lower po lar 

ves s e l s  ( artery and vein )  , and many minute ves s e l s  or adhes ions 

maintaining the k i nk ( whether situated i n  the ureter or at the 

pelvi-ure teric j unction or in the pe lvi s )  have been divided , the 

d i stens ion of the pelvi s and kidney can be relieve d .  The pro

l apsed pelvi s is raised ove r  the obs tructing ve s se l s  and at the 

s ame t ime gentle traction i s  exerted on the ureter in i t s  long 

axi s . The urine flows rapidly down the ureter . If the hydronephro

s i s  is gro s s  and the tension in the k idney cons iderable , a needle 
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Fig . 8 . 5 .  The Stewart pyeloplasty . 

connected wi th a suction pump i s  passed obl ique ly through a rela

tively normal part o f  the k i dney t i s sue into the pelvis and the 

u rine a spi rated . This procedure should be c arried out with a l l  

aseptic precautions , particular c are being taken i f  the urine i s  

i n fe c ted . 

3 .  Mob i l i s ation of the lower po lar ve s s e l s  and renal pelvi s . The 

lower polar ves s e l s  ( artery and ve in ) should now be freed from 

the sheet of conne c tive tis sue in which they l i e , so that they 

c an without difficulty be raised to a higher leve l . The te sticu

lar or ovarian ve in may require divi s ion on the l e f t  side . The 

pelvis should be dissec ted f ree on its inner aspect from the same 

sheet o f  connec tive ti s sue as above so that the pelvis now becomes 

free and is in a suitable condition for p l i c ation i f  neces s ary at 

a later stage in the operation . Any adhes ions retaining the k ink 

should be divided . 

4 .  Remode l l ing of the shape o f  the kidney . The capsule i s  reflec

ted from the front o f  the uppe r and lowe r po les o f  the kidney 

and is left attached at the convex margin .  A dura mater e levator 

f ac i l itates separation o f  the c apsule . The kidney i s  grasped in 
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both hands , and the upper and lower po l e s  are brought toge ther . 

Owing to the fact that rena l dis tens ion has previou s ly been pre

sent , thi s  po s i t ion and the subseque nt po si tion are easily ob

tained . The anterior aspe c t s  of the upper and lower po les are then 

brought together s o  that the kidney now become s ballformed . 

5 .  Retention o f  the k idney i n  i t s  new shape . Plain ca tgut suture s 

are now p l aced through the upper and lower lobe s , the sutures 

be ing so placed that when tied they w i l l  help to retain the kid

ney in the new shape . Catgut tape ( hardene d )  is now threaded under 

the c apsule a long the new convex border of the newly shaped k idney 

rather like a rim round a whee l . The hoop of c atgut is f ixed at 

the f ront with suture s . Care mus t  be taken that the tape l i e s  

qu ite f l at . The p l a i n  catgut sutures ( about f ive i n  numbe r )  are 

now tied lightly . The two pieces of refle c ted cap sule are brought 

together and s uture d .  It wi l l  thus be reali zed that the k idney i s  

retained i n  i t  new shape by : 1 .  The hoop o f  catgut tape ; 2 .  The 

suture s in the k idney ti ssue appos ing the anterior surfaces o f  

the po le s ; 3 .  The overlapp ing and suture o f  the c apsule wh ich has 

been seperated f rom the po les o f  the kidney . Traction i s  now made 

in the long axi s of the ureter and i f  d i s section has been adequate 

the pelvis w i l l  come to l i e  mai n ly be low the aberrant artery , whic h  

s hould now l ie i n  c l o s e  proximity t o  the renal artery . 

6 .  P l i cation o f  the pelvi s .  The pe lvi s i s  p l icated at the f ront 

and back by the use o f  i nterrupted 6 / 0  catgut . Care should be taken 

that the sutures do not pa s s  into the lumen of the pelvi s . 

7 .  Rep l acement of the ki dney . The kidney i s  now replaced and the 

renal space i s  drained for 4 8  hours . No a ttempt i s  made to perform 

a nephropexy . 

Adams ( 1 9 5 1 )  called S tewarts operation nephro-pli c ation and found 

it a somewhat e l aborate procedure . Ins tead of �ibbon c atgu t he 

preferred a fascial s t rip f rom the thigh as an encircl ing band 

and threaded it through s l i t s  in the capsule , which was o therwise 

l e f t  intac t . Adams conclusion abou t  nephrop l icatio n  was : 1 .  A c l i 

nical cure i s  usually ach ieved ; 2 .  T h e  reduc tion o f  s ta s i s  i s  

s tartl ing in the pos toperative urography , and the normal calyceal 

pattern , a vertical fan , change s to a hor i zontal c l u ster ; 3 .  There 

is s urpr i s ing adaptabi l ity of circulation and sati s factory surviva l 

o f  excretory f un c tion despite the increased tens ion o f  a dras t i -
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cally altered po se . 

I n  1 9 5 7  Stewart himse l f  called h i s  operation nephroplasty and me n

tioned that the hydrodynamic s  of the hydronephrotic kidney are im

proved and renal re s i dual ur ine is e l iminated or reduced . He wrote : 

"When observing the r e s.ul ts of operations for the treatment of hy

dronephros i s  uncompl i cated by s tone I have been s truck by the su

perior results obtai ned after nephroplasty ( nephroplication ) ope

rations for the relief ·of lower polar ve s se l  obs truct ion as com

p ared with those obtained after exc i s ion of a ureteropelvic stric

ture . At first I was inclined to explain thi s observation by the 

fact that an ana s tomo s i s  had been performed in the latter opera

tion which would interfe re , at least temporare ly , with normal 

peri stal s i s . Thi s exp lanation did not ,  however , make it c le ar why 

the ultimate results should be dif ferent . I was fortunate in ha

ving the opportuni ty of putt ing the above observation to the test 

and f inding the exp l anation . A case o f  hydronephrosis due to stric

ture o f  the upper end of the ureter had been treated by exc i s ion 

of the stricture and partial exc i s ion of the pe lv i s  fol lowed by 

anas tomo s i s . Two years later some dilatation of the calyces per

s i s ted , al though as cending ureterograms showed a satisfactory 

lumen at the s i te of the anastomo s i s . I operated upon the kidney 

again and absolutely avoi ded any i nterference with the s ite of the 

anastomo s i s  and performed a nephroplasty . The result of thi s pro

c edure was very gratifying . The calyces decreased in s i z e and 

many of those which had been dil ated previous ly now had a normal 

cupped appearance . Other cases have ver i fied th i s  findi ng . I t  

thus appears that when a nephroplasty i s  performed the hydrodyna

mics of the k idney become more effic ient , the c alyceal capacity 

reduced , and the renal func tion improved . The "moulding" o f  the 

k idney is more difficult if the calyces are not di lated , the p e l 

vi s b e i n g  principally i nvo lved . Provided the surgeon ,  however ,  

carri e s  out the various movements s lowly , spli tting of the k i dney 

a long i t s  convex border should not occur . On tho s e  rare occas ions 

when a s li ght spli t has occured , nothing has been done and no 

i ll-effects have re sulte d .  In thes e  latter cases , as the ten sion 

on the tape may be above average , it i s  advi sable to pas s  the 

tape around the kidney twice " .  

Al though nephroplasty seemed a rather traumatic procedure to the 
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kidney and never e s tabl i shed a prominent place in the surgical 

management o f  pelvi-ureteric obstruct ion , Smi th pre sented a series 

o f  1 7  patients in 1 9 7 9 . All patient s were treated by pyeloplasty 

( 7  Ander son-Hyne s and 5 Culp ) and nephroplasty . The a im of the 

nephropl asty was to reduce the intrarenal dilatation and to 

improve drainage by e l evating the lower po le calyx . 

8 . 4 . 1 5 .  Culp - De Weerd . Pelvic f l ap oper ation . 

In 1 9 5 1  Osmond S .  Culp and Jame s H .  de Weerd published the i r  pa

p er : " A  pelvic f lap operation for certain type s o f  ureterope lvic 

obs truction " .  They had obtained the ir be s t  results with the Foley 

Y-V operation . This was designed primarily for k idneys with a 

high i n sertion of the ureter on a large extrarenal pelvi s .  I t  was 

their procedure o f  choice in such cases , but only about 6 6 %  of 

their c a s e s  o f  steno s i s  and " acha l a s i a "  had been a s soc iated with 

high insertion of the ure te r .  Adequate treatment in the remaining 

cases had been a ma j or problem . Dependent obstructions were treated 

by reimp lantation o f  the ureter in the pe lvi s .  Long segmen t s  o f  

con s tric ted ureter had required intubated uretero tomy a s  described 

by Davi s ( 1 9 4 3 ) . S ince many of their results had been rather dis

appointing , they were s timulated to try to devise some solution 

other than intubated ure terotomy when they encountered 4 cm . of 

narrow ureter be low a dependent pe lvi -ureteric j unction . 

Tech nique ( as descri bed by Culp and De Weerd)  . 

Conve rging inci s ions f rom a bro ad , s l ightly obl ique base adj acent 

to the original ureteropelvi c j unc ture are j o ined after following 

the spheri c a l  contour of the dilated renal pelvi s for suff i c ient 

d i stance to a s sure a f lap longer than the cons t r icted segment of 

urete r . Since the enlarged pe lvis is much l ike a ball poi s ed on 

the end o f  a narrow spindle , the f lap f a l l s  paral l e l  to the upper 

end of the ureter without angul ation . The ureter is incised beyond 

the lower l imit of the constriction and corresponding edges of 

s p l i t  ureter and pe lvic f l ap are united with interrupted s utures 

o f  s i z e  3 / 0  chromi c catgut . A splinting tube o f  appropriate c a l iber 

and a separate nephrostomy tube are inserted through one o f  the 

c alyces in the lower pole , after which the spl i nt i s  pas sed down 

the ureter for several centimete r s . The remaining e dges of the 

f lap and ureter are sutured over the splint and the defect in the 
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Fig .  8 . 6 .  The, Culp- de Weerd pyeloplasty . 

f y ! I 
l 

\ ) 

pelvi s i s  closed . They usually removed the u reteric sp l int at 

the end of two week s and took out the nephros tomy tube twenty-four 

to forty-e ight hours later . 

This operation has been used only when the obstructed pelvi -urete 

ric j unction has been dependent . The length of the f l ap s  varied 

f rom 2 to 8 cm • .  I n  some cases i t  was · impo s s ible to construct a 

f l ap long enough to compen sate for unusually extens ive u re te r i c  

narrowing a n d  the f l ap operation w a s  combined with the Davi s 

intubation ureterotomy . 

8 . 4 . 1 6 .  Renal c apsule pyelopl a s ty . 

An al ternative way o f  reconstruction o f  the pelvi-ureteri c  j unction 

after resect ion o f  part of the pelvis and the pelvi-ureteric 

j unc tion by u sing pedicle grafts o f  renal capsule was advo cated by 

Thompson et al ( 1 9 6 3 )  and Micha lowski ( 1 9 6 4 ) . The info rmation de

r ived f rom Thompson ' s  s tudy would appear to warrant the fo l lowing 

conc lus ion s : 

1 .  The r enal c apsule i s  an abundant and readi ly avai l able prosthe-
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s i s  for upper urinary condu i t  repair . 

2 .  It i s  feasible to cove r exten s ive pelvi-ureteric defects with 

hinged pedicle f laps o f  renal capsule . 

3 .  Despite reports referable to faulty transport o f  urine through 

recon s tructed ureteral condui t s , use of the f ibrous renal capsule 

as a replacement for l arge portion s o f  the upper urinary tract in 

dogs did not appear to be harmful to the renal functio n  or urine 

transport . 

4 .  Al though smooth muscle regeneration may contribute to ureteric 

repai r  in many i nstance s , such regeneration was not evident in any 

o f  the animal s  in his experiment . 

In 1 9 6 9  Thomp son publi shed a series o f  1 4  patient s with excellent 

result s . However , he felt that the renal capsule f l ap should be 

u sed only when o ther techniques did not appear to be sui table . 

8 . 4 . 1 7 .  Pyelopl a s ty by a f ree graft o f  peritoneum . 

Kouwenhoven ( 1 9 6 9 ) discussed 1 6  patients with pe lvi -ure teric ob

s truction corrected by using a free peritoneal gra f t . N ine pa

tients were operated for the f i r s t  time , whi l e  seven patients had 

secondary operation s . The re sults in the f i r s t  group were better 

but the overa l l  results were good . A s p l int via a pye lotomy was 

used for 3 week s . Kouwenhoven refered to Lutz eyer et al ( 1 9 6 4 )  

who de s c ri bed a case where mul tiple ureteric de fects caused by 

exci s ion of smal l  granulomatous tumors were s ucce s s fully re

paired with f ree graft s  o f  peri toneum . The suc c e s s fu l  use also 

o f  a f ree peri tone al graft covering a de fect in the abdominal 

part of the u reter in dogs was descr ibed by Po s t  ( 1 9 7 9 ) . 

8 . 4 . 1 8 .  Pye lop�as ty by a f ree graft o f  re nal pelvi s wal l . 

Macauley e t  a l  ( 1 9 7 0 )  advised i n  certain cases o f  pelvi-ureteric 

obstruction , s urgi cal corre ction with a free graft o f  t i s sue f rom 

the wa l l  o f  the renal pelvi s .  Certain requirement s  mus t  be me t :  

1 .  The k i dney mus t  have a dependent pelvi-ureteric j unction , or 

one that c an be made dependent . 

2 .  The renal pelvis mus t  be large enough to al l ow for a graft o f  

adequate s i ze . 

Thi s  procedure i s  contraindicated when the wall o f  the renal pel

vis is markedly thickened and inflamed or when the pelvi-ureteric 
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j unction i s  badly scarred and avas cular . This oper ation i s  techn i 

c a l l y  e a s y  to perform . The gra f t , which may b e  preci sely tai lored 

to correct the obs truction , i s  free of limi tations o f  a pedicle 

and may be used to repair more extens ive obstructions i nvolving 

the uppe r urete r . Macauley reviewed 1 5  patients operated in thi s 

way with good resul t s . 
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8 . 5 .  DI SMEMBERED PROCEDURES . 

8 . 5 . 1 .  Kus te r , 1 8 9 2 . 

Kuster advocated resection of the upper end of the ureter and im

p lantation of the d i s ta l  end into the pelvi s . H i s  method was to 

split and unfo l d  the end of the ureter , and to imp l ant it into the 

dependent portion of the pelvi s , to which it was united with su

tures . 

8 . 5 . 2 .  Bazy . 

In 1 8 9 7  Bazy used a mod i f ication o f  Ku ster ' s  operation . In some 

i n s tances he cut the ureter o f f  obl iquely instead of s p l itting i t , 

in others he excised part of the pelvi s ,  inc l uding the pelvi

ureteric j unction . He anastomosed the ureter to the lower part of 

the defect and clo sed the remainde r . 

8 . 5 . 3 .  Lubas h .  Urete ro-pyeloneos tomy . 

In 1 9 3 5  S amue l  Lubash pub l ished hi s paper on a mod i f icat ion o f  

the Kus ter operation ( 1 8 9 2 ) . Because Fenge r ' s  operation gave many 

failure s , other methods were devised with the hope of e l iminating 

puckering of t i s sue at the s uture l i ne and at the same t ime cor

recting the high inse rtion o f  the ureter . Quinby and Walters ( 1 9 3 7 )  

became the protagon i s t s  o f  this technique . The wi sh to make a good 

anastomo s i s  wi thout leakage was the basis of the Lubash method . 

Technique ( as des cribed by Lubash ) . 

The ureter i s  removed from i t s  original site a s  near to i t s  in

sertion to the pelv� s as poss ible , a s  the strictured area is uti

l i zed at reimplantation . From this point on , the te chnique is al

mo s t  i dentical with the method o f  Kuster , popularized by Bazy as 

uretero-pye loneos tomy . The dif ference l ies i� the method o f  anas

tomo s i s . The ureter i s  incised downward on i t s  anterior and pos 

terior surface f o r  a dis tance o f  2 o r  2 . 5  cm . a n d  a f t e r  inser

tion into the new ori f ice at the mos t  dependent portion o f  the 

renal pe lvi s , the s traps of the ureter are then drawn outward l a

teral ly f rom the pelvis through 2 very sma l l  stab i nc i s ions on 

e i ther s ide o f  the new neos tomy opening and a mattre s s  suture i s  

employed to f i x  them in po s i tion . The kno t s  are p l aced outs ide 

the renal pelvi s . F rom this point on , a resection o f  the redun-
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dant pelvis and a trans-renal drainage are carried out . A c atheter 

used to splint the new anas tomo s i s  and a second c atheter to drain 

the kidney are brought out through the same nephro stomy wound . Ne

phropexy is employed if the k idney was mobi l i zed . He hoped that 

this technique would be an improveme nt based on the fol lowing 

points : 

1 .  L i ttle or no tens ion at the s ite of ana s tomo s i s . 

2 .  The true diameter of the ureteric orif ice remains intact , as 

there are no sutures through the edges giving rise to scar for

mation and shrinkage . 

3 .  The two s trap l ike pro j ections are brought outs ide the newly 

e s tab l ished pelvi s , thereby preventing any po s s ibil i ty o f  an ob

structing valve- like formation . 

4 .  At the same time the tens ion i s  reduced f rom the point of ana s 

tomosi s .  

5 .  No puckering or buckl ing can oc cur . 

8 . 5 . 4 .  Wi lhelm . Uretero-pye loneo s tomy . 

In 1 9 4 3  Seymour F .  Wilhe lm described hi s method of uretero-pyelo

tteo s tomy , in which to prevent obs truct ive valve formation a 

technique was p l anned , whereby the pe lvi s i s  imp l anted i nto the 

ureter . 

Technique ( a s described by Wilhelm ) . 

The upper e nd of the ureter i s  split for a d i s tance of 1 cm . into 

2 s trap s . These s traps are p l aced and sutured outs ide the pelvi s .  

The anastomo s i s  i s  made over a splinting catheter and a nephros 

tomy and nephropexy are a l so done . I f  the externally sutu red ure

teral s traps should loosen , they would not obstruct the newly made 

s toma . 

8 . 5 . 5 .  Neuwirt - Ureterocalycos tomy . 

In 1 9 4 8  Neuwirt de scribed thi s technique which he performed for 

the f i r s t  time in 1 9 3 2  on a patient with a solitary kidney which 

had been operated upon several times because o f  s tones . There was 

so much s car formation in the renal hi lum that recon s truction was 

thought to be impo s s ibl e . The lower calyx was cons iderably d i 

l ated , reaching very deep a n d  mere ly separated from the capsule 

o f  the kidney by a very thin layer o f  parenchyma . The thin wa l l  
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Fig . 8 . 7 .  The Neuwirt pyeloplasty . 

of the ca lyx at the lowe s t  level was pierced and the ureter was 

pulled into the renal pelvis with a catheter . The ureter was f ixed 

to the c apsule of the kidney . Then the ureteric c atheter was pul

led out through a nephrostomy and the pelvi s was drained by a 

De P e z zer c athe ter . 

Jameson ( 1 9 5 7 )  also de s cribed a patient with a solitary hydrone

phrotic k idney c aused by obstruction at the pelvi-ureteric j unc

t ion . Reconstructive surgery in the hi lum was con s idered impos

s ible , so an anas tomo s i s  was made between the lower calyx and the 

ureter . Several mattres s  sutures were taken through the paren

chyma clos ing the nephros tomy of the lower pole of the kidney over 

that portion o f  the ureter coursing through i t .  Later on a lower 

pole amputation and a new ureterocalycos tomy had to be performed 

because the ureter was compres sed by s carring of the parenchyma . 

The polyvinyl splint was removed on the 3 6 th day , the nephrostomy 

on the 6 3 rd .  

Michalowski ( 1 9 7 0 ) , who pub l i shed his experience with 1 0  patient s , 

and a l so McLaughlin ( 1 9 7 6 )  advi sed that in thi s  proce dure adequate 

removal and tapering of the surrounding renal t i ssue i s  required 
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to prevent s carring and steno s i s . 

8 . 5 . 6 .  Anderson-Hynes pyelopl a s ty . 

I n  1 9 4 9  J . C . Anderson and Wilfred Hynes from Sheff ield , Eng land , 

de s c ribed their technique that i s  nowadays probably the mo s t  wi

dely used procedure for correction o f  pe lvi-ureteric obstruction . 

Originally the operat ion was used in a case of retrocaval ureter . 

They fe l t , that an anastomo s i s  between the ureter and the pelvis 

would be more sati s f actory than an anas tomo s i s between two seg

ments of the u reter as was done before and which had led to a 

s tricture . 

Technique ( as de scribed by Anderson and Hynes ) .  

With the patient supine , the kidney i s  approached through an 

obl ique inc i s ion commencing at the tip of the twe l f th rib and ex

tending to the outer border of the rectus sheath . I f  the twe l f th 

rib i s  long , the ante rior portion can easi ly be resected . Some

t ime s the rectus sheath is opened . The approach i s  extraperito

neal and it g ives an exce llent exposure o f  the pelvi-ureteric 

j unction ; this i s  ne ces sary i f  the procedure is to be carried 

out under optimal condition s . I n  cases o f  pelvic hydronephros i s  

the upper end of the urete r , uretero-pe lvic j unction , and the 

upper redundant part of the renal pelvi s are res e cted . Anatomical 

relationships are maintained by means o f  a s i l k  s tay-suture in 

the upper ureter . A pelvic f l ap i s  turned down from the lower part 

of the pe lvi s .  The upper two thirds o f  the opening thus created 

in the renal pe lvi s are closed by a continuous plain 4 - 0  c atgut 

suture through all layers . The upper end of the ureter i s  spl i t  

downwards f o r  a d i s tance o f  2 . 5  t o  3 cm . and its edges are ana s tomo

sed to the edges of the aperture in the lower third o f  the kidney 

pelvi s and to the edges of the pelvic f l ap by a cont inuous plain 

4-0 catgut suture through a l l  the l ayer s . The fact that the lower 

part of the renal pe lvi s is turned down as a f l ap ensures that 

the pelvis is drained at i t s  mo s t  dependent par t . The method 

also ensures that the new pelvi s , which con s i s t s  of the pelvic 

f l ap and the uppe r sp l i t portion of the ureter , drain into a ure-

ter whi ch has s c ar t i s sue at only one point o f  the c i rcumferen-

c e  and which is not encircled by a circumferential scar . Subse

quent contraction of the anastomotic scar cannot cause s teno s i s  
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Fig. 8 . 8 .  The Anderson-Hynes pyeloplasty . 

of the lumen of the ureter and thus interfere with drainage o f  

the pelvi s .  Steno s i s  and stricture formation a r e  inevitable i f  

the ureter i s  cut s traight acro s s  a n d  anas tomos ed directly t o  a 

smal l  aperture o f  s imilar s i ze in the renal pelvi s .  

I n  the cases reco rded the anas tomo s i s  wa s not " sp l i nted " by an 

indwe l ling catheter nor was a nephro s tomy establ i shed . Despite 

the fact they had had no trouble in a few cases in whi ch the 

nephro s tomy was omitted , they later employed it as a safety val

ve for a few days only . 

8 . 5 . 7 .  Nesbit - El l ipt i c a l  f l ap ureteroneopye lopl a s ty . 

Ne sbit ( 1 9 4 9 ) , d i s s a t i s f ied with the constrictive tendency of the 

anastomo s i s  with the transverse cut ureter , a dvi sed the e l l iptical 

anas tomo s i s . For co rrection o f  hydronephros i s  he propo sed two pos

s ibilities : 1 .  Wi thout exc i s ion o f  the redundant pelvi s and 2 .  

with exc i s i on o f  the redundant pelvi s , the operation then being 

almos t  s imilar to the procedure o f  Anderson-Hynes .  

8 . 5 . 8 .  Tube - f l ap pye loplasty . 

In 1 9 7 2  Sand and Conno l ly des cribed thi s  method and re f erred to 
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Benady ( 1 9 6 8 ) . Thi s pro cedure can be performed in cases of a di

l ated renal pelvis with the obs truc tion at the pelvi-ureteric 

j unction or proximal ureter . 

Te chnique ( as de scribed by S and and Conno l l y )  . 

After d i s s ection . o f the region involved the s i te of the obstruc

t ion i s  inspected . The length o f  the tube requ i red i s  determined 

and the l imits o f  the pelvic f l ap are outl ined . The base o f  the 

f l ap should be a-t the lowe st part o f  the pelvis so that no pocket 

o f  res idual urine will remain .  The pelvi-ureteric j unction is 

transected and the defect in the pelvis i s  c losed . I f  one i s  

deal ing with a n  upper ureteric stric ture i n  the vicinity o f  the 

pelvi-ure teric j unction , the di seased segment can be removed i f  

feasible or the f l ap c a n  b e  u s e d  t o  bypas s  the area . A n  a r e a  o f  

normal ureter i s  sel ected f o r  ana stomo s i s  a n d  at thi s s i te the 

ureter is transected and the s toma is spatulated . The anastomo 

s i s  i s  made and the tube is fa shioned and sutured with 3 - 0  chro

mic catgut . A ureteric catheter ( 5  F ) , a s  a splint , is brought 

out along with a pyelos tomy tube . The defect in the pelvis i s  

c losed . The spl int i s  removed after 1 0 - 1 4  days . I f  there are no 

contraindications the pyelostomy tube i s  removed the fol lowing 

day . 

8 . 6 .  Effect of transection o f  the ureter . 

This chapter would not be complete i f  the e f fects of transection 

of the ureter on perista l s i s  were . not d i scus sed . In all di smembe

red pye lop lasties the continu i ty is interrupted , so it is of great 

importance to know what happens to the pe ristaltic a ct ivity . By 

cons idering the different theo ries o f  myogenic and neurogeni c  ure

teric pe ristal s i s , the sign i f i cance and e f fect on peri s t a l s i s  of 

s urgic a l  interruption and he al ing o f  the pelvi-ureteric j unction 

can be di scus sed . A great deal o f  ava i l able information origina

tes f rom animal experiments but i s  borne out by c l inical expe

r ience . 

S imple longitudinal inci sion into the wa l l  of the ureter or through 

the pelvi-ureteric j unc tion e l i c i t s  minimal interruption o f  ure

teral activity . Postoperative management of such inci s ions o ften 

con s i s t s  s imply of providing ready access of extravas ated urine 

to the surface by the use of drains . Primary repair of the urete-
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r i c  wal l  i s  not nece s s ary and could be detrimental of the blood 

supply were to be compromi sed by the p lacement o f  suture s . Uri nary 

l eakage ceases within a few hours provided there are no secondary 

inflamma tory changes in the ureteri c  wa l l .  On the other hand , cir

cular or spiral inc i s ion s , particularly tho se that c i rcumscribe 

the condui t  system , d i srupt comp letely ureteric per i s taltic ac

t ivity at that po int and are ac companied by extravasation of 

l arger quant ities o f  urine over a longer periode o f  t ime . 

The natural response to urine outs ide the urinary trac t i s  f i

bro s i s  and the delay in conduction time o f  a peri s taltic wave may 

be d irec t ly proportional to the degree of f ibro s i s . 

U s ing laboratory anima l s , Butcher et al ( 1 9 5 7 ) , and others have 

shown that pe r i stal s i s  below an ana s tomo tic s ite is dependent upon 

the presence of activity above the j unction . Exc i s ion of portions 

o f  the renal pelvi s ,  the pelvi-ureteric j unction , and the upper 

ureter d i s rupts normal ac tivity acro s s  the anastomotic s i te for 

a prolonged period o f  t ime . Thi s combined wi th a long suture line 

means that l eakage of urine around the s i te of repair i s  quite 

common . Furthermore , complete resection of a portion o f  the con

duit sys tem provides a barrier to the transmi s s ion o f  activity 

f rom one mu scle cell to another , whe ther i t  being mechani c a l , 

e l ectrical , neurally mediated activ i ty or otherwi se . In contrast 

to complete exc i s ion o f  the ure terope lvic j unction , maintenance 

o f  a continuous ridge o f  the original conduit wal l  provides an 

avenue for propagation o f  peri staltic activity f rom the proximal 

to the distal portion o f  the system . In an imal exper iments ,  reco

very o f  normal peri staltic activity fol lowing exci sion of a seg

ment o f  the conduit sys tem and reanas tomo s i s  has required as much 

as 2 8  day s . Thi s could contribute to the deve lopment of the hydro

nephro s i s  one o ften encounters in the f i r s t  week s a f ter the opera

tion . There is a func tional defect in the peri staltic conduction 

mechani sm at the anastomo s i s . 

Butcher and S leator ( 1 9 56 ) have described the action po tenti a l s  

o f  the trans ected a n d  anastomosed ureter in carefully detailed 

experimen t s . They observed that a d i s crepancy exi s t s  in the rate 

of per i stal s i s  above and be low the transverse section of the 

ureter . They a s s er ted that after heal ing has oc curred , a lag in 

conduction i s  s ti l l  maintained acro s s  an anastomotic s ite . 
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However ,  Weinberg and Sieben s  ( 1 9 5 8 )  were able to demons trate a 

uni form frequency of peri sta l s i s  through the length of the healed 

ureter after transverse section and ana s tomo s i s . Thi s discrepancy 

may be due to a di fference in surg ical technique . Whereas Butcher 

and S l eator performed a c i rcular end-to-end anas tomo s i s , they used 

in the i r  experiment s  a proximal l i near ureterotomy al lowing for 

urine d iver s ion and an obl ique end-to-end anastomo s i s , obtaining 

a very fine s c ar that normal peri s ta l s i s  was not interrupted , ma

k ing it more likely that they produced in thi s way l e s s  distur

bance o f  transmi s s ion of peristalti s .  It i s  eviden t , however ,  that 

immediately after transection of the urete r , diff erent rates of 

peri stal s i s  c an exist at e i ther s i de of the transverse section . 

Stas i s  and extravasation of urine i s  inevitable , unl e s s  this ef

fect i s  minimi zed by urine divers ion ( above the anas tomos i s ) . 

I se l i n  ( 1 9 2 9 )  noted that peri s ta l s i s  proximal t o  an anas tomo s i s  

was much impaired f o r  a week and perhaps longe r .  Benj amin et al 

( 1 9 5 6 ) , by cineradiographic observation found that pe ristaltic 

contractions di stal to the anastomo s i s  were about one third of 

the total above , and were not synchronous .  Hamm ( 1 9 5 7 )  postulated 

de l ay in resolution of hydronephro s i s  on the ba s i s  of thi s be

haviour . Hinman ( 1 9 7 0 ) , Butcher and S leator ( 1 9 5 6 ) conc luded that 

it is evident that complete severance of the pelvi-ureteric j unc

tion with reanas tomo s i s  s igni ficantly decreases peris taltic conti

nuity and urinary f low past the suture l ine for approximately 4 

week s . 

8 . 7 .  Urinary drainage and spl inting . 

The pe rfect operation would be one requiring neither drainage nor 

spl inting . Unfortunately , thi s  ideal appears to be unattainable 

in the maj ority of cases . Opinion is divided on this point between 

the " sp l inter s "  and the " non-spl inters " .  

Peck ( 1 9 2 6 )  c ame to the conclusion , that spl inting o f  the ureter 

was an useful adj unct to operative procedure s  for relief o f  up

per ureteric obs truc tion with hydronephros i s  and " fo rms o f  pain

ful obs tru ction , without di lated pelvi s " . Thi s was usual ly done 

in conj unction w i th probe dil atation of a ureteric " s tricture " 

and nephropexy . Severa l  patients with pelvi-ureteric obstruc tion 

were treated only by passing a ureteric catheter via a s tab wound 
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in the cortex to the b ladder . The splint was removed o n  the f if th 

day . He s tarted us ing splints in 1 9 1 0 . 

Gibson ( 1 9 3 9 )  s tated that i t  shoul d  be axiomatic that the urolo

g i s t  uses ureteric splinting fol lowing oper ation in a l l  cases of 

ureteric and renal calculi in which dense adhe sions or o ther ty

pes of obs truc t ion to f ree drainage , e i ther intrinsic o r  extrin

s ic , exi s t  about the ureter o r  renal pelvi s .  According to Gib son 

the same principle applies to plast ic operation s on hydronephros i s . 

Mciver ( 1 9 3 9 )  introduced a new way o f  drainage and splinting . He 

had devi sed a sel f - retaining c athe ter for nephrostomy dra inage 

with an extens ion tube for ureteric spl inting , and a d i s tens ible 

bag . 

Peck ( 1 9 26 ) f e l t  that the spl int should be removed in 5 to 6 days . 

Priestly ( 1 9 3 9 )  recommended splin ting up to three months . Mciver 

( 1 9 3 9 ) , Gibson ( 1 9 3 9 ) and Henline ( 1 9 4 3 )  re commended the use o f  

splints for varying periods between these two extreme s . Sharp 

( 1 9 4 3 )  and Gibson ( 1 9 3 9 )  reported a series of cases and cons ide

red the ureteric splint to be e s sential fol lowing ureteric sur

gery . On the o ther hand , Deming ( 1 9 4 3 )  felt that the use o f  a 

splint was contraindicated unl e s s  infect ion a l ready exis ted , be

cause its use predispo s e s  to infection . Dav i s , S trong and D rake 

( 1 9 4 8 )  have shown in the i r  work on intubated ureterotomy , that 

healing of the ureter a fter excis ion o f  two-thirds o f  its c i rcum

f erence tak e s  p lace in approximately four week s . They did not 

feel that the presence o f  infection contr aindicated the use o f  

ureteri c  splint s , or that i t  altered the succe s s ful expec tancy 

o f  the procedure . 

Cordonnier and Roane ( 1 9 5 0 )  did exper imental work on dog s . They 

splinted the ureters for periods o f  three days up t i l l  seven 

weeks . They found thickening o f  the ureteric wal l , with def inite 

mus c l e  hypertrophy . Thi s mus c l e  hypertrophy i s  probably a com

pensato ry f ac tor due to i ncreased ureteric peristal s i s ,  brought 

on by the presence of a foreign body in i t s  lumen . Since the se 

f i ndings we re minimal up to about f ive week s  they concluded , 

that the optimal time for ureteric splinting wou ld be three to 

four week s , and that prolongi ng i t  beyond that time could lead 

to permanent changes in the ureteric wa l l . 

Weaver and Henderson ( 1 9 5 4 ) did experimental work on urete r ic 
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regeneration . They found that the ureter showed a marked abi l i ty 

to regenerate a l l  its component s . The mucosa i s  rapidly replaced , 

with the muscular f i l l ing in more s l owly up until six weeks , when 

nearly normal components were present . In deal ing c l inically with 

an inj ured or di seased ureter they came to the fol lowing conclu

s ions : 

1 .  the ureter should be spl inted . 

2 .  the spl int should ba left in place for s ix week s . 

3 .  the ureter will reform with a l l  i t s  component s tructures and i t  

w i l l  function adequately . 

4 .  no resultant stricture s we re found . 

Protagon i s t s  of splints have advocated its use to prevent obstruc

tion from deve loping at the pe lvi-ureteric j unction . Hamm and 

Weinberg ( 1 9 5 5 )  thought that an obstruction probably develops a s  

the result o f  two principal cause s . The f i r s t  i s  due t o  kinking . 

The kidney , having been mob i l i zed and consequently freed from 

i t s  normal attachments to the perirenal fat , tends to oc cupy a 

lower pos i ti on when replace d ,  re sulting in redundancy of the up

per ureter . Thi s  can be e l iminated by p l acing the kidney high in 

the fossa and s upporting it by nephropexy . The second po s s ible 

cause was thought to be faulty repair of the apex of the V-shaped 

piece of renal pelvis as it is sutured into the pelvi-ureteric 

j unction . They found that exce s s ive suturing increased the ten

dency to f ibro s i s . Only a minimal number o f  fine chroni c  catgut 

s t i t ches were used . No attempt was made to obtain a watertight 

c lo s ure . Drainage in the absence of the nephro s tomy tube was por

vided by either leaving a space of l �  cm . unsutured in the renal 

pe lvis o r  making a s tab opening at another s i te . 

H anun and Weinberg concluded that pyelop la s t ie s  may be suc c e s s fully 

done without the use of splinting or nephro s tomy tube s . Adequate 

drainage can be provi ded by l eaving a vent in the renal pelvi s .  

E l imination of tube s produce s  satisfactory resul t s  because of the 

fol lowing point s : 1 .  a short period of po s toperat ive ho spitali

z at ion ; 2 .  a relative absence o f  infection ; 3 .  re l i e f  of obs truc

tion ; 4 .  preservation of renal func tion . 

Gibson ( 1 9 5 6 )  a l so found the i de a  of a s imple vent in the pelvis 

as a safety valve more logi c a l  than a nephro s tomy or pyelostomy 

drainage tube because one thereby avoids the presence of a fore ign 
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body in the urinary tract . He s ta ted furthermore , that : " nature 

is a bette r  j udge o f  how long drainage should continue than the 

surgeon who arbi trar i ly maintains drainage for a certain number 

of days wonde ring whether it i s  too short or too long " . 

Exper imental work on the e f fect o f  l arge cal iber splints on ure

teric hea l i ng was done by Weaver ( 1 9 5 7 ) . On the bas i s  o f  his ob

servations on dog s he came to the fol lowing conc lus ions : 

1 .  a splint which must be forced into the ureter produc e s  seve

re s tricture formation , mo s t  severe at its d i s tal end . 

2 .  marked periureteric and perirenal f ibro s i s  fol low pyonephro

s i s . 

3 .  a sma l l  spl int, which i s  introduced with ease into the ureter 

drains adequatel y , produce s  no stricture formation and l eaves a 

more than adequate lumen in the regenerated segment . 

4 .  a l arge soft splint causes damage whi l e  a sma l l  f irm one does 

not . 

Smith et a l  ( 1 9 6 0 )  a l s o  advocated pye lopl asties without d ive rs ion 

or splinting . They thought there were obviou s advantages in avo i 

d i n g  tube s : 

1 .  po s s ible infec t ion a s sociated with the u se of a tube i s  pre

vented ; when act ive infection was present at the time o f  surgery , 

i t  seemed to clear more rapidly wi thout tube s . 

2 .  ureteric inj ury po s s ibly due to spl inting c atheters i s  obvi

ated . 

3 .  parenchyma l damage by nephros tomy c atheters and pos s ible a s so

c i ated vascu l ar inj ury or haemorrhage are avoided . 

4 .  hospita l i zation t ime i s  decrease d . 

D rake et a l  ( 1 9 6 2 )  did an evaluation of the mater i a l s  that c an be 

used a s  ureteric splints . He compared the react ion in the dog ure

ter o f  l atex rubber , red rubbe r ,  polyethylene and polyvinyl . In 

a l l  cases there was thickening o f  the intubated ureter . Micros

copi cally , thi s was due to a marked increase in both the submuco

s a l  connective t i s sue and the muscular l ayers . The submucosal zone 

thickening after one week was apparently due to oedema , f ibro

blastic pro l i feration and new ve s se l  formation . S l ight f ibro s i s  

w a s  present at the end o f  2 weeks . There was a ma s s ive increase 

in mus cular substance . The irritative response which produces 

f ibro s i s  and chroni c  inflammation i s  less with po lyethylene . S i l a s -
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t i c  i s  l e a s t  irritative . 

From his experience s and eva l uation o f  the l i terature Crowel et 

al ( 1 9 7 3 )  thought that the anastomo s i s  of a di smembered pyel op l a s 

ty s hould b e  done over a snug spl int a n d  then rep laced b y  a smal 

ler one . H e  bel ieved splints a n d  nephros tomy tubes defin i tely 

should be used in cases o f  reope ration or where sma l l  cal iber 

urete r s , calculi and infection o f  atonic pelve s are invo lved . 

Stadie ( 1 9 7 4 ) advo cated the use o f  a so called " endoprothe s e " . 

After pyeloplasty a PVC- spl int i s  left in the ureter . The proximal 

end has extra ho les fo r proper drainage of the pe lvi s . The di s tal 

part lies i n  the bladder . The splint can be pulled out by cys

t o scopy , a f ter 10 days . One d i s advantage i s  the somewhat higher 

pressure in the pelvis at mic turation because of reflux . An ad

vantage was the fact that he found l e s s  infections than with the 

drainage by nephro s tomy or pyel o s tomy . 

Because Bard et al ( 1 9 7 4 )  had severa l  patien t s  with unspl inted 

pye loplasty who needed prolonged ho spitali zation and further in

s trumentation for prolonged postoperative urinary drainage , they 

c ame to the conclus ion that the unspl inted proce dure incur red an 

exce s s ive po s toperative morbidity rate and should be abandoned 

for more conservative surgical repairs includ ing adequate nephros 

tomy dra inage and/or spl int ing acro s s  the repaired pelvi-ureteric 

j unction . The experience o f  Crowel l  et al ( 1 9 7 3 )  in a series of 

17 cases s trongly supported thi s  view . 

Dal ley et a l  ( 1 9 7 6 )  did i nves tigations by light and electron mi

cros copy about smooth mu s c l e  regeneration in pig ureters . After 

i ntubated ureterotomy ureteri c  wal l  replacement o ccurred within 

3 months after the operation and included all t i s sue l ayer s . Epi 

the l ia l i z ation o f  the wound surf ace occurred in the first week 

and was accompanied by a connective t i s sue prol i feration . Smooth 

mus c l e  bridged the de fect within 5 weeks . The margins of the mus 

cularis were th ickened and s howed cel lular infil tration in early 

s tage s : c e l l s  were e longated and extended towards the defect from 

the muscular remnant . Primi t ive smooth muscle ce l l s  were present 

at defect margins . This evidence indicates that smooth mus c l e  was 

rep l aced by hyperplasia . 

Smith and Butler ( 1 9 7 6 )  pub l ished the ir series o f  1 2 9  patients 

randomly selected for splinted o r  unspl inted pyelop l a s t ie s . Of 
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these group s , the patients with spl inted pye loplasties had a lo

wer incidence of pos toperative comp l ication s . The longterm re

sults however ,  were s imi lar in both group s . It is intere s ting to 

note that theoretically the presence o f  a splint and nephro s tomy 

s hould lead to an increased inc idence of urinary tract in fect ion . 

In the ir series however ,  the in cidence o f  pos toperative infec

t ion was s l ightly lower in the splin te d  group whereas in a num

ber o f  unspl inted cases urinary tract infection developed pos t 

operatively despite s terile urine s in t h e  preoperative phase . Ne

phros tomy and spl inting i s  an easy and safe procedure in the pa

tient with a thin renal cortex . However , brisk haemo rrhage may be 

encountered occasionally in patients who se kidneys have a substan

tial cortex . Usual l y  thi s  settles spontaneous l y , but in their se

ries one patient requ i red nephrectomy within 4 8  hours due to per

s i s tent haemo rrhage which was directly attributed to the nephro

tomy . The period o f  ho spitali z ation re f lects the postoperative com

p l ication rate . In the unspl inted group , the s tay in ho spital 

tended to be short when there were no compl i cation s . However , 

when comp l ications did occur they tended to be of a degree which 

required long-term treatment . Over-al l the results sugges ted that 

despite a longer s tay in ho spital due to the splinting technique 

involved , tho se in the spl inted group we re d i s charged in a pre

dic table shorter perio d . In conclusion they believed , that spl in

t i ng at pyelop lasty is indicated becau se of many advantages a f 

forded i n  t h e  immediate po s toperative period . There i s  a lower 

i n ci dence o f  leak age , a reduct ion in the number of kidneys lost 

due to comp l i c ations , a s  wel l  a s  an over-a l l  shorter period o f  

hospita l i z ation . There appears a l s o  t o  b e  a s l ightly lower inci

dence o f  pos toperative urinary tract infection in the splin ted 

group . The increased risk of s tricture as reported by some au

thors doe s  not appear to be substantiated . On the contrary they be

l ieved that spl int ing o f  the anastomo s i s  combi ned with nephrostomy 

i s  a s a fe and reliable procedure with sati s f ac to ry re sul t s . 

Hanley ( 1 9 7 7 )  con s i dered that the dangers of oedema or obstruc

tion at the new pelvi-ureteric j unction far outweigh the r i s k  

o f  infection and prefers t o  l eave o n l y  a sma l l  bore pyelos tomy 

or nephros tomy tube in s i tu for a few days . This c an be removed 

when the new j unction i s  known to be d raining s a t i s f actorily but 
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not be fore . 

When Ander son ( 1 9 6 3 )  commented that he did not drain the renal pel

v i s  or use a trans-anastomotic spl int , it was hi s be l i e f  that pa

tency of the anas tomo s i s  was be s t  ensured by encouraging urine to 

pass through it from the beg i nning . However , it has been feared 

that in infants and children only a l i ttle oedema at the anas tomo

s i s  will completely occ lude the lumen of the ureter and that the

refo re drainage of the renal pelvi s plus a trans-ana s tomotic splint 

is e s s ential . 

Rickwood ( 1 9 7 8 )  came to the conclus ions that : 

1 .  extra-anastomo t i c  drainage i s  the method of cho ice fol lowing 

pyeloplasty in chil dren over 2 ye ars of age . 

2 .  in infants under 2 years o f  age pyelo s tomy drainage probably 

should be combined with a trans- ana s tomotic splint . 

In h i s  series of 6 3  Anderson-Hynes pyeloplasties in infants and 

children he saw fewer po s toperative comp l icat ion s in the 4 0  cases 

that had extra-anastomotic drainage than in the 23 that had pye

lostomy drainage . 

The rationale of pyelostomy drainage i s  to al low free dra inage of 

the k idney and early healing of the anas tomo s i s  during the pe riod 

when post-operative oedema might compromise the lumen of the ure

te r .  It may be obj ected that thi s  is an inhe rently unsatisfacto

ry compromise because , if urine is being drained entirely by a 

pye los tomy in the immediate po s toperative period , the two 

s i des of the anas tomo s i s  may fall toge ther and be come united by 

a f i lm of fibrin . This may indeed o ccur as evidenced by the dif

ficulty in persuading urine to pass through the anas tomo s i s  af

ter leaving the pyelostomy on free drainage for as short as 2 

days pos toperatively and by patients requiring retrograde cathe

teri sation o f  the anastomo s i s  to open it up long after any pos t

operative oedema should have subsided . 

Drake et al ( 1 9 7 8 ) , however ,  in their series of 8 8  infants and 

children , never used ureteric splint s . They found use o f  a cor

rugated , extra renal drain sufficient and mo s t  sati s factory . Ne

phro s tomy drainage was re served for patients with ma s s ive dila

tation of the pelvi s . 

In conclus ion one could say that adj unctive use o f  nephro s tomy 

or pyelos tomy tube s and splints ( s tent s )  has been a sub j e c t  o f  
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cons iderable debate . Many urologists have used these rout inely a s  

s af eguards f o r  repair a n d  t o  a i d  in ma intaining a l ignment during 

heal ing . However ,  others have popul ari z ed the use of pyeloplasties 

without splints or nephro stomie s and have indica ted that the 

length of ho spi tal i z a t ion is cons iderably reduced ( Hamm and Wein

berg , 1 9 5 5 ; Webb et al , 1 9 5 7 ) . They further s tress that these pye

loplasties result in a quicker return to an infection-free state 

pos toperativel y .  Mo s t  urologists agree , however ,  that nephrostomy 

tubes and splints should be used whenever the repair i s  compromi

sed by any of the following f actor s : ( 1 )  previous pyeloplasty or 

other surgery on the same k idney ; ( 2 )  signif icant inflammatory 

changes in the pelvi s and upper ureter o r  in the surrounding t i s 

sue ; or ( 3 )  i f  the repai r  form any reason i s  l e s s  than ideal . The 

ureteric spl int should be a soft , nonreactive tubing , such a s  

S i l astic tubing or a polyethyl ene infant feeding tube . A s i z e  i s  

selected whi ch will f i t  e a s i ly into the urete r . I t  i s  then brought 

out a longside the nephrostomy tube and can be held f i rmly in po

s i tion by a l igature tied around the splint and the nephrostomy 

tube , s ecur ing it snugly enough to prevent d i s lodgment without 

o cc l uding the lumen of the nephrostomy . The end o f  the spl int can 

be completely occluded so that no urine w i l l  be dra ining through 

i t .  At times it is po s s ible , through an anterior t rans abdominal 

inc i s ion , to perform a pyelop lasty wi thout mobi l i z ing the k idney 

to any s igni f i cant exten t . However ,  when the kidney is entirely 

mobil i zed , a nephropexy at the conclusion o f  the repair may be 

performed at the disc re t ion of the surgeon in order to help ma in

tain proper a l ignment . The length o f  t ime before removal of the 

splint and nephro stomy tube depends on the c i rcumstanc e s  invo lved 

in each case . When a good repair i s  obtained , the splint is remo7 

ved in 1 0  to 1 4  days . In sele cted cases , when the . repai r  is dif

f icul t , the sp l in t  may be left in place for s ix weeks . After re

moving the splin t , pyeloure terography and a pres sure - f low study 

c an be done . If this revea l s  no evidence o f  leakage and shows good 

propagation of contrast material down the urete r , the nephro s

tomy tube i s  clamped and opened at periodic interva l s  to check 

the res i dual urine . The nephrostomy tube is a l so immediately ope

ned if there i s  f l ank pain or chi l l s  and f ever . If the patient 

tolerates having the tube clamped , and the resi dual urine in the 
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pelvi s i s  sma l l , the nephro s tomy may be removed .  A nephrostomy 

tube and splint are always required in a Davi s intubated urete

rotomy . In these instances both the nephro s tomy tube and the 

splint are left in place for six weeks and a similar procedure 

is fol lowed . for the�r removal . 

After performing a pyeloplasty there are the fol lowing me thods 

of drainage and/or spl inting : 1 .  nephro stomy ; 2 .  nephro stomy plus 

ureteric sp l int ( one or two ) ; 3 .  Mc iver type o f  nephrostomy-ure

teric spl int ; 4 .  pyelos tomy ; 5 .  pye los tomy plus ureteric spl int ; 

6 .  Mciver type of pyelo s tomy-ureteric splint ; 7 .  ureteric spl int 

fenestrated to drain the pelvis ( vi a  pe lvis or cortex ) ; 8 .  pelvi

ureteric spl int that ends in the bladder ; 9 .  pelvic vent ; 1 0 . 

T-tube ; 1 1  in s i tu pelvi-ureteric spl int . 

All pye loplasties should be drained . Some prefer the use of large 

soft Penro se drains brought through a generous s tab wound be low 

the inc i s ion . In a we l l -performed pye lopl a s ty the ur inary drai

nage should be minimal . The drain should be placed in the region 

of the pyeloplasty , but care should be taken that they do not 

. l ie directly agains t  the suture l ine . Thi s  is especially impor

tant if anything other than a sof t  Penro se drain is used , as the 

r ig idity of the tubing , for ins tance of a vacuum drain , could quite 

eas ily interfere with heal ing . Care should be taken to bring the 

drain out in such a position that the patient wi l l  not be lying 

on i t . The drain s ite should be located so that the drain can be 

"bagge d "  with an i leo s tomy appl i ance . of considerable urinary drai

nage occur s . This both quantitates the amount of drainage and 

keeps the patient dry . If no drainage occur s , the drain may be 

r emoved in s even days . If drai nage is copious and per s i stent , an 

intravenous urogram with del ayed fi lms shou ld be obtai ned to a s 

s e s s  t h e  region of the repair . I f  i t  appear s favourable , t h e  drain 

s hould be moved away from the s ite of the pyelop l asty to see if 

the drainage decrea s e s . I f  it does no t ,  and if the amount of lea

kage appears to be a signi ficant portion of that kidney ' s  output , 

then consideration s hould be given to cystoscopy and re trograde 

placement of an ureteric catheter . If an ureteric c atheter can be 

ins erted up the renal pelvi s ,  i t s  position shou ld be conf i rmed 

radiographi cally by injec ting a smal l  amount of contrast mate rial . 

The c atheter i s  then anchored to an urethral Foley c atheter . When 
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it has been neces sary to insert an ureteric c atheter , the uri nary 

drainage through the f lank drain will frequently decrease a lmo s t  

immediate ly . I f  the drainage remains sma l l  or s tops completely , 

radiographic control by inj ection of contrast material through 

the ureteric catheter is nec e s s ary . Enough contr a s t  is i n j ected 

to f i l l  the collec t i ng sys tem , and i f  no extravasation of con

tra s t  material is demons trated the stent may then be safely re

moved . If a l eak per s i s t s ,  the ureteric c a theter should be left 

for several more days be fore another radiographic examination is 

performed . At time s , o f  cour se , the c atheter becomes d i s lodged 

by ureteric peri s ta l s i s , but i t  mu s t  be promp tly replaced if the 

patient is s t i l l  leak ing . If properly draine d , urinary l eakage 

does not interfere with proper he al ing o f  the pyelopl asty . Cer

tainly urinary l eakage which is no t properly drained , may at t ime s 

set up a dense f ibrotic reaction around the pye loplasty with sub

sequent f a i lures of the repair . If leakage o f  urine per s i s t s , an 

urinoma may form , which w i l l  require subsequent drainage . 

8 . 8 .  Pyeloplasty in cases of dupl i cated renal pelvis or ureter . 

Pelvi-ureteric obstruction in thi s  anomaly c an be surgically re

l ieved by a varie ty of e s tab l i shed technique s .  However ,  referen

ces to this condition s are scarse . Culp ( 1 9 6 1 ,  1 9 6 2 ) , Amar ( 1 9 7 0 , 

1 9 7 6 ) , Marx ( 1 9 7 4 ) and Li f l and ( 1 9 7 5 )  performed a lateral anas

tomos i s  be tween the two pelves and partially dupl i ca ted ureter s , 

where one of the PUJ showed obstruct ion . 

Amar ( 1 9 7 0 )  performed a pyelo -uretero - s tomy . A 2 cm . longi tudi 

nal inc i s ion in the lower obs tru c ted renal pe lvis was made and a 

s imilar one in the corresponding area o f  the non-obstructed up

per- s egment ureter , after which the anastomo s i s  was made . 

L i f l and ( 1 9 7 5 )  correc ted i t  in another way . He transected the 

common ureter and i t s  b i furcation . The spatulated ureter was a

nastomosed to the obl ique�y sec tioned lower pelvi s .  The upper 

segment ureter was then j o ined to the lower segment pelvi s as an 

ureteropyelostomy . Both anastomo s e s  were made watertight u sing 

interrup ted 4 - 0  chromic c atgut . I ntubation was no t carried out . 

Ama r  ( 1 9 7 6 )  described the po s s ibilities to correct hydronephros i s  

o f  the lower s egmen t  in a dup l i cated sys tem : 1 .  Pye loplasty o f  

the lower s egment ; 2 .  S ide- to- s ide pyelo-uretero s tomy ; 3 .  Lower 
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segment nephrectomy . 

In cases of bifid renal pelvis there are the fol lowing po s s ib i l i 

tie s : 1 .  P l a s t i c  widening ; 2 .  Exc i s ion o f  the narrow segment and 

end-to - s ide anas tomo s i s . 

8 . 9 .  Ma s s ive hydronephros i s . 

The occurrence o f hydronephrosis containing more than 1 0 0 0  ml . o f  

f luid i s  compara tively rare . In a complete review o f  the l i tera

ture Stir l ing ( 1 9 3 9 )  found 74 cases . Since then many other cases 

have been reported . The size of the hydronephrot i c  sac in the ca

s e s  repo rted varied from 1 0 0 0  ml . to 30 gallon s . The l atter fi

�ure , frequently mentioned in the l i terature ( Hinman , Papin ) wa s 

an autopsy f inding reported by Glas in the 1 8 th century . This 

report appears to be greatly exaggerated , since it i s  inconcei

vable that this amount of fluid cou ld be ac commodated in the re

troperi tonea l  space o f  a human body . The large s t  hydronephro s i s  

rel i ably reported contained 1 7  l i tre s , accordi ng to Stirl ing ; 

however Papin be l ieved that Dumre ichers case ( 3 6  l i tre s )  as we l l  

as Franck ' s  case ( 3 0 l i t re s )  represented trus tworthy reports . 

8 . 1 0 .  Pelvi -ureteric obstruction in the ho rseshoe k idney . 

The best surgical approach in the se k idneys i s  transperitoneal 

because it permits identification o f  the renal ve sse l s . Surgery 

o f  horses hoe k idneys is facilitated by obtaining preoperative 

renal arteriograms . These k idneys usually have mul tiple , abnor

ma l l y  located ren al a rterie s ,  and the preoperative determina

t io n  of the number and location o f  these ve s s e l s  i s  mos t  usefu l . 

The renal pelvis i s  more acce s s ible through this approach since , 

in these k idney s , it is in an anterior po s i t ion . 

Montague ( 1 9 7 6 )  s tated that pelvi -ure teric obstruc t ion i s  usual

ly secondary to compres s ion o f  the pelvi-ureteric j unction by 

an aberrant lower po le renal ve s s e l  against the por tion of paren

chyma extending to the midl i ne ( i s thmu s ) which may be combined 

with a high insertion of the ureter in the pelvi s . The type o f  

pyeloplasty t o  b e  emp loyed depends upon t h e  exact pathology en

countered but according to him usually a di smembered pyeloplasty 

i s  the procedure of choice if the pelvi-ureteric j unction has 

to be reconstru cted i n  f ront o f  the aberrant ve s se l s . In selec-
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ted patients the i s thmus o f  the horse shoe kidney cou l d  be d i 

vided a s  an a d j unct t o  the pye lop l a s ty . The i s thmus may b e  mere

ly a f ibrotic band j o ining the lower pol e s  of the two k idneys ; 

however , in mo s t  ins tance s , i t  contains a cons iderably amount o f  

functioning renal t i s sue . Once the lower po l e s  o f  the kidneys 

have been divided , they are po s i tioned laterally and a mod i fied 

nephropexy may be performed to maintain the new a l ignment . 

Hendren ( 1 9 7 8 )  never encountered a case in chi ldhood where ob

s truction of the pelvi-ureteric j unction in a horseshoe k idney 

appeared to be due to s tretching over the i s thmus o f  the kidney . 

A simple nondi smembered pye loplasty suff iced to correct the pro

b lem without d i s turbing the i s thmus where important ves s e l s  may 

l i e . 

8 . 1 1 .  Genera l  remarks concerning the pye lopl a s ty technique . 

Regardl e s s  of the approach , certain general con s i de ration s for the 

performance of a pyelopl a s ty should be followed . The upper ureter 

is identif ied and is d i s sected upward to its insertion into the 

pelvi s . All adhes ions between the ureter and the renal pelvis are 

severed . At the start o f  the d i s sec tion it wi l l  o ften seem that 

the ureter inserts into the lower portion o f  the renal pelvi s ,  

but a f ter complete ly freeing the adhe s ions between the ure ter and 

renal pelvi s the actual inse rtion of the urete r wi l l  sometimes 

be found to be cons iderably higher in the pe lvis than was ini

t i a l l y  thought . After completely d i s secting the renal pelvi s and 

upper urete r , the type o f  pye lop l a s ty be s t  suited for the i ndivi

dual patient is selected . Because in some cases the pelvis is 

co l l apsed the " true " condition c an be seen a f ter i n j ecting s a l i ne 

into the pelv i s  with a sma l l  needle . The propo sed inc i s ions in 

the rena l  pelvis and upper ure ter may be marked with methy lene 

b lue or s tay s uture s . The inci s ion into the renal pelvis s hould 

be s tarted with a kni f e , then comp leted with fine , sharp s c i s

sors . The cut edges o f  the ureter and pe lvis shou ld be handled by 

traction suture s , not with forceps or other c rushi ng ins trument s . 

Smal l  bleeders c an be l ightly fulgurated and l arger bleeding ve s 

s e l s  should b e  sutu re ligated with f ine c atgut or Dexon <R? The 

electrocautery should be avoided on t i s sue s which are going to be 

incorporated in the repair . The repair shou ld be carried out with 
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Dexon � ( polyglyco l i c  acid ) suture s , usually 4 - 0  or 5 - 0  depending 

upon the thickne s s  of the renal pelvi s . The sutures should be 

precisely p laced through the full thickne s s  o f  renal pe lvi s  and 

ureter , and should be c lose enough to attain a water tight clo sure . 

The knot should be laid down square ly , but not so tightly as to 

strangul a te t i s sue , and the sutures should be pl aced so that the 

knots are on the outside of the urina ry tract . A combination o f  

runn ing sutures in . the area o f  the renal p e l v i s  and interrupted 

sutures in the area o f  the ureter is o ften uti l i zed . A water

t ight clo sure i s  obtained by very care ful placement o f  in terrup

ted sutures beginning at the apex of the V-flap , wh i l e  an 8 or 

10 FR . splint temporarily rests in the ureter . Upon comp letion 

o f  the repair i t  can be tested for watertightne s s , and the pel

vi-ureteric j unction can be te s ted for patency by compre s s ing 

the upper ureter externally and inj ecting the renal pe lvi s with 

sal ine through a f ine needle or a d iuretic . If leaks are observed 

at thi s time , the repair shoul d  be reinforced by additional su

ture s . Upon release o f  the upper ureteral compres sion the pe lvis 

should promptly empty . 

I t  i s  important to recogni z e  the l imitations of the various ope 

rative principles employed in repair of pelvi-ureteric obs truc

t ion and to uti l i ze that technique which i s  best suited for the 

p articular s i tuation encoun te red in each patient . The uro logist 

should be able to make the be s t  choice out o f  all the various 

operative procedures for correc tion o f  pelvi-ureteric obstruc t ion . 

In chapter 9 i s  shown that f rom 1 9 7 0  the Anderson-Hyne s pyelo

plasty was performed more and more and is now our first choice 

o f  operation . 

The requirements for a succe s s ful procedure for correction of p e l 

vi-ureteric obs truction are : 

1 .  preservation of adequate bloodsupply . 

2 .  formation o f  a funnel shaped pelvi s . 

3 .  avoidance of a circular suture l ine . 

4 .  absence o f  tension and pre s sure at the suture l ine . 

5 .  prevention o f  postoperative d i s te n s ion of the renal pe lvi s . 

6 .  prevention of infec tion . 

7 .  sufficient reduction in the s i z e  of the enlarged pelvi s .  
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8 . 1 2 .  Surgical approach . 

The surgical approach potentially inf luences the pyelopl a s ty in a 

number of ways . In s i tu plasty enables the surgeon to see the ope

rative field without d i s tor sion . A d i splaced kidney on the other 

hand makes the approach shorter but conceal s tension which may 

interfere at a later s tage . The more the k idney is di splaced , the 

greater the local t rauma which invo lve s the adrenal g land and 

its va scular supply . The nece s s ity for comple ting the operation 

with a nephropexy is l ikewi se increased . 

The anterior extra peritoneal ( Ande r son-Hynes 1 9 4 9 )  or the an

terior transperitoneal Kocher subco stal inci s ion ( Eckstein 1 9 7 1 )  

and the dorsal approach pe rmit an entire in s i tu operation . Mos t  

urolog i s t s  and surgeon s  prefer the lurnbotomy inc i s ion , when they 

want to operate on the k idney pe lvi s or proximal ureter with the 

pat ient lying on h i s  s ide , whi l e  some paedi atric urologi s t s  are 

incl ined to use a ven tral inc i s ion . S ige l ( 1 9 7 7 )  po inted out that 

the younger the child , the more advantageous the ventral approach 

become s . Eckstein ( 1 9 7 1 )  in his series o f  2 4  chi ldren had 5 child

ren with bi lateral pelvi-ureteric obstruct ion which were opera

ted upon at the same s e s s ion through a long transverse inc i s ion . 

Drake et al ( 1 9 7 8 ) in his series of 8 8  chi ldren and infants used 

the anter ior transperi toneal approach in 73 procedure s .  The re

maining 29 ur inary trac t s  were exposed via an extraperitoneal 

approach , us ing e i ther a f l ank o r  an anterior incis ion . The 1 1  

b i lateral s imul t aneous pye loplasties were performed transperito 

neal l y , u s in g  an upper abdominal transverse inc i s ion . Two o f  t h i s  

l a s t  g roup h a d  intestinal obstruction two months po s toper at ively 

and required l aparotomy for divis ion o f  intrape ritone al adhes ion s . 

8 . 1 3 .  Compl i c ations . 

1 .  Leakage o f  urine at the anastomo s i s  s i te s ti l l  remain s  the 

mo s t  common prob lem associated with pye loplastie s . 

Smith and Butler ( 1 9 7 6 )  pub l i shed thei r  series of 8 2  spl inted and 

50 nonsplinted pyeloplastie s . I n  the non- sp l inted group , leakage 

occurred in 1 6  ( 3 2 % ) , and o f  these , 9 required ureteri c  c athete

r i s at ion for periods up to forty-eigh t  hours to improve drainage 

o f  the renal pelvis .  Three o f  the se patients required recathete

r i s at ion o f  the ureter as the leakage of urine recurred when the 
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ureteri c  c atheters were removed on the first occas ion . Secondary 

surgery was required subsequently in 3 o f  the 1 6  cases with po st

operative leakage , because o f  increas ing infection and progre s

s ive obs truction . These cases eventually required nephrec tomy . Al

though leakage o f  urine occurred in 9 cases ( 1 1 % )  in the spl inted 

group all settled within forty-eight hour s ,  and there was no ne

phrectomy in this group due to leakage . However ,  one patient re

qu ired nephrectomy for mas s ive haemorrhage in the postoperative 

period ( the spl int was brought out through the renal parenchyma 

along side a nephrostomy tube ) . One unusual complication was a 

f racture of the spl int , wh ich required reexploration . 

2 .  Infection . 

In the series of 1 2 9  patients of Smith and But ler ( 1 9 7 6 ) the pre

operative infection rate was 15 cases ( 1 1 , 5 % ) . Of the se , 10 had 

sterile urine po s toperatively , and 5 continued to have infection . 

Of the 1 0  s terile cases , 7 we re spl inted and 3 we re un splinted . 

As we l l  a s  the 5 cases which remained infected po s toperatively , 

in 9 other cases , steri le be fore surgery , an urinary in fect ion 

developed postoperatively , making a to tal of 1 4  cases . Of the 9 

ster i l e  c ases which bec ame i nfected po stoperatively , only 3 had 

splints at operation and 6 were in the nonsp l inted group . Al though 

the over-a l l  infection rate was sma l l , pos toperative urinary in

fections seemed to be more common in un splinted patient s . 

3 .  Stone formation . 

A s tone i n  the renal palvi s may lead to secondary hydronephros i s . 

A pelvi-ureteric obs truction may be the cau s e  of stone formation 

because of s ta s i s  of the urine or secondary infection with urea

spl itting bacteria l ike proteus . If one does perform a pyeloli tho

tomy one should think o f  the po s s ibility that the s tone i s  se

condary to a pelvi-ureteric obstruction . 

An infection of the urine c aused by urea-splitting bacteri a , i s  

a particular hazard for a patient and strenuou s efforst mus t  be 

made to s teri l i z e  the urine in the pos toperative period other

wise it may l ead to s tone formation . Thi s  e f fort shoul d  be s tarted 

24 to 4 8  hours before the operation . 

S lade ( 1 9 6 7 )  reported in h i s  series of 2 0 0  cases that some sur

geons used non-absorbable suture material ( ny lo n )  which led to 

s tone formation in 4 patient s . Two o f  them underwent secondary 
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nephrec tomy . 

4 .  Stricture at the anastomo s i s . 

A s econdary s tricture at the s i te o f  the anastomo s i s  may be treated 

by an ureteric catheter for several days but i f  not succe s s ful an 

exploration and a second pyeloplasty mus t  be done if pos s ibl e . 

5 .  Secondary nephrectomy . 

In some cases of a non- func tion ing k idney or in a difficult re

exploration nephrectomy may be necessary . 

6 .  I l eus . 

I f  a transperi tone al approach i s  used a secondary ileus i s  pos

s ible . 

The fact that initial comp l i cations do develop should not d i s 

courage the urologist or lead t o  the abandonment of hi s technique . 

Mo s t  of these initial complications can be handled quite easily 

and even the need of reintervention doe s  not preclude exc e l lent 

long-term result s . 

8 . 1 4 .  I s  surgical intervention always indicated? 

When renal function i s  exce l lent and the calyces are wel l  preser

ved and if the patient has no pain , pyuria , or calculi it is 

fool hardy to tamper with the pelvi-ureteric region ( Culp 1 9 6 7 ) . 

When i n  doubt , it will be prudent to "watc h "  the kidney with pe

r iodic u rographic , renographi c  and uri nary studie s .  Some obviously 

obstructed kidneys wi thout cortical damage may never c hange . 

An especially tempting s i tu ation i s  the case of b i l ateral obstruc

tion in which the more advanced symptomatic s ide has been repaired 

succe s sfully . Despite an overwhelming des ire to correct the quiet , 

incipient , contralateral pelvi-ureteric obstruction , it i s  wise 

to wait and be sure that such measures are j u sti fied . 

8 . 1 5 .  Pelvi-ureteric obs truction in the soli tary k idney . 

A s ingle hydronephrot i c  k idney may be present in patients showing 

contralateral agene s i s , who se other k idney was previous ly removed 

for di sease or trauma , or i s  virtually nonfunctionin g .  There even 

i s  a good c hance that the k idney was removed because of damage 

due to pelvi-ureteric obs truction . Major surgery on a soli tary 

k idney is not to be embarked upon l ightly and the haz ards of 

infect ion mus t  be avoided . 
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8 . 1 6 .  The symptomle s s  pe lvi-ureteric obs truction . 

Many k idneys with PUJO are found in the cour se of routine examina

tion s , some at autopsy and several more present with mild symp

toms not in themselves indi cations for surgery . 

Some authors have thought that the early pe lvi -ureteric obstruc

tion cau s in g  few or no symp toms i s  unl ikely to develop further 

and can safely be l e f t  untreated . I t  is true that in some in

s tances no comp l i c ations ensue but that s low deterioration and 

lo s s  o f  parenchyma seems inevitable is shown by 30 patients in 

t he series o f  S l ade ( 1 9 6 7 )  in which a gro s s  hydronephros i s , un

suspected during l i fe , was d i s covered at autopsy . Some patients 

suffer e i ther a s low or a sudden unpredictable deterioration o f  

t he hydronephros i s  leading t o  a radiological non- functioning k id

ney , pyonephros i s  or exacerbation o f  symptoms ; in some instances 

nephrec tomy is nec e s s ary when earlier conservative surgery would 

have pre served the kidney . However ,  la te treatmen t  o f  some long

s tanding cases c an be surpr i s i ngly effective . 

8 . 1 7 .  B i l ateral pelvi-ureteric obstruc tion . 

An exhaustive s tudy of renal function a s  outl ined by P ieretti et 

a l  ( 1 9 7 4 ) i s  appropri ate to determin the perc entage o f  func tional 

contribut ion by each kidney and to p lan the management o f  the pa

tient . If the general condition and metabol i c  status o f  the pa

tient are s table , bilateral pyelop lasty through a midline or 

transverse transper i toneal approach can be accomp l i shed safely . 

I f  i t  appears to be safer to s tage the operation , one can u s e  the 

fol lowing as a rough guide : 

I f  one k idney is s everely impaired and contributes l e s s  than 2 0  

per cent o f  the total renal function , operation o n  the better s ide 

f ir s t  is appropriate to improve the gen eral condition o f  the pa

tien t . 

The poorer s ide may be opera ted four to eight weeks later to 

a l low r ecovery of the better kidney f rom the operative trauma and 

to avoid further deterioration of the wor s e  side . 

I f  the f unctional d i fference between the two k idneys i s  2 0  per 

cent or les s ,  the conventional approach would be to treat the 

wor s t  s ide f i r s t , and the other side after 2 weeks ( Johnston 1 9 7 7 ) . 
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9 .  D ata o f  oper ated patients 

9 . 1 .  PREOPERATIVE DATA . 

In 1 9 5 9  de Boer publ i shed in his the s i s  5 5  patients ( 5 8 kidneys ) 

with PUJO , operated in the Univer s i ty Ho spital in Groningen f rom 

1 9 1 2  t i l l  1 9 5 9 . 

The fol lowing series of 1 5 2  patients ( 1 5 7  k idneys ) ,  de scribed in 

this the s i s , was operated in the same ho spital from 1 9 5 9  till 1 9 8 0 .  

The 1 5 2  patients can be divided in f ive g roup s : ( see table page 1 4 0 )  

A .  Unilateral PUJO 

B .  PUJO in congenital sol itary k idney 

C .  PUJO , f i r s t  operated in an other ho spital 

D .  Bil ateral PUJO , operated ( nephrectomy ) on the contralateral 

kidney , in an other ho spital 

E .  B i lateral PUJO . 

9 . 1 . 1 .  I nc idence . 

Thi s series con s i s t s  of 9 0  male and 6 2  f ema l e  patients ( = 1 5 2  tota l )  

o f  whom 1 1  had been operated before ( 1 4 operations tota l ly ) . I n  4 

patients with bilateral PUJO a nephrectomy o f  the contral ateral 

k idney had already been performed . Because 4 femal e  and 1 mal e  pa

tient were operated on bi laterally and one fema le patient was 

operated on twice in the s ame k idney ( 1 5 2  + 6 = ) 1 5 8  k idneys were 

operated to ta l l y . Three patients had a horseshoe k idney ( 1 . 9 % ) , 

one patient had a congenital soli tary kidney ( 0 . 6 % )  and the re

maining 1 4 8  patients had two k idneys at birth . 

The ma le-female ratio in this series was 9 0 : 6 2 .  There have been 

many series pub l i shed with a predominance o f  fema l e s  ( D eming , 1 9 4 3 ) , 

males ( Notley , 1 9 7 3 ; Smith , 1 9 7 6 ; Drake , 1 9 7 8 )  and an even d i s 

tribution ( Roberts , 1 9 6 4 ; Deming , 1 9 6 4 ) . In the s e r i e s  o f  d e  Boer 
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PREOPERATIVE DATA 

A .  1 3 5  patients 1 3 5  

B .  1 patient 1 

c .  7 patient:s 

a .  one operation 5 
-pyeloli tho tomy 1 
-pyelopla sty 2 
-adhesiolysis 1 
- l igation of ve ssel 1 

b .  two operations 1 
-pyeloplasty 
-pye lo l i  tho tomy 

c .  three operations 1 
-adhesiolysis ( 2x )  
-pyeloplasty ( l x )  

7 7 1 0  

D .  4 patients 4 4 4 

E .  5 patients 5 

Total of patients 1 5 2  

Tota l o f  patients 
previously operated 1 1  

Total o f  operations 
previously performed 1 4  

-

A .  Uni l ateral PUJO 

B .  PUJO in congenital sol itary kidney 

C .  PUJO , first operated in an other hospital 

D .  Bil ateral PUJO , operated ( n ephrectomy ) on the contralateral 

kidney , in an other ho spital 

E .  Bil ateral PUJO 
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( 1 9 5 9 ) , there were 3 9  male and 1 6  female patient s .  The fact that 

both series f rom the s ame ho spital have a c lear predominance of 

male patients i s  probably a coincidence . 

The inc idence of b i l ateral PUJO varies widely . Ander son ( 1 9 5 3 )  has 

recorded an incidence of 5 0 % ,  whi l e  Hanley ( 1 9 5 9 ) , Roberts ( 1 9 6 4 )  

and D rake ( 1 9 7 8 )  be l ieved i t  to be 1 3 % . The inc idence o f  bi late

ral PUJO in this series ( 9  patient s )  was 6 %  ( de Boer 5 . 4 % ) . During 

the first years of l i f e , PUJO has been reported to be b i l ateral 

in approximately 3 0 %  of the patients ( Jonhston , 1 9 7 7 ) . Others 

have reported a higher inc idence in patients less than 6 months 

o ld (Will i ams , 1 9 6 6 ) . I n  our s tudy there were only 2 patients in 

this age group (both 2 years o l d )  . 

9 . 1 . 1 . 1 .  Age of the patients at operation . 

Tab le 1 shows the age of the patients at the t ime of the opera

tion in periods of 5 year s . 

number 
30 

20 

10 

0 

15 
70 80 

age 

Table l : The age of pacients at the time of operation in periods of 5 years . 

As far as the age is conce rned , almo s t  half ( 4 5 % )  of the patients 

were operated in the first and second decade of l i fe .  As i s  men

t ioned in c hapter 6 it i s  suppo sed to be c haracteri stic for this 

condi tion that the patient in mo st cases begins to have trouble 

in the first and second dec ade of l i f e  ( Sunderland , 1 9 6 3 ) . How

eve r , an even d i str ibution of the time of presentation in the 

d i f ferent age groups has a l so be en publi s hed ( Robert s , 1 9 6 4 ; Bal

four , 1 9 6 4 ) . In the series of de Boer ( 1 9 5 9 )  58% of the patients 

was i n  the 0 - 2 0  years o f  age group . I n  our 1 5 2  patients 44 ( 2 9 % ) 

f e l l  in the so c a lled paediatric age group ( 0 - 1 5  years ) , whi le 1 0 8  
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patients ( 7 1 % )  were o l der . 

9 . 1 . 1 . 2 .  Number of operated kidneys .  

Table 2 shows the number of operated k idneys with PUJO per year . 

number 
20 

15 

0 

5 

0 
'59 '64 

Table 2 : The number of operated kidneys per year . 

The decrease in the year 1 9 6 8  and 1 9 6 9  was caused by the absence 

of an urologist in our hospital . The mild decrease in 1 9 7 6  and 

1 9 7 7  was due to a forced reduc tion of ho spital admi s s ion s . 

Over a period of 2 1  years 1 5 2  patients with PUJO were operated , 

thi s  is an average of 7 , 2  patients per year . 

9 . 1 . 2 .  Symptomatology . 

9 . 1 . 2 . 1 .  Presenting symptoms . 

The 1 5 2  patients with PUJO presented with the fol lowing main symp

toms : 

0 - 1 5  years > 1 5 years Total 

Pain 1 2  2 7 %  8 7  8 1 %  9 9  6 5 %  

UT-Infections 1 7  3 9 %  4 4 %  2 1  1 4 %  

Gro s s  Haematuria 6 1 4 %  7 6 %  1 3  9 %  

P alpable Tumour 4 9 %  1 1 %  5 3 %  

GI-Symptoms 2 4 %  1 1 %  3 2 %  

Co incidence 3 7 %  8 7 %  1 1  7 %  

Total 4 4  1 0 0 %  1 0 8  1 0 0 %  1 5 2  1 0 0 %  
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I t  is pos s ible for a patient with a PUJO to have pain with haema

turi a  or pain with gastrointe stinal complaints , so combinations 

o f  symptoms are not uncommon . The incidence of all symptoms to

gether was : 

1 .  Pain 

Pain on increased diure s i s  

2 .  Urinary tract infec t ions 

3 .  Gro s s  haematuria 

4 .  Gastrointe s t inal comp l aints 

5 .  P alpable tumour 

8 6  

1 1  
9 7  patien t s  

3 9  patients 

24 patients 

9 patients 

9 patients 

6 1 %  

2 4 %  

1 5 %  

5 %  

5 %  

I n  a g roup o f  1 1  patients the PUJO was found during examination s 

indi c ated by dif ferent patho logy : 

- routine ultrasound i nvestigation of the uterus o f  a pregnant 

woman showed unilateral hydronephro s i s  in the foe tu s ; an IVU 

performed after bi rth revealed a PUJO wh ich was confirmed at 

operation ( nephrectomy ) ; 

angiography because of a cardiac de fect showed a PUJO in 1 

child ; 

- an IVU was performed for the fo l lowing reasons : 

- hype rtension 

- lymphoedema of a leg ( id i opathic ) 

- ster i l ity 

6 patients 

1 patient 

1 patient 

- myelomeningocele 1 patient 

I n  7 patients the symp toms o f  pain and/or gastrointestinal com

p laints were wrongly interpreted and a false di agno s i s  wa s made 

whic h  led to the fol lowi ng operations :  

- appendicectomy ( 3  patien t s )  

- cho lecystectomy 

- exp loration of the te s t i s  

- l aparo tomy f o r  salpingi t i s  

- hernia epigastrica correc t ion 

Urinary tract i n fections ( UT I )  we re noticed in the hi story of 

39 ( 2 4 % )  patients ( 2 5  females and 14 male s ) . In the female pa

t ients the se were infections o f  the lower urinary tract in 8 8 %  

( 2 2  patients ) .  I n  only 3 patients ( 1 2 % )  there might have been a 

r e lation between the UTI and the PUJO because of a hi story o f  
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pain on the side of the hydronephrot i c  kidney with chil l s . Nine 

( 6 4 % )  of the male patients wi th UTI in their history had infec

t ions of the lower ur inary tract and 5 infections ( 3 6 % )  were kid

ney-related . 

UT I i n  h i s tory Lower UTI Kidney rel ated UT I 

2 5  female patients 2 2  3 

1 4  male patients 9 5 

Total 39 patients 3 1  8 

Thirteen patients had an UTI at the moment they were admitted to 

the hospital . This group con s i s ted of 9 female and 4 male patient s . 

The nine female patien t s  had also UT I in the ir his tory . Three of 

the 4 male patient s had UTI in their h i s tory . 
-

UT I at admiss ion UT I in h i s tory No UTI in history 

9 female patients 9 0 

4 male patients 3 1 

Total 1 3  patients 1 2  1 

As has been d i s cus sed in chapter 6 ,  the presenting symptoms in 

children are di fferent . Urinary trac t infection s , a palpable ab

dominal mas s , pain and fai lure to thrive are more common . In the 

0 - 1 5  years of age group ( 1 7  g i r l s  and 27 boys )  UT-infections were 

the main presenting symptom ( 3 9 % ) . 

I n  this group of 4 4  children there were two pati ents with b i l a

teral reflux ( complete without dilata tion ) .  Both chi ldren a l so 

had UT- infec tion s . After a pyeloplasty and long term treatment 

with antibio t i c s  the ref lux d i s appeared . 

By far the mo s t  common symptom in a l l  series i s  pain . The pain may 

be induced by increased diure s i s . Gro s s  haematuria i s  an impor

t ant presenting s ymptom and is often seen at some s tage of this 

condi t ion . Seven of the 1 3  patients with gro s s  haematuri a  a s  the 

presenting symptom had nephro l i thias i s . 

As i s  shown , PUJO i s  sometime s found by co incidence during inve s

t igations for other reasons such as angiography for c ardiac de

fects . The finding of a PUJO whi l e  performing an IVU for hyper 

ten s ion might not be a complete surprise because the rel ationship 
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between hypertension and PUJO is we l l  known . 

I f  a patient presents with a vague sensation of pain or gastro

intestinal complaints , a wrong diagno sis may be made with subse

quen tly even an unnece s sary operation , as was the case in 7 ( 4 , 6 % )  

o f  our patients . 

Urinary tract infections play an important ro le as presenting 

symptom , e spec ia l ly in chi ldren ( 3 9 % ) . The se inf ections are 

mainly located in the lower urinary trac t . Only 3 femal e  and 5 

male patients had urinary tract infections that were k idney-rela

ted . Three out of the se 8 patients had nephro l i thias i s , one of 

them in combination with an urinary infec tion wi th urea-splitt ing 

bacteria ( Proteus )  . The low incidence of preoperative k idney

related infections , despite the obvious urinary stas i s , is rather 

surpri s ing in the face of the e s tabli shed teaching tha t infection 

i s  an almo st inevi table sequel to obstruction . 

9 . 1 . 2 . 2 .  Duration of symptoms . 

The duration of the symptoms ( pain , urinary tract in fection , gro s s  

haematuria ,  gastrointestinal complaints and a palpable tumour ) 

before the patient was examined by a phys ician was as fol lows : 

no symptoms 1 5  patient s 1 0 %  

< 1 month 2 0  patients 1 3 %  

1 - 6  months 4 8  patients 3 1 %  

7 - 1 2  months 2 3  patients 1 5 %  

1 3 - 2 4  months 1 6  patients 1 1 %  

2 5 - 3 6  months 8 patients 5 %  

> 3 6  months 2 2  ·patients 1 5 %  

Total 1 5 2  patients 1 0 0 %  

The time between the onset o f  symptoms and the establi shment of 

the diagnos i s  in the 0 - 1 5  years age group varied from 1 day to 

5 year s . 

Gro s s  haematuria was in a l l  patients, presenting with this symp

tom, an indication for performing an IVU . 

Patients with u rinary tract infections were sometimes treated 

wi th antibio tics for periods f rom several weeks to 18 months 

be fore an IVU was performed and the PUJO was found . 

It i s  quite remarkable that in many cases of PUJO the duration 
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of symptoms i s  so long before the right di agno s i s  is made . Twenty

two patients ( 1 5  % )  had symptoms for more than 3 years and 9 of 

them ( 6 % )  even for more than 8 year s . There was 1 patient with 

a dull ache in his loin for 2 0  year s . Ten patients had no complaints 

at a l l  and 5 '  patient� with b i lateral PUJO had symptoms on one side , 

whi l e  the contralateral PUJO was found by coinci dence . As i s  shown 

there was a l arge number of patients with compl aints for many 

months and even years be fore they were treated . It is po s s ible 

that they had only minor compl aints with long intervals or also 

the physician might not have suspected the presence of a PUJO and 

did not perform an IVU during an attack of pain . 

9 . 1 . 2 . 3 .  Nephro l ithiasis . 

In this series of 1 5 2  patients with PUJO , nephro l i thiasis was ob

served in the hydronephrotic kidney in 25 patients ( 1 6 % ) . This 

was in 1 1  patients on the right s ide and in 1 4  patients on the 

left side . 

Nephro l i thi a s i s  0 - 1 5  years > 1 5  years 

9 female patients 0 9 

1 6  male p atients 4 1 2  

Total 25 patients 4 2 1  

Nephro l ithiasis i n  the 0 - 1 5  years o f  age group ( 4 4  childre n )  was 

ob served in 4 male patients of whom 2 had UT -infections in their 

h i story ( one Proteus infec tion ) . In this age group 3 patients of 

the 4 with nephro l i th i a s i s  pres ented with gro s s  haematuri a . 

The 2 5  patients with nephro l i thiasis pre sented with these symptoms : 

pain 9 patients 

pain + gross haematuria 5 patients 

pain + UTI 3 patients 

gro s s  haematuria 4 patients 

UTI 3 patients 

none 1 patient 

Total 25 patients 
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The IVU-picture in th i s  group was as fol lows : 

moderate hydronephros i s  

severe hydronephro s i s  

n o  excre tion 

Total 

1 3  patients 

1 0  patients 

2 patients 

25 patients 

Nephro l i thiasis in the hydronephrotic kidney was obse rved in 2 5  

patient s . Because of urinary stasis a higher incidence might have 

been expected . In only three patients in this series nephrolithia

sis was probabl y  c aused by urea-splitting organi sms with the for

mation of struvi te s tone s . I n  one patient the stone formation may 

h ave been caused by hyperc a lciuri a . 

There i s  a great variety in the incidence of nephro l i  thias i s  in 

PUJO a s  reported in the l i te rature : 

0 , 5  % in 2 0 0  patients ( Roberts , 1 9 6 4 ) 

1 0  % in 5 2 5  patients (Balfour , 1 9 6 4 )  

1 5  % in 3 3  patients ( Notley , 1 9 6 3 )  

3 6  % in 7 8  patients ( Weber , 1 9 7 0 )  

The s e  series are good comparable because they co n s i s t  of patients 

o f  all ages . However , there is no exp lanation for the striking 

dif ference in incidence o f  nephro l ithiasis in PUJO , a s  found in 

the above ment ioned s tudies . I n  the series of de Boer ( 1 9 5 9 )  only 

one patient had a k idney s tone . 

9 . 1 . 3 . Diagnostic procedures . 

9 . 1 .  3 .  1 .  Number of IV-urograms . .  

The number o f  IV-urograms that was performed be fore the diagno s i s  

was made , was a s  fo llows : 

one IVU in 1 0 3  patients 6 7 %  

two IVU in 35 patients 2 3 %  

three IVU in 9 patients 6 %  

four IVU in 5 patients 4 %  

Total 1 5 2  patients 1 0 0 %  
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The group of 1 4  patients with three and four IV-urograms had the 

fol lowi ng grades of hydronephro sis : 

- mild 3 patients 

- moderate 9 patients 

- severe 2 patients 

The number of IV-urograms performed before the righ t  di agno s i s  was 

made , has been surpri singly high in several patients in our study . 

This might be due to the technique of urography . Another po s sibi

l i ty cou l d  be that the IV-urograms were not performed during an 

attack of pain . There were 2 patients with severe hydronephros i s  

who fe l l  in t h i s  inte rmittent type o f  hydronephros i s  group . These 

patients had a moderate hydronephro sis with a funnel s haped renal 

pe lvi s which changed to a severe hydronephro s i s  dur ing an attack 

of pain . 

9 . 1 . 3 . 2 .  IVU-pi cture s . 

This series con s i s t s  of 1 5 2  patients , but the 5 patients with bi

l a teral PUJO and the patient who was operated on twice in the 

s ame kidney wi l l  be mentioned separately ( 1 5 2 - 6 = 1 4 6 ) . There were 

5 patients with one k idney . One patient had an apl a s i a  of one 

kidney and in 4 patients a nephrectomy was performed . This make s 

the total number of k idneys in this group 2 x 1 4 6 - 5= 2 8 7 . 

The criteria were : 

- Mild hydronephro sis = d i l ated renal pelvi s , normal pap i l l ae 

- Moderate hydronephro sis = dilated renal pelvi s , atrophy of pa-

pi l lae 

- Severe hydronephrosis = severe dil atation of renal pelvi s ,  

large g lobular calyce s , thinn ing of renal cortex 

- No excretion = no contrast vi sible in the col lecting system 
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The div i s ion of the IVU-pi c ture of the 2 8 7  kidneys wa s as fol lows : 

- funnel pelvis 1 0 2  3 5 %  

- c losed pe lvi s 3 9  1 4 %  

Total 1 4 1  kidneys 

- mi ld hydroneprhos i s  1 7  6 %  

- moderate hydronephro s i s  6 5  2 3 %  

- severe hydronephro s i s  5 1  1 8 %  

- no excretion 1 3  4 %  

Total 1 4 6  kidneys 

Total 2 8 7  kidneys 1 0 0 %  

This divi sion con s i s t s  o f  two groups . The first concerns the 

funnel shaped pelvis and the closed pelvi s . The funnel s haped 

pe lvis is phys iolog ically the ideal co llecting system . The 

drainage of the c losed type of renal pe lvis is less effective 

and may eventual l y  lead to a PUJO . The second group repre sents 

the dif ferent grade s of PUJO . 

I f  the hydronephrot i c  k idneys a lone are cons idered , the percen

tage of the various grades of d i l atation was : 

- mild hydronephro s i s  1 7  1 2 %  

- moderate hydronephros i s  6 5  4 4 %  
- s evere hydronephro s i s  5 1  3 5 %  
- no excretion 1 3  9 %  

Total 1 4 6  k idneys 1 0 0 %  
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The IVU-pi c ture of the 5 pati ent s  with b i l a teral PUJO and the 

patient ( no .  6 )  who was operated twice on the same k idney was 

as fol lows : 

Sex Age Symptom Hydronephros i s  

1 9 2 UTI 
R severe 

L moderate 

2 c5' 2 Haematuria 
R no excretion 

L moderate ( +  stone } 

3 9 3 7  
UTI R moderate 
uro sepsis 

L moderate 

4 9 6 6  tJain 
R no excretion 

L no excretion 

5 9 7 7  pain 
R no excret ion 

L no excretion 

first 
opera- pain R moderate 

6 9 t ion 2 9  

second 
opera- pain R severe 
t i  on 3 3  

9 . 1 . 3 . 3 .  Renography. 

Because renography is of great value in PUJO , it has been per

formed in increa sing f requency in the l a s t  ten year s . 

I n  this series preoperative renography was performed in 8 9  pa

t ients . I n  unil ateral PUJO the renogram showed an obs truc tive 

c urve on one s ide in 7 5  patients . An afunct ional c urve on one 

side and a normal curve on the other s i de was observed in 10 pa

tients . In these patients a nephrec tomy was performed . An ob

s truc t ive c urve on both side s  was seen in 2 patients with bila

teral PUJO and an obstructive one on one s i de and an a functional 

one on the other s ide in 2 patients with bilateral PUJO . 

A .  Unilateral PUJO -obstructive curve 7 5  patients 

1 5 0  

-afunctional curve 1 0  patients 



B .  Bilateral PUJO -obstruct ive curves on bo th s ides 

-obstruc tive on one and 
afunctional on the other side 

2 patients 

2 patients 

In 2 6  patients with uni lateral PUJO a clo sed type of renal pelvi s 

was observed on the contralateral s ide . I n  2 2  patients the reno

g ram showed a normal and in 4 patients a sl ightly obstructive 

c urve . However ,  in a l l  cases of a closed type of re nal pelvi s , a 

PUJO might eventually develop . 

In a l l  patients wi th a mild , moderate or s evere hydronephros i s  due 

to PUJO an obstructive curve was found on renography . 

P reoperative renography has been o f  increas ingly great value in 

this serie s . The renogram curve gives good informat ion about the 

r enal parenchyma and the excretion . In a l l  cases of PUJO the re

nogram s howed an obstructive curve . In a l l  patients with an 

afunct ion al curve of a kidney , nephrectomy was performed . All 

these k idneys were not worth conservi ng , because there was no 

viable parenchyma left . 

As has been discus sed in chapter 5 ,  the c losed type of renal 

pelvis is s uppo sed to have e less effective way o f  drainage , com

p ared with the funnel shaped pelvi s .  The renogram of 2 6  kidneys 

of the 3 9  with a closed type o f  renal pe lvis could be examined 

and showed a complete normal curve in 2 2  patients and only a 

s l ightly obstruc tive curve in 4 .  However , it is s ti l l  possible 

that the c losed type of renal pelvi s i s  a po tential PUJO , whi ch ,  

at some t ime , may lead to a real obs truc tion . 

9 . 1 . 3 . 4 .  Retrog rade urography . 

Retrograde urography was not performed in 5 0  patients ( 3 2 % )  be 

c au s e  the IVU g ave suffic ient information . A retrograde urogram 

was performed in 1 0 2  patient s . In 3 7  patients ( 2 4 % )  thi s  inves 

ti gation was performed on t h e  d a y  of t h e  operat ion a n d  in 6 5  

patients ( 4 3 % )  before the day o f  the operation . I n  a l l  cases o f  

r etrograde urography a normal ureter was found be low the PUJ . 

I n  3 7  patients retrograde urography was done on day of the ope

r ation , which is the time we prefer , be cause this inve s t igation 

is not without danger . If the ureteric c atheter is p l aced in 

the renal pelvi s ,  i t  may cause o edema of the PUJ whi ch may l ead 

to increased obstruction . Moreover , the hydronephrotic k idney 
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may become infected . I f  the ureter has many k inks at the PUJ , a 

false pa s s age i s  po s s ib le . 

By per forming a retrograde urogram , a ( normal or bul b )  ureteric 

c atheter should be p l aced j u st be low the PUJ , before the contrast 

i s  inj ected . In th i s  way good pi ctures c an be made of the PUJ and 

the distal ureter without interfering with the PUJ itsel f . I t  c an 

a l so give some add i tional information about the length of the 

s tenosis and the place of en trance of the ureter in the renal 

pelvi s .  
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9 . 2 .  OPERATIVE AND POSTOPERATIVE DATA . 

A .  Unil ateral PUJO 

B .  PUJO in congenital soli tary kidney 

c .  PUJO , first operated in an o ther ho spital 

D .  B i l ateral PUJO , operated ( nephrectomy ) on the contralateral 

kidney , in an other ho spital 

E .  B i l ateral PUJO 

P R E O P E RAT I V E  D A T A  T H E RA P Y  

A .  1 3 5  patients 1 35 nephrectomy 2 3  
adhesiolysi s  10  
ligation ace . vessel 1 
pyeloplasty 1 02 1 3 6  

B .  1 patient 1 pye loplasty 1 1 

c .  7 patients 

a .  one operation c a .  pye loplasty 4 
-pye lolithotomy 1 nephrectomy 1 
-pyeloplasty 2 
-adhesiolysis 1 
- ligation of vessel 1 

b .  two operations 1 b .  pyeloplasty 1 
-pyeloplasty 

-pyelolithotomy 

c .  three operations 1 c .  nephrectomy 1 
-adhesiolysis 2x 
-pyeloplas ty lx 7 7 1 0  7 

D .  4 patients 4 4 4 pyeloplasty 4 4 

E .  5 patients 5 pyeloplasty 9 
adhesiolysis 1 

1 0  
Total of patients 1 5 2  Total o f  operations 1 5 8  

-
Total of patients 

previously operated 1 1  

Total of operations 

previously per formed 1 4  
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9 . 2 . 1 .  S ide of operat ion . 

F ive patients wi th bi lateral PUJO were operated upon on both k id

neys . One patient was operated upon twice on the same kidney . The 

( 1 5 2 - 6 = )  1 4 6  patients with PUJO on one side at the time of ope

ration were d ivided as fo l lows : 

S ide of operation 

Right k idney 8 0  patients 5 5 %  

Left kidney 6 6  patients 4 5 %  

Total 1 4 6  patients 1 0 0 %  

I n  a lmost a l l  series the left s ide i s  affected more frequently . 

I f  the series of Roberts ( 1 9 6 4 ) , Smith ( 1 9 7 0 ) , Rickwood ( 1 9 7 8 )  

and Drake ( 1 9 7 8 )  are taken together the division i s  approxima

tely 6 0 %  on the left and 4 0 %  on the r ight side . There is no ex

p lanation for thi s  phenomenon ,  neither for the fact that in our 

s eries the right side was affe cted more of ten . 

9 . 2 . 2 .  Type of operation . 

I n  our s tudy of 1 5 2  patients wi th PUJO , the fol lowing 1 5 8  opera

tions ( fi r s t  operation in our hospital ) were performed : 

1 nephrectomy-primary 2 3  
2 5  kidneys 1 5 %  

- secondary 2 

2 adhe s iolysis 1 1  k idneys 7 %  

3 l igation of an accessory 
ve s se l  alone 1 k idney 2 %  

4 pyeloplasty 1 2 1  k idneys 7 6 %  

Total 1 5 8  kidneys 1 0 0 %  

F ive different types o f  pyeloplasties were performed : 

- Anderson-Hynes 7 7  k idneys 6 4 %  

- Culp- de Weerd 1 8  kidneys 1 5 %  

- Fo ley 1 3  k idneys 1 0 %  

- Fenger 1 2  kidneys 1 0 %  

- Davis 1 kidney 1 %  

Total 1 2 1  k i dneys 1 0 0 %  
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In 2 3  patients a primary nephrectomy was found neces sary bec ause 

the kidney was too much damaged by the PUJO ( 1 5 % ) . In two other 

patients who had been operated once and three t ime s respective ly 

for PUJO in an other hospital , nephrec tomy was a l so neces sary . 

In 1 1  c ases a secondary operation was neces sary after the opera

tions we performed , which makes the total number of operations 

performed by us 1 5 8  + 1 1  = 1 6 9 .  These 1 1  operations were 2 

pyeloplastie s ,  7 nephrectomie s  and 2 p . a .  explorations because 

of woundb leeding . 

The various types of operations ,  performed in this series of pa

tients have been discus sed in deta i l . Primary nephrec tomy was 

found neces s ary in 2 3  patient s . Secondary nephrectomy of patients 

first operated in an other hospital, was performed in 2 c ase s , 

secondary nephrec tomy o f  patients , f irst operated by u s , in 7 case s . 

The i nc idence o f  primary nephrectomy in patients with P UJO ha s 

c hanged cons iderably in the past dec ade s : 

4 8 %  in 8 2  patients Deming ( 1 9 4 3 )  

4 4 , 8 % in 5 5  patients de Boer ( 1 9 5 9 )  

2 1 %  in 1 0 0  patients Sunderl and ( 19 6 3 )  

1 4 %  in 5 2 5  patients Bal four ( 1 9 6 4 ) 

8 1 %  in 3 2  patients Maurer ( 1 9 6 9 )  1 9 3 6 - 1 9 4 6  

3 7 , 2 % in 5 6  patients 1 9 4 6 - 1 9 5 6  

1 7 , 7 % in 9 6  patients 1 9 5 6 - 1 9 6 2  

1 5 %  in our own series of 1 5 2  patients 

These were studi es of patients of all age s .  The fol lowing 2 series 

only con s i s t  of chi ldren ( 0 - 1  year s )  : 

1 2 , 6 % in 6 3  chi ldren Smith ( 1 9 7 6 )  

3 , 9 % in 1 0 2  children Drake ( 1 9 7 8 )  

I n  our group o f  4 4  ch ildren ( 0- 1 5  year s )  we performed 7 primary 

( 1 6 % )  and 4 secondary nephrectomie s  ( see 9 . 2 . B . ) .  

From these data it can be seen that l e s s  primary nephrectomies are 

performed because of improved diagnostic procedures and a s tronger 

tendency to preserve as much renal parenchyma a s  pos s ible , and the 

experience and knowledge that even severely damaged kidneys can 

function wel l  after the obstruc tion has been relieved . 

The next table g ives the various types o f  operations that were 

performed each year from 1 9 5 9  to 1 9 7 9 .  
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1.;;ephrectomy 

Adhe sioly s i s  

Acces sory vessel l igation 

Davis 

Fenger 

l 
Foley 

l 
Cu lp-de Weerd 

� Anderson-Hyne s 

Total 

1 9 5 9  2 2 

1 9 6 0  2 2 

1 9 6 1  1 1 

1 9 6 2  2 1 1 2 6 

1 9 6 3  3 1 1 4 3 1 2  

1 9 6 4  1 2 3 1 7 

1 9 6 5  2 1 4 1 1 1 1 0  

1 9 6 6  4 3 2 9 

1 9 6 7  1 1 2 

1 9 6 8  1 1 

1 9 6 9  0 

1 9 7 0  1 2 1 1 5 

1 9 7 1  1 1 4 5 3 1 4  

1 9 7 2  1 1 2 5 9 

1 9 7 3  1 1 1 3  1 5  

1 9 7 4  1 1 1 8 1 1  

1 9 7 5  2 1 1 1  1 4  

1 9 7 6  1 4 5 

1 9 7 7  2 1 

I 
2 5 

1 9 7 8  5 1 5  2 0  

1 9 7 9  1 7 i 8 

Total 2 5  1 1  1 1 1 2  1 3  1 8  7 7  1 5 8  
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The table that gives the various operations per year in this se

r ie s , shows the present preference for the Ander son-Hynes pyelo

p la s ty ins tead of the Culp , Foley , Fenger and Davis procedure s 

during the l a s t  7 years . 

Adhe s io l y s i s  alone , for correction of PUJO , i s  now cons i dered a s  

insuf f i c ient unl e s s  a pre s s ure -f low s tudy , during the ope ration , 

excludes the pre sence of an obstruction . 

I n  this s tudy 9 patients had bi lateral PUJO . In 4 patients ne

phrectomy o f  the contralateral kidney had al ready been performed 

in an other ho spi tal . F ive were operated by us on both s ides . At 

the mome nt of the first operation , it was decided to operate on 

the most damaged ( ob s tructed ) kidney in all 5 cases . Al though the 

reason for this dec i s ion was not we l l  recorded , the rationa le 

might have been , to try to s ave the mo s t  endangered kidney fir s t .  

9 . 2 . 3 .  B i l ateral PUJO . 

Of the 1 5 2  patients in this s tudy , 9 had bilateral PUJO . In 4 pa

tients a nephrectomy of the contralateral k idney had already been 

performed in an other hospital . There were 5 patients in whom a 

pre- and po s toperative eva luation of both k idneys was pos s ible . 

Sex Age Symptoms Hydronephros i s  Operation Final re-
sult ( IVU ) 

R severe Ander son- good 

1 9 2 UT I Hvnes 
L moderate Anderson- good 

Hynes 

R 
Haema:-

no excretion Culp good 
2 cf' 2 

turi a  moderate 
L ( s ton e )  Foley good 

-

R 
UT I 

moderate Culp good 
3 

L 9 3 7  urosepsis moderate Culp good 

R no excretion Anderson- fair 

4 9 6 6  pain Hynes 

L no excretion adhe s io - f a i r  
l y s i s  

R no excretion Anderson- good 

5 Q 7 7  pain Hvnes 

L no excretion Culp good 
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In thi s  group only pati ent number 1 had UTI in her hi story . I n  

a l l  operations some method of urinary drainage was used and the 

total renal function improved in all patients . All were free of 

symptoms after the operations .  

There were four patients with b i l ateral PUJO , whi l e  on one s ide 

a nephrectomy al ready had been performed in an other ho spital : 

Sex Age Symptom Hydronephros i s  Operation Final resul t 
( IVU ) 

1 .  9 3 UT I moderate Anderson- fair 
Hynes 

2 .  d' 1 3  GI severe Anderson- good 
uraemia Hynes 

3 .  cJ' 6 3  pain severe Ande rson- good 
Hynes 

4 .  9 7 1  UTI severe Anderson- good 
Hynes 

There were 2 patients ( n umber 1 and 4 )  with UTI in their h i story . 

In 3 patients ( 1 ,  2 and 3 )  some method of urinary drainage was 

used . The total renal function improved in a l l  patients and they 

were a l l  free of any symptoms . 

The i nc idence of bil ateral PUJO in thi s series is 9 in 1 5 2  pa

tients ( = 6 % ) . 

9 . 2 . 4 .  Secondary opera tions . 

There were 8 patients in this study who had been operated before 

on the s ame kidney , 7 of them in an other ho spital . The opera

tions had been performed bec ause of PUJO , but this condit ion was 

not recogni z ed in some cases and the pye loplasty fai led in others . 

Patient number 8 in this group was operated upon twice in our ho s 

pita l . The patients numbe r 3 and 6 h a d  k idneys which were severely 

damaged by prolonged obstruction and had much scar ti s sue because 

of previous operations .  I t  was therefore decided to perform a 

nephrec tomy . The secondary operation ( Cu lp pyeloplasty ) in pa

t ient number 2 failed because o f  per s i s tent obs truct ion and a 

nephrec tomy was found to be neces sary . 
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Sex Age First Symptoms IVU after Second Final 
operation first opera- operation IVU 

ti on 
Hydronephro-
sis 

d nephropexy Anderson-
1 63 + adhesio- pain severe 

Hynes 
good 

lysis 

2 9 54 
pyeloli- p . o .  rroderate CUlp poor; sec . 
thotany IVU nephrectany 

2x adhesio-
Nephrec-

3 d 4 6  
lysis 

pain severe tany -
lx pyelo-
plasty 

4 9 35 Fenger pain noderate Anderson- good 
(+ stone) Hynes 

5 cJ 23 Fenger pain no excretion Nephrec- -
(+ stone) tany 

lx Fenger pain severe Anderson- fair 
6 c5 40 lx pyelo- Hynes 

lithotany 

ligation pain noderate Anderson- good 
7 c5 48 of access . Hynes 

vessel 

8 Q 33 
adhesio- pain noderate Culp good 
lysis 

9 . 2 . 5 .  Ac cessory vessel s .  

Acces sory vessel s were found in 3 9  of the 1 5 8  operations performed 

for PUJO . Of the 3 9  accessory ves s e l s  found , 1 8  were l i gated be

c ause they were at that time thought to be a ·causative facto r  of 

the PUJO or they interfered with the adequate performance of the 

pyeloplasty . 

Acces sory ves s e l s  Present Ab sent 
Ligated 

I 
Not l igated 

1 5 8 operated k idneys 3 9  1 1 9  

1 8  I 2 1  
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Fo r decades acces sory ves sel s have been thought to play an impor

t ant causative role in PUJO . Because acce s sory vessels are , at 

present , not consi dered to be the cause of PUJO , they should not 

be l i gated . Acces sory vessels are only a secondary , sometimes 

aggravating t'actor in
.

PUJO . 

9 . 2 . 6 .  Urinary draina�e .  

When a pyelop lasty ( 1 2 1  k idneys ) was performed , the fo l lowi ng 

ways of urinary drainage were chosen : 

- nephrostomy 8 kidneys 7 %  

- nephro s tomy + ureteric 
splint 4 3  kidneys 3 6 %  

- combinationspl int 2 1  k idneys 1 7 %  

- none 4 9  k idneys 4 0 % 

Total 1 2 1  kidneys 1 0 0 %  

A combinationsplint i s  a S i l astic® tube wh ich c an be used a s  a 

nephros tomy or a pye lostomy , with on the tip a splint for the 

ureter . An ureteric splint was used in 5 3 %  of the operations .  I n  

a l l  operations a vacuum drain w a s  used . 

The final result of the operations with or wi thout urinary drai

n age , as j udged on the IVU picture after 3 months or longer, was 

as fol lows : 

A- wi thout urinary drainage : 

- good 3 6  k idneys 7 3 %  

- fair 8 k idneys 1 7 %  

- poor 2 kidneys 4 %  

- no fol low-u:i: 3 k idneys 6 %  

Total 4 9  k idneys 1 0 0 %  
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B- with urinary drainage : 

Nephro stomy Nephrostomy + Total 
ureteri c  spl int 

- good 5 6 2 %  4 6  7 2 %  5 1  7 1 %  

- fair 2 2 5 %  1 0  1 5 %  1 2  1 6 %  

- poor 1 1 3 %  l 2 %  2 3 %  

- no fol loW-Uf - - 7 1 1 %  7 1 0 %  

Total 8 1 0 0 %  6 4  1 0 0 %  7 2  1 0 0 %  

There are many d i f ferent views about urinary drai nage a fter pye

loplasty operation s .  Over the year s , the opinion s have changed 

s everal time s , a lways , never , or sometime s using urinary drai

nage . From the moment urinary drainage was s t arted there has been 

the fear of infect ion . Infec t ion may be damag ing to the kidney , 

i t  may lead to nephrol i thiasis and it may j eopard i z e  the patient ' s  

l i fe . However ,  we now have a large numbe r of antibiotics avai 

l able , to eradicate the infec tion . Therefore the dange r s  of u r i 

nary drainage are now less rea l i s t i c  than they were in t h e  past . 

The use of some method of ur inary drainage may prevent complica

tions of urinary l e akage , obstruction and even urinary tract in

fec tion because of improved drainage . It may therefore shorten 

the duration of hospital i z ation . Moreover , a drain in the rena l  

pelvi s gives the opportunity t o  perform a control pre ssure-f low 

study or antegrade pyelo-ure terography . 

The data o f  this series show that the resul ts of operations with 

and wi thout urinary drainage are almo s t  the s ame . I n  o ther word s , 

u s ing some way o f  urinary drainage doe s not have any negative 

effect on the final result and because it i s  safer to use urina

ry dra inage , our conc l u s ion i s , to recomme nd pyeloplasties with 

urinary drainage . 

I t  i s  our po l icy to use urinary drainage in a l l  children and 

adul ts unle s s  the local condition s , l ike the proximal part of the 

ureter , the anastomo s i s  and the qual ity of the t i s sues in ge

nera l , during the operation are so good that a success ful out

come may be expected . 

1 6 1  



9 . 2 . 7 .  Postope rat ive urinary tract infections ( UT I ) . 

In 2 8  patient s a po stoperative UTI was observed . Two ( female ) of 

these patients had an UTI at presentation bef ore operation and 8 

had UTI in their hi story ( 6  female s ,  2 ma le s ) , whi l e  UTI were the 

main symptom in a l l ·  cases . In 2 3  of the patients with a post

operative UTI some form of urinary dra inage was u sed . 

P . O .  UT I UT I in h i s tory UT I at admission Urinary drainage 

28 patients 8 2 2 3  

The i nc idence of po s toperative UTI after us ing some form of urina

ry drainage was as fo llows : 

P . O .  Urinary drainage P . O .  UTI No P . O .  UTI 

With U . D .  7 2  kidneys 2 3  3 2 %  4 9  6 8 %  

Wi thout U . D .  4 9  k idneys 5 1 0 %  4 4  9 0 %  

Because 2 3  o f  the 2 8  patients ( 8 2 % )  with a p . a .  UTI had been ope

r ated with urinary drainage , the rel ation between p . a .  UTI and 

uri nary drainage looks obvious .  Howeve r ,  one should keep in mind 

that of the 2 3  patients with p . a .  UTI in th i s  serie s , 1 0  had al

ready UT I a s  main pre senting symptom . 

A l l  patients with p . a .  UTI we re treated wi th antibiotics and the 

urine of a l l  patients became sterile eventually . 

9 . 2 . 8 .  Po s toperative compl i c at ions . 

The comp l i c ation s after the operation fo r hydronephro s i s  due to 

PUJO in this series can be divided in pyeloplasty-re l ated com

p l i c ations ( 1 0 )  and gene ral complications ( 1 3 ) . 

A .  Pyeloplasty related complications . 

Non func tioning o f  the anastomo s i s . 

A .  !�!E29�s!�Q�_QK_e�-�E§!§E�s_s�!�§!§E · 

- mal e , 2 8  years . 1 9 5 2  l i gat ion of an accessory vesse l . 1 9 7 1  

Anderson-Hyne s  pyelop l a sty ; no urinary dra inage ; p . a .  uri

nary leakage ; an ureteric c atheter was introduced , whi ch 

stopped the leakage defini tively : good result . 

B .  §§SQ�9eEY-EY§1QE1ee!Y · 

1 .  male , 2 4  year s . Mode rate hydronephro si s .  Fenger pyelopla s ty ; 

urinary drainage ; p . a .  urinary leakage ; secondary pye lo-
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plasty ( Anderson-Hyne s ) : good resul t .  

2 .  male , 2 0  years . Severe hydronephro s i s . Foley pyelopl a s ty ; 

no ur inary drainage ; p . a .  severe hydronephro s i s ; seconda

ry pye lop lasty (Anderson -Hynes ) : good re sul t .  

C .  ��£Q����Y-��Eh��£tQ�Y · 

1 .  male , 1 year . Moderate hydronephro s i s . 1 9 6 5  Dav i s  proce-

dure ; splint pulled out by patient on the 2 6 th day ; ne

phro s tomy removed on the 7 8 th day ; p . a .  non functioning 

o f  the anastomo s i s : secondary nephrec tomy 6 months after 

operation . 

2 .  male , 1 year . Severe hydronephro s i s . 1 9 7 3  Ander son-Hyne s 

pye lop lasty ; nephro s tomy removed on the 2 1 s t day ; p . a .  

non functioning of the anastomo s i s : secondary nephrectomy . 

3 .  male , 9 months . Moderate hydronephros i s  with stones . 1 9 6 2  

Fenger pyelop l asty ; ureteric c atheter f e l l  out on the 6th 

day ; nephrostomy tube was removed on the 2 3rd day ; p . a .  non 

func tioning o f  the anastomo s i s : secondary nephrec tomy . 

4 .  ma le , 1 3  year s . Severe hydronephros i s . 1 9 6 3  Foley pyelo

p l a s ty ; nephros tomy removed on the 1 5 th day ; p . a .  non 

funct ioning o f  the anas tomo s i s : s econdary nephrectomy . 

5 .  male , 5 0  year s . Severe hydronephrosi s .  1 9 7 0  Culp pyelo

p l a s ty ; no splint ; one year p . a .  pain and severe hydrone

phros i s : secondary nephrectomy . 

6 .  female , 5 3  year . Mild hydronephro s i s . 1 9 6 4  Foley pyelo

plasty ; ureteric splin t ; splint removed on the 1 4 th day ; 

nephro stomy on the 2 1 s t day ; one year p . a .  pain and se

vere hydronephros i s : s e condary nephrectomy . 

7 .  fema le ,  5 4  year s . Moderate hydronephro s i s . 1 9 6 9  pyelo l i 

thotomy ( o ther ho spital ) ;  1 9 7 1  C u l p  pyeloplasty ; n o  spl int ; 

non functioning of the anastomo s i s : secondary nephrec to 

my l month p . a  . .  

B .  General compl i cation s . 

-woundbleeding : 3 patient s - 2 needed exp loration 

- l was treated conservatively 

-other 1 0  patients - 3 urinary retent ion 

- l deep vein trombos i s  

- 1 pulmonary embol i sm 

- l myoc ardial infarction 
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- 1 i l eus ( paralyt ic ) + respiratory 
trac t infection 

® - 1 al lergic reaction on Tegretol 

- 1 wound dehi scence 

- 1 woundse roma 

The mo s t  important pos toperative comp l ication is the non- func tio

n ing o f  the ana s tomo s i s .  If the comp l ete urine production is 

drained by a nephro s tomy and no splint is used , the 2 s ide s o f  

the anastomo s i s  may f a l l  together and become uni ted b y  a f i lm o f  

fibrin . Sometimes a retrograde c atheterisation i s  required to 

open it up . In 2 patients the f irst pye loplasty ( 1  Fo ley and 1 

Fenger )  f a i led but a secondary pyeloplasty ( Anderson -Hynes )  was 

succe s s ful . I n  the se secondary operation s ur inary drainage was 

used . 

9 . 2 . 9 .  Po s toperative IVU . 

In general i t  i s  our po l i cy to perform a 2 0 - 3 0  minutes IVU before 

the patient leave s the ho spital because we want to be sure that 

the kidney is functioning . 

The criteria were : 

- poor = compared with the preoperative IVU , me ans poor excretion 

and more dil atation 

- fair 

- gqod 

the p i c ture is a lmo s t  the same or somewhat better and 

the ureter may be f i l led with contrast 

less d i l atation and good excretion . 

The results of the postoperative IVU within 3 week s after the ope

ration could be evaluated in only 92 kidneys and was as fol lows : 

IVU within three weeks p . a . 

- poor 1 8  k idneys 2 0 % 

- fair 3 5  k idneys 3 8 % 

- good 3 9  k idneys 4 2 %  

Total 9 2  k idneys 1 0 0 %  
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The results of the po s toperative IVU a fter approximately 3 months 

was as follows : 

rvu at three months 

- poor 6 k idneys 5 %  

- fair 2 9  k idneys 2 3 %  

- good 8 9  k idneys 7 2 %  

Total 1 2 4  k idneys 1 0 0 %  

Because in 2 5  patients a nephrectomy was performed there was no 

IVU at 3 months and in 9 cases an IVU was not ava i l ab l e . 

The change f rom one c ategory , soon after the operation , to an

other c ategory , 3 months po s toperatively , was as fol lows : 

Final rvu 

rvu at three weeks poor fair good 

- poor 1 5  k idney s  3 4 8 

- fair 3 4  kidneys 1 1 0  2 3  

- good 3 7  kidneys 0 0 3 7  

Total 8 6  k idneys 4 1 4  6 8  

Because not i n  a l l  patients an rvu was performed soon a f ter the 

operation and at 3 months , there were 86 patients ava i l able for 

this compari son . 

The final results of the various type s of pyeloplasties , a s  j ud

g ed f rom the pos toperative IVU , was as fol lows : 

Final result Poor Fair Good No fol low-up Total 

Anderson-Hynes 1 1 %  8 1 0 %  6 3  8 2 %  5 7 %  7 7  

Culp 1 5 %  3 2 2 %  1 3  7 2 %  1 1 %  1 8  

Foley 2 1 5 %  4 3 1 %  6 4 6 %  1 8 %  1 3  

Fenger 2 1 8 %  5 4 6 %  4 2 7 %  1 9 %  1 2  

Dav i s  0 0 1 1 0 0 %  0 0 0 0 1 

Total 6 2 1  8 6  8 1 2 1  k idneys 

1 6 5  



The po s toperative IVU performed be fore the patient left the ho s

pital usual ly revealed pers i s tent dil atation due to oedema at the 

s i te of the anastomo s i s . As has been d i s cu s sed in chapter 7 ,  the 

f i nal result may be expected 3 - 6  month s after the operation . Thi s 

i s  ref lected in the difference between the results of the 2 groups . 

A cons iderable improvement can be seen . 

9 . 2 . 1 0 .  Postoperative renography . 

Postoperative renography was performed in 6 0  patients . The results 

were : 

- unchanged ( ob s tructed ) excretion in 2 2  patients 

improved excretion in 3 7  patient s 

- improved excretion in bilateral PUJO in 2 patient s . 

In the group of 3 7  patients with improved excretion there we re 4 

patients with an initially obs truct ive curve but rapid excretion 

fol lowed a fter admin i s tration of a diuretic . 

The correlation between the po s toperat ive IVU and the po s topera

tive renography was as follows : 

Renography Good IVU Fair IVU 

improved excretion 
37 k idneys 34 9 1 %  3 9 %  

ob structed excretion 
2 1  k idneys 1 5  7 1 %  6 2 9 %  

Included i n  the group o f  3 4  patients wi th improved excretion and a 

good IVU are 2 patients with bil ateral PUJO . In some patients there 

was no postoperative IVU available so that a comparison could not 

be made . 

I n  3 7  patients the pos toperative renography showed an improved ex

cretion which can be cons idered as evidence that the a im o f  the 

operation was achieved . As is discu s sed in chapter 7 ,  the diure s i s  

renography gave a n  extra dimens ion to the fol low-up . Four patients 

in this series had an obstructive curve , but after admi ni s tration 

o f  a diuretic , the curve showed rapid excretion , which i s  supposed 

to exclude a real obstruc tion . The obstruct ive type of curve in 

patients after a pyeloplasty is sometime s caused by a rather ca

pacious col lecting sys tem . It is there fore l ik e ly that the ma j o

r ity of the 2 2  patients with the unchanged ( ob s tructe d )  excretion 
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on s tandard �enography , would have shown a r apid excretion on diu

r e s i s  renography . This procedure was not performed in tho s e  year s . 

The data of the correlation be tween the po s toperative renography 

and IV-urography show , that improved excre tion on renography g ives 

a good IVU in 9 1 % .  So the relation between these two inves t iga

tions i s  very s trong , al though one should keep in mind that the 

!VU-pic ture depends on the technique that has been used . 

9 . 2 . 1 1 .  Postoperative c l inical pi cture . 

The c l inical pi cture of the 1 5 2  patient s after the operation was 

a s  f o llows : 

- a l l  nephrec tomi sed patients 

had no complaints 2 5  patients 1 7 %  

- no complaints 
good or fair IVU 1 0 2  patients 6 7 %  
steri l e  urine 

- no comp l a ints 
fair or poor IVU 8 patients 5 %  
sterile urine 

- no comp l a ints 
no IVU performed 9 patients 6 %  

- complaints improved 
fair o r  poor IVU 6 patients 4 %  
sterile urine 

- unknown 2 patients 1 %  

Total 1 5 2  patients 1 0 0 %  

Ten o f  the 1 1  patient s  i n  whom the operation for corre c t ion o f  

PUJO cons i s ted o f  adhe s iolys i s  were al l f ree o f  symptoms . I n  one 

patient a s econ dary operation ( pye loplasty)  was nece s sary . The 

f inal result o f  the IVU was fair in 8 patients and good in 3 .  

The patient in whom we performed a l i gation o f  an accessory 

vessel was later f ree of symptoms with a fair IVU . 

The postoperative c l inical picture shows that there were only 6 

patients ( 4 % )  i n  thi s  serie s , with occasionally vague sensations 

in the f l ank and i t  i s  doubtful i f  this had anything to do with 

the k idney . 

Ninety- s ix % of the patients was completely f ree o f  any complaint s . 
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9 . 2 . 1 2 .  Hypertens ion . 

In this series there were 6 patients ( 4  male , 2 female ) with hyper

tension . After a pyelopl asty was performed , 3 patients bec ame nor

motens ive and 2 needed anti -hypertens ive drug s , a lthough the ope

r ation in itself was succe s s ful . 

As i s  d i s cu s s ed in ch apter 4 ,  PUJO may be accompanied by hyper

tension , probably caused by increased plasma renin activity ( PRA ) . 

After nephrectomy or pye lop la s ty , hyperten s ion can be observed to 

d i s appear , e specially when the contral ateral k idney was not dama

ged . 

9 . 2 . 1 3 .  Renal f unc tion . 

I t  i s  important to rea l i z e  that a rise i n  serum creatinine con

centration wi l l  only be observed when the renal funct ion f a l l s  

roughly be low 5 0 %  o f  normal . The serum c reatinine concentration 

is dependent on sex , age and body we ight . As no c reat inine 

c learances were performed , the pre- and po s toperative renal 

f unction was evaluated f rom the serum creatinine concentration . 

In 1 2 6 patients the serum creatinine concentration remained the 

s ame , because there was a normal contr alateral kidney . In 16 pa

tients no postoperative serum creatinine con centration values 

were avai lable . 

In c as e s  of bi lateral PUJO and PUJO in a sol itary kidney a change 

in renal function could be expected because the inf luence of the 

normal functioning control ateral k idney is absent . T here were 1 0  

patients that belonged to this category : 

A .  B i l ateral PUJO 

B .  B i l ateral PUJO with nephrectomy of one s ide 

C .  PUJO with aplasia o f  the contral ateral kidney . 

The se data show a clear improvement in renal func t ion in mo s t  pa

tients after the PUJO was rel ieved . I n  general a s imi lar impro

vement c an be expected when a normal contral ateral k i dney is pre

sen t . 
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Sex Age Preoperative serum crea- Postoperative serum crea- Improve-
tinine cone . µrol/L tinine cone . µrrol/L rrent 

µrrol/L 

A 1 Q 2 48 47 1 

2 c5 2 88 64 24 

3 Q 37 103 6 1  42 

4 Q 66 404 1 9 3  2 1 1  

5 Q 77 352 101 251 

B 1 Q 3 147 65 82 

2 a 13 690 77 613 

3 c5 63 264 132 132 

4 9 71 265 75 190 

c 1 C' 5 1  255 193 63 

In 3 chi ldren in this group of 1 0  patients a pre- and pos topera

t ive creatinine c le arance was performed : 

Creatinine c learance (ml/mi n / l , 7 3m
2

) 

Preope rative Po s toperative Improvement 

A .  l 6 4  1 2 5  6 1  

A . 2  6 4  1 1 8  5 4  

B .  l 2 5  7 6  5 1  

A considerable increase i n  c reatinine c learance c an be noticed in 

all patient s , which again prove s the ab i l i ty of recovery o f  k id

neys after a PUJO is relieved . 

9 . 2 . 1 4 .  H i stology . 

The general opinion i s  that the cause of PUJO could be found by 

examination of the function of the obstruc t ing segment . Hi stolo

gical examination may g ive important informat ion that could lead 

to the solution of the problem . 

In coope ration wi th the D epartmen t  of Pathology and the Anatomy 

Laboratory , h istological investiga tion of the pelvi-ureteric 

j unction and renal pelvis was performed . All spec imens were fixed 

in forma l in and s tained with H-E . The histo logy of the pe lvi-

1 6 9  



ureteric j unction and renal pelvi s as descr ibed in chapter 3 was 

cons idered as " normal " .  

Light micro scopy o f  the pelvi-ureteric j unc tion was performed in 

a group of 1 5  patien t s , randomly chosen , who had undergone an 

Anderson-Hyne s pyeloplasty or a nephrectomy becau se of hydrone

phro s i s  due to PUJO . 

I n  7 8  c a ses l ight micro s copy was routinely performed by the De

partment of Pathology ( Head : Prof . D r .  Ph . J . Hoedemaeke r ) . 

Ten pelvi-ureteric j unctions obtained at autopsy from patients 

without any urological anteceden t s , who d ied from non-kidney re 

l ated diseases , s erved a s  a control group . 

A variety of abnormalities was obs e rved . A variable degree of 

inflammatory cell infil tration ( al so observed in 5 specimens in 

t he control group ) , f ibro s i s  in the submuco sa and a marked di

ver s i ty in mus c l e  fibre organi sation were noticed . 

The results of the examination of the pelvi-ureteric j unction 

o f  both g roups together ( 1 5  + 7 8  = 9 3 )  was as fol lows : 

- fibro s i s  in the submucosa 

- · f ibro s i s  in the submuco s a  and inflammatory 

cel l inf i ltration 

- fibro s i s  in the submucosa and mu scle fibre 

hypertrophy 

- narrow lumen 

- narrow lumen and fibro s i s  in the submuco s a  

- narrow lumen and inflammatory c e l l  i n f i l -

tration 

- narrow lumen and inflammatory c e l l  inf i l 

tration and r educed mu s c l e  bulk 

- inflammatory c e l l  inf i l tration 

- normal PUJ 

1 8  pati ents 

5 patient s 

6 pati ents 

14 patients 

7 patients 

11 patients 

1 patient 

7 patients 

24 patient s  

9 3  patien t s 

In the group of 2 4  patients wi th a normal PUJ , the renal pelvic 

wal l  showed fibro s i s  in the s ubmuco sa in 2 patients and mu s c le 

f ibre hypertrophy in 1 0  patient s . 

I t  i s  obvious that s tone s  i n  the renal pelvis could cause in

f l ammatory cell infil tration and fibro s i s  in the submuco s a  o f  

the renal pelvic wal l . H i s tological examination o f  the pelvi-
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ureteric j unc tion and the renal pelvic wal l  of 

t i en t s  wi th nephrol i thias i s  in this s tudy were 

f ibro s is in the submucosa 

fi bro sis in the submucosa and inflamma

tory c e l l  infiltration 

- inflammatory cell infil tration 

- inflammatory c e l l  infil tration of the 

rena l pelvic wal l  

- narrow lumen 

5 

3 

2 

2 

1 

1 3  of the 2 5  pa-

as follows : 

patient s 

patients 

patients 

patien t s  

patient 

A narrow lumen , obs erved at mi cro s copy , could be an artefact 

a fter fixation o f  the tis sue . During operation , however ,  a nar

row lumen , which can not be pas sed by a probe , is often en

countered . 

The results show a wide variation in the specimens . However ,  in 

36 patients ( 3 8 % ) , fibro s i s  in the submuco sa was observed . Thi s 

i s  collagenrich acellular f ibrous t i s sue , which i s  regarded as 

scar t i s sue . As i s  d i scus sed in chapter 3 ,  e lectronmicroscopy 

revealed exc e s s ive collagen between the mu scle c e l l s  of the ob

s truc ted PUJ and the adj acent mus c l e  c e l l s  in the area j us t  

proximal t o  the j unc tion . The presence of thi s collagen ti s sue 

and the co l l agen t i s sue found by u s , could provide an exp l a-

nation for the functional obstruction theory , because the peri s t a l 

t i c  waves of the renal pelvis a r e  in terrup ted b y  the se local 

patho logical change s . F ibro s i s  in the submucos a ,  inf l ammatory c e l l  

i n f i l tration a n d  mus c l e  fibre hypertrophy , however ,  could be 

s econdary to obstruc t ion and d i latation . S imi lar observations 

have been made in the co lon in Hirschsprung ' s  d i sea s e . 

Despite numerous r eports of varying patho logical findings at 

the PUJ and our own inve s tigation s ,  the real . cause o f  PUJO re

main s  ob scure . There i s  a widespread convi c tion , however , that 

the actual proc e s s  is a functional obs tru c tion . 

1 7 1  



1 0 . S ummary and Conclus ions 

In chapter 1 the hi story of pe lvi-urete ric j unction obstruction 

( PUJO ) i s  described . I n  the past ( H ippocrates and Tulp) thi s  con

dition was recogn i zed but it was not unt i l  the 1 7 th century that 

the fi r s t  operation s were perfo rmed in order to drain the k idney 

or to remove s tones . The f i r s t  nephrectomy was described by Si

mon ( 1 8 6 2 ) . Trendel enburg ( 1 8 8 6 )  performed the f i r s t  conservative 

operation for correc tion of a PUJO . Later Kus ter ( 1 8 9 1 ) , Fenger 

( 1 8 9 2 ) , von Lichtenberg ( 1 9 2 1 ) , Fo ley ( 1 9 2 3 ) , Dav i s  ( 1 9 3 3 ) , 

Anderson-Hyne s ( 1 9 4 9 ) , Culp ( 1 9 5 1 )  and many others de scr ibed the 

pyeloplasty technique s named after them . 

Chapter 2 deal s  wi th the embryology and anatomy of the k idneys , re

nal pelves and ureter s . The ureteric bud arises as an outgrowth of 

the mesonephric duc t . I t  forms the ureter and dilates a t  its upper 

end to form the renal pe lvi s .  Embryological s tudies do not he lp 

in e l uc idating the aetiology o f  PUJO . 

In chapter 3 the histology of the normal ureter and pe lvi-ureteric 

j unction and also the change s  found in PUJO are described . By l ight

mi croscopy the wal l o f  the ureter can be seen to con s i s t  o f  three 

layer s : an external adventiti a ,  a smooth muscle coat and an inner 

mucous membrane of transi tional c e l l  epithelium . 

It seems advi sable to abandon the hi storical concept of " layers " 

of muscular fibre s d i sposed in a long i tudinal or c ircular fashion , 

in favour o f  a concept of an i nterming l ing mas s  o f  bund l e s  

laid down in a spiral fashion . The ultrastruc ture b y  elec tronmi 

cros copy i s  a l so described . 

In the search for the aetiology of PUJO , many investigators per

formed lightmicroscopy of the resected PUJ segment . The results 

were rather d i s appointing because of the great variation found 

in the spec imens .  Apart from completely normal specimens ,  a va

r iety of changes was ob served . These included submucos a l  fibro s i s  
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inflammatory cel l in f i l tration , mu s c l e  f ibre hypertrophy , reduced 

mus c l e  bulk and a narrow lumen . This leads to the conc l u s ion that 

l i ghtmi cro scopy is of l imi ted use for de termin ing the aetiology 

of PUJO . However e le c tronmicroscopy revealed exc e s s ive co l l agen 

between the mu s c l e  ce l l s  of the obstructed PUJ and adj a cent mu s c l e  

c e l l s  in the area j us t  proximal t o  the j unction , which could pro 

vide an exp l anation for the functional obs truction . 

Chapter 4 of this the s i s deals with the phys io logy and pathophy

s iology of the PUJ , rena l pe lvi s and kidney . The normal PUJ is in

con spic ious and il l-defined as there i s  a gradual tapering be

tween the renal pelvi s and the upper ureter . It is th i s  gradual 

tape r ing which make s it so effective as an emptying sys tem . I n  fact 

the mos t  effec tive PUJ is the one that is not vi s ible on intra

venous urography ( IVU ) . The funnel shaped PUJ enables the peris

taltic activity , somewhere in the course o f  the funne l , to close 

the lumen , so converting the mixing ac tivity into the propul s ion 

of a pre formed bo lu s . 

The mechan i sm of progress ion of the per i staltic wave remains as 

controvers ial today as i t  has a lway s been . This d i scus s ion in

volves those who favour the myogenic theory and tho se who sup

port the neurogeni c  theory of ureteric per i s ta l s i s . We con s i der 

the proce s s  a s  a neuromu s cular activity , taking into account that 

combined mechanical , e lectrical , chemical and v i s co-elastic acti

vities and forc e s  are pre s en t . The s i te of origin of the peris

taltic wave i s  the c alyx , infundibu l ar area or the region of the 

PUJ . The frequency o� the peristaltic wave depends on the urine 

volume produced by the k idney . 

Obs truction occurring in the upper urinary tract imp l i e s  that the 

usual f low is r educed or only maintained at the cost of a h igher 

than normal pressure within the renal pelvi s . This pro longed , 

increased pres sure wi l l  result in d i la ta t ion of the c a lyces and 

parenchymal destruction ( " backpre s sure atrophy " ) .  I n  obstruc tive 

uropathy great importance has been attributed to the unique role 

o f  back f low ( pyelo-tubu l ar , pyelo-venous , pyelo- lymphati c , pyelo

inter s titial ) .  Initially renal impairment i s  caused by tubular 

dys f unction wh ich leads to polyur i a . 

The r educed f low in PUJO may lead to infec tion and s tone formation . 
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The theory of renal counterbalance , proposed by Hinman in 1 9 2 3  

has proven to b e  false . Severely damaged kidney s , certai nly in 

chi ldren , have a great ab i l i ty to recover after a pye loplasty ,  

even i n  the pre sence of a heal thy con tralateral kidney . 

Remarkable post-obstruct ive polyuria has been re corded and thi s 

potential ha z ard should be recogni zed and adequately treated . 

Hypertens ion as sociated with hydronephros i s  i s  probably renin

dependent in some cases . 

Chapter 5 concerns the aetio logy . The intrinsic and extr i n s i c  

c a u s e s  of PUJO , found at operation , are con s idered . 

Acces sory ve s s e l s  have been cons idered to be important for many 

dec ade s . However all extrinsic factors l ike acces sory ve s se l s  

and f ibrous bands are now thought to be o f  only secondary impor

tance and may aggravate a developing hydronephro s i s . 

H igh insertion o f  the ureter into the renal pe lvi s i s  a l so re

garded as secondary to dil atation and bulging of the inferior 

pelvic wal l  wh ich leads to an upward di splacement of the pelvi

ureteric j unction . 

In recent years i t  has become cl ear that a func tional obstruction 

at the pelvi-ureteric j unc tion is the mos t  probable cause . The 

per i staltic waves of the renal pelvis are interrupted due to 

local pathological changes . Elec tronmicro s copy revealed exces

s ive c o l l agen between the mus c l e  cells of the obs tructed PUJ and 

adj acent mus c l e  ce l l s  in the area j us t  proximal to the j unction . 

How and why these changes took p lace i s  s t i l l  unknown . 

In chapter 6 the symptomatology i s  described . Pai n ,  urinary tract 

infection s , haematuri a ,  a palpable ma s s  in the renal are a , ga s tro

intestinal man i f e s tation s , hypertens ion , polycythemia and renal 

fail ure may pre sent as symptoms . The pain c an be e i ther c o l icky 

and inte rmittent or a dul l  ache and c an sometime s be provoked by 

increased fluid intake or admin i s trat ion of a diuretic . Haema

turi a may appear spontaneous ly or c an be c aused by a relatively 

minor trauma . 

In children the presenting symptoms are urinary tract infection s , 

abdominal pain , loin pain , gro s s  haematuria , a palpable abdominal 

mas s , nocturnal enure s i s  and fai lure to thrive . 
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Chapter 7 concerns the diagnostic procedures .  

Because intravenous urography is the corne rstone in the diagno s i s  

of PUJO, this procedure i s  discus sed i n  detai l . The IVU should be 

made dur ing an attack of pain because in intermi ttent hydrone

phros i s  the IVU could show a " normal " picture between attacks . 

D iure s i s  IVU i s  a more accurate s c reening te st which can demon

s trate a PUJO in 8 5 %  of cases . 

The postoperative IVU , be fore the patient leave s  the ho spital , i s  

i n  mo st c a s e s  di sappo i nting because there i s  residual oedema and 

infil tration of t i s sues at the anastomo s i s  a s soci ated with the 

repair pro ce s s . The p icture after 3 months wi l l  provide a good 

impres s ion of the ultimate resu l t , as after thi s  period , littl e , 

i f  any improvement occurs . 

M ic turating cystourethrography i s  valuable , certainly in chi l dren , 

because vesicoureteric reflux may l e ad to d i l atation of the renal 

pelvis and sugge s t  a PUJO . A reimplantation of the ure ter wi l l  

usuall y  stop the pelvic d i l atation and c an re sult i n  a dramatic 

r evers ion to a normal pelvi-urete ric function . 

Retrograde pyeloureterography i s  only nece s sary i f  the proximal 

ureter is not visuali zed on IVU and should be performed j us t  

prior to exploration of the k idney . The period between retro

grade pyeloureterography and exp loration should be as short as 

pos s ible becau s e  infec tion can be introduced and pas sing the 

ureteric catheter upward into the renal pelvis may cause oedema 

of the PUJ which mak e s  drainage of the hydronephro s i s  even wor se . 

S i nce high do s e  ( s tandard and diure si s )  IVU , renography , renal 

s c intigraphy , ul trasound and CT scan examination are ava i labl� 

th.ere is s e l dom an indication for renal angiography . In cases of 

e ctopic k idneys and in horse shoe k idneys with PUJO it would be 

useful to be informed about the vascular pattern i f  i t  became 

nec e s s ary to transect the i s thmus . 

Antegrade pyeloureterography and pelvi-ureteric pre s sure-flow 

s tudies c an be very useful , but the technique is inva s ive . Pres 

s ure- f low studies c an b e  performed b y  pe rcutaneous puncture of 

the renal pelvis or during exploration o f  the k idney . 

Standard renography gives information about the renal parenchymal 

function and excretion and is therefore an important pre- and 

postoperative di agno stic procedure . 
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In c a s e s  of equivocal PUJO e . g .  i f  there i s  a dilated renal pe lvis 

with an obstruc tive curve on renography , the injec tion of a diure

tic ( d iure s i s  renography ) , may demons trate obstruction or rapid 

excretion , wh ich mak e s  the obstruction l e s s  probable . 

Renal sc intigraphy . ( DMSA Technetium scan ) give s good morpho logi cal 

information concerning the renal parenchyrna and cou ld be comb ined 

with renography . 

Adequate information about the pre- and po s toperative renal function, 

especially in cases of a so l i tary k idney , i s  nece s sary becau se for 

the urologist the indication s for per forrning a pye lop lasty are to 

pre serve k idney function and a l so to re l ieve the patient of h i s  

compl aint s . 

The CT scan and ultrasound examination are both non -inva s ive sup

plementary diagno stic procedures .  CT scan however, g ives a relati

vely high radiation dose . Ultrasound is s imple , harmless to the 

patient and could be combined with percutaneous puncture of the 

renal pelvis which permits antegrade pyeloureterography , pres sure

f low s tudie s and/or a temporary pyelos tomy . 

Chapter 8 descr ibe s the therapeutic po s s ibi l i t i e s . The a im of the 

treatment in PUJO is to rel i eve the patients of thei r  complaints 

or symptoms and to preserve as much renal parenchyrna as pos s ible . 

The result should be a funne l - shaped , dependent , wel l  draining 

pelvi-ure teric outlet . If nece s sary, part of the dilated renal 

pelvis should be resected to prevent s ta s i s  . Infection shoul d  be 

e l iminated . 

The therapy c an be d ivided in several group s : nephrectomy , drai

n age o f  the k idney ( l ike a nephros tomy or pyelos tomy) and non

d ismembered and di smembered pyelop lastie s . 

In the beginning of thi s  century any operation had a high mo rta

l i ty rate and a nephro s tomy or nephrectomy was all that 

could be performed . Even in 1 9 5 2 nephrectomy was done in 5 6 %  of 

the pati ents with hydronephros i s  due to PUJO . The nephrectomy 

rate is now reduced to 3 - 1 0 % . Because even badly damaged k idneys 

c an r ecover very wel l, one shoul d  aim at preserving a s  much renal 

parenchyrna as po s s ible . 

Nowadays a nephros tomy or pyelos tomy is only used in exceptional 

cases or as a temporary method of drainage . 
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Many operative technique s of the non-di smembered and di smembered 

group are described in deta i l  in thi s chapter . 

It i s  stres sed that so called aberrant or acces sory ve s s e l s  should 

not nec e s sarily be l i gated . They are not suppo sed to be a primary 

cause of PUJO , but they can aggravate an a l ready deve loping hydro

n ephro s i s . 

In the l ight of the i nformation provided by e lectron-mic ro s copic 

s tudies i t  s hould be po s s ible to examine the rationale of each 

pyelop l a s ty . In a Y-V pyelopla s ty , advancement of a f lap , con

taining many abnormal wal l  components with minimal reduct ion of 

dead space , i s  performed . I n  the Culp-spiral f l ap pyelopl a s ty a 

f l ap, containing relative ly healthy mu s c l e  t i s s ue,  i s  used with some 

reduction of dead space . In the Anderson-Hyne s pyelopl asty a 

complete exc i s ion o f  the obs tructed segment i s  per formed , often 

with reduc tion o f  the dead space by excis ion of a part o f  the 

affected pelvi s .  This may be the rea son why this procedure gives 

good resul t s . I n  general the Anderson-Hyn e s  pye lopl a s ty i s  our 

f ir s t  choice . 

The effect o f  transection of the ureter i s  d i s cu s sed . Several 

d i f ferent ways of urinary drainage and splinting with the ir ad

vantages and d i s advantages are mentione d . 

The ideal operation would be one requiring neither drainage nor 

spl inting . However ,  there are s t i l l  spl inter s and non - sp l inters . 

Al though the general idea i s , that tube s in the urinary trac t lead 

to a h igher percentage of infections, thi s  ha s not been shown in 

a l l  papers about this subj ect . I n  general one shoul d  dec ide during 

operat ion , to use a splint with or wi thout renal drainage if one 

suspects problems in the po s toperative period . In secondary opera

tions , solita ry k idneys and in chi ldren it seems advi sable to use 

a splint as a s afeguard . The ureter i c  splint should be soft , made 

of non r eactive materi a l  s uch as S i l a s tic � and shou ld f i t  e a s i l y  

into the ureter . A tube that s p l i n t s  the ureter and one draining 

the renal pelvi s a s  a pyelos tomy or nephrostomy i s  our f i r s t  

choice . The s p l ints should be l e ft i n  p l a c e  f o r  about 2 weeks , 

a lthough the t ime depends on the local factors found at operation . 

A vacuum drain i s  a lways u s ed . 

The techn ique of the pyelop l a s ty in cases of a dup l i c ated renal 

pelvis or ureter is describe d . 
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Many cases of mas s ive hydronephro si s ,  f i l l ed with gallons of urine 

have been described and in some o f  these cases it was even po s s ible 

to salvage the k idney . 

I n  cases o f  PUJO in a horse shoe kidney , it has been found neces sary 

for many decades to cut the i s thmus becau se the obstruction ap

peared to be due to s tretching o f  the ureter over it . 

Nowadays a pyeloplasty i s  regarded as suffic ient to correct the 

p roblem in many of these c a s e s . 

A lumbar approach i s  normal l y  used , al though in cases of hor s e shoe 

k idney a laparotomy is preferred . The anterol ateral extra- and/or 

transperitoneal approaches are advocated by other s . Some paedia

tric uro logi s t s  are incl ined to use a ventral incis ion and in 

c ases of bi lateral PUJO in children a long transverse inc i s ion . 

The pos s ib i l i ty of intestinal obs truction i s  a d i sadvantage o f  the 

tran sper i toneal approach . 

The comp l ications of a pyelopl asty , l ike leakage of urine , in

fec tion , s tone and stricture formation are discu s s ed . 

A symptomless PUJO can lead to a s low deterioration and l o s s  o f  

parenchyma . I t  i s  there fore nece s s ary t o  perform a pyelopl a s ty or 

keep the se patient s under careful contro l . 

In cases of bilateral PUJO a pye lopl a s ty c an be performed on both 

s ides through a transve rse incis ion . 

I n  chapter 9 a review of our series of 1 5 2  patients i s  given . Pre

operative , operative and po s toperative data are discus sed . The 

series con s i s t s  o f  90 male and 62 femal e  patients o f  whom 1 1  had 

been operated before ( 1 4  operations tota l l y )  in an other ho spi tal . 

In 4 of the 9 patients with bi lateral PUJO nephrec tomy of the con

tralateral k idney had a l re ady been performed e l sewhere . Forty-four 

patients ( 2 9 % )  fell in the 0 - 1 5  years o f  age group . Pain , urinary 

tract infections and gro s s  haematuria were important presenting 

symptoms .  

The main presenting symptom in children ( 0 - 1 5  year s ) were urinary 

tract infections ( 3 9 % ) , whi l e  in adul t s  this was pain ( 8 1 % ) . 

The numbe r of IV-urograms that had been performed , before the 

di agno s i s  was made , was surprisingly high in several patients . 

Nephro l ithias i s  was observed in 2 5  patients ( 1 6 % ) . 

Renography has been o f  increasingly great value . I n  a l l  patients 
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with a mild , moder ate or severe hydronephro s i s  due to PUJO , an 

obstructive curve was found on renography . When an afunctional 

curve wa s obs erved , nephrectomy was performed . In 26 patients with 

un i lateral PUJO , a closed type of renal pelvis was observed on the 

contralateral side . In 2 2  of these patient s , the renogram showed a 

normal and in 4 pa tients a s l ightly obstructive curve . 

Re trograde urography was performed in 1 0 2  patient s .  I n  5 0  patients 

the IVU gave suffic i en t  information . 

Of the 1 4 6  patients wi th unil ateral PUJO , 8 0  ( 5 5 % )  were ope ra ted 

on the right s ide and 66 ( 4 5 % )  on the left . 

The fol lowing 1 5 8  operation s were performed : 2 5  nephrectomie s ,  

1 1  adhesioly s i s , one l igation of an acces sory vessel alone and 

1 2 1  pyeloplastie s . Of the pye lop l a s ty te chn ique s ,  the Anderson

Hynes procedure was used mos t  frequently ( 6 4 % ) . 

All 5 patients with b i l ateral PUJO were f i r s t  operated on the 

mo s t  endangered kidney . 

The inc idence of primary nephrec tomy in this series was 1 5 %  ( 2 3  

patient s ) . I n  4 patients with bi lateral PUJO , nephrectomy o f  the 

c ontralateral k idney had already been performed in another ho s

pi ta l  . 

Of the 3 9  acces sory v e s s e l s  that were found , 1 8  we re l igated be

c ause they were at that time thought to be a causative factor of 

the PUJO or they interfered with the adequate performance o f  the 

pyelopla s ty . 

Some method of urinary drainage was used in 7 2  operations ( 6 0 % ) . 

The data of th i s  series show that the final re sults of the opera

tions with and without urinary drainage were a lmo s t  the s ame . The 

use of urinary drainage is advocated because it may prevent com

p lications of urinary leakage and obstruction . I t  may therefore 

s horten the duration of ho spital i z ation . Twenty three o f  the 2 8  

patients with postoperative urinary tract infections had been 

operated with some method o.f urinary drainage . 

There were 1 0  pyelop l a s ty-re lated postoperative compli c ation s . 

Introduc t ion of an ureteric c athe ter so lved the problem in one 

patien t ,  a secondary pyeloplasty was nece s s ary in 2 patients and 

a secondary nephrectomy in 7 .  

The pos toperative IVU , performed before the patient left the ho s 

p i tal , u s u a l l y  revealed persi stent dilatation due t o  oedema at 
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the s ite of the anastomo s i s . A con s iderable improvement could be 

noticed on the final IVU 3 months po s toperatively . The resul t s  of 

the fi nal IVU were : good in 7 2 % ,  fair in 2 3 %  and poor in 5 % .  The 

best results were obs erved in the patients that had been operated 

fol lowing the Ande rson-Hynes procedure ( 8 2 %  good ) , which is a l so 

our f ir s t  c hoice of operation in cases of PUJO . 

The postoperative renogram showed an improved excretion in 3 7  pa

t ient s and in 2 patients with bilateral PUJO . I n  the group of 3 7  

patients wi th improved excretion , there were 4 patients with an 

initially obstructive curve but rapid excretion after a diuretic 

was administed ( diure s i s  renography ) .  

Of the 1 5 2  patient s , 1 4 4  became completely free of complaints 

( 9 5 % ) . S i x  patients had occasiona lly vague sens ations in the loin 

but it was doubtful i f  this had anything to do with the kidney . 

Two patient s were lost for fo l low up . 

Three of the 6 patients with hypertension became normoten s ive after 

a pyeloplasty was performed . 

As only in three chi ldren a creatinine c learance was performed , 

which showed an cons iderable improvemen t  af ter the PUJO was re

l i eved , the pre- and pos toperative renal function was evaluated 

f rom the s erum creatinine con centration . In 1 2 6  patients the se

rum creatinine concentrat ion remained the same , because there was 

a normal contra lateral kidney . The pre- and pos toperat ive serum 

creatinine concentrations of patients with b i l ateral PUJO ( 5 

patients ) ,  b i l ateral PUJO with nephrectomy at one side ( 4  pa

tient s )  and PUJO with aplasia o f  the contralateral k idney are 

g iven . These data s how a c lear improvement in renal func tion in 

mo s t  patien ts after the PUJO was rel ieved . In general a s imi l ar 

improvemen t  can be expected when a normal contra lateral k idney i s  

present . 

H i s tological investigation of the PUJ segment was performed in 

93 patient s . The resul t s  showed a wide variation . However , fibro

s i s  in the muco sa was observed in 4 6  pat ients ( 4 0 % ) . This co l

l agen rich ace l l ular fibrous t i s sue could provide an exp lanation 

for the fun c tional obstruction theory . F ibro s i s  in the submuco sa , 

infl ammatory ce l l  infiltr at ion and muscle fibre hypertrophy , how

ever , could be s econdary to obs truction and d i l atation , due to a 

s t i l l  unknown cause . 
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1 0 . S amenvatting en Conclus ies 

In hoo fdstuk 1 wordt een h i s to r i s che beschr i jving gegeven van de 

pyelo-ureterale obstructie . In he t ver leden ( H ippocrates en 

Tulp) waren e r  theorieen over deze aandoening , maa r  pas in de 

1 7 e eeuw werden de eerste operati e s  verricht met a l s  doel de nier 

te draineren of om s tenen te verwi j deren . 

De eerste nephrectomie werd beschreven door S imon ( 1 8 6 2 ) . Trende

lenburg ( 1 8 8 6 ) verrichtte de eerste conservatieve operatie ter 

correctie van een pyelo-ureterale obstructie . Later be s chreven 

Kuster ( 1 8 9 1 ) , Fenger ( 1 8 9 2 ) , Von Lichtenbe rg ( 1 9 2 1 ) , Foley ( 1 9 2 3 ) , 

Davis ( 1 9 3 3 ) , Ande rson-Hyne s ( 1 9 4 9 ) , Culp ( 1 9 5 1 )  en ve le anderen 

de operatieve technieken , die naar hen werden genoemd . 

I n  Hoo fdstuk 2 wordt de embryologie en anatomie van de nieren , 

nierbekken s  en ureteren be s c hreven . De ureter-knop ont s taat a l s  

een u i t s tulping van d e  ductus mesonephr i cu s . De z e  vormt d e  ure

ter en wordt aan het uite inde w i j de r  en splitst z i ch om tenslot

te het ni erbekken e n  de cal i ce s  te vormen . Op grand van de em

bryologie kan geen verk laring warden gevonden voor de aetiologie 

van de pye lo-ureterale obstru c ti e . 

In Hoofdstuk 3 wordt de h i s tologie van de normale ureter en de 

pyelo-ureterale overgang be s c hreven evenals de veranderingen die 

ontstaan b i j  de pyelo-ureterale obs tructie . Microscop i s c h  onder

zoek toont dat de wand van de ureter uit 3 l agen be staa t : een 

u i twendige adventitia , een l aag glad spierweef s e l  en een binnen

s te s l i j mvl i e s laag van overgangsepi theel .  Het l i j k t  beter om het 

hi s toris che concept dat e r  " lagen " spiervez e l  op longitudinale en 

c irculaire wi j ze z i j n  gerang schikt te verlaten en aan te nemen , 

dat de spierve z e l s  volgens een sp iraal z i j n  gerangs chikt . 

De ul trastruc tuur , die b i j  electronenmicroscopi s ch onderzoek ge

z ien wordt , wordt oak beschreven . 

1 8 1  



B i j  bet zoeken naar de aetiologie van de pye lo-ureterale obstruc

t ie bebben vele onder zoekers de gereseceerde pye lo-ureterale over

gang microscopi s cb bekeken . De resul taten waren nogal teleur

s te l lend door de grate variatie die in de preparaten werd gevonden . 

Naast de vo l s trekt normale preparaten , werd een grate variatie 

van ve randeringen waargenomen . De z e  be s tonden uit submuceu z e  f i 

brose , ont s tekings i n f i l tr aat , spierve z elbypertro fie , e e n  verminde

r i ng van de boeveelbeid spierweef s e l  en een nauw lumen . Hieruit 

kan men concluderen , dat l i chtmicros copie s lecbts van beperkte 

waarde is bi j het vastste l l en van de aetiologie van pyelo-urete 

rale obstructie . Electronenmicro scopie toonde echter veel colla

geen wee f s e l  aan tussen de spiercellen in de geobs trueerde pyelo

ureterale overg ang , wat een verklaring zou kunnen geven voor de 

functionele obs truc tie . 

Hoo fd s tuk 4 van deze d i s sertatie behande l t  de physiologie en de 

pathophys iologie van de nier , het nierbekken en de pyelo -ureterale 

overgang . De normal e  pye lo-ureterale overgang is niet duide l i j k  

z ichtbaar , omdat he t nierbekken geleide l i j k  overgaat in d e  proxi

male ureter . Het is j ui s t  de ze ge leide l i j ke overgang , die de 

ontlediging zo effectief maakt . In feite is de pye lo-ureterale 

overgang , die op het i ntraveneuze urogram niet z i chtbaar i s  be t 

mee s t  e f fectief . De tre chtervormige pyelo-ureterale overgang 

s te l t  de peri stal ti s cbe go lven , ergens in bet verloop van de 

trecbter , in staat om het lumen te s luiten , waardoor een urine

bolus gevormd wordt , die in de ricbting van de ureter wordt be

wogen . 

Het mechani sme waardoor de pe r i s tal t i s che golf z ich voortbeweegt 

z a l  een punt van tegengestelde opinies bl i j ven tussen hen , die 

geloven i n  de myogene en anderen die e en voorkeur hebben voor 

de neurogene tbeorie van bet onts taan van de ureterperi staltiek . 

Wi j beschouwen het proce s als een ne uromusculaire activiteit , 

waarbij mechani scbe , electris cbe , cbemis cbe en vi scoelasti s cbe 

krachten en eigenschappen een rol spelen . De p l aats waar de pe

r i stalti s cbe golf ontstaat kan de calyx , het infundibulum , be t 

pyelum o f  de regio van de pyelo-ureterale overgang z i j n . De fre

quentie van de peri s taltiek i s  afhank e l i j k  van de boeveelheid uri

ne die de nier produceert . 
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Obs truc tie in de hogere urinewegen houdt in , dat de urine-flow 

afneemt , o f  het z elfde bli j ft ten ko s te van een hogere druk dan 

normaal in bet nierbekken . Deze voortdurende druk zal le iden tot 

di latatie van de c a l ic e s  en verlie s van parenchym ( back pre s sure 

atrophy ) . Bij obstructieve uropathie is een grote rol toege schre

ven aan backf low ( pye lotubulair , pyeloveneus ,  pye lolymfatisch , 

pyelointerstitiee l ) . In bet begin i s  bet vooral de tubulaire 

dysfunctie die de oor z aak i s  van de nierfunctie s toornis die leidt 

tot polyur ie . 

De verminderde f low bij pye lo-ureterale obstruc tie kan leiden tot 

infe c t i e  en s teenvorming . 

De theor ie van de " renal counterbalanc e "  zoals voorg e s te ld door 

Hinman S r . in 1 9 2 3 , is gebleken niet op rea liteit te berus ten . 

Z e l f s  ernstig be s c hadigde nieren , zeke r b i j  k inderen , hebben een 

s terk he rstelling svermogen nadat de obstructie is opgeheven , 

z e l f s  bij aanwez igheid van een goede nier aan de contralaterale 

z i jde . 

S terke polyurie met al le gevaren van dien , i s  bes chreven nadat de 

obs tructie is opgeheven . 

Hypertensie bij patienten met hydronephro se beru s t  waar s ch i j n l i j k  

i n  sommige geval l en o p  een verhoogde renine productie . 

In Hoo fds tuk 5 wordt de aetiologie behande ld . Op grond van de be

vind ingen bij operatie van patienten met hydronephrose als ge

volg van een pye lo-ureterale obstructie , werd gedacht aan extrin

s i eke en intrins ieke oorzaken . Acce s so i re vaten hebben gedurende 

vele decennia een bel angri j ke rol ge spee ld . Alle extrins ieke fac

toren zoa l s  accesso i re vaten en f ibreuze banden worden thans 

echter als secundair be s c houwd e n  kunnen even tueel wel leiden 

tot een verergering van een z ich reeds ontwikkelende hydronephro se . 

Een hoge i n s ertie van de ureter i n  bet pye lum wordt ook be schouwd 

a l s  een secundair gevo lg van de d i l atatie van bet onderste deel 

van bet nierbekken , dat le idt tot een ve rp laatsing van de pyelo

ureterale ove rgang naar craniaa l . 

De laatste j aren i s  bet duide l i j k  geworden , dat een " functione l e "  

obs truc tie van d e  pye lo-ureterale ove rgang d e  mee s t  waar schi j n

l i j ke oorzaak i s . De peri s ta l t i s che golven van bet ni erbekken 

worden onde rbroken a l s  gevolg van locale patho logis che verande-

1 8 3  



ringen . Electronenmicro scopis ch onder zoek toonde veel collageen 

aan tus sen de spierce l l en van de obs truerende pye lo-urete rale 

overgang en de spie rc e l len proximaal daarvan in het pyelum . Hoe 

en waarom de ze veranderingen pl aat svonden is nag onbekend . 

In Hoo fds tuk 6 wordt de symptomatologie be s c hreven . P i j n ,  urine

weg infecties , macro scopis c he haematurie , een palpabe le tumor in 

de nier streek , gastro- inte s t inale symptomen , hypertensie , poly

cythaemie en nierfunctiestoorn i s sen kunnen als symptomen op

treden . De p i j n  kan kol iekachtig en intermitterend z i j n ,  maar 

oak we l zeurend en kan soms warden geprovoceerd door een ver

hoogde diurese . Macroscopi s che haematurie kan spontaan optreden 

of warden veroor zaakt door een relatief gering trauma . 

De symptomen b i j  kinderen bes taan uit urineweginfectie s ,  buikpi j n ,  

pi j n  i n  de fl ank , macro s copische haematurie , een palpabele tumor 

in de buik , enures i s  nocturna en achterbli j ven in groe i . 

In Hoo fdstuk 7 wordt de d iagno stiek beschreve n .  Omdat de intra

ve�euze urografie ( IVU ) de hoek s teen i s  bij het s te l len van de 

diagnose van pyelo-ureteral obstructie , wordt de ze procedure ge

detail leerd beschreven . Intraveneu ze urografie moet bij voorkeur 

warden verricht gedurende een p i j naanval , omdat b i j  intermitte

rende hydronephrose he t i ntraveneuze urogram , tu s sen de aanval 

l e n  er " normaal "  u i t  kan z ien . Het diure se IVU kan a l s  eerste 

onderzoek , in 8 5 %  van de geval len , . de d i agnose pyelo-ureterale 

obstructie vast stel len . 

Het postoperatieve IVU , voor de patient het zi ekenhu i s  verlaat , 

i s  in de meeste geva l len nogal te leurs tellend a l s  gevo l g  van stu

wing door oedeem van de anas tomo s e . Het IVU-bee ld , dat drie 

maanden na de operatie verkregen wordt , zal een goede indruk kun

nen geven van het uiteinde l i j ke resultaat , omdat er na deze pe

r iode weinig of geen verbetering verwacht kan warden . 

Het doen van mic t iecystoure thrografie i s  waardevo l , zeker bij 

k i nde ren , omdat ves i co-ureterale reflux kan le iden tot dila tatie 

van het nierbekken , dat kan l i j ken op een pye lo-ureterale ob

s tructie . Een ureter-neo implantatie zal in het a lgemeen de dila

tatie doen teruggaan . 

Retrograde uretero-pyelografie i s  al leen nood zake l i j k  indien de 
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proximale ureter niet z ichtbaar wordt op het I VU en dient te 

warden ui tgevoerd vlak voor de operatie . De pe riode tussen dit 

re trograde onderzoek en de exploratie meet zo kart moge l i j k  z i j n ,  

omdat een infectie kan warden ge in troduceerd . Het opvoeren van de 

uretercatheter tot in het pyelum kan oedeem ter plaatse van de 

pye lo-urete rale overgang veroorz aken en leiden tot een ver s lechte

r i ng van de drainage van de hydronephrose . 

Omdat s tandaard- en diure se i ntraveneu ze urograf ie , renografie , 

niersc intigrafie , echog rafie en de CT- scan tot on z e  be s chikking 

s taan , i s  e r  nauwe l i j ks nog enige indicatie voor nierangiografie . 

S lechts b i j  patienten me t ectopi sche nieren en bi j hoe f i j zer

nieren me t een pyelo-ureterale obstruc tie kan het nuttig z i j n  om 

tevoren ge informeerd te z ij n  over het vaatpatroon . 

Antegrade pyelo-ureterografie en urodynamisch onderzoek kunnen 

z eer nuttig z i j n ,  doch deze techniek is inva s ief . Urodynam i s ch 

onderz oek kan warden verricht door percutaan , of ti j dens de ope

ratie , het nierbekken te puncteren . 

Standaard renograf ie geeft informatie over de func tie van het nier

parenchym en de excretie en i s  daarom van belang zowe l als pre-

als pos toperatief onderzoek . 

Wanneer er twi j fe l  be s taat over het bestaan van een pyelo-ure te

rale obs truc tie , b i j voorbeeld wanneer er een ged i lateerd nier

bekken wordt gez ien met bij renograf ie een obstruct iebeeld , kan 

de inj ectie van een diure t icum ( diurese renografie ) of een echte 

ob s truc tie of een s ne l l e  excretie aantonen , die dan een obstruc

tie minder waar s chi j n l i j k  maakt . 

Niersc intigrafie ( DMSA Technetiums can ) geef t  goede morpho logi sche 

informatie ove r  het ni erparenchym en kan warden gecomb ineerd met 

renografie . 

Adequate informatie over de pre- en postoperatieve nierfunc tie , 

met n ame b i j  patienten met een sol itaire nier , i s  noodzake li j k . 

Het s treven van de uroloog moe t  n i e t  a l leen z i j n  de patient van 

z i j n  kl achten af te helpen , ma ar tevens d . m . v .  een pye lump l astiek 

de nierfunctie te behouden . 

De CT- scan en echografie z i j n  beide niet- invasieve aanvul lende 

onderz oeki ngsmethoden . Bij de CT-s c an warden echter relatief vee l  

ron tgens tralen gebru ikt . Echografie i s  eenvoudig u i t  t e  voeren 

zonder enig gevaar voor de patient en kan warden gecombineerd met 
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percutane punctie van het n i erbekken waarna antegrade pye lo

ureterografie kan warden verr icht of een urodyn arni sch onderz oek . 

Tevens kan deze drain in het ni erbekken functioneren a l s  een t i j 

de l i j ke pyelos tomie . 

In Hoofds tuk 8 warden de therapeutis che moge l i j kheden beschreven. 

Het doel van de therapie van pye lo-ureterale obstructie is de pa

tient kl achtenvri j  te maken en zoveel mogel i j k  nierwee f se l  te 

behouden . Het resul taat moe t  een trechtervormige , goed dra inerende 

pye lo-ureterale overgang z i j n .  Indien het nierbekken s terk gedi

lateerd i s , dient een deel te warden gereseceerd om s t a s i s  te 

voorkomen .  De urine dient steriel te warden en te b l i j ven . 

De therapie kan warden verdeeld in verschill ende groepen : nephrec

tomi e , drainage van de nier , zeals door een nephrostomie of pye

lostomie en pye lumplastieken met en zonder onderbreking van de 

continuite i t . 

In het begin van deze eeuw h ad e lke operatie een hoge mo rtaliteit 

en was he t aanleggen van een nephros tomie of het verrichten van 

een nephrec tomie b i j na het enige dat kon warden verricht . Z e l f s  

in 1 9 5 2  werd n a g  b i j  5 6 %  van de patienten me t e e n  hydronephrose 

a l s  gevolg van een pye lo-ureterale obstructi e ,  nephrectomie ve r 

richt . Het percentage van de primaire nephrec tomieen i s  n u  ge

daald tot 3 - 1 0 % .  Omdat z e l f s  ernst ig be schadigde nieren z i c h  goed 

kunnen herstellen moe t  niet te sne l tot nephrectomie be s loten 

warden . 

Het aanleggen van een nephrostomi e of pyelostomie wordt nu uit

s lu i tend nag in u i tzonderings s i tuaties verricht o f  als een ti j 

de l i jke methode van drainage . Vele technieken met en zonder onder

breking van de continuiteit warden gede tail leerd in d i t  hoofd

s tuk be schreven . 

Er wordt met nadruk op gewe zen , dat de zogenaarnde aberrante of 

acce s soire vaten niet behoeven te wa rden ge l igeerd . Zij warden 

niet beschouwd a l s  de pr imaire oorz aak van pyelo-ure terale ob

s truc tie . Z i j  kunne n wel een reeds z i ch ontwikkelende hydrone

phrose verergeren . 

Naar aanleiding van de verkregen informatie bij electronenmicros

copie kunnen de voor- en nade len van verschil lende pye lumplas

t iek methoden warden verge leken .  B i j  de Y-V pyelump l astiek wordt 
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een lap ingevoegd die moge l i j k  vele abnormale componenten bevat 

me t een minimale reductie van dode ruimte . Bij de Culp pyelum

p l astiek wordt een lap pyelum gebruikt die van re latief ge zonde 

kwa l iteit is , me t enige reduc tie van dode ruimte . B i j  de 

Anderson-Hynes pyelumplas t iek wordt een complete exc i s i e  ver

r icht van het obs truerende segment , vaak met verkle in ing van 

dode ruimte door exc i s ie van een deel van het ni erbekken . Moge

l i j k  is d i t  de reden waarom deze procedure zu lke goede resulta

ten geeft . In he t algemeen i s  de Anderson-Hyne s pye lumplas tiek 

onze eerste keus . 

Het e f fect dat doorsnij ding van de ureter heeft wordt be sproken . 

Ve rschil lende moge l i j kheden van urinedrainage en splinting met 

hun voor- en nade len warden genoemd . 

De ideale operatie zou die z i j n ,  die geen drainage o f  splint ing 

nodig hee f t . Er z i j n  e chter nog s teed s voor- en tegens tanders 

van het gebruiken van een splint . Hoewel algemeen wordt aange

nomen , dat he t gebruik van drains in de urinewegen tot een hoger 

percentage infecties leidt , wo rdt dit niet in a l l e  publicaties 

over dit onderwerp bewe zen . In het algemeen zal men t i j dens de 

operatie moeten bes l i s sen of men we l of geen sp l in t  of urine

drainage wi l gebruiken , mede afhanke l i j k  van eventueel in de 

pos toperatieve periode te verwachten probl emen . Bij secundaire 

operatie s ,  sol itaire nieren en bij k inderen l i j kt het gebruik van 

een spl int veil igheidshalve aan te raden . De urete r sp l int moe t  

z a cht z i j n  en v a n  n i e t  irri terend mate riaal , z o a l s  Silastic� , 

en moe t  gemakkel i j k  in de ureter passen . Wij geven de voorkeur 

aan een buis die a l � splint voor de ureter functioneert en een 

die het nierbekken drainee rt , a l s  pyelos tomi e of nephrostomie . 

De splint zou 2 weken in s i tu moe ten bli j ve n , hoewe l deze ti j d  

a fhanke l i j k  i s  van de bevindingen tij dens de
.
operatie . Een va

cuum drain wordt alti j d  gebruikt . 

De techniek van een pyelumplas tiek bij verdubbe l ing van het 

n ie rbekken o f  de u re te r  wordt beschreven . 

I n  de l i teratuur z i j n  ve le geval len van zeer grate hydroneprosen , 

gevuld met vele l i te r s  urine , be schreven . B i j  sommige van deze 

patienten was het zelfs moge l i j k  om de nier te sparen . 

Gedurende vele decennia hee f t  men het nood z ak e li j k  geacht om , 

wanneer er sprake i s  van pyelo-ureterale obs truc tie bij een hoe f -
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i j zernier , de isthmus te kl ieven omdat de obstructie leek te warden 

veroorz aakt door het ge strekte ver loop van de ureter over de i s th

mu s .  Nu wordt i n  vele gevallen een pye lumplastiek vo ldoende geacht 

om het probleem op te lossen . 

De gebruikel i j ke chi rurgi s che benadering i s  via een lumbotomie ,  

hoewel bij een hoe f i j zernier een laparo tomie wordt gepre fereerd . 

Door anderen wordt de antero-laterale extra- of transperi tone ale 

benadering gepropageerd . Sommi ge kinderurologen z i j n  geneigd om 

een ventrale incisie te gebruiken en bij kinderen met dubbel z i j 

dige pyelo -ur ete rale obstructie een lange dwarse incisie . D e  mo

ge l i j kheid van het later ontstaan van een ileus door adhae s i e s  

i s  een nadeel v a n  d e  transper i toneale benadering . 

De complicaties van een pye lumplas tiek , zoa l s  lekkage van urine , 

infectie , s teenvorming en s trictuurvorming warden be sproken . 

De asymptomatische pye lo-ureterale ob s tructie kan le iden tot een 

lang z ame ve r s lech ter ing en ve r l ie s van parenchym . Daarom is het 

nood zake l i j k  om een pyelumplastiek te verrichten of deze pa

t ienten onder nauwkeurige controle te houden . 

B i � b i l aterale pye lo-ureterale obstructie kunnen , vi a een dwarse 

inci s i e , be ide kanten warden geopereerd . 

Hoo fdstuk 9 geeft een ove r zicht van onze serie van 1 5 2  patienten . 

Preoperatieve , operatieve en po s toperatieve gegevens warden be

sproken . De serie be s taat uit 9 0  mannen en 62 vrouwen , van wie er 

1 1  tevoren al waren geopereerd ( 1 4 operaties ) in een ander zie

kenhui s .  B i j  4 van de 9 patienten me t bilaterale pyelo-ure terale 

obstructie was e lders reeds nephrectomie verricht aan de contra

laterale z i j de . Vier en veertig pati enten ( 2 9 % )  vie len in de 

leefti j dsgroep van 0 - 1 5  j aar . 

P i j n ,  urineweginfecties en mac roscop i s che haematurie bleken de 

belangri j ke symptomen te z i j n . Het belangri j k ste symptoom b i j  

k inderen ( 0- 1 5  j aar ) w a s  een ur ineweginfectie ( 3 9 % ) , terwi j l  b i j  

volwa s s enen p i j n  ( 8 1 % )  o p  d e  voorgrond s tand . 

Het aantal i ntraveneuze urogrammen , dat werd gemaakt voor de diag

nose duide l i j k  werd , was bij verschil lende patienten opval lend 

hoog . Nephrolithiasis werd bij 25 patienten ge z ien ( 1 6 % ) . 

Renografie bleek een z eer waardevol onderzoek te zi j n .  B i j  a l l e  

patienten me t e e n  hydronephro s e  als gevo lg v a n  een pye lo-ure terale 
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obs tructie , toonde het renogram een obs truc tieve c urve . Wanneer 

er een afunctionele c urve werd ge z ien , werd nephrec tomie verricht . 

B i j  2 6  patienten met unilaterale pyelo-ureterale obstructie werd 

een ges loten type nierbekken aan de contralaterale kant ge zien . 

B i j  2 2  van deze patien ten toonde het renogram een normale en b i j  

4 pati enten een l i c h t  obs truc tieve curve . 

Retrograde urografie werd bij 1 0 2  patienten verricht . Bij  5 0  pa

t ienten gaf het !VU vo ldoende in formati e , zodat retrograad onder 

zoek n i e t  nodig was . 

van de 1 4 6  patiente n  met unilaterale pyelo-ureterale ob structie 

werden 80 ( 5 5 % )  aan de rechter kant geopereerd en 6 6  ( 4 5 % )  aan de 

l inker kant . De volgende 1 5 8  operaties werden ve rric ht : 25 ne 

phrectomie en ,  1 1  adhe s io ly s es , 1 ligering van een accessoir vat 

a l leen en 1 2 1  pyelumplas tieken . Van de pye lumplastieken werd de 

techniek van Ande rson-Hyne s  het mee s t  frequent ( 6 4 % )  toegepast . 

De 5 patienten me t bi laterale pye lo-ureterale ob s tructie werden 

al len eerst geopereerd aan die nier die het mee s t  in gevaar was . 

De f requentie van primaire nephrec tomie in deze serie was 1 5 %  

( 2 3  patienten ) .  B i j  4 patien ten met bi laterale pyelo-ureterale 

obstruc tie was reeds nephrectomie van de contralaterale nier ver

r icht , in een ander ziekenhui s .  

Van de 3 9  acces soire vaten die werden gevonden , we rden er 1 8  ge

l i geerd omdat z i j  de s t i j d s  werden be s c houwd als een oorzake l i j ke 

factor van de pyelo-ureterale obstructie of omdat z i j  ti j dens 

het verrichten van de pye lump l a s tiek de adequa te u itvoering daar

van verhinderden . 

Een o f  andere vorm van ur inedrainage werd toegep a s t  b i j  7 2  ope 

ratie s . De resul taten van de z e  s e r i e  tonen a a n  dat h e t  uiteinde

l i jke resul taat van de ope ratie me t o f  zonder urinedrainage bi j na 

hetzel fde was . Het gebruik van urinedrainage wordt aangeraden , 

omdat comp l icatie s , zoa l s  urine lekkage en obstructie , kunnen 

warden voorkomen . Daardoor kan het de opnameduur verko rten . Tevens 

ve rschaft het de moge l i j khe id het adequaat func tioneren van de 

anastomose te cont roleren . Drieen twintig van de 28 patienten met 

pos toperatieve urineweginfe c t i e s  waren geope reerd met een o f  an

dere vorm van urinedrainage . 

Er waren 1 0  pos toperatieve comp l icaties a l s  gevo lg van de pye lum

p lastiek z e l f . He t opvoeren van een uretercatheter loste het pro-
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b leem b i j  een patient op , een secundaire pyelumplastiek was nood

z akel i j k  bij 2 patienten en een secundaire nephrectomie bij 7 .  

Het pos toperatieve IVU , gemaakt voordat de patient het z i ekenhu i s  

verlaat , liet over het algemeen n a g  duidel i j ke dil atatie z i en als 

gevo lg van oedeem t . h . v .  de anastomose . Een duide l i j ke verbe

tering kon warden vastgesteld op het IVU dat 3 maanden pos tope ra

tief werd gemaakt .  De resultaten van de intraveneuze urograrnrnen 

3 maanden of langer na de operatie waren : goed 7 2 % , redel i j k  2 3 %  

e n  s lecht 5 % .  De be ste re sul taten werden gezien b i j  de patienten 

die waren geopereerd vo lgens de Ander son-Hyne s techni ek ( 8 2 %  goed ) . 

Deze techniek i s  oak onze eer s te keus b i j  patienten me t pye lo

ureterale obstructie . 

Pos toperatieve renografie werd verr icht b i j  6 0  patienten . Bij  3 7  

patienten met uni l aterale e n  b i j  2 pati enten met bi laterale pye lo

ureterale obs tructie toonde de curve een verbete rde excre tie . I n  

d e  groep v a n  3 7  patienten me t een verbeterde excretie , werden 4 

patienten gezien , die eerst een obs tructieve curve vertoonden , 

do ch een vlo tte excretie l ieten z ien nadat een diuret icum was 

gegeven (diurese renogram )  . 

Van de 1 5 2  patienten werden 1 4 4  vo l ledig kl ach tenvri j  ( 9 5 % ) . Z e s  

patienten hadden zo n u  e n  dan vage sensaties in d e  z i j , maar het 

was twi j felachtig of dit i et s  te maken had met de nier . Van 2 

pa tienten was geen fol low-up mogel i j k .  

Orie van d e  6 patienten me t hypertens ie hadden weer een normale 

b loeddruk nadat een pye lumplas tiek was verricht . 

Omdat s l echts b i j  3 k inderen een c reatinine c l earance was ver

r icht , die bij alle 3 een duidel i j ke verbe tering toonde nadat 

de pyelo-ureterale obstruc tie was opgeheven , kon de pre- en po s t 

operatieve nierfunctie a l leen warden beoordee ld a a n  de hand van 

de serumcreatinine waarden . Bij 1 2 6  patien ten bleef de waarde van 

het serumcreatinine onveranderd , omdat er een normaal functio

nerende contralaterale nier was . De pre- en pos toperat ieve serum

creatin ine waarden warden verme ld van patienten met bi laterale 

pyelo-ureterale obstructie (5 patienten ) , met bil aterale pye lo

ureterale obs tructi e bij wi e reeds de contral aterale nier was 

verwi j derd ( 4  patienten ) en van de patient met een pyelo -ure terale 

obstructie en een apl as ie van de contralaterale nier . Deze waarden 

toonden een duidel i j ke verbetering van de nierfunctie b i j  9 van 
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de 1 0  patienten , nadat de pye lo-ureterale obstructie was opgeheven . 

In het al gemeen kan een zel fde verbetering van de geopereerde nier 

warden verwacht , wanneer er een normaal func tionerende contrala

terale nier aanwe z i g  i s . 

Hi stologi sch onderzoek van het pyelo-ureterale segment werd bij 

93  patienten verri cht . Er werd een enorme variatie ge z ien . B i j  

4 6  patienten ( 4 0 % )  werd fibrose in de submuco sa waargenomen . D i t  

coll ageenri j ke ,  acellulaire fibreu ze weef s e l , zou e e n  verkl aring 

kunnen geven voor de theorie van de func tionele obstructie . Fi

brose in de submuco sa , ontsteking s i n f i l traat en spierve zelhyper

trophie zouden echter secunda ir kunnen z i j n  ontstaan door ob

structie en d i l atatie als gevo l g  van een nog onbekende oor z aak . 
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