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PATHOGENESIS 

Polycystic kidney disease is a condition which is character­

ized by widespread cystic transfonnation in one, or more commonly, 

both kidneys. It is now generally accepted that the disease may 

be placed on a congenital maldevelopment basis, in which there 

is a strong hereditary tendency and common association with. 

conienital anomalies in other portions of the body. Numerous 

theories have been advanced as to the exact etiology of the con­

dition, but before going into these a brief review of the em­

bryology of the kidney will be given. 

In the development of the human kidney three sets of organs 

are formed during embryonic life. These are the pronephros, 

mesonephros, and metan.ephros, the lat&er of which will develop 

into the adult organ. All three types have a connnon origin, 

na.�ely the nephrogenic cord, which is a division of the inter­

mediate cell mass, lying just lateral to the mesodermal segments. 

All three types are structurally similar, having a glomerular 

tuft system, and an excretory duct system, which discharges wastes 

from the body. Be ca.use of the impo'rtanee of the metanephros, its 

development will be considered in detail. 

The metanephros is the last of the group to develop, the other 

two eventually disappearing after their function is taken over by 

the caudally developing metanephros. The metanephros arises in 

part from a portion of the nephrogenic cord which has separated 

caudally. The rest of the organ develops from the ureteric bud 

which is an outgrowth from the mesonephric duct, i.e., the main 
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excretory duct of the mesonephros . A detailed account of the 

change s and transformations in shape and a~atomical r elations of 

the gross features of the developing ki dney is not ne cessary in 

t his paper . · It is ne ces sary , however , t o understand the develop­

ment and changing r e l at i ons of the individual unit , or nephron . 

The ureteric bud wil l form the pelvis, calices and c ollect­

ing tubu l es of the ki dney. At an early age i t develops a s an 

outgrowth from the mesonephr ic duct and pushes into the me t a ­

nephrogenic tissue whi ch has separated from the nephr og:enic cord . 

This latter portion wil l form the secretor y tubules and Bowman 's 

caps ule . At the sixth week of the embr yo , the pr imit i ve renal 

pe lvis f lattens from side to side and two primary tubules , or 

def ini t ive major ca.lices , bud out f r om its wa lls . These tubules 

i n turn give rise to secondary tubules , whi c h in tur n gi ve ris e 

to tert i ary tubules , and so on , unt il a maximum number of ~nenty 

generations of tubul es have been formed at birth. The highe r 

orders of tubules will form the straight c olle cting tubules of 

the adu lt kidney. 

1:eanwhile , the metaneph.rogenic tissue is developing in re ­

lation to the col l ecting tubules . This tissue condenses about 

Ghe end of each collectin~ tubule into a s phe rical mass , the 

anl age of the secre tory tubu le - The solid mass thus formed be ­

comes conve rted into a vesicle , and e long;ated and twisted into 

an S- shaped secretory tubule , l ying in close proximity to the 

adjacent collecting tubule . It must be noted at this stage 

that there is no direct c o.,.,necti on between the secretory and col -
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lecting tubules . Eventually one end of the secretory tubule wil l 

become indented by blood vessels , forming the g lomerulus and 

Bowman ' s capsule ; the other end will unite with the b lind end 

of the adjacent collecting tubule . (Arey 1942) ( Kiebal & JLall 1912 ) 

It is at this stage in the development of the k idney that 

is important as r egards the etiology of polycystic kidney dis ­

ease . In 1923 , Kampmeior made a series of examinat i ons on 26 

hur.ian embry os a nd foetus , ranging in a ge f rom six wee ks to five 

months . He was a ble to trace the deve l opment of the nephron and 

the progress of cyst f orma tion throughout successive er:ibryological 

stages . The theory tha t evol V'3d through this work as to the 

etiology of p olycystic kidney di s ease is n ow re r•·arded a s the r:1ost 

substantial. ( Bell 1935) (Anders on 1944) ( Boyd 1938 ) 

As stated above , the ureteric bud wi l l f orm tho collecting 

tubules and the metanephro[.';enic tiss ue forms tho secretor y , or 

uriniferous tubu les . At birth the uriniferous tubul es discharge 

into collectinr, ducts of the tenth or hi r,her orders only , where ­

as ducts of a lower order do not become a functioning part of 

the adu l t ld.dney . \that happens to the ur i niferous tubu les and 

t he collect ing ducts of a lower order ha s been a matter o f spec ­

u l ation , but it has been assumed that the urinil'erous tubules be ­

come detached fr om ducts of lower orde rs and bec cme attached to 

ducts of hi ?:her orders ; or tp_at with elongation , proc ressive 

sprouting: and out r,;r m·'Jth of the collecting t ubules , the uri -

nife rous tubules mi grated peri phe rally . ( Kiebel & Mall 1912) 
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Kampmeier in his study of the progressively developing kid ­

ney made severnl ve ry i mportant observati ons - He found that with 

the sprouting of the pr i mary collecting du cts , the motanephro ­

genic tissue is carried away from the primitive r ena l pe lvis . 

Isolated fra i:_-ments, howeve r , remained behind ne a r tho pe lvis , and 

dur i nr, the seventh week develop normally into spheres and vesicles, 

and occasionally into tubules . At no tir:i.e , hov1ever , is there 

any communic J ting connection between these pr ima r y order uri ­

.niiBrous tubules and the primary collect ing; ducts . There is 

only occasional g lomerulus formation in these tubules and histo­

lor, ical di f ferent iation is rare . The s e definitely r epresent an 

abortive attempt at tuoule forma tion, and Kampme ier•s obs erva­

tions establish the fa.ct that they never become functiona l. 

Their importance is only t hat they a re still present in:a five 

month foetus , a.n . a g;e at which one would expect them to have 

d isintegrated, since they L~ro not to ass ume function . They may 

u!1derg o cystic degeneration and become of i mportance , clincally. 

Ur iniferous tubules of the second order be g in to develop 

in a. six week embryo and a.re quite precocious i n development 

in comparison to tubules of the first order . lso , in c ontrast 

to first order tubu les , second order tubules are very we ll di f ­

fere 1tia. te d and look very much a like , also closely resembling 

the tubules of :ii g;her orders . During the 8 - s haped s tage of 

development most of these tubules connect with the corresponding 

second order collecting ducts , thereby completing the functional 
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U-"1it . Somewhat l ate r , they deve lop a dive rticul um extending 

from the poi nt of junction with the collecting tubule to the 

blind end of the collecting ducts of a hicher order . This 

subs e quently f orms a cor:ununic ,;1. tion VJ ith the fourth or f ifth 

collecting ducts and the early communication wi th se cond order 

ducts is lo st . Thus the shifting relat i ons between uriniferous 

t ubu les and collecting ducts is explained . ( Ka.~pmeier 1923) 

The fate of these secondary tubules was accurately traced 

by Kampme ier . With further differentiation the tubules bec ome 

ful ly deve loped , functioning units, but a.t s ome time between the 

third and fifth month cystic degene r ation occurs . The connec tion 

with the collecting duct is lo st and the tubu le be c cmes enl arged 

and cystic . The epithelium is f l attened and squamous i n char ­

acter . Bo1vman 1 s capsule is di l ated and the gloneru lus proj ects 

i nto the cavity as s eparate tufts of capi llar ies . normally , these 

cysts will disar pear after attaini ng a variab1e s i ze . In s ome t11e 

epithe lium degenerates and the cyst simp l y disappears; in 0 1;hers 

the cyst is c ompress ed and oblite rated by the growth of surround­

i rig pare !lchyma . 

It thus be come s obvi ous that the human kidney normally passes 

thr ough a period of development whi ch is character ized by numerous 

cystic renal tubules , and i t is easy to see that an arrest of 

normal progr ess at this stage could r esult in persistent nume r ous 

cys ts, and c onsequent ly the product ion of polycystic kidney di sease . 

(Kampmeier 1923) 
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Assuming Ka.mpmeie r ' s theory on the nature of the deve l opment 

of po l ycystic kidneys to be the rwst a ccurate , a brief r eview 

of 01,her , previous theories wi ll be given. Vi rchow wns one of 

the first to give an exp l anat ion of po l ycystic kidney dis ease . 

He as cr i be d the condi tion a s being; due to obstr ucti on of the 

tubul e s by ur ic a c id and lime i nfarcts , l ate r modifyi nb the 

theor y by sayinc the.t it was the irr itation of these substa nce s 

during intr auterine li fe , caus ing at res ia and obliteration of the 

c ollecting tubul e s . Th is conclus i on was rea ched part l y by his 

obs e r vation that there was a grea t increas e i n conne c t ive tissue 

in the rena l pyrami ds i n ca s e s of p olycys t ic k i dney . The c on ­

nect i ve tissue found i n cys ti c kidne ys a ctua lly h owever i s fine , 

f i b r il l a r , a:nd ce lls are few i n numbe r , ( Moschowitz 1906 ) , and n ot 

at all like the dense fi br ous tissue f ormed a s the r e s ult of i n ­

f l am:-:i.ati on . Vi rchow, in propound i ng his the ory , whi ch , per haps 

becaus e of h is fa.-:ie , had many fo llowers, had n ot taken i n to c on ­

side r ation that the r a tio of connect i ve tissue and differentia l 

epi the lium is; high i n embr y on i c k i dneys , and that the nor ma l 

r a t ios i n nor mally deve l opi nc k i dneys is not rea ched unt il ne arly 

fu ll t er m. The r efor e , i t apparent l y pas sed unobserved to Vi r ch ow 

t hat the connect i ve t i ssue which he saw via s ve r y embryonal in 

natur e and probably of no patholog i cal s ignificance . 

Uns a tis fie d wi th Virchow' s theor y , Bri gidi and Severi in 

1880 intr oduced a. new t heory. They thought t hat polycystic k i dneys 

were the r e s u lt of new - gr owth format i on and te r med the c ondition 

a multi locula r a.denocyst oma . They r eceived many supporter s of 
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this theory, based on tho obs ervations that there were epi­

thelial sprouts i nt o surrounding tissue , increased number of 

layers of epi the lium and proliferation of epithelium, and 

pseudo - papilliferous forrnati ons in many of the cysts . However , 

it was l ater s hown by Bus se and Dunger that epithelial elenents 

are not increased , but actually r educed in cases of pol ycyst ic 

ki dney disease . They also found that most of the observations 

upon which Bri gid i and Severi based their theory ·we re not sound , 

and that they could be demonstrated in the normally developing 

embry onic kidney. 

An important fact which previous l y had pas s ed unnoticed was 

at t his time brought to light . Why the r;reat incide nce of ap­

parent l y unrela ted co~?;enital :mal format i ons of other parts of 

the body in patients suffering f rom pol ycystic kidney disease? 

Von Muta.ch was the first to sur;gest that the lesion mi :;ht be on 

a non- development or embryona l basis . Shat tock , in 1886 , thought 

the c ondition was due to persistence of the Wolffian body whi ch 

became cystic and in turn caused compress ion and cystic dilatation 

of tho ducts . Hildebrand in 1894 f irst explained the condition 

on an embryological basis , t heorizine; that th-:: re was failure of 

connection between tho secretory and collecting portions of the 

urinary tubules , with the result t hat tho secretory portions be ­

came dilated . ( rrios chowi t z 1906 ) Thus developed the theory that 

the disease was on a congenital basis gained many supporters , 

and is the pr evailing theory today, but the exact nature of th i s 
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naldevelopment was not brought to light until Ka..~pmeicr made 

hi s ve r y f i ne studies in 1923. 

Having developed a satisfactory theory for the origin of 

po l ycystic ki dney disease , and having not i ced the COfil";JOn asso ­

ciation with ot her conge'li t al , inherited anomalies , stress was 

laid on the possible inheritance of the disease . Cairn i n 1925 , 

inves tigated and r eporte d the occurrence of t his condition in 

three s uc ces sive renerations of a family, c omprising a tota l 

of forty-two individuals . In this fa~i iy t he re were definitely 

eight and probably ten , cases of the disease . That would me an 

that at least 19% of the family were afflicted , which considering 

the rarity of the disease, would be too hreat an incidence to 

attribute to c oincidence . On the contrary, it wou l d be much in 

favor of a heredi t ary bas is f or the disease. In addition , Cairn 

subst:J.ntiated h is re port by revie,', i ng the literature on 23 other 

instances whe re polycyst ic ki dney disease occurred more than 

onc e in a fami ly. Six ca ses occurred in a family during three 

gene rations , t otaling sixty indi viduals . In e leven other fami l ies 

the disease could be tra ced through t wo r;enerations . In the 

remaining eleven f amiles , po l ycystic kidney dis ease was pres ent 

in -:nore than one individual of the same r eneration. ( Cairn 1925) 

Cairn doubts t hat ttisolated" cases of the dis ease do occur, 

and s us pects tha t the conditi on is invariably inherited . This 

cannot be defin i te ly proven, but because of the variety of , or 

la.ck of , s ymptoms in many cases v1hi ch go undia.f,!losed , or are in­

cidenta l findings at autopsy , it is quite possib l e that the 
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dis ease was present in pre ceding generations when an "isolated" 

case is reported . The disease is not sex-l inked and no con­

sanbuinity was rec ored in Cairn ' s review. Associated hereditary 

anomalies were a lso found in hi gh incidence in these series of 

ca ses , such a.s hereditary myopia and accessory digits , -e i ther 

in combination vi i th polycystic k idney di sease, or alone . ( Cairn 

1925) Other c ongenital anomalies include hare -lip , cleft pa l ate , 

meningoce le , s pina bifida , and perhaps more si gnificant , other 

local anomalies of the uro - geni ta l tract s uch a s hypos podia , 

atresia , and absence of ureter , double va f, i na , and absence of 

the bladder. There is a ls o fai rly fre quent association with 

congenita l cysts of the liver and pancreas. (:rfoschowitz, 1906 ) 

In 1937 Gordon and Trasof f reported a family in which six 

of seven children showed evidence of rena l disease . Four of the 

six had clinical and radiological evidence of polycystic kidney 

disease . In addition , t he f ather died at the age of forty- tv10 

of ''chr oni c ne phritis" and the mother su f fered several years fro'.'.!1 

an undiagnosed renal disease . It is perhaps si gnificant that the 

parents were related in t his case , being unc le and niece . (Gordon 

a~d Trasof f 1937 ) As sta ted above , the re ports by Cairn wou l d 

indicate that consanguinity was '1ot a predominant factor . It has 

been shown , howeve r, that inbreeding of rats after exposure to 

x- ray , can produce whole litters in which a variety of congenital 

ki dney a'1omalies can be found , varying from pol ycyst ic ki dneys to 

complete absence of kidneys. (Lewis 1946 ) 
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It may be genera lly sa i d that small, isolated cysts of no 

clinical importance can be fm.md in the 1:1ajori ty of adult kid ­

neys , and with a very thorou gh post mor tem examination from a 

l arge number of autopsie s transit i on fo rms ranging f r om true 

pol ycyst ic ki dneys to solitary cysts could be f ound . Onl y the 

true polycystic kidney will be c onsidered . 

The po l ycystic ki dney generally ma i ntains its norma l s hpae , 

wi t h proporti onal i ncreas es in size . Because of the increased 

weight , they ar e usually displaced cauda l ly , and the intestines 

may be forced medially and anteriorly. On gr oss examination , the 

excerna l surface is seen to be studded with r ounded , e levated 

are as , variable si ze , corr e s pondi ng to the underlying cysts 

whi ch on section 6ive the ki dney a honey comb a ppear ance . Be ­

tween t he cysts , variab l y sized areas of nor mal rena l tissue may 

be s een , the amount de pendent on several fa ctors , name l y the extent 

and progress of t he dis ease , the amount of coD..pe!lsatory hype r ­

t r ophy a,1d the port ion of ki dney boinf; examined . Tho gr eatest 

amount of norma l t issue is normally to be found i n the sub­

capsular area . Both the cortex and medulla. are f illed ·wit h cysts 

and it is usual l y Lr.possible to differentiate between the two 

zones . He:rxheimer in 1906 , reported a case i n which there were 

no cysts in the medul l a , and Shaeffe r in 1922 reported a case 

i n. "\'J'.1.ich the cys t s were found at the corti co-medullary junction , 

and no where e lse . Also, in one of Bell' s series of uni l atera l 

cases in a new - born , and in one of his s ubc linical cases • onl y 

one pole of the kidney was f illed wi th cysts . 
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Bell says -::.h:{ t frequent l y the cysts will commun i cate with 

the ca lices , but tr..is is probabl y a secondary c ommunication as 

a result of rupture due t o increasing pressure in the cyst ; a 

primar y communicat i on wou l d not be in a e;reement with the pre ­

vailing theor y of ori~in of the cysts . ( Kampmeier 1923) 

( Boyd 193~ The cys ts are fi lled wit h a wate r y fluid , usually 

' c l ear , but often hi ghl y colored , as a result of hemorrhage . 

Disintegrating bl ood gives a kaleidoscopic picture of color 

var yi ng from red to purpl e to green and yel low. (Smith & Gault 

1938) Occasi onal l y the cysts wi ll be smal l and numerous and 

e; ive the kidney a s pongy texture . 

One of the promi nent microscopic featur es wh ich Rell 

found in his examinations of the kidneys of new- born infants 

with the dis ease is the great increase of interstitial connective 

tissue , which varies f r om loos o areo l ar tissue to dense fibrous 

tissue , :most c ommon in the rJ.edullary area . As the disease pro­

gr essos this tissue boco;nes more prominent and tends to compress 

the glome r uli and tubu l es and undoubted l y plays a l arge part in 

the producti on of symptoms of progressive renal . insuf ficiency. 

Anothe r conspic uous feature is the r eduction of gloTie r u li 

and tubules . Onl y a few collect ing tubu l es can be found in the 

medulla . Normal glomeruli and convoluted tubu l es can usua lly 

be found only in smal l islands in the subcapsu l a r zone . Hyalinized 

g; lomeruli are rare in i nfants ( Bell) , but is a c ommon featu re in 

adults with the disease . (Smi th & Gault 1938 ) In inf ants the 

arteries and a rterioles s how no si gnif icant change s . 
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In Bell ' s series of cases in which death was due to extra ­

renal causes and in which there were only slight , if any renal 

symptoms , certain microscopical feature s were found to be prom­

ient . Normal renal tissue is abundant , with small areas of 

at rophy usually found only between the cysts , which though 

numerous , are small . Arteries and arterioles seem to vary in 

appearance from norma l to t hose found in hypertension . 

In the more i:nportant series of a dult cases in whi ch renal 

symptoms are the prominent findings , the following pathology is 

found . Nonnal renal parenc~yraa is marked ly reduced and interstial 

connective tissue increased . Hyalinization of ·bhe glomeruli is 

promi nent , and tubules are a l; rophic and markedly reduced in 

number , s ometi::,e s being large and. dilated . Ar teries and arter ­

ioles often show marked me dial de r-;eneration and thickening, with 

fibrosi s and narrowing of the lumen . The vas cula r change s are 

often extensive enough per ~ to cause renal damage and prob­

ably play an important role in the progress of the dis ease . 

The cysts the;nselves , which predominate in the gr oss examination 

of the polycysti c kidney, usually do not vary much in micr oscopic 

appearance . The epithelium is low cuboidal , and where pressure 

is gr eat becomes great l y f lattened and re s embles s quamous epi ­

the lium. (Boyd 1938) or endothelium. ( Be ll 1935) 

The arteriole disease in polycysti c kidneys differs from 

that of typical arteriosclerosis , which s hows intimal and sub­

intLual changes , in that her0 the media is affected and the in­

tima is normal . ( Bell 1935) 
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CLINICAL .ASPECTS 

Polycystic ki dney disease is important clincally to both 

physician and surgeon , and has ass umed some importance to the 

obstetrician who may see it in the ne-r1born , where it may be a 

factor , occasionally, in obstructed labors . In fact , one of 

the oarliest accounts of the d is ease was given about 1700 , by 

Li ttre , who described a case which had obstructed labor . 

(Oppenheimer 1934) In another case of a t wenty- four year ol d 

female , t wo pregnancies ended in obstructed and difficult labor , 

as a result of enlargement of the abdomen of the babies . Both 

bab ies died within a few hours after birth, and an autopsy on 

the s econd one revealed pol ycystic ki dney disease . (Denton 

1933) As to its incidence , there are varying reports . In over 

22 , 000 autopsies , Bell found forty- four cases , or a ratio of 

1 - 509 . In anothe r series the ratio was 1 to 1 , 019 autopsies 

and 1 - 3 , 523 cli~ically. ( Braasch & Shacht 1933) Those fig ­

ures are not , however , a true indication of the incidonce of 

the dis ,3ase , as many cases probabl y pass unnoticed whon doath 

is due to other ca.uses . Actually , the condition , though uncom­

mon , is not rare , and should be kept i n mind by the physician 

~hen any case resembling a chronic nephritis presents itself , 

especially when the presenting symptoms a.re pain and hematuria . 

The patient ' s cond i tion may resembl e that of a patient with 

primary arteriosc l erosis (mali gnant hypertension) or one with 

late chronic glomerulonephritis . (Randall 1932) 

- 13 -



Various classif' ic '.i tions of the disease have been m'lde . 

Clinically the disease may be class ified into two main groups : 

those cases which occur in the new- born and those that occur 

in adult l i fe . In the new- bor n f orm, associated conrenital 

anomalies are very common , but are uncommon in the adult type . 

(Hausmann 1940) About t hirty percent of ca ses are found in 

the new- born resulting in stillborn infants or death 1"1ithin 

the f irst years of life . ( Boyd 1938) If the infant survives 

t wo to three years , renal rickets or rena l dwarfism may be pres ­

ent . (Hausmann 1940) The other group is t he r emaining sixty to 

seventy percent of cases which occur in adu l t life , with the 

age of forty being ths average a ge of onset of s ymptoms . (Osler 

1944) In Bell's r evi ew of fo rty- four cases , he found that four 

cases were unilateral , seven cases were subclinica l and t h irty­

three cases we r e advanced t ypica l bilatera l polycyst ic kidney 

disease . Of these four cas es , eight cas es were in stillborn 

infant s and another six cases in infants under six mont hs . The 

remai ning thirty cases were in individuals over one year of age , 

with very fev-J cases in the s pan of years f rom in.fancy to adult 

li fe , and the greatest percentage of casos bec oming manifest 

durini; the fifth decade . 3ell made the fo llowing class ifice,t ion 

of cysti c kidney disease . 

I. Cystic Disease (True polycystic kidneys . 

A. 3ilate ral cystic dis eas e . 
(Lar ge ki dneys 

1. Clinica l (Normal sized kidneys . 
(Hypoplastic ki dneys . 
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2. Subclinical. 

B. Unilateral cystic disease . 

1 . Large kidney. 

2. Hypoplastic kidney. 

3 . Partial cystic degeneration. 

II . Lar ge solitary cysts . 

III. Multiple small cysts associated 1tith contracted 

kid:J.eys . 

Only true polycystic kidneys wi ll be c ons idered in this 

paper . 

Tow , in 1925, reported that in children there is a triad 

of symptoms, plus frequent association with other congenital 

anomalies . This triad is , (1) bilateral a bdominal tumors f rom 

birth; (2) signs of chronic nephrit is; (3) enlarged heart . 

( Tow 192$ In the adult form the symptoms are quite variable, 

as wi ll be seen later . One i nvestigator divides the adult dis ­

ease into three forms : (1) the uremic form, in w~ich signs of 

uremia are present and the patient i s usually in extremis . 

Death wi ll most likely occur in e i ght to t wenty- eight days ; 

(2) Bri ght ' s f orm, in which the patient has t yp ica l symptoms of 

chronic 6 lomoru lar nephritis a:Qd v1i ll probably live for many 

yea.rs , and , (3) the surgical form. In this last form pain and 

heraaturia are the prominent symptoms and great r e lie f may be ob ­

tained from surgical procedures . The average length of life 

after symptoms appear in this type is about three years . ( Randall 

1 93q 
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In Oppenheimer ' s series of cases ( Oppenhe ime r 1932) in whi ch 

sixty cases were reviewed between the years 1911 to 1932 , four ­

teen came to post mortem and offered ample mate rial for examin­

ation. One of these was in a new- born , six months old , which 

died following a nine day illness in which the symptoms were 

those of nasopharyngit is and pneu:n.oni a . Post mortem examination 

revealed polycystic kidneys , a s well as left ventricular hyper ­

trophy and fatty infiltration of the liver . The remainine; fifty­

nine cases were of the adult type . 'l'hirty sevea of tho pationt s 

we re malos , and t wenty- two were females . This sho':-is a predomin-

ance of male patients , but this finding has not been substantiated 

by the investigations of other series of cases . ( Be ll 1935) 

(Braasch and Schacht 1933) The age of the majority of patients 

v1hen first seen ranged f r om thirty - five to fifty- five , the 

average age being forty- one and o~e -half years . The probab le 

explanation for the rarity of cases between newborn and adult 

periods of life is that there is a large mar gin of safety a s 

regards functional renal tissue , and a co:::isiderable a:nount of 

destruction must occur before renal symptoms appear . (Oppenheir:1e r 

1934) There is also the poss i bility that hypertrophy of renal 

tissue during youth and e arly adult li fe provides the necessary 

amount of renal t is sue to maintain normal funct ion . (Bell 1935) 

The ae;e group in Oppenheimer ' s series was as follows : 

Age 

1 - 19 yrs 
10 - 19 yrs 
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Age No . of Cases 

20 - 29 yrs 2 

30 - 39 yrs 14 

40 - 49 yrs 17 

50 - 59 yrs 18 

60 - 69 yrs 8 -
Total 59 

At the time Oppenheimer made his review , twenty- six of the 

f ifty- nino patients were kno,m to be dead , with the average ar;e 

at death being fifty years . The earliost death was at the age 

of twenty- six years , and the l atest death was at the age of 

sixty- eight years . 

Of this group there were no unilateral pol;ycystic ki dneys , 

but Oppenheimer reviewed two cases in which microscopic exam­

ination of both kidneys revealed only unilateral involvement . 

Six of the cases we re discovered accidentally, at operation , at 

post mortem, or on the finding of a s ymptomless mass in the abdo ­

men . ·1hirteen cases had signs of hypertensive cardio- re!l.al dis­

ease and seven cases wera su['-;gest ive of renal neoplasm. I"ifteen 

cases showed frank signs of po l ycystic disease , and the others 

had signs of pye lonephr itis , hydronephrosis , or vaf>ue abdomina l 

symptons a s vor...i ting, distress , constipation or distention . 

Fine ce.ses had s ymptoms , signs and x-ray evidence of renal calculi . 

The common symptoms in this group were loin pain, abdominal 

pain , hematuria , nocturia , 1Ne i 6ht loss , vomiting; , and ,tumor ma ss 

in the abdomen . Both kidneys were enlarged and palpab le in thirty­
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nine ca ses , one k idney only in ten cases , and neither ki dney en­

l a r ged and pa l pa."ble in f i f teen ca ses , and the heart was enlurged 

in n i neteen cases . i' ourteen ca s e s showe d peripheral arterio ­

sclerosis. 'l'he fo llowi ng b lood pressure changes were re corded : 

200 r.un Hg Systolic pre ss ure or over 13 case s 

160 - 200 mm Hg Sys tolic pre ssure 16 cas e s 

140 - 160 mm H:g Systolic pre ssure 9 cases 

120 - 140 mm Hr; Syst ol ic pre ssure 5 cas e s 

100 - 200 rmn Hg Systolic p"e ssure 6 case s 

Not r ecorded 10 case s 

The h i ghest reading was 272/112 , and in re l ation to age , 

t wenty- eight cases showed hypertension . By correlatin~ blood 

pr essure vii th rena l function tests, Oppenheimer was abl e to con­

clu.le that hypertension was associated with impa i rment of rena l 

function and vice versa , except in · cases where cardiac fai l ure 

or vascular collaps e \'18.S present . 

In s ixteen cases wi th renal insutfic i ency , fourteen s howe d 

anemia with an ave rage hemoglobin of 63;~ . The caus e of the 

anemia may be a d isturbance in hematopoe isis (Oppenheime r - after 

Brown and Roth 1934) , or to the hematuritl. which i s so coITL"!loD. in 

polycyst ic k i dney di s ease . (Hausmann 1940) Fifteen ca ses we re 

diagnosed by retroerade pye logr aphy , and three cases b;;,r exretion 

pye lo graphy. 

Braa sch and Schacht , in 1933 , r eviewed 193 patients which 

came under observation at the Mayo Clinic . Of these cases , eighty­

f ive had been operated on f or renal complications occurring with 

- 18 -



p olycystic kidney disease , or had been ope rated on f or ot h e r ab­

dominal pathology, and w11ose c o!ld ition was d iscovere d e.t tha t 

tirre . Necrops y records we re availab l e i n nine cases , and surr, ical 

records and specimens were available in ten cases . 

Braasch and Schacht found a r:mch lowe r incidence of the 

disease than did Bell (see above) . They fovnd tha t if s ympt oms 

d id not a ppear in infa cy , they were withheld until the third 

decade , or more commonly unti l the f ourth or fifth decade . 

Forty- six percent of their series v01as in t h is age group and they 

found that s ympto!!lS may not oc cur unti l the sixth or seventh decade, 

their oldest patient being si xty-nine years old before s ymptoms 

appeared . 

Of s'eventy- four patients r eported dead , t hirty percent died. 

within two years of the o_nset of symptoms . Fi fteen percent died 

1ni thin t wo to four years and the remaining fift y - five pe rcent 

lived f i v::i to t wenty years with t wo e xceptjons; one ps t i ent live d 

twenty- thre e years, and a n othe r lived thirty- six year s . The life 

expectancy depends lar e:ely on the amount of fu..YJ.ctioning renal 

tissue , which in this disease depends on the number and size of 

the cysts , and the pressv.re exerted by thorn on s urround i n1:.; tir, s ue . 

Braasch and Schacht f ound th~'lt the s yrr.p toms we :;:·e quite var ­

iable . They may be gr adua l in onset , or vory sudden , \"J i th rapid 

devo l opment of uremia and ea rly death . A cerebra. l v ascular ac ­

cide!lt may be the first indic3tion of diseas e , or the pat font may 

have progressive sig!ls of hyperte nsion. Cardiac decompensation 

with dyspnea and edema occasi onally occurs . Weakness , malaise 
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headache , and gastric distress are very frequent findings . 

Of the subjective symptoms in this s e ries of cases , pain 

was present in a l a r ge number • va r ying from a dull a che to a 

severe pain in the lumbar or lateral abdominal regions . Gros s 

hematuria was found in sixty- six of the patients and was found 

to be brought on frequently by exercise . Licroscopic hematuria 

W:J. S present in eig!l.ty-five patients . In fifteen percent of the 

patients dysuria and po l yur ia were present . Nausea and vomit ­

ing occurred i n f ifty cases , a!'ld loss of we i ght was present in 

one hundred fifteen cases . Profound weakness was present in 

forty cases . These investigators found a correlation between 

cases with a poor prognosis and the extend of weaknes s and 

we i r ht loss . 

Objective findings revealed bilateral kidney e~largement 

in one hundred fifty one cases . Unilateral enlargement oc ­

curred in thirty cases , and no enlargement in twelve cases . It 

was usual to find one kidney larger than the other . The largest 

l::idney which they observed was found to wei€;h 7 , 284 . 0 gm . The 

normal kidney we i cht is 115 . 0 to 170 . 0 gm. ( Gray ' s Anatomay 

194z 

There was a definite association between polycystic kidney 

disease and hypertension . Tho avera ge age of this group was 

forty- three years , and considering a blood pressure over 145 

mm. Hg. systolic and 90 :mm Hg diastolic , a s an indication of 

hypertension , s.ixty- one percent were f ound to be hypertensive . 

Of the patients reported dead seventy- one percent had hypertension 
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and a. c ontrol group made up of patients of same age and sex who 

had pye lonephr i tis, had only twenty- six percent hypertonsi ve s • 

Fi f t y- two percent of the pat ients dead and who had hypertension 

were under fifty years of ar;e . Fi f t y - seven per cent of the en­

ti re gr oup showed re tinal sclerosis or r 9tini t is , or both . 

In fifty- s ix pe r cent of the patient s, the hemoglobin was 

below 70 ,'~ of normal , and in forty- t wo percent of the cas es 

the erythr ocyte count was be low 4 , 000 , 000. Forty percent s h owed 

a urine spec ific gr avi ty below 1.010 , and albumin in sma l l amount s 

was found in one hundred-ei ghty pat i ents . El even percent had 

cas t s , and pus ce lls were present in ninety- four pe rcent . Blood 

urea was e l evat ed in the majority . of cases , sometimes over 200 mgm ~~ . 

Normal is 12 - 15 m&;m %. (:Kracke - Parker 1940) , and r ena l fun c­

tion wa s i mpa ired i n sixty- s:even pe rcent a s determined by dye 

excretion tests . ( Braasch and Schacht 1933) 

In 1943 , Yardumian and Acke r man re ported on ten cas es rang­

ing i !l a ge f r om ne1a- born to ol d a ge . Of these I three pr esent ed 

signs of ki dney pathology which apparently was precipitated by 

an upper respi.catory infecti on . Fi ve had comp l aints of hype r ­

t ension . One case had signs of rena l i nsufficiency anr1 another 

had as the present ing symptom, an abdomi!l.e.l mass . Physica l exam­

i nat i on r evealed a bdc-ninal raasses in f ive of th0 ten cas es ; t wo 

bilatera l and three u!lilat eral. No gross hema.turia was obs erved 

but the ur i ne was usua lly loaded with pus cells . Seven of the 

pat ionts were anemi c . Five of the ten case s died of u renia, in 

addition to one new - born which di ed four h ours afte r birth . The 

dia ~nosis was c o~firmed by pye lography i n ei sht of t he ten cases . 
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( Vardumian and Ackermann 1943) 

Another case we. s reported in which the patient died f rom 

cerebral hemorrhae;e , associated with arteriosclerosis and hyper ­

tension . Polycystic kidney d isease and a cystic liver were found 

at autopsy . ( Oosting 1944) 

The diagnos is of polycystic kidney d isease is usually not 

difficult . I he presenting symptoms. of pain, hematuria , abdomina l 

nass , and si r ns of renal insuffic iency should l ead one to s uspect 

the conditio:2, espe cially when bi l ateral masses a re present . 

Polycystic k i dney disease is about the only condition which wi ll 

~- ive bihtera l renal enlargement . (Piersol 1928) .Any case of 

chronic nephrit is s hou l d be considered as a possible cas e of 

pol ycystic k idney disease . (Randall 1932) Oc cas ionally the diae; ­

n osis may be obscure ann the c. isoase has been called the " great 

imitator of renal diseases " . (Dooley 1940) In one case symptoms 

were p,·esent for b 0,e l ve years before a d iag:ri.osis was made . 

( Berardi 19~4) It is therefore p ossible that the diagnos is may be 

di r fi cu lt to make unless the disease is fairly 1r.;e ll advanced and 

destruct ion of renal tissue extensive . '.1'he main differential 

diagnosis is fron tumors of the kidney, and from other renal 

patholo6y such as hydronephrosis, the l ate stages of [ lomerul o­

nephri tis , and from other forms of cysts vvhich may be due to 

occlusion of tubules as a result of i!1fection . ( Lazarus 1937) 

One of the greatest aids in the diagnosis of polycyst ic kid­

~ey disease has been the use of x - ray. A characteristic a ppear a~ce 

can be found in the majority of cases . Lobulation of the kidney 
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outline can usua lly bo observed in a plain fi lm. A more char ­

acteristic and definite picture is obtained by use of intra­

venous or retrograde pyelography. Various distort ion of the 

re na l pe l vis can be observed , there be ing general enla.rg:ement 

v: i th lengthening and compression . Clear cut crescentic inden­

tations in the pe lvis as the r esult of projection of adjacent 

cysts , is the usual find ing , and is pathognomonic of pol ycystic 

kidney diseas e . Bilateral findings are alnost invar i ably present , 

and differentiate the cond ition from a neop lasm. (Shanks , Ker ley 

and Twining 1938) Rena l funct i on is usually sufficient to out ­

line the k i dney architectur e when pyo l ography is used . Otherwise 

retrograde pye lography must be us od . An accurate dia;::.nos is in 

z, 

the living patient depends almost entirely on pye l ography. (Fillmore 

1946) 

The t r eatment of polycystic kidney disease is divided into 

medical and surgical forms of treatment . In general , medica l 

tre a tment is the most important and con~ists of careful manar;e ­

ment of tho patient ' s fo od and 'rnter intake , and regulation of 

habits 1 similar t o patients with chronic nephrit is . (Lewis 1946 ) 

Sur gi ca l tre atment shoul d be reserved onlr for the complicat ions 

of the disease , in whi ch case it :may be used to great advanta ge . 

.Among the surgical procedu r es used are Rovs ing's mu l tipl e puncture , 

decapsulati on , and in rare cases , nephrectnmy. 'l'he f irst nephrec ­

t omy for pol ycystic :ddney dis ease 7"'a s do:>1e by Dardenhour in 

1882 , and in 1911, Rovsing developed the technique of nru ltiple 
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puncture of the cysts • a procedure w:uch is still wide ly used . 

(Ezickson 1936) He phrotomy or ureterolithotomy may be required 

in cases with calculus . ( Lazarus 1 937) 

The indications for sur r;e ry are • ( 1) severe hemorrha[;e ; 

(2 ) pain ; (3) infection ; (4) calculus; and (5) impending uremia . 

(Ezickson 1936) The causes of the comp].cations of po l ycyst ic 

kidney d isease are due to inter fe rence with norma l drainage from 

pressure of the cysts on surrounding parenchyma , or on the ureter; 

and to increased pressure within the cysts ~hich causes pain and 

expose s the blood vessels to laceration . 

Calculi are best treated surgically because of the danger 

of infection with repeated cystoscopic manipulati on . '.I'h e stone 

may be smal l enomth to pass spontaneously. Infect i on is usually 

of the infected hydronephrosis or pyonephrosis type and when a 

badly infected kidney is present , ne phrectomy may have to be 

resorted to in order to save the patient 'slif e . Hemorrhac e is 

9. cornL1.on conplication and when extensive , is an indic;;~ tion for 

nephrectomy . It can usually be control l ed h owever , by conser ­

vativ'3 measures , such as re s t and transfusions . ror pain, 

decapsulation and Rovsing ' s mu ltiple punctures are the usua l 

procedures of choice . Impending uremia may be thi':arted by punc ­

ture of the cysts and relief of tension . (Lazarus 1937) 

It has generally been decided that nephrectomy will bring 

out the dis 0ase in the remaining kidney. (Lazarus 1937) It is 

obvious , hon ever , that in defi n itely unilateral disease , nephre c ­

tomy wou l d effect a complete cure . Several such cases have been 

described in which recovery was apparently complete . ( Ra.vi ch 1937) 
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(Wakely 1930) At a.ny rate , it is the best procedure to be more 

conservative in the vast ~ajority of cases . A nephrectomy should 

onl y be done when there is an extreme emergency, as in persistent 

suppuration or uncontrollable hematuria . (Oppenhe imer 1934) 

Low and Croa.kley in 1944 said that surgery of any kind during 

the hst decade wou ld l ead to dis aste r . ( Low &. Croakley 1944) 

As the dis oase pr oe;resses , hem.aturia becomes a predoninant 

svmptor.1 . l{.enal parenchyma bec omes more and more destroyed and 

re.nal function decreases . Nitrogenous products accumulate in 

the blood stream with eventual development of uremia , coma , and 

death , which is the ultimate fate of all patients with the 

disease unless they die sooner of another cause . (Low & Croakley 

1944) 
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COHCLUS IONS 

Fr om this study of polycystic ki dney di s ease , it is possible 

to draw a ru.mber of conclusions . 

1 . The disease is defini te ly con6enita l in origin , and i s 

the r esult of fa ilure of dis appearance of normal ly 

developing cysts in the embryonic kidney. 

2 . Thore is a strong heredi ta.ry tendency and the disease 

can definitely be traced through several generations 

in a family. It cannot be sta ted that it is i nvar iably 

inherited • 

3. There is a frequent association. with ot her congenita l 

and inherited anomalies . 

4 . The dis.ease almost invariably involves both kidneys 11 

but one k idney may be involved to a much creater exte.nt 

than the other . Undoubtedly , unilateral cases do occur 

and several have been reporte d . 

5 . The dis i,ase 0ener-ally appears i n two age groups , name ly, 

infancy and in adults , with but few cases in the years 

between the two age groups . 

6·. Symptoms are vari able , and depend largely on the extent 

of des truction of rena l parenchyrna . The dis ease often 

presents s ymptoms of chronic nephritis . Other common 

symptoms are hematuria , pain, gastric disturbances . 

Ki dney enlargement , unilatera l or bi latera l J is one 

of the commone s t findings . Renal function is defini t ely 
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impaired as determined by renal function tests, and 

there is a fair l y cons tant association with hyper -

tens ion. 

7 . Diagnos is is usually easy but at times may be difficult . 

The n ost f re cuent differential diagnosis must be made 

between neoplasm and chronic nephriti s . Pyelography 

is one of the most valuable aids to diagnosis . 

8 . Tre atment is necessar ily medical , except for certain 

complcations , as uncontrollable hematuria , infection , 

pa in , calculus , or impending ure!!lia where surgery must 

be used . Procedures most commonly employed are rtovsing ' s 

multiple puncture , decapsulati on , and pyelotomy or 

ureteroli thotomy for c1:t lculus . Nephrectomy is reserved 

only f or rare cases where it may prove lifo saving. 

Nephroctomy almost always results in development of the 

diseas e in the .remainine k idney. 

9. The prognosis is invariab ly poor , as this is a progres ­

sive disease , and ultimatelY,pressure of the 

cysts and destruction of renal tissue leade to renal 

insufficiency. 
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