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Abstract. Renal cysts are relatively common. They
may be single, multiple, or innumerable, cortical
or medullary. Most renal cysts are spherical, thin-
walled, epithelial-lined structures that contain
fluid with features of a plasma ultrafiltrate.
A clinically useful classification must include
characteristics such as age of onset, family history
and association with extrarenal lesions, as well as
morphologic parameters. Renal dysplasia is dis-
turbed renal histogenesis, either syndromic or
non-syndromic, which usually gives rise to mor-
phologically characteristic renal cysts. Two im-
portant and distinctive familial forms of renal
polycystic disease occur. Autosomal dominant
polycystic disease characteristically becomes
manifest in adulthood but is becoming increas-
ingly diagnosed in young individuals. Autosomal
recessive infantile polycystic disease has compliex
relationships with “congenital hepatic fibrosis”.
Other cystic renal lesions are less common in
young patients, but their occurrence in associ-
ation with other abnormalities provokes specula-
tion regarding pathogenesis.
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cystic renal disease — Autosomal dominant (adult)
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Acquired renal cystic disease

Introduction

Renal cysts are relatively common lesions. They
may be solitary, multiple or innumerable, cortical
or medullary, familial or sporadic, associated

with extrarenal lesions or not, and may become
recognized at any age.

Morphologically, renal cysts are usually rela-
tively simple lesions: spherical, thin-walled, lined
by non-specific simple epithelium and containing
fluid with chemical features of an ultrafiltrate of
plasma. Consideration of many other attributes,
epidemiologic, demographic, genetic, clinical,
and phenomenologic as well as conventional or
more sophisticated morphology, currently makes
possible a system of classification that has predic-
tive features. The proposed system of classifica-
tion (Table 1) has evolved over decades, {1, 2] and
is in essential agreement with classifications pro-
posed by friends and colleagues interested in the
problem [3, 4]. In the interest of brevity, the classi-
fication does not include extra-parenchymal or
non-parenchymal cystic lesions in the region of
the kidney: hemangiomas, lymphangiomas, caly-
ceal diverticula, teratodermoid cysts and endome-

Table 1. Classification of renal cysts

I. Renal cystic dysplasia:
A. Multicystic kidney (total renal dysplasia)
B. Cystic dysplasia with urinary tract obstruction
C. Segmental dysplasia (with ectopic ureterocele)
D. Diffuse cystic dysplasia (with teratogenic
syndrome and non-syndromal)

I1. Polycystic renal disease:
Autosomal recessive polycystic disease (ARPD)
Autosomal dominant polycystic disease (ADPD)

I1I. Glomerulocystic renal disease

IV. Medullary renal cysts:
A. Medullary sponge kidney
B. Medullary cystic disease

V. Simple renal cysts and multilocular cystic nephroma
VI. Acquired renal cycstic disease
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Fig. 1 A, B. Photomicrographs of renal dysplasia. A dilated structure lined by columnar epithelium is surrounded by a cuff of
undifferentiated spindle cells (A). A spicule of hyaline cartilage is present in the renal interstitium (B)

triosis. Importantly, systematic terminology
should be relatively unambiguous, relatively inde-
pendent of methodology, and relatively adaptable
to modification as new knowledge is acquired.

Renal dysplasia

The commonest renal cystic disorder in pediatric
patients is renal dysplasia, a disturbance in renal
ontogeny that results in the presence of structures
not present during normal nephrogenesis. These
structures include: (1) lobular congeries of coiled
epithelial structures lined by low cuboidal hyper-
chromatic cells surrounded by (2) cuffs or mantles
of immature spindle cells, (3) dilated epithelial
structures lined by tall cuboidal or columnar, oc-
casional secretory cells, and (4) dysontogenic
tissue in the interstitium including fat, hemato-
poietic tissue, disorderly blood vessels, and most
typically spicules of hyaline cartilage which can
be found in approximately a third of dysplastic
kidneys (Fig. 1).

Microdissection of dysplastic kidneys shows
that any component of the nephron may undergo
cystic distilation, even glomeruli. Potter [5] at-
tributes renal dysplasia (her type 2 cystic disease)
to disordered ampullary function. Variations in
gross and microscopic configuration presumably
result from differences in the time during nephro-
genesis when ampullary function becomes de-
ranged.

Defined by microscopic features, renal dyspla-
sia occurs in several phenomenologically defined
forms (Table 1). In the commonest of these, multi-
cystic renal dysplasia (which we have termed
“total renal dysplasia”), one (rarely both) kidney,
or perhaps better “renal masses” since they do not
look like or function like kidneys, presents as a
disorderly aggregate of variable-sized epithelial-
lined structures loosely aggregated by flimsy grey-
white connective tissue (Fig. 2). The multicystic
dysplastic kidney is not only the commonest cys-
tic renal lesion in pediatric patients, but is the
commonest abdominal mass in newborn infants.
The urether which subserves the dysplastic mass is
practically always abnormal, either absent, dis-
continuous or atretic. The dogma is that normally
differentiated nephrons are not present in a multi-
cystic (“totally”) dysplastic kidney as one would
expect if the ureteric bud was congenitally absent.
This, of course varies depending upon when the
ureteric bud becomes abnormal. Occasional nor-
mally differentiated nephrons may be found in
multicystic kidneys.

The contralateral kidney is usually normal ex-
cept for compensatory hypertrophy. Kidneys con-
tralateral to multicystic dysplastic kidneys are
slightly more disposed to positional or rotational
anomalies or to minor degrees of ureteropelvic
stenosis than are kidneys whose opposite number
is normal [6, 7]. In spite of this fact, if a kidney



Fig. 2. Gross photograph of a multicystic dysplastic kidney.
The renal mass consists of variably sized cysts with no grossly
recognizable renal parenchyma

contralateral to a multicystic dysplastic kidney is
found by relatively simple studies (intravenous
urography or ultrasound) to be normal, its prog-
nosis for continuing function is excellent. Particu-
larly, it can be stated with great confidence that it
will not become cystic. There are very rare reports
of multicystic dysplastic kidneys serving as a
source of sepsis, associated with hypertension, or
coming to harbor tumors [8].

Disorders of other organ systems are impor-
tantly but not invariably associated with multicys-
tic renal dysplasia. They include esophogeal or
other gastrointestinal atresia, impaired cardiac
septation, either atrial or ventricular, and dis-
turbed neural tubularization such as lumber me-
ningomyelocele. These associations are manifesta-
tions of the biogenic law that states that the asso-
ciation of malformations correlates with the time
during ontogeny at which an insult occurs rather
than with the nature of that hypothetical insult.

We have seen multicystic dysplastic kidneys in
siblings and in twins (and also in one of identical
twins), but this appears to be coincidental occur-
rence of a relatively common malformation. For
purposes of genetic counselling, typical examples
of multicystic renal dysplasia can be regarded as
sporadic. Some reservations attend the very un-
common bilateral examples which may conceiv-
ably represent variable expressions of pleomor-
phic hereditary syndromes or “private” syn-
dromes.

Microscopic features of renal dysplasia are
common in congenitally obstructed kidneys. The
obstructing lesion is usually bilateral, with ure-
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Table 2. Types of renal dysplasia

1. Multicystic (total) renal dysplasia

II. Obstructive renal dysplasia:
A. Associated with lower tract obstruction
B. Segmental renal dysplasia (with ectopic
ureterocele)

III. Diffuse renal dysplasia, syndromal and non-syndromal

thral valves or urethral atresia, or associated with
the “prune belly syndrome.” Potter [5] designates
this association as her type 4 cystic disease, but
her nephron dissections and diagrammatic repre-
sentation of the abnormality do not differe quali-
tatively from her type 2 cystic disease. We regard
what we call “obstructive dysplasia” as constitut-
ing bilateral, if asymmetric, examples of renal
dysplasia of which the cause, obstruction during
nephrogenesis, is known.

A more narrowly specific and provocative ex-
ample of “obstructive dysplasia” is the very fre-
quent presence of dysplastic microscopic features
in the (almost invariably cephalic) atrophic pole
of a kidney served by a duplicated collecting sys-
tem that terminates in an ectopic ureterocele [2].
This sporadic lesion has characteristic epidemiol-
ogy (predominance in girls) and clinical manifes-
tations (wetness between episodes of normal void-
ing). It should be emphasized that the presence of
dysplastic features in the atrophic segment of kid-
ney drained via an ectopic ureterocele does not
contribute to the clinical features of the syn-
drome, rather they are an interesting association
of renal dysplasia occurring following obstruction
during nephrogenesis.

Microscopic features of dysplasia constitute
the renal lesion of many multisystem syndromes
(Table 2), most commonly autosomal recessive in
their inheritance, [2, 9] less commonly associated
with aneuploidies, especially trisomy 13 [10, 11].
These associations therefore differ from the more
common sporadic expressions of renal dysplasia
in that they are genetically, or if not classically
mendelian, at least chromosomally mediated. It
should be emphasized that with some exceptions
such as the Meckel-Gruber syndrome and its vari-
ants, renal participation in these syndromes is not
clinically or functionally predominant but con-
stitutes important “trademarks” of the syndromes.
Often the predominant morphologic expression
of the renal involvement is the presence of rows
of ectatic glomeruli beneath the renal capsule.

The ectatic glomeruli associated with terato-
logic syndromes are encompassed in cuffs of vari-
ably differentiated spindle cells. Lobules of dys-
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plastic tissue are usually present in deeper por-
tions of the kidneys. Table 2 cites only a few syn-
dromes with which renal cysts may be associated
[12-15].

Renal lesions are important components of a
few autosomal dominant hereditary syndromes,
notably tuberous sclerosis and the von Hippel-
Lindau syndrome, less significantly von Reckling-
hausen’s neurofibromatosis. These renal lesions
are not necessarily “dysplastic” as defined above.

The most readily recognized renal lesion in
tuberous sclerosis is the angiomyolipoma, a ha-
martomatous aggregate of fat-filled cells, vascular
smooth muscle cells and epithelial-lined struc-
tures. Angiomyolypomas may be found as incon-
sequential lesions at autopsy and, if multiple, this
should raise the possibility of tuberous sclerosis.
More specific is the presence of ectatic or cysti-
cally dilated tubular segments lined by tall, hyper-
granulated ceils [16, 17]. Tubular proliferative
lesions occur, varying from tubular adenomas to
frank renal cell adenocarcinomas. Renal cysts
may diffusely involve the kidney in tuberous scle-
rosis and may invite confusion with precociously
expressed autosomal dominant (adult) polycystic
renal disease [18, 19].

Tubular ectasias and proliferative lesions
occur in the von Hippel-Lindau syndrome. These
vary from tubular cysts to renal cell adenocarci-
noma [20]. The renal lesion of von Reckling-
hausen’s neurofibromatosis is the occasional oc-
currence of periarterial neurofibromatosis, which
may give rise to renovascular hypertension.

Polycystic renal diseases

Polycystic renal disease has come to be defined as
an hereditofamilial disorder in which functionally
significant portions of renal parenchyma become
converted into epithelial-lined ectatic spaces. Two
forms are currently recognized (Table 3). They
differ in mode of inheritance, morphology and as-
sociated abnormalities. Paradoxically, the distinc-
tion between the two forms has been recently
blurred in regard to perhaps the most basic dif-
ference, namely the age at clinical recognition.

Autosomal recessive polycystic disease

Autosomal recessive polycystic disease (ARPD)
was formerly called infantile polycystic disease.
The current designation embodies the recognition
of its genetic mechanism and also the variable age
at which the disease becomes clinically recog-
nized.

Fig. 3. Gross photograph of autosomal recessive polycystic
kidneys from a newborn infant. The surface is smooth and
studded with minute opalescent dots. The cut surface is
radially traversed by fusiform ectatic spores

The kidneys in ARPD are greatly enlarged but
are smooth and reniform. The collecting systems
are normal. The capsular surfaces of the kidneys
are uniformly studded by minute opalescent dots
which, on the cut surface, can be recognized as
the capsular extent of innumerable cylindrical or
fusiform ectatic spaces (Fig. 3). Microscopically
these spaces can be recognized as dilated collect-
ing ducts. Between these are wedges of normally
differentiated nephrons (Fig. 4). Microdissection

Table 3. Renal cysts associated with teratogenic syndromes

I. Cystic dysplasia associated with autosomal
recessive syndromes:
A. Meckel-Gruber syndrome and variants
(Miranda-Feingold, Dandy-Walker, etc.)

. Orofacial digital syndrome
. Zellweger cerebro-hepato-renal syndrome
. Short limb polydactyly syndromes
. Jeune asphyxiating thoracic dystrophy
Miscellaneous

mmgow

II. Cystic (and other renal lesions) associated with
autosomal dominant disorders:
A. Tuberous sclerosis
B. von Hippel-Lindau syndrome
C. von Recklinghausen’s neurofibromatosis

III. Cystic lesions associated with aneuploidies:
A. Trisomy 13 and trisomy 18
B. Turner syndrome




Fig. 4. Photomicrograph of an autosomal recessive polycystic
kidney. The ectatic spaces are collecting ducts

[5] and scanning electron microscopy confirm the
identification of the ectatic spaces and show that
obstruction of urinary flow is not a component of
ARPD.

Every case of ARPD has an abnormality of
the liver that consists of compressed disc-shaped
dilation of periportal biliary ductules [9, 21].
Widespread intrahepatic and extrahepatic dila-
tion of bile ducts is referred to as Caroli disease
[22]. Congenital anomalies of other organ systems
are distinctly uncommon [22].

About half of the individuals with ARPD are
stillborn or die in the perinatal period, usually of
pulmonary insufficiency. Prolonged survival is
accompanied by severe hypertension and conges-
tive heart failure. Occasional survival into the
thirties occurs. In long survivors, hepatic involve-
ment leads to portal venous hypertension and its
complications, bleeding from esopogheal varices
and intractable ascites. The suggestion that the
variable age expression of ARPD is genetically
mediated [23] is certainly an over-simplification
[24). The heterogeneous syndrome of congenital
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hepatic fibrosis (CHD) includes not only rare ex-
amples of long survivors of ARPD, but cases with
a few spherical epithelial-lined renal cysts, not re-
sembling the renal lesion of ARPD and clinically
silent, and many cases in which the kidneys are
normal [25].

Autosomal dominant polycystic disease

Autosomal dominant polycystic disease (ADPD)
is more common than ARPD and is a cause of
progressive renal failure well recognized by inter-
nists, nephrologists and pathologists. An in-
cidence of perhaps one case among a thousand
hospitalized patients is a useful approximation.
Until recently most cases of ADPD remained un-
recognized until about the age of 40 years when
bilateral flank masses, hypertension or radio-
graphic studies led to the diagnosis. Survival
thereafter was measured by years and, unless pro-
longed by dialysis or transplantation, the average
age at death was about 50 years. The occurrence
of progressive renal disease in siblings, parents,
grandparents, aunts, and uncles is typical [26].

About a third of cases with ADPD have one or
a few epithelial-lined cysts of the liver. Unless life
is prolonged by dialysis or transplantation, these
are almost always clinically unimportant. Cysts
occur less commonly in other organs. More im-
portant is the association of ADPD and cerebral
arterial aneurysm. About 15% of cases of ADPD
die of subarachnoid hemorrhage from a ruptured
arterial aneurysm. About 3% of cases of ruptured
arterial cerebral aneurysms are in patients with
ADPD, sometimes as an initial manifestation.

The kidneys in ADPD are enormous, each
often weighing 2000 g or more in an adult. The
parenchyma is studded throughout cortex and
medulla with spherical cysts relatively uniform in
size, a few centimeters in diameter (Fig. 5). Unless
altered by hemorrhage, the content of the cysts is
a thin clear straw-colored fluid.

Microscopically, cysts in ADPD are usually
lined by simple cuboidal epithelium occasionally
characteristic of specific segments of the nephron
[5]. Microdissection verifies that the cysts arise
from any segment of the nephron. In fact, the
cysts in ADPD are not sequestra but are localized
eccentric diverticula that retain communication
with nephrons. Micropuncture studies have
shown that the cysts resorb glucose and secrete
urea [27].

Although involvement of the two kidneys may
be asynchronous or assymetric, the disorder is in-
trinsically bilateral. Rare apparently unilateral
cases are not understood [28, 29].
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Fig. 5 A, B. Gross photographs of autosomal dominant poly-
cystic kidneys from an adult. The surface is bossellated and
the cut surface displays innumerable spherical relatively uni-
formly sized cysts throughout the cortex and medulla

The question of the early renal morphology in
patients destined to manifest ADPD in middle life
has been mooted for generations. Recently non-
invasive studies of members of families with
ADPD or surveillance of family members for po-
tential renal donation has partially answered this
question. Renal cysts have been recognized in rel-
atives of patients with ADPD in childhood, in-
fancy, and even in fetuses in utero [30, 31]. The
genetic locus has recently been assigned to auto-
some 16 [32]. There have, however, been cases of
phenotypically typical ADPD which have not
been attributable to an abnormal gene on the 16th
autosome [33].

Glomerulocystic disease

Glomerulocystic disease designates cases of wide-
spread cystic ectasia of renal glomeruli. As de-
scribed above, cystic dilatation of renal glomeruli
is a component of renal dysplasia. Glomeruli par-
ticipate in the dilatation of elements of the neph-
ron in ADPD. Cystic ectasia of glomeruli occurs

Table 4. Polycystic renal disease

I. Autosomal recessive polycystic disease (ARPD)
A. Congenital hepatic fibrosis
B. Caroli’s disease

I1. Autosomal dominant polycystic disease (ADPD)

with other malformations and as an isolated mal-
formation both in children and adults 34, 35].
“Glomerulocystic disease” is therefore certainly
heterogeneous [34], sometimes as renal participa-
tion in a teratologic syndrome, sometimes as a
precocious expression of ADPD (Table 4).
Whether there is a genetic or sporadic glomerulo-
cystic disease outside these concepts remains to be
established [36, 37].

Medullary renal cysts

In two generically defined conditions renal cysts
are confined to the renal medulla.

Medullary sponge kidney

Medullary sponge kidney is the situation in which
papillary collecting ducts in one, several, or all
papiilae of one or both kidneys are cystically di-
lated and often harbor calculi. This condition
originally defined by its pyelographic picture as
the “sponge kidney,” is overwhelmingly a disor-
der of adults which produces clinical manifesta-
tions as complications of calculous disease and is
rarely a pediatric problem [38].

Renal medullary cystic disease

Renal medullary cystic disease is quite another,
and very complex problem [39]. Medullary cysts
may occur in certain hereditofamilial syndromes
such as the Jeune syndrome and Bardet-Biedl syn-
drome [40]. Pedigrees have been reported in which
medullary renal cysts occurred in association with
hepatic biliary proliferations, portal fibrosis, and
portal hypertension [41]. In long survivors with
ARPD, medullary cysts may become prominent
and more nearly spherical rather than fusiform.

In addition to these expressions, there is a
group of cases with progressive renal insuffi-
ciency in the first two decades of life often with
urinary salt and water wasting, in which pro-
gressive renal contraction occurs and in many of
whom small to medium-sized (a few to several
millimeters in diameter) epithelial-lined cysts are
described at the corticomedullary junction. The
cysts characteristically do not obviously com-
municate with nephrons.



Table 5. Glomerulocystic renal disease

I. Autosomal dominant polycystic disease

IT. Associated with renal dysplasia, syndromic or
non-syndromic
A. Multicystic renal dysplasia
B. Obstructive renal dysplasia
C. Syndromic renal dysplasias

III. Sporadic glomerulocystic disease

Table 6. Medullary renal cystic diseases

I. The medullary sponge kidney

II. Medullary cystic disease:
A. Familial juvenile nephronophthisis (Fanconi)
B. (Uremic) medullary cystic disease
C. Variants:
1. with pigmentary retinal dysplasia
2. with hepatic fibrosis
3. other syndromes (Jeune, Bardet-Bied], etc.)

The cortical contraction is morphologically
non-specific, consisting of interstitial fibrosis and
banal chronic inflammation, periglomerular and
peritubular basement membrane thickening and
tubular atrophy [42]. Familial aggregation occurs,
usually in a recessive pattern, although some
pedigrees are compatible with dominant inheri-
tance, and the distribution between the sexes is
not uniform. The disorder is not rare.

Although there has been some emphasis on the
cysts in this group of cases, cases of progressive
renal insufficiency without cysts occur in families
with cases that have cysts. Specifically it is not be-
lieved that the cysts are a major pathogenic factor
in the disorder. Currently it is thought that these
disorders represent familial examples of tubuloin-
terstitial nephritis of as yet unestablished patho-
genesis [4].

Some authorities adapt a unitarian approach
to this group of cases, while others emphasize
clinical, demographic and genetic differences that
tend to separate a group of cases of Fanconi's
familial juvenile nephronophthisis type from ure-
mic medullary cystic disease, per se, plus a vari-
ant with variously characterized retinal lesions
[43, 44]. The problem of classifying these syn-
dromes remains unresolved. Currently important
are the facts that: (1) cysts, even if present, may be
of a size not currently detected by radiographic or
other imaging techniques; (2) renal biopsy usually
fails to demonstrate the cysts, if any, and cortical
histologic alterations are non-specific; (3) clinical
and renal functional aspects of a case, although
collectively suggestive, are intrinsically non-spe-
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cific, particularly if familial aggregation of cases
is not present or not detected (Table 5).

Localized unilateral, and segmental renal cysts

In a heterogeneous group of situations, a renal
mass is detected which proves either on in vivo
studies or pathologically to be cystic. Grouping
these cases together has no implications of a com-
mon pathogenesis but merely emphasizes the
common denominator of clinical presention,
usually as renal masses [45].

Simple renal cysts, lesions familiar as inciden-
tal findings at autopsy in adults are either single
or multiple, cortical or medullary. Their increas-
ing frequency with advancing age and association
with acquired renal diseases supports the sugges-
tion that they are acquired lesions. In view of
their frequency, they are rarely a clinical problem.
If numerous and bilateral, multiple simple cysts
may enter the differential diagnosis of ADPD.

True neoplasms of the kidney, whether Wilms’
tumor (nephroblastoma) or renal cell carcinoma,
may be grossly cystic either by imaging tech-
niques or pathologic study. There is also an un-
common lesion variably designated “multilocular
cystic nephroma” or “multilocular renal cyst”
with distinctive (if variabie) morphology and a
usually benign clinical evolution [2].

Acquired renal cystic disease

Development of cysts or proliferative epithelial
lesions in native kidneys of patients with end-
stage renal disease has become well recognized
since its description by Dunnill et al. [46]. Usually,
the patients have been maintained on long-term
hemodialysis, less commonly peritoneal dialysis
[47]. Although there are unexplained variations,
duration of support is the major factor in the
pathogenesis of acquired renal cystic disease. Tu-
bular epithelial hyperplasia, cysts, adenomas or
lesions recognizable as renal adenocarcinomas
occur. Truly malignant clinical evolution occurs
[48].

Conclusion

Renal cysts are a very complex phenomenon.
Until recently, systematization of renal cystic dis-
orders has drawn heavily on examination and
codification of descriptive data, tedious, even pe-
dantic except to devotees. Necessarily, gaps have
existed in systems of classification based on such
information. Recently, at least some of those gaps
have narrowed. Paradoxically, at the same time
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that renal cystic disorders can be increasingly rec-
ognized outside their ages of clinical expression
by such techniques as ultrasonography, a fact that
might superficially be presumed to blur distinc-
tions among them, techniques drawn from mod-
ern cell biology, such as linkage analysis using
DNA probes, have sharpened some of the diag-
nostic distinctions. The practically exposed
among us, whether family practitioners, nephro-
logists, radiologists or renal morphologists, can
continue to assist in these advances by maintain-
ing and, when possible, increasing the accuracy
and precision with which we study an example of
a renal cystic lesion. Areas to which we can con-
tribute include: personal and family history in-
cluding age at onset, sex, and associated disorders
in the propositus or in the family, and availability
of clinical, radiographic, or morphologic studies
available in members of the family.
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