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A

kidney cyst is a fluid-filled sac arising from a dilatation in any
part of the nephron or collecting duct. A sizable fraction of all
kidney diseases—perhaps 10% to 15%—are characterized by
cysts that are detectable by various imaging techniques. In some, cysts
are the prominent abnormality; thus, the descriptor cystic (or polycystic). In others, kidney cysts are an accessory finding, or are only
sometimes present, so that some question whether they are properly
classified as cystic diseases of the kidney. In fact, the commonly
accepted complement of cystic kidney diseases encompasses a large
variety of disorders of different types, presentations, and courses.
Dividing cystic disorders into genetic and “nongenetic” conditions
makes sense, not only conceptually but clinically: in the former cystic
involvement of the kidney often leads to renal failure and is most often
associated with extrarenal manifestations of the inherited defect,
whereas in the latter cysts rarely jeopardize renal function and generally are not part of a systemic disease.
In the first section of this chapter we deal with nongenetic (ie,
acquired and developmental) cystic disorders, emphasizing the imaging
characteristics that enable correct identification of each entity. Some
common pitfalls are described. A large part of the section on genetic
disorders is devoted to the most common ones (eg, autosomal-dominant polycystic kidney disease), focusing on genetics, clinical manifestations, and diagnostic tools. Even in the era of molecular genetics, the
diagnosis of the less common inherited cystic nephropathies relies on
proper recognition of their specific renal and extrarenal manifestations.
Most of these features are illustrated in this chapter.
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Tubulointerstitial Disease

General Features
FIGURE 9-1
Principal cystic diseases of the kidney.
Classification of the renal cystic disorders,
with the most common ones printed in bold
type. (Adapted from Fick and Gabow [1];
Welling and Grantham [2]; Pirson, et al. [3].)

PRINCIPAL CYSTIC DISEASES OF THE KIDNEY
Nongenetic

Genetic

Acquired disorders
Simple renal cysts (solitary or multiple)
Cysts of the renal sinus (or peripelvic lymphangiectasis)
Acquired cystic kidney disease (in patients with
chronic renal impairment)
Multilocular cyst (or multilocular cystic nephroma)
Hypokalemia-related cysts
Developmental disorders
Medullary sponge kidney
Multicystic dysplastic kidney
Pyelocalyceal cysts

Autosomal-dominant
Autosomal-dominant polycystic kidney disease
Tuberous sclerosis complex
von Hippel-Lindau disease
Medullary cystic disease
Glomerulocystic kidney disease
Autosomal-recessive
Autosomal-recessive polycystic kidney disease
Nephronophthisis
X-linked
Orofaciodigital syndrome, type I

IMAGING CHARACTERISTICS OF THE MOST COMMON RENAL CYSTIC DISEASES
Disease

Kidney Size

Cyst Size

Cyst Location

Liver

Simple renal cysts
Acquired renal cystic disease
Medullary sponge kidney
ADPKD
ARPKD
NPH

Normal
Most often small, sometimes large
Normal or slightly enlarged
Enlarged
Enlarged
Small

Variable (mm–10 cm)
0.5–2 cm
mm
Variable (mm–10 cm)
mm increase with age
mm–2 cm (when present)

All
All
Precalyceal
All
All
Medullary

Normal
Normal
Normal (most often)
Cysts (most often)
CHF
Normal

FIGURE 9-2
Characteristics of the most common renal cystic diseases detectable
by imaging techniques (ultrasonography, computed tomography,
magnetic resonance). In the context of family history and clinical
findings, these allow the clinician to establish a definitive diagnosis

in the vast majority of patients. ADPKD—autosomal-dominant
polycystic kidney disease; ARPKD—autosomal-recessive polycystic
kidney disease; CHF—congenital hepatic fibrosis; NPH—
nephronophthisis.
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Nongenetic Disorders
FIGURE 9-3
Solitary simple cyst. Large solitary cyst found incidentally at ultrasonography (longitudinal scan) in the lower pole of the right kidney. Criteria for the diagnosis of simple cyst include absence of
internal echoes, rounded outline, sharply demarcated, smooth
walls, bright posterior wall echo (arrows). The latter occur because
less sound is absorbed during passage through cyst than through
the adjacent parenchyma. If these criteria are not satisfied, computed tomography can rule out complications and other diagnoses.

PREVALENCE OF SIMPLE RENAL CYSTS DETECTED BY ULTRASONOGRAPHY
Prevalence, %
≥1 Cyst

≥2 Cysts*

≥3 Cysts*

≥1 Cyst in Each Kidney

Age group, y

M

F

M

F

M

F

M

F

15–29
30–49
50–69
≥70

0
2
15
32

0
1
7
15

0
0
2
17

0
1
1
8

0
0
1
6

0
1
1
3

0
0
2
9

0
1
1
3

*Unilateral or bilateral. M—male; F—Female.

FIGURE 9-4
Prevalence of simple renal cysts detected by ultrasonography
according to age in an Australian population of 729 persons
prospectively screened by ultrasonography. The prevalence

increases with age and is higher in males. Cyst size also increases
with age. Most simple cysts are located in the cortex. (From
Ravine et al. [4]; with permission.)
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A
FIGURE 9-5
A and B, Multiple simple cysts (one 7 cm in diameter in the lower
pole of the left kidney and three 4 to 5 cm in diameter in the right
kidney) detected by contrast-enhanced computed tomography (CT).
Additional millimetric cysts might be suspected in both kidneys.

A
FIGURE 9-6
A, Contrast-enhanced computed tomography (CT) shows a
simple, 3-cm wide cyst of the renal sinus (arrows) found during
investigation of renal calculi. Note subcapsular hematoma
(arrowheads) detected after lithotripsy. B, Contrast-enhanced
CT shows bilateral multiple cysts of the renal sinus, leading to
chronic compression of the pelvis and subsequent renal atrophy.

B
Each cyst exhibits the typical features of an uncomplicated simple
cyst on CT: 1) homogeneous low density, unchanged by contrast
medium; 2) rounded outline; 3) very thin (most often indetectable)
wall; 4) distinct delineation from adjacent parenchyma.

B
Ultrasonographic appearance mimicked hydronephrosis. Also
known as hilar lymphangiectasis or peripelvic (or parapelvic)
cysts, this acquired disorder consists of dilated hilar lymph
channels. Its frequency is about 1% in autopsy series. Although
usually asymptomatic, cysts of the renal sinus can cause severe
urinary obstruction, B.
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B

FIGURE 9-7
A, Acquired cystic kidney disease (ACKD) detected by contrastenhanced computed tomography (CT) in a 71-year-old man on
hemodialysis for 4 years. A, Note the several intrarenal calcifications, which are not unusual in dialysis patients. ACKD is characterized by the development of many cysts in the setting of chronic
uremia. It can occur at any age, including childhood, whatever the
original nephropathy. The diagnosis is based on detection of at
least three to five cysts in each kidney in a patient who has chronic
renal failure but not hereditary cystic disease. The prevalence of
ACKD averages 10% at onset of dialysis treatment and subsequently increases, to reach 60% and 90% at 5 and 10 years into

Age <55 and > 3 years No
on RRT and good
clinical condition?

No
screening

Yes
Echography:
ACKD?

No

Yes
Suspicion of
renal neoplasm?

No

Yes
No
Enhanced CT:
confirmed neoplasm?
Yes
Nephrectomy
and annual
follow-up of
contralateral kidney

Biennial echo

hemodialysis and peritoneal dialysis, respectively [5]. In the early
stage, kidneys are small or even shrunken and cysts are usually
smaller than 0.5 cm. Cyst numbers and kidney volume increase
with time, as seen on this patient’s scan (B) repeated 8 years into
dialysis. Advanced ACKD can mimic autosomal-dominant polycystic disease. ACKD sometimes regresses after successful transplantation; it can involve chronically rejected kidney grafts. Although
ACKD is usually asymptomatic it may be complicated by bleeding—confined to the cysts or extending to either the collecting system (causing hematuria) or the perinephric spaces—and associated
with renal cell carcinoma. (Courtesy of M. Jadoul.)

FIGURE 9-8
Screening for acquired cystic kidney disease (ACKD) and renal neoplasms in patients receiving renal replacement therapy (RRT). The major clinical concern with ACKD is the risk of
renal cell carcinoma, often the tubulopapillary type, associated with this disorder: the incidence is 50-times greater than in the general population. Moreover, ACKD-associated renal
carcinoma is more often bilateral and multicentric; however, only a minority of them evolve
into invasive carcinomas or cause metastases [5]. There is no doubt that imaging should be
performed when a dialysis patient has symptoms such as flank pain and hematuria, the
question of periodic screening for ACKD and neoplasms in asymptomatic dialysis patients
is still being debated. Using decision analysis incorporating morbidity and mortality associated with nephrectomy in dialysis patients, Sarasin and coworkers [6] showed that only the
youngest patients at risk for ACKD benefit from periodic screening. On the basis of this
analysis, it has been proposed that screening be restricted to patients younger than 55 years,
who have been on dialysis at least 3 years and are in good general condition. Recognized
risk factors for renal cell carcinoma in ACKD are male gender, uremia of long standing,
large kidneys, and analgesic nephropathy.
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FIGURE 9-9
Multilocular cyst (or multilocular cystic
nephroma) of the right kidney, detected by
ultrasonography (A) and contrast-enhanced
CT-scan (B). Both techniques show the
characteristic septa (arrow) dividing the
mass into multiple sonolucent locules. This
rare disorder is usually a benign tumor,
though some lesions have been found to
contain foci of nephroblastoma or renal
clear cell carcinoma. The imaging appearance is actually indistinguishable from
those of the cystic forms of Wilms’ tumor
and renal clear cell carcinoma. (Courtesy
of A. Dardenne.)

A

A

C

B

B
FIGURE 9-10
A, contrast-enhanced computed tomography (CT) for evaluation
of a left renal stone in a 67-year-old man. A cystic mass was found
at the lower pole of the right kidney. Only careful examination
revealed that the walls of the mass (arrows) were too thick for a
simple cyst (see Fig. 9-5 for comparison). B, The echo pattern of
the mass was very heterogeneous (arrows), clearly different from
the echo-free appearance of a simple cyst (see Fig. 9-3 for comparison). C, Magnetic resonance imaging showed thick, irregular
walls and a hyperintense central area (arrows). At surgery, the
mass proved to be a largely necrotic renal cell carcinoma. Thus,
although renal carcinoma is not a true cystic disease, it occasionally has a cystic appearance on CT and can mimic a simple cyst.
(Courtesy of A. Dardenne.)
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FIGURE 9-11
Medullary sponge kidney (MSK) diagnosed by intravenous urography in 53-year-old
woman with a history of recurrent kidney stones. Pseudocystic collections of contrast medium in the papillary areas (arrows) are the typical feature of MSK. They result from congenital dilatation of collecting ducts (involving part or all of one or both kidneys), ranging
from mild ectasia (appearing on urography as linear striations in the papillae, or papillary
“blush”) to frank cystic pools, as in this case (giving a spongelike appearance on section of
the kidney). MSK has an estimated prevalence of 1 in 5000 [2]. It predisposes to stone formation in the dilated ducts: on plain films, clustering of calcifications in the papillary areas
is very suggestive of the condition. MSK may be associated with a variety of other congenital and inherited disorders, including corporeal hemihypertrophy, Beckwith-Wiedemann
syndrome (macroglossia, omphalocele, visceromegaly, microcephaly, and mental retardation), polycystic kidney disease (about 3% of patients with autosomal-dominant polycystic
kidney disease have evidence of MSK), congenital hepatic fibrosis, and Caroli’s disease [7].

FIGURE 9-12
Multicystic dysplastic kidney (MCDK) found incidentally by
enhanced CT in a 34-year-old patient. The dysplastic kidney is
composed of cysts with mural calcifications (arrows). Note the
compensatory hypertrophy of the right kidney and the incidental
simple cysts in it. MCDK consists of a collection of cysts frequently
described as resembling a bunch of grapes and an atretic ureter. No
function can be demonstrated. Only unilateral involvement is compatible with life. Usually, the contralateral kidney is normal and
exhibits compensatory hypertrophy. In some 30% of cases, however, it is also affected by some congenital abnormalities such as dysplasia or pelviureterical junction obstruction. In fact, among the
many forms of renal dysplasia, MCDK is thought to represent a
cystic variety.

FIGURE 9-13
Intravenous urography demonstrates multiple calyceal diverticula
(arrows) in a 38-year-old woman who complained of intermittent
flank pain. Previously, the ultrasonographic appearance had suggested the existence of polycystic kidney disease. Although usually
smaller than 1 cm in diameter, pyelocalyceal diverticula occasionally are much larger, as in this case. They predispose to stone formation. Since ultrasonography is the preferred screening tool for
cystic renal diseases, clinicians must be aware of both its pitfalls
(exemplified in this case and in the case of parapelvic cysts; see
Fig. 9-6) and its limited power to detect very small cysts.
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Genetic disorders
GENETICS OF ADPKD
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FIGURE 9-14
Genetics of autosomal-dominant polycystic kidney disease
(ADPKD). ADPKD is by far the most frequent inherited kidney disease. In white populations, its prevalence ranges from 1 in 400 to 1
in 1000. ADPKD is characterized by the development of multiple
renal cysts that are variably associated with extrarenal (mainly
hepatic and cardiovascular) abnormalities [1,2,3]. It is caused by
mutations in at least three different genes. PKD1, the gene responsible in approximately 85% of the patients, located on chromosome
16, was cloned in 1994 [8]. It encodes a predicted protein of 460
kD, called polycystin 1. The vast majority of the remaining cases
are accounted for by a mutation in PKD2, located on chromosome
4 and cloned in 1996 [9]. The PKD2 gene encodes a predicted protein of 110 kD called polycystin 2. Phenotypic differences between
the two main genetic forms are detailed in Figure 9-19. The existence of (at least) a third gene is suggested by recent reports.
FIGURE 9-15
Autosomal-dominant polycystic kidney disease: predicted structure
of polycystin 1 and polycystin 2 and their interaction. Polycystin 1
is a 4302-amino acid protein, which anchors itself to cell membranes by seven transmembrane domains [10]. The large extracellular portion includes two leucine-rich repeats usually involved in
protein-protein interactions and a C-type lectin domain capable of
binding carbohydrates. A part of the intracellular tail has the
capacity to form a coiled-coil motif, enabling either self-assembling
or interaction with other proteins. Polycystin 2 is a 968-amino acid
protein with six transmembrane domains, resembling a subunit of
voltage-activated calcium channel. Like polycystin 1, the C-terminal end of polycystin 2 comprises a coiled-coil domain and is able
to interact in vitro with PKD2 [11]. This C-terminal part of polycystin 2 also includes a calcium-binding domain. On these grounds,
it has been hypothesized that polycystin 1 acts like a receptor and
signal transducer, communicating information from outside to
inside the cell through its interaction with polycystin 2. This coordinated function could be crucial during late renal embryogenesis.
It is currently speculated that both polycystins play a role in the
maturation of tubule epithelial cells. Mutation of polycystins could
thus impair the maturation process, maintaining some tubular cells
in a state of underdevelopment. This could result in both sustained
cell proliferation and predominance of fluid secretion over absorption, leading to cyst formation (see Fig. 9-16 and references 12 and
13 for review). (From Hughes et al. [10] and Germino [12].)
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FIGURE 9-16
Hypothetical model for cyst formation in autosomal-dominant polycystic kidney disease
(ADPKD), relying on the “two-hit” mechanism as the primary event. The observation that
only a minority of nephrons develop cysts, despite the fact that every tubular cell harbors germinal PKD1 mutation, is best accounted for by the two-hit model. This model implies that, in
addition to the germinal mutation, a somatic (acquired) mutation involving the normal PKD1
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allele is required to trigger cyst formation
(ie, a mechanism similar to that demonstrated for tumor suppressor genes in tuberous
sclerosis complex and von Hippel-Lindau disease). The hypothesis is supported by both
the clonality of most cysts and the finding of
loss of heterozygosity in some of them [12].
Cell immaturity resulting from mutated
polycystin would lead to uncontrolled
growth, elaboration of abnormal extracellular matrix, and accumulation of fluid.
Aberrant cell proliferation is demonstrated by
the existence of micropolyps, identification of
mitotic phases, and abnormal expression of
proto-oncogenes. Abnormality of extracellular matrix is evidenced by thickening and
lamination of the tubular basement membrane; involvement of extracellular matrix
would explain the association of cerebral
artery aneurysms with ADPKD. As most
cysts are disconnected from their tubule of
origin, they can expand only through net
transepithelial fluid secretion, just the reverse
of the physiologic tubular cell function [13].
Figure 9-17 summarizes our current knowledge of the mechanisms that may be involved
in intracystic fluid accumulation.

FIGURE 9-17
Autosomal-dominant polycystic kidney disease (ADPKD): mechanisms of intracystic fluid accumulation [13,14]. The primary mechanism of intracystic fluid accumulation seems to be a net transfer
of chloride into the lumen. This secretion is mediated by a
bumetanide-sensitive Na+-K+-2Cl- cotransporter on the basolateral
side and cystic fibrosis transmembrane regulator (CFTR) chloride
channel on the apical side. The activity of the two transporters is
regulated by protein kinase A (PKA) under the control of cyclic
adenosine monophosphate (AMP). The chloride secretion drives
movement of sodium and water into the cyst lumen through electrical and osmotic coupling, respectively. The pathway for transepithelial Na+ movement has been debated. In some experimental
conditions, part of the Na+ could be secreted into the lumen via a
mispolarized apical Na+-K+-ATPase (“sodium pump”); however, it
is currently admitted that most of the Na+ movement is paracellular and that the Na+-K+-ATPase is located at the basolateral side.
The movement of water is probably transcellular in the cells that
express aquaporins on both sides and paracellular in others [13,
14]. AQP—aquaporine; DPC—diphenylamine carboxylic acid.

ADPKD: CLINICAL MANIFESTATIONS
Manifestation
Renal
Hypertension
Pain (acute and chronic)
Gross hematuria
Urinary tract infection
Calculi
Renal failure
Hepatobiliary (see Fig. 9–23)
Cardiovascular
Cardiac valvular abnormality
Intracranial arteries
Aneurysm
Dolichoectasia
? Ascending aorta dissection
? Coronary arteries aneurysm
Other
Pancreatic cysts
Arachnoid cysts
Hernia
Inguinal
Umbilical
Spinal Meningeal Diverticula
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FIGURE 9-18
Main clinical manifestations of autosomal-dominant polycystic kidney disease (ADPKD). Renal involvement may be totally asymptomatic at early stages. Arterial hypertension is the presenting clinical
finding in about 20% of patients. Its frequency increases with age.
Flank or abdominal pain is the presenting symptom in another
20%. The differential diagnosis of acute abdominal is detailed in
Figure 9-22. Gross hematuria is most often due to bleeding into a
cyst, and more rarely to stone. Renal infection, a frequent reason
for hospital admission, can involve the upper collecting system,
renal parenchyma or renal cyst. Diagnostic data are obtained by
ultrasonography, excretory urography and CT: use of CT in cyst
infection is described in Figure 9-21. Frequently, stones are radiolucent or faintly opaque, because of their uric acid content. The main
determinants of progression of renal failure are the genetic form of
the disease (see Fig. 9-19) and gender (more rapid progression in
males). Hepatobiliary and intracranial manifestations are detailed
in Figures 9-23 to 9-26. Pancreatic and arachnoid cysts are most
usually asymptomatic. Spinal meningeal diverticula can cause postural headache. ESRD—end-stage renal disease.
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FIGURE 9-19
Autosomal-dominant polycystic kidney disease (ADPKD): phenotype PKD2 versus PKD1. Families with a PKD2 mutation have a
milder phenotype than those with a PKD1 mutation. In this study
comparing 306 PKD2 patients (from 32 families) with 288 PKD1
patients (17 families), PKD2 patients were, for example, less likely
to be hypertensive, to have a history of renal infection, to suffer a
subarachnoid hemorrhage, and to develop an abdominal hernia. As
a consequence of the slower development of clinical manifestations,
PKD2 patients were, on average, 26 years older at clinical presentation, 14 years older when they started dialysis, and 5 years older
when they died. Early-onset ADPKD leading to renal failure in
childhood has been reported only in the PKD1 variety. (Data from
Hateboer [24].)
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FIGURE 9-20
Autosomal-dominant polycystic kidney disease (ADPKD): kidney
involvement. Examples of various cystic involvements of kidneys in
ADPKD. Degree of involvement depends on age at presentation and
disease severity. A, With advanced disease as in this 54-year-old
woman, renal parenchyma is almost completely replaced by innumerable cysts. Note also the cystic involvement of the liver. B,
Marked asymmetry in the number and size of cysts between the two
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kidneys may be observed, as in this 36-year-old woman. In the early
stage of the disease, making the diagnosis may be more difficult (see
Fig. 9-28 for the minimal sonographic criteria to make a diagnosis
of ADPKD in PKD1 families). C, D, Contrast-enhanced CT is more
sensitive than ultrasonography in the detection of small cysts. The
presence of liver cysts helps to establish the diagnosis, as in this 38year-old man with PKD2 disease and mild kidney involvement.
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A

B

FIGURE 9-21
Autosomal-dominant polycystic kidney disease (ADPKD): kidney
cyst infection. Course of severe cyst infection in the right kidney of
a patient with ADPKD who was admitted for fever and acute right
flank pain. Blood culture was positive for Escherichia coli. A, CT
performed on admission showed several heterogeneous cysts in the
right kidney (arrows). Infection did not respond to appropriate

ADPKD: SPECIFIC CAUSES OF
ACUTE ABDOMINAL PAIN
Cause
Renal
Cyst Bleeding
Stone
Infection
Liver Cyst
Infection
Bleeding

Frequency

Fever

++++
++
+

Mild (<38°C, maximum 2 days) or none
With pyonephrosis
High; prolonged with cyst involved

Rare
Very Rare

High, prolonged
Mild (<38°C, maximum 2 days) or none

antibiotherapy (fluoroquinolone). B, CT repeated 17 days later
showed considerable enlargement of the infected cysts (arrows).
Percutaneous drainage failed to control infection, and nephrectomy
was necessary. This case illustrates the potential severity of cyst
infection and the contribution of sequential CT in the diagnosis
and management of complicated cysts.
FIGURE 9-22
Autosomal-dominant polycystic kidney disease (ADPKD): specific
causes of acute abdominal pain. The most frequent cause of acute
abdominal pain related to ADPKD is intracyst bleeding. Depending
on the amount of bleeding, it may cause mild, transient fever. It may
or may not cause gross hematuria. Cyst hemorrhage is responsible for
most high-density cysts and cyst calcifications demonstrated by CT.
Spontaneous resolution is the rule. Excretory urography or enhanced
CT is needed mostly to locate obstructive, faintly opaque stones.
Stones may be treated by percutaneous or extracorporal lithotripsy.
Renal infection may involve the upper collecting system,
renal parenchyma, or cyst. Parenchymal infection is evidenced
by positive urine culture and prompt response to antibiotherapy;
cyst infection by the development of a new area of renal tenderness,
quite often a negative urine culture (but a positive blood culture),
and a slower response to antibiotherapy. CT demonstrates the heterogeneous contents and irregularly thickened walls of infected
cysts. Cyst infection warrants prolonged anti-biotherapy [3]. An
example of severe, intractable cyst infection is shown in Figure 9-21.
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ADPKD: HEPATOBILIARY MANIFESTATIONS
Finding

Frequency

Asymptomatic liver cysts

Very common; increased prevalence with
age (up to 80% at age 60)
Uncommon (male/female ratio: 1/10)

Symptomatic polycystic liver disease
Complicated cysts (hemorrhage,
infection)
Massive hepatomegaly
Chronic pain/discomfort
Early satiety
Supine dyspnea
Abdominal hernia
Obstructive jaundice
Hepatic venous outflow obstruction
Congenital hepatic fibrosis
Idiopathic dilatation of intrahepatic or
extrahepatic biliary tract
Cholangiocarcinoma

Rare (not dominantly transmitted)
Very rare
Very rare

FIGURE 9-23
Autosomal-dominant polycystic kidney disease (ADPKD): hepatobiliary manifestations. Liver cysts are the most frequent extrarenal
manifestation of ADPKD. Their prevalence increases dramatically
from the third to the sixth decade of life, reaching a plateau of 80%
thereafter [25, 26]. They are observed earlier and are more numerous and extensive in women than in men. Though usually mild and
asymptomatic, cystic liver involvement occasionally is massive and
symptomatic (see Figure 9-24). Rare cases have been reported of
congenital hepatic fibrosis or idiopathic dilatation of the intrahepatic
or extrahepatic tract associated with ADPKD [25, 26].

A
FIGURE 9-25
Autosomal-dominant polycystic kidney disease (ADPKD):
intracranial aneurysm detection. Magnetic resonance angiography (MRA), A, and spiral computed tomography (CT) angiography, B, in two different patients, both with ADPKD, show an
asymptomatic intracranial aneurysm (ICA) on the posterior communicating artery (arrow), A, and the anterior communicating
artery (arrow), B, respectively.
The prevalence of asymptomatic ICA in ADPKD is 8%, as
compared with 1.2% in the general population. It reaches 16%
in ADPKD patients with a family history of ICA [27]. The risk of

FIGURE 9-24
Autosomal-dominant polycystic kidney disease (ADPKD): polycystic liver disease. Contrast-enhanced CT in a 32-year-old woman
with ADPKD, showing massive polycystic liver disease contrasting
with mild kidney involvement.
Massive polycystic liver disease can cause chronic pain, early
satiety, supine dyspnea, abdominal hernia, and, rarely, obstructive
jaundice, or hepatic venous outflow obstruction. Therapeutic
options include cyst sclerosis and fenestration, hepatic resection,
and, ultimately, liver transplantation [25, 26].

B
ICA rupture in ADPKD is ill-defined. ICA rupture entails 30% to
50% mortality. It is generally manifested by subarachnoid hemorrhage, which usually presents as an excruciating headache. In this
setting, the first-line diagnostic procedure is CT. Management
should proceed under neurosurgical guidance [27].
Given the severe prognosis of ICA rupture and the possibility
of prophylactic treatment, screening ADPKD patients for ICA has
been considered. Screening can be achieved by either MRA or spiral CT angiography. Current indications for screening are presented in Figure 9-26. (Courtesy of T. Duprez and F. Hammer.)
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FIGURE 9-26
Autosomal-dominant polycystic kidney disease (ADPKD): intracranial aneurysm (ICA)
screening. On the basis of decision analyses (taking into account ICA prevalence, annual
risk of rupture, life expectancy, and risk of prophylactic treatment), it is currently proposed to screen for ICA 18 to 40-year-old ADPKD patients with a family history of ICA
[25, 27]. Screening could also be offered to patients in high-risk occupations and those
who want reassurance. Guidelines for prophylactic treatment are the same ones used in
the general population: the neurosurgeon and the interventional radiologist opt for either
surgical clipping or endovascular occlusion, depending on the site and size of ICA.

Conventional
angiography
Discuss management
with neurosurgeon

ADPKD: PRESYMPTOMATIC DIAGNOSIS
Presymptomatic diagnosis
Is advisable in families when early management of affected patients would be altered
(eg, because of history of intracranial aneurysm)
Should be made available to persons at risk who are 18 years or older who request
the test
Should be preceded by information about the possibility of inconclusive results and
the consequences of the diagnosis:
If negative, reassurance
If positive, regular medical follow-up, possible psychological burden,
risk of disqualification from employment and insurances

FIGURE 9-27
Autosomal-dominant polycystic kidney disease (ADPKD): presymptomatic diagnosis. Presymptomatic diagnosis is aimed at both detecting affected persons (to provide follow-up and genetic counseling)
and reassuring unaffected ones. Until a specific treatment for ADPKD
is available, presymptomatic diagnosis in children is not advised
except in rare families where early-onset disease is typical. Presymptomatic diagnosis is recommended when a family is planned and
when early management of affected patients would be altered. The
mainstay of screening is ultrasonography; diagnostic echographic
criteria according to age in PKD1 families are depicted in Figure 9-28,
and diagnosis by gene linkage in Figure 9-29.

ADPKD: ULTRASONOGRAPHIC
DIAGNOSTIC CRITERIA
Age

Cysts

15–29
30–59
≥60

2, uni- or bilateral
2 in each kidney
4 in each kidney

Minimal number of cysts to establish a diagnosis of ADPKD in PKD1 families at risk.

FIGURE 9-28
Autosomal-dominant polycystic kidney disease (ADPKD): ultrasonographic diagnostic criteria. Ultrasound diagnostic criteria for
the PKD1 form of ADPKD, as established by Ravine’s group on the
basis of both a sensitivity and specificity study [4, 28]. Note that
the absence of cyst before age 30 years does not rule out the diagnosis, the false-negative rate being inversely related to age. When
ultrasound diagnosis remains equivocal, the next step should be
either contrast-enhanced CT (more sensitive than ultrasonography
in the detection of small cysts) or gene linkage (see Figure 9-29). A
similar assessment is not yet available for the PKD2 form. (From
Ravine et al. [28]; with permission.)
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1
b

3
b

5
a

2
a

Life expectancy <5 yrs
or contraindication to surgery
or to immunosuppressants?

History of
cyst infection?
Yes

Yes

Pretransplant workup:
Eligibility for transplantation?
No
No
Very large kidneys
or abdominal hernia?

Yes

No
Remove
kidney(s)?

Transplantation

or

Peritoneal dialysis

FIGURE 9-29
Example of the use of gene linkage to identify ADPKD gene carriers
among generation IV of a PKD1 family. Two markers flanking the
PKD1 gene were used. The first one (3’ HVR) has six possible alleles (1 through 6) and the other (p 26.6) is biallelic (a, b). In this
family, the haplotype 2a is transmitted with the disease (see affected
persons II5, III1, and III3). Thus, IV4 has a 99% chance of being a
carrier of the mutated PKD1 gene, whereas her sisters (IV1, IV2,
IV3) have a 99% chance of being disease free.
Until direct gene testing for PKD1 and PKD2 is readily available,
genetic diagnosis will rest on gene linkage. Such analysis requires
that other affected and unaffected family members (preferably from
two generations) be available for study. Use of markers on both
sides of the tested gene is required to limit potential errors due to
recombination events. Linkage to PKD1 is to be tested first, as it
accounts for about 85% of cases.

5
a

No

Yes
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Hemodialysis

FIGURE 9-30
Autosomal-dominant polycystic kidney disease (ADPKD): renal
replacement therapy. Transplantation nowadays is considered in any
ADPKD patient with a life expectancy of more than 5 years and
with no contraindications to surgery or immunosuppression.
Pretransplant workup should include abdominal CT, echocardiography, myocardial stress scintigraphy, and, if needed (see Figure 9-26),
screening for intracranial aneurysm. Pretransplant nephrectomy is
advised for patients with a history of renal cyst infection, particularly
if the infections were recent, recurrent, or severe. Patients not eligible
for transplantation may opt for hemodialysis or peritoneal dialysis.
Although kidney size is rarely an impediment to peritoneal dialysis,
this option is less desirable for patients with very large kidneys,
because their volume may reduce the exchangeable surface area and
the tolerance for abdominal distension. Outcome for ADPKD
patients following renal replacement therapy is similar to that of
matched patients with another primary renal disease [29, 30].
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CLINICAL FEATURES
Finding
Skin
Hypomelanotic macules
Facial angiofibromas
Forehead fibrous plaques
“Shagreen patches” (lower back)
Periungual fibromas
Central nervous system
Cortical tubers
Subependymal tumors
(may be calcified)
focal or generalized seizures
Mental retardation/
behavioral disorder
Kidney
Angiomyolipomas
Cysts
Renal cell carcinoma
Eye
Retinal hamartoma
Retinal pigmentary abnormality
Liver (angiomyolipomas, cysts)
Heart (rhabdomyoma)
Lung (lymphangiomyomatosis;
affects females)

Frequency, %

Age at onset, y

90
80
30
30
30

Childhood
5–15
≥5
≥10
≥15

90
90

Birth
Birth

80
50

0–1
0–5

60
30
2

Childhood
Childhood
Adulthood

50
10
40
2
1

Childhood
Childhood
Childhood
Childhood
≥20

FIGURE 9-31
Tuberous sclerosis complex (TSC): clinical features. TSC is an autosomal-dominant multisystem disorder with a minimal prevalence of
1 in 10,000 [30, 31]. It is characterized by the development of multiple hamartomas (benign tumors composed of abnormally arranged
and differentiated tissues) in various organs. The most common
manifestations are dermatologic (see Fig. 9-32) and neurologic (see
Fig. 9-33). Renal involvement occurs in 60% of cases and includes
cysts (see Fig. 9-34). Retinal involvement, occurring in 50% of
cases, is almost always asymptomatic. Liver involvement, occurring
in 40% of cases, includes angiomyolipomas and cysts. Involvement
of other organs is much rarer [31, 32].

B

A

FIGURE 9-32 (see Color Plate)
Tuberous sclerosis complex (TSC): skin involvement. Facial angiofibromas, forehead
plaque, A, and ungual fibroma, B, characteristic of TSC. Previously (and inappropriately)
called adenoma sebaceum, facial angiofibromas are pink to red papules or nodules, often
concentrated in the nasolabial folds. Forehead fibrous plaques appear as raised, soft patches of red or yellow skin. Ungual fibromas appear as peri- or subungual pink tumors; they
are found more often on the toes than on the fingers and are more common in females.
Other skin lesions include hypomelanotic macules and “shagreen patches” (slightly elevated
patches of brown or pink skin). (Courtesy of A. Bourloud and C. van Ypersele.)
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FIGURE 9-33
Tuberous sclerosis complex (TSC): central nervous system involvement. Brain CT shows
several subependymal, periventricular, calcified nodules characteristic of TSC. Subependymal
tumors and cortical tubers are the two characteristic neurologic features of TSC. Calcified
nodules are best seen on CT, whereas noncalcified tumors are best detected by magnetic
resonance imaging. Clinical manifestations are seizures (including infantile spasms) occurring in 80% of infants, and varying degrees of intellectual disability or behavioral disorder,
reported in 50% of children [32].

A
FIGURE 9-34
Tuberous sclerosis complex (TSC): kidney involvement. Contrastenhanced CT, A, and gadolinium-enhanced T1 weighted magnetic
resonance images, B, of a 15-year-old woman with TSC, show
both a large, hypodense, heterogeneous tumor in the right kidney
(arrows) characteristic of angiomyolipoma (AML) and multiple
bilateral kidney cysts. Kidney cysts had been detected at birth.
AML is a benign tumor composed of atypical blood vessels,
smooth muscle cells, and fat tissue. While single AML is the most
frequent kidney tumor in the general population, multiple and bilateral AMLs are characteristic of TSC. In TSC, AMLs develop at a
younger age in females; frequency and size of the tumors increase
with age. Diagnosis of AML by imaging techniques (ultrasonography
[US], CT, magnetic resonance imagine [MRI]) relies on identification

B
of fat into the tumor, but it is not always possible to distinguish
between AML and renal cell carcinoma. The main complication of
AML is bleeding with subsequent gross hematuria or potentially lifethreatening retroperitoneal hemorrhage.
Cysts seem to be restricted to the TSC2 variety (see Fig. 9-35)
[33]. Their extent varies widely from case to case. Occasionally,
polycystic kidneys are the presenting manifestation of TSC2 in early
childhood: in the absence of renal AML, the imaging appearance is
indistinguishable from ADPKD. Polycystic kidney involvement leads
to hypertension and renal failure that reaches end stage before age
20 years. Though the frequency of renal cell carcinoma in TSC is
small, the incidence is increased as compared with that of the general population. (Courtesy of J. F. De Plaen and B. Van Beers.)
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VHL: ORGAN INVOLVEMENT

HG loci

PKD1

TSC2

Death

16 pter

Chromosome 16

FIGURE 9-35
Tuberous sclerosis complex (TSC): genetics. Representative examples
of various contiguous deletions of the PKD1 and TSC2 genes in
five patients with TSC and prominent renal cystic involvement (the
size of the deletion in each patient is indicated).
TSC is genetically heterogeneous. Two genes have been identified.
The TSC1 gene is on chromosome 9, and TSC2 lies on chromosome
16 immediately adjacent and distal to the PKD1 gene. Half of affected families show linkage to TSC1 and half to TSC2. Nonetheless,
60% of TSC cases are apparently sporadic, likely representing new
mutations (most are found in the TSC2 gene) [34]. The proteins
encoded by the TSC1 and TSC2 genes are called hamartin and
tuberin, respectively. They likely act as tumor suppressors; their precise cellular role remains largely unknown. The diseases caused by
type 1 and type 2 TSC are indistinguishable except for renal cysts,
which, so far, have been observed only in TSC2 patients [33], and
for intellectual disability, which is more common in TSC2 patients
[34]. (Adapted from Sampson, et al. [33].)

Findings
Central nervous system
Hemangioblastoma
Cerebellar
Spinal cord
Endolymphatic sac tumor
Eye/Retinal hemangioblastoma
Kidney
Clear cell carcinoma
Cysts
Adrenal glands/
Pheochromocytoma
Pancreas
Cysts
Microcystic adenoma
Islet cell tumor
Carcinoma
Liver (cysts)

Frequency, %

Mean age (range)
at diagnosis, y
30 (9–71)

60
20
Rare
60

25 (8–70)

40
30
15

40 (18–70)
35 (15–60)
20 (5–60)
30 (13–70)

40
4
2
1
Rare

?

FIGURE 9-36
Von Hippel-Lindau disease (VHL): organ involvement. VHL is an
autosomal-dominant multisystem disorder with a prevalence rate of
roughly 1 in 40,000 [32, 35]. It is characterized by the development
of tumors, benign and malignant, in various organs. VHL-associated
tumors tend to arise at an earlier age and more often are multicentric
than the sporadic varieties. Morbidity and mortality are mostly related to central nervous system hemangioblastoma and renal cell carcinoma. Involvement of cerebellum, retinas, kidneys, adrenal glands,
and pancreas is illustrated (see Figures 9-37 to 9-41).
The VHL gene is located on the short arm of chromosome 3 and
exhibits characteristics of a tumor suppressor gene. Mutations are
now identified in 70% of VHL families [36].
FIGURE 9-37
Von Hippel-Lindau disease (VHL): central nervous system involvement. Gadolinium-enhanced brain magnetic resonance image of a
patient with VHL, shows a typical cerebellar hemangioblastoma,
appearing as a highly vascular nodule (arrow) in the wall of a cyst
(arrowheads) located in the posterior fossa. Hemangioblastomas are
benign tumors whose morbidity is due to mass effect. Cerebellar
hemangioblastomas may present with symptoms of increased
intracranial pressure. Spinal cord involvement may be manifested
as syringomyelia. (Courtesy of S. Richard.)
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FIGURE 9-38 (see Color Plate)
Von Hippel-Lindau disease (VHL): retinal
involvement. Ocular fundus, A, and corresponding fluorescein angiography, B, in a
patient with VHL, shows two typical retinal hemangioblastomas. The smaller tumor
(arrow) appears at the fundus as an intense
red spot, whereas the larger (arrow heads)
appears as a pink-orange lake with dilated,
tortuous afferent and efferent vessels. Small
peripheral lesions are usually asymptomatic, whereas large central tumors can
impair vision. (Courtesy of B. Snyers.)

B
A

FIGURE 9-39
Von Hippel-Lindau disease (VHL): kidney involvement. Contrastenhanced CT of a patient with VHL, showing the polycystic aspect
of the kidneys. Renal involvement of VHL includes cysts (simple,
atypical, and cystic carcinoma) and renal cell carcinoma [36, 37].
The latter is the leading cause of death from VHL. Occasionally,
polycystic kidney involvement may mimic autosomal-dominant
polycystic kidney disease. Both cystic involvement and sequelae
of surgery can lead to renal failure. Nephron-sparing surgery is
recommended [37].

FIGURE 9-40
Von Hippel-Lindau disease (VHL): adrenal gland involvement.
Gadolinium-enhanced abdominal magnetic resonance image of a
patient with VHL shows bilateral pheochromocytoma (arrows).
Renal lesions include cysts and solid carcinomas (arrow heads).
Pheochromocytoma may be the first manifestation of VHL. It
tends to cluster within certain VHL families [36]. (Courtesy of
H. Neumann.)
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FIGURE 9-41
Von Hippel-Lindau disease (VHL): pancreas involvement. Contrastenhanced abdominal CT in a patient with VHL shows multiple cysts
in both pancreas (especially the tail, arrows) and kidneys. The majority of pancreatic cysts are asymptomatic. When they are numerous
and large, they can induce diabetes mellitus or steatorrhea. Other,
rare pancreatic lesions include microcystic adenoma, islet cell tumor,
and carcinoma.

VHL: SCREENING PROTOCOL
Study

Affected persons

Relatives at risk

Physical examination
24-h Urine collection for
metadrenaline and
normetadrenaline
Funduscopy
Gadolinium MRI brain scan
Abdomen

Annual
Annual

Annual
Annual

Annual
Every 3 y (from age 10)
Annual gadolinium MRI

Annual (age 5 to 60)
Every 3 y (age 15 to 60)
Annual echography or
gadolinium MRI
(age 15 to 60)

FIGURE 9-42
Von Hippel-Lindau disease. As most manifestations of VHL are
potentially treatable, periodic examination of affected patients is
strongly recommended. Though genetic testing is now very useful
for presymptomatic identification of affected persons, it must be
remembered that a mutation in the VHL gene currently is detected
in only 70% of families. For persons at risk in the remaining families,
a screening program is also proposed.

FIGURE 9-43
Medullary cystic disease (MCD). Contrast-enhanced CT in a 35year-old man with MCD. Multiple cysts are seen in the medullary
area. Two daughters were also found to be affected. MCD is a very
rare autosomal-dominant disorder characterized by medullary cysts
detectable by certain imaging techniques (preferably computed
tomography) and progressive renal impairment leading to endstage disease between 20 and 40 years of age. Dominant inheritance and early detection of kidney cysts distinguish MCD from
autosomal-recessive nephronophthisis (see Fig. 9-48), even though
the two may be indistinguishable on histologic examination.
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THERE IS A WHITE
BOX PLACED OVER
HANDWRITTEN
TYPE.

A

B

C
FIGURE 9-44
Glomerulocystic kidney disease (GCKD). Contrast-enhanced CT, A,
in a 23-year-old woman with the sporadic form of GCKD shows

ARPKD: CLINICAL MANIFESTATIONS
Renal
Antenatal (ultrasonographic changes)
Oligohydramnios with empty bladder
Increased renal volume and echogenicity
Neonatal period
Dystocia and oligohydramnios
Enlarged kidneys
Renal failure
Respiratory distress with pulmonary hypoplasia (possibly fatal)
Infancy of childhood
Nephromegaly (may regress with time)
Hypertension (often severe in the first year of life)
Chronic renal failure (slowly progressive, with a 60% probability of renal survival at
15 years of age and 30% at 25 years of age)
Hepatic
Portal fibrosis
Intrahepatic biliary tract ectasia

multiple cysts, typically small cortical ones. This cystic pattern was
verified in the nephrectomy specimen, B, obtained 8 months later
at the time of kidney transplantation, and GCKD was confirmed
by histopathologic examination with Masson’s trichrome stain.
C, Cysts consisted of a dilatation of Bowman’s space surrounding
a primitive-looking glomerulus.
GCKD may be sporadic or genetically dominant. Among the
familial cases, some patients are infants who have early-onset autosomal-dominant polycystic disease. In others (children or adults) the
disease is unrelated to PKD1 and PKD2 and may or not progress to
end-stage renal failure [38]. (Courtesy of D. Droz.)
FIGURE 9-45
Autosomal-recessive polycystic kidney disease (ARPKD): clinical manifestations. ARPKD is characterized by the development of cysts originating from collecting tubules and ducts, invariably associated with
congenital hepatic fibrosis. Its prevalence is about 1 in 40,000 [39].
In the most severe cases, with marked oligohydramnios and an empty
bladder, the diagnosis may be suspected as early as the 12th week of
gestation. Some neonates die from either respiratory distress or renal
failure. In most survivors, the disease is recognized during the first
year of life. The ultrasonographic (US) kidney appearance is depicted
in Figure 9-46. Excretory urography shows medullary striations
owing to tubular ectasia. Kidney enlargement may regress with time.
End-stage renal failure develops before age 25 in 70% of patients.
Liver involvement consists of portal fibrosis (see Fig. 9-47) and
intrahepatic bilary ectasia, frequently resulting in portal hypertension
(leading to hypersplenism and esophageal varices) and less often in
cholangitis, respectively. US may show dilatation of the biliary ducts,
and even cysts. The respective severity of kidney and liver involvement vary widely between families and even in a single kindred.
A comparison of the diagnostic features of autosomal-dominant
polycystic kidney disease (ADPKD) and ARPKD is summarized in
Figure 9-2. Renal US of the parents of a child with ARPKD is, of
course, normal. It should be noted that congenital hepatic fibrosis is
found in rare cases of ADPKD with early-onset renal disease. The
gene responsible for ARPKD has been mapped to chromosome 6.
There is no evidence of genetic heterogeneity [40].
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FIGURE 9-46
A and B, Autosomal-recessive polycystic
kidney disease (ARPKD): renal imaging. On
ultrasonography of a child with ARPKD
the kidneys appear typically enlarged and
uniformly hyperechogenic (owing to the
presence of multiple small cysts), and
demarcations of cortex, medulla, and sinus
are lost. The ultrasonographic appearance
is different in older children, because cysts
can grow and become round; then they
resemble the appearance of ADPKD. Figure
9-2 describes how to differentiate the two
conditions. (Courtesy of P. Niaudet.)

A

B

FIGURE 9-47
Autosomal-recessive polycystic kidney disease (ARPKD): liver histology. Liver biopsy specimen from a child with ARPKD shows
typical congenital hepatic fibrosis (hematoxylin eosin safran [HES]
stain). This portal space is enlarged by fibrosis, and the number of
biliary channels is increased, many of them being enlarged and all
being irregular in outline. (Courtesy of S. Gosseye.)

FIGURE 9-48
Nephronophthisis (NPH): renal involvement. Kidney biopsy specimen
visualized by light microscopy with periodic acid–Schiff stain, in a
patient with juvenile NPH of an early stage. Note the typical thickening and disruption of the tubular basement membrane (appearing
in red); the histiolymphocytic infiltration present at this stage is progressively replaced by interstitial fibrosis.
NPH is an autosomal recessive disorder, accounting for 10% to
15% of all children admitted for end-stage renal failure. Although
classified as a renal cystic disorder, NPH is characterized by chronic
diffuse tubulointerstitial nephritis; the presence of cysts at the corticomedullary boundary (thus, the alternative term “medullary cystic
disease,” now preferably reserved for the autosomal-dominant form;
see Fig. 9-43) is a late manifestation of the disease. Clinical features
include early polyuria-polydypsia, unremarkable urinalysis, frequent
absence of hypertension, and eventually, end-stage renal failure at a
median age of 13 (range 3 to 23) years. Ultrasonographic features
are summarized in Figure 9-2; medullary cysts are sometimes detected.
Associated disorders are detailed in Figure 9-49. A gene called NPH1
that has been identified on chromosome 2 accounts for about 80%
of cases [41, 42]. In two thirds of them, a large homozygous deletion is detected in this gene [43]. (Courtesy of P. Niaudet.)
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NPH: EXTRARENAL INVOLVEMENT
Retinitis pigmentosa (Senior-Loken syndrome)
Multiple organ involvement, including
Liver fibrosis
Other rare features
Skeletal changes (cone-shaped epiphyses)
Cerebellar ataxia
Mental retardation

A
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FIGURE 9-49
Nephronophthisis (NPH): extrarenal involvement. Extrarenal involvement occurs in 20% of NPH cases. The most frequent finding is
tapetoretinal degeneration (known as Senior-Loken syndrome), which
often results in early blindness or progressive visual impairment.
Other rare manifestations include liver (hepatomegaly, hepatic fibrosis), bone (cone-shaped epiphysis), and central nervous system (mental
retardation, cerebellar ataxia) abnormalities, quite often in association.

B

FIGURE 9-50
Orofaciodigital syndrome (OFD). Contrast-enhanced CT,
A, and the hands, B, of a 26-year-old woman with OFD type 1
(OFD1) [43]. Multiple cysts involve both kidneys. Note that
they are smaller and more uniform than in ADPKD and that
renal contours are preserved. Some cysts were also detected in
liver and pancreas (arrow). Syndactyly was surgically corrected,
and the digits of the hands are shortened (brachydactyly).
OFD1 is a rare X-linked, dominant disorder, diagnosed
almost exclusively in females, as affected males die in utero.

Characteristic dysmorphic features include oral (hyperplastic
frenulum, cleft tongue, cleft palate or lip, malposed teeth), facial
(asymmetry, broad nasal root), and digit (syn-brachy-polydactyly) abnormalities. Mental retardation is present in about half the
cases. Kidneys may be involved by multiple (usually small) cysts,
mostly of glomerular origin; renal failure occurs between the
second and the seventh decade of life. Recognition of the dysmorphic features is the key to the diagnosis [44, 45]. (Courtesy
of F. Scolari.)
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