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The visceral manifestations of von
Hippel-Lindau (VHL) disease can
cause significant morbidity and
mortality. The authors prospective-
ly screened 37 persons from a single
kindred. Twenty-five subjects un-
derwent abdominal ultrasound
(US), contrast material-enhanced
abdominal computed tomography
(CT), and nonenhanced abdominal
magnetic resonance (MR) imaging.
Eight subjects younger than 16 years
of age underwent abdominal US and
MR imaging only. Scrotal US was
employed in 25 male patients. Elev-
en subjects had renal cysts or tu-
mors. Contrast-enhanced CT depict-
ed renal abnormalities in 10 of these
subjects, US in seven, and MR imag-
ing in nine. Among 12 subjects with
pancreatic cysts or tumors, CT
showed pancreatic abnormalities in
all 12, US in nine, and MR imaging
in nine. Three subjects (mean age,
34.5 years) had renal tumors, and
three had pancreatic masses. Scrotal
US revealed epididymal cystadeno-
mas in seven subjects; two of these
tumors were surgically verified. A
combination of contrast-enhanced
CT and scrotal US in male patients
appears to be the best way to screen
for visceral manifestations of VHL
disease.
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V ON HIPPEL-LINDAU (VHL) dis-
ease is a dominant hereditary

disorder that produces benign angio-
mas of the eye and central nervous
system (CNS), as well as cysts and
neoplasms of the kidneys, pancreas,
adrenal glands, and epididymis (1).
Screening of asymptomatic patients
at risk for VHL disease is expensive
and time-consuming, yet there are at
least two important justifications for
a comprehensive screening program.
First, the identification of patients
with VHL disease allows accurate ge-
netic counseling (2). Second, early
detection of frequently asymptomat-
ic, potentially vision- and/or life-
threatening sequelae of VHL disease
in family members may enhance
both the length and the quality of
life (3-5).

A thorough screening program
should ideally include evaluation of
the eyes, brain, spinal cord, and ab-
domen. We previously demonstrated
that magnetic resonance (MR) imag-
ing of the brain and spinal cord with
gadolinium diethylenetriaminepen-
taacetic acid enhancement is the sin-
gle most effective means of diagnos-
ing CNS manifestations of VHL dis-
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ease (6). In this article we focus on
the detection of visceral manifesta-
tions of VHL and compare the find-
ings at abdominal computed tomog-
raphy (CT), ultrasound (US), and MR
imaging in a large family. Further,
we examine the often-overlooked
role of scrotal US.

SUBJECTS AND METHODS

Thirty-seven of 44 persons in a single
family who were known to have VHL
disease participated in this study. Seven
members (one affected, six at risk) were
contacted but declined to participate. In
11 subjects (the first 11 in Table 1), VHL
lesions had been demonstrated before en-
try into this study (eight had treated eye
lesions, two had undergone prior partial
nephrectomy, and one had undergone
adrenalectomy). In each case a complete
history was obtained, and a physical ex-
amination was performed. Unless con-
traindicated or refused, the screening
program consisted of an ophthalmologic
examination after pupillary dilation in
conjunction with fluorescein angioscopy;
cerebral, spinal, and abdominal MR imag-
ing; contrast-enhanced CT of the head;
and CT of the abdomen before and after
administration of contrast material. Par-

ticipants younger than 16 years did not
undergo CT.

MR imaging of the abdomen was per-
formed with a 0.5-T system (Vista; Picker
International, Highland Heights, Ohio).
Ti-weighted axial and coronal images
were obtained through the abdomen
(spin echo [SE] 500/20 [repetition time
msec/echo time msec], 192 X 256 matrix,

six acquisitions, 10-mm thickness, 50-55-
cm field of view). CT was performed with

10-mm sections both before and after the
intravenous bolus administration of con-

trast material (iopamidol [Isovue; Squibb
Diagnostics, Princeton, NJ]). The contrast
material was administered with a me-
chanical injector (Medrad, Pittsburgh) at
a rate of 1 mL/sec. CT was performed
with a 9800 scanner (GE Medical Systems,

Abbreviations: CNS central nervous sys-
tern, SE = spin echo, VHL von Hippel-Lin-
dau.
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Renal Pancreatic #{149}
Patient

No.
Age

(y) CT

Cysts

US MR CT

Cysts*

US MR

Other Abnormalitiest

Adrenal Epididymis CNS Eye

06-018 16 1 (0) 0 (0) 0 (0) 1 (0) 1 (0) 0 (0) N NA Y Y
05-043 34 5(0) 4(0) 5(0) 15(0) 4(0) 8(0) N NA Y Y
05-032 37 0 (0) 0 (0) 0 (0) 2 (0) 2 (0) 0 (0) N NA Y Y
04-029 49 0 (1) 0 (1) 0 (1) 20 (0) 10 (0) 1 (0) N NA Y Y

05-049 31 20(1) 20(1) 12(1) 4(0) 0(0) 4(0) N N Y P
05-035 34 0 (0) 0 (0) 1 (0) 1 (0) 0 (0) 1 (0) N NA Y Y
05-048 28 2 (0) 0 (0) 1 (0) 1 (0) 0 (0) 1 (0) N N Y Y
05-039 31 2(1) 1(1) 3(1) 15(1) 15(0) 15(0) N N Y Y
05-040 26 24(0) 20(2) 20(1) 2(0) 2(0) 2(0) Y Y Y Y
05-005 25 1 (0) 0 (0) 0 (0) 8 (1) 5 (1) 1 (1) Y Y Y P
04-030 60 1 (0) 0 (0) 1 (0) 4 (1) 2 (0) 0 (0) N Y N P
04-047 62 2(0) 1 (0) 1 (0) 0 (0) 0 (0) 0 (0) N N N Y
05-016 30 2 (0) 0 (0) 1 (0) (0) 0 (0) 0 (0) N Y N N
04-033 53 2 (0) 2(0) 0 (0) (0) 3 (0) 4 (0) N N Y N
05-008 19 0(0) 0(0) 0(0) (0) 0(0) 0(0) N Y Y Y
05-006 22 0(0) 0(0) 0(0) (0) 0(0) 0(0) N Y Y P
05-045 34 0 (0) 0 (0) 1 (0) (0) 0 (0) 1 (0) N Y N P
05-003 21 0 (0) 0 (0) 1 (0) (0) 0 (0) 1 (0) N N N N
05-027 38 0(0) 0(0) 0(0) (0) 0(0) 0(0) N N Y N
06-003 20 0(0) 0(0) 0(0) (0) 0(0) 0(0) N NA N NA
05-037 31 0(0) 0(0) 0(0) (0) 0(0) 0(0) N N N N
05-004 24 0 (0) 0 (0) 0 (0) (0) 0 (0) 1 (0) N NA N N
05-041 30 0(0) 0(0) 0(0) (0) 0(0) 0(0) N N N N
04-037
05-007

53
27

0 (0)
0(0)

0 (0)
0(0)

0 (0)
0(0)

(0)
(0)

0 (0)
0(0)

0 (0)
0(0)

N
N

NA
NA

N
N

N
P

* Number of masses in parentheses.
t NA = not applicable (female patients), Y = yes, N = no, P = probable.
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Figures 1-3. (1) CT scan of a 34-year-old man (patient 05-035) demonstrates a single cyst in the head of the pancreas (arrow). He also had

cerebral hemangioblastomas and retinal angiomas. (2) CT scan of a 34-year-old woman (patient 05-043) shows multiple pancreatic cysts and a
focus of calcification in the tail of the pancreas (arrow). (3) CT scan of a 49-year-old woman (patient 04-029) demonstrates multicystic

changes throughout the pancreas (arrows), replacing most of the normal parenchyma. Despite this appearance, she had normal exocrine

function.

Milwaukee) in the dynamic mode, so that
two images (3.5 seconds each) were fol-

lowed by a 7-second “breather.” Sono-
grams were obtained with 3-5-MHz

transducers for abdominal studies (Wide

VU [Diasonics, South San Francisco, Calif]
or 128 [Acuson, Mountain View, Calif])
and with a 5-MHz small parts transducer
(Acuson) for scrotal imaging. Angiogra-

phy was performed in seven subjects for

the evaluation of specific abdominal ab-
normalities (renal mass in five, pancreatic
mass in one, both in one). Each examina-

tion was reviewed prospectively and in-
dependently.

We obtained surgical confirmation of

visceral imaging findings in five subjects,

but the rest of the findings were not sur-
gically verified.

RESULTS

Twenty-five of the 37 subjects un-
derwent all three abdominal studies,
and the data from those studies form

the basis of this comparative analysis.

Summaries of the visceral manifesta-

tions of VHL disease and imaging re-
suits are found in Tables 1 and 2. One

subject was examined with US alone,

and another was not examined, at pa-
rental request.

Of the 25 adult subjects who un-

derwent CT, MR imaging, and US, 18
were eventually given a diagnosis of

VHL disease, based on the criteria

proposed by Melmon and Rosen (1).
These criteria specify that patients

with VHL disease must have (a) a

close relative with a documented he-

mangioblastoma in the CNS and (b)

at least one lesion of the Lindau com-

plex (ie, CNS hemangioblastomas,

retinal angiomas, multiple renal
cysts, renal adenocarcinoma, pancre-
atic cysts, cystadenocarcinoma, islet
cell tumor, pheochromocytoma, or

epididymal cystadenoma). Visceral

Table 1
Summary of Patient Findings

manifestations of VHL disease (in-

cluding scrotal abnormalities) were

found in 17 subjects and were the

only expression of the disease in

three (Tables 1, 2). CT demonstrated

all 14 cases of pancreatic or renal

manifestations; three cases each were

missed at abdominal US and MR im-

aging.

Three of the eight subjects younger
than 16 years who underwent com-

parative MR imaging and US were

given an ultimate diagnosis of VHL

disease with ocular and/or CNS find-
ings. No visceral manifestations were
demonstrated in this group.

Pancreatic Disease

Cysts were evenly distributed
throughout the pancreas, from the

uncinate process to the pancreatic tail

(Fig 1). Pancreatic cystic lesions were
often associated (eight of 12 subjects)

with several small foci of calcifica-

tions on CT scans (Fig 2). In three

subjects the pancreas was virtually
replaced by cysts too numerous to

count (Fig 3). One of these subjects

had pancreatic insufficiency with di-
abetes mellitus and steatorrhea.
Three subjects had pancreatic masses;

two masses were seen only with CT,
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Table 2
Renal and Pancreatic Findings at CT, US, and MR Imaging

CT

US MR Imaging

Positive Negative Positive Negative

Renal*
Positive (ii = 12) 7 5 10 2
Negative(n13)

Total(n25)
Pancreatict

0 13 3 10

7 18 13 12

Positive(n 12) 9 3 8 4
Negative(n13)

Total(n25)

0 13 3 10

9 16 ii 14

* � < .025 for correlation with US, P < .05 for correlation with MR imaging.
t P < .05 for correlation with both US and MR imaging.
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and a third was seen with CT, MR
imaging, and US (Fig 4). Confirma-
tory angiography was performed in
two cases of pancreatic mass. To date,
only one of the solid masses has been

surgically removed, although a pan-

creatic islet cell tumor had been pre-
viously removed from one subject.
Pancreatic cysts were discovered as
early as age 16 years in one family
member.

CT demonstrated all pancreatic ab-
normaiities, including cysts, in 12
subjects. US and MR imaging each
demonstrated pancreatic abnormali-
ties in nine patients. Limitations of
MR imaging included its inability to
distinguish cysts from fluid-filled ad-

jacent bowel or to demonstrate calci-

fications. Image degradation due to
motion artifact interfered with image

quality. Pancreatic US failed to depict

the pancreatic body and tail ade-
quately in half of the subjects due to

overlying bowel. The pancreatic tail
was the only portion of the pancreas
affected by VHL disease in five of the
12 subjects.

Renal Lesions

Renal abnormalities were detected
in 10 subjects and were accompanied
by pancreatic involvement in eight
(Table 1). Isolated renal cysts (five or
fewer per kidney) occurred in eight

subjects (aged 16-62 years; mean, 38
years). Multiple renal cysts (more

C.

Figure 4. (a) CT scan of a 25-year-old man

(patient 05-005) reveals multiple cysts (c) in

the tail of the pancreas, an enhancing mass
(m) in its head, and a functional pheochro-

mocytoma (a) in the right adrenal gland.

This patient also had multiple CNS heman-

gioblastomas and retinal angiomas. Symp-

tomatic improvement was seen after remov-

al of the pheochromocytoma. (b) Sonogram

demonstrates solid mass in the head of the

pancreas. An islet cell tumor was removed

from this patient’s father (patient 04-030).

(C) Ti-weighted MR image (SE 500/20) dem-

onstrates a pancreatic mass (m), cyst (c), and

adrenal lesion (pheochromocytoma) (a).

(d, e) T2-weighted MR images (SE 2,000/80)
show a high-signal-intensity adrenal mass
(a in d), consistent with the pathologic diag-

nosis of pheochromocytoma. Although the

pancreatic cyst (c) is seen in the tail in d, the

mass is better seen in e (obtained at a lower

level) as a poorly defined area of increased

signal intensity.

than five per kidney) occurred in two
subjects (aged 26 and 31 years). Solid
masses were discovered in four sub-
jects (aged 26-49 years; mean, 34
years) and were associated with addi-
tional renal cysts in three of four sub-
jects (Fig 5). Solid masses were al-
ways accompanied by pancreatic dis-
ease. One subject underwent a
preoperative angiogram that re-
vealed a contralateral renal mass not
detected with CT, US, or MR imaging
(Fig 6). The findings at surgery con-
firmed that both solid lesions were
renal carcinomas. However, numer-
ous additional lesions preoperatively
classified as cysts on the basis of find-
ings obtained with the three modal-
ities were discovered to have tumor
foci within their walls (Fig 6). CT
demonstrated all cases of renal dis-
ease, US demonstrated disease in sev-
en subjects, and MR imaging demon-
strated it in nine.

Adrenal Lesions

Only one subject (aged 26 years) in
this study had a pheochromocytoma

(Fig 4). Historically, another subject
(patient 05-040) in this family had
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Figure 5. (a) CT scan of a 31-year-old man (patient 05-049) demonstrates multiple bilateral renal cysts (arrows). (b) CT scan obtained at a

lower level demonstrates a solid renal mass measuring 2 cm in diameter (arrow). (C) On a Ti-weighted MR image (SE 500/20), the signal in-

tensity of the mass is equivalent to that of the medulla (arrow). (d) T2-weighted MR image (SE 2,000/80) demonstrates high signal intensity

within the solid lesion (arrow), nonspecific for the diagnosis of renal carcinoma.

Figure 6. (a) CT scan of a 31-year-old man

(patient 05-039) shows a solid renal mass in

the right kidney (arrow). US and MR find-
ings confirmed the presence of this lesion.

(b) Preoperative angiogram demonstrates a
mass with neovascularity (arrow). (c) Preop-

erative angiogram demonstrates the tumor

blush of a 1-cm contralateral renal mass (ar-

row) not detected with noninvasive tech-

niques. (d) Surgical resection of both kid-

neys yielded solid tumors. In addition, mul-

tiple cysts contained mural foci of renal

carcinoma (arrow); one from the right kid-

ney is illustrated. (e) CT scan depicts several

small atypical cystic lesions (arrows) in the

periphery of the kidneys, which proved at

surgery to harbor renal carcinoma.

undergone removal of bilateral pheo-
chromocytomas at age 22 years. All
three modalities demonstrated the
adrenal mass, which measured 3 cm

in diameter. The T2-weighted image
(2,000/80) demonstrated high signal

intensity relative to liver, with a sig-

nal-intensity ratio of 3.5.

Scrotal Abnormalities

Scrotal US was performed in 25
subjects, aged 4-62 years. The find-

ings were positive in seven subjects

(28%) (aged 19-60 years; mean, 33
years), representing 58% of the af-
fected male subjects in this study.

The youngest subject with an epidid-

ymal lesion was 19 years old. Epidid-

ymal involvement was the only vis-

ceral manifestation of VHL disease in

three subjects, although CNS lesions

or ophthalmologic findings were also
present. Epididymal masses were

predominantly cystic with some solid
components (Fig 7) and were usually
located in the epididymal head. The
solid component ranged in size from

1 to 2.5 cm and contained cysts rang-
ing from 3 mm to 1.5 cm. Although
all lesions were palpable, it was often
difficult to establish with physical

examination alone whether they
were in the testicle, epididymis, or

spermatic cord. Lesions were bilater-

al in two cases and were firm at pal-
pation in all cases. The surgical find-
ings confirmed the presence of papil-
lary cystadenomas in two instances

(Fig 7). Cystic dilatation of the rete
testis was also found in one case
(Fig 7).
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creasingly frequent in the 3rd and 4th decades. The late second peak

(at 51+ years) may be caused by variable expression of VHL disease.
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Figure 7. Manifestations of epididymal cystadenomas in VHL disease. (a) Transaxial sonogram of a 25-year-old man (patient 05-005) [Fig 4])

demonstrates a palpable solid mass (arrows) in the head of the right epididymis, measuring 15 X 21 mm. The normal epididymal head was

not seen. (b) Sonogram of the father of patient 05-005 (patient 04-030), a 60-year-old man with asymptomatic scrotal enlargement, reveals an
epididymal mass (straight arrows) with cystic elements. Hypoechoic region in testicle (curved arrow) prompted surgical exploration, which
revealed cystic dilatation of the rete testis within the mediastinum testis. (C) Intraoperative photograph demonstrates enlarged epididymal
mass (e) in patient 04-030. T testicle.

DISCUSSION

Screening in families affected by
VHL disease permits timely genetic

counseling and early identification of
potentially life-threatening sequelae. A
screening program should minimally
include evaluation of the eyes, CNS,

and abdomen. Ophthalmologic screen-
ing should begin in the 1st decade of
life to preserve sight in affected per-
sons. Accurate, noninvasive imaging of
the CNS and abdomen should begin in
the early or middle teens. As shown in
Figure 8, signs of VHL disease involv-
ing the viscera do not occur before the

L�u11. �.

41-50 51.

late teens. However, a number of lethal

abdominal malignancies, including re-

nal carcinoma, pheochromocytoma,

and pancreatic carcinoma can occur in

the late teens and early 20s. The pres-
ence of apparently inconsequential le-
sions, such as pancreatic or renal cysts
and epididymal cystadenomas, may
place patients at higher risk for subse-
quent malignancy.

This study demonstrates that con-
trast-enhanced CT of the abdomen and
scrotal US are the best currently avail-
able techniques for identifying visceral

signs of VHL disease. Abdominal US,

although attractive as a screening tool

because of the lower cost and the ab-

sence of ionizing radiation, is unfortu-
nately insensitive for isolated pancreat-

ic cysts and small renal tumors (4,7-9).
Children younger than 16 years who
are at risk for VHL disease may be
screened with abdominal US, since less
cooperation is needed and there is no

exposure to radiation or contrast media.
Abdominal MR imaging has a limited
role in screening for VHL disease be-
cause of its relative insensitivity in the
detection of renal and pancreatic le-
sions, its propensity for false-positive

results, and its expense.
Pancreatic complications of VHL dis-

ease include pancreatic cysts, serous
cystadenomas, solid nonfunctional islet
cell tumors, and adenocarcinomas (5).
The earliest signs of pancreatic VHL
are small discrete cysts, occasionally ac-
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companied by focal calcifications. As
the patient ages, more cysts may devel-
op, gradually replacing pancreatic pa-
renchyma and occasionally giving rise
to pancreatic insufficiency with steator-
rhea or diabetes (10). In severe cases,
normal parenchyma may become diffi-
cult to define and may even be con-
fused with a tumor. Solid masses of the
pancreas in the family in this study

were associated with severe multicystic
disease of the remainder of the pancre-
as. Such masses usually represent non-
functional islet cell tumors, although
pancreatic adenocarcinoma may also
occur (5). Pancreatic lesions were de-
tected slightly earlier than renal lesions
in this family (Fig 8).

Renal tumors occur in approximately
25% of patients with VHL disease and
are among its most lethal manifesta-
tions, accounting for 20%-50% of
deaths (5,11). These tumors can be bi-
lateral and multiple in up to 60% of
cases (5). They are usually accompanied
by severe pancreatic cystic disease.
Four of 1 1 patients with renal cysts in
our study had solid renal masses. The
average age at detection of renal carci-
noma was 34.5 years (range, 26-49
years). This is significantly below the
average age at detection of sporadic
nonfamilial renal cancers, which typi-
cally arise in the 6th decade (12). In ad-
dition to solid masses, multiple renal
cystic lesions were seen (4,8,9). Foci of
early carcinoma or adenomatous hyper-
plasia were often present in the cyst

wall, despite a benign appearance on
imaging studies (13,14). Such cysts may
eventually give rise to solid tumors as
cystic components of otherwise solid
masses (13). Thus, all renal cysts in
VHL disease must be considered poten-
tially premalignant lesions. Preoper-
ative angiography has proved invalu-
able for diagnostic confirmation and
for identification of additional lesions
(Fig 6). Surgical treatment is controver-
sial, ranging from multiple enucleation
to bilateral nephrectomy (5,14).

Pheochromocytomas are relatively
common, occurring in 5%-60% of pa-
tients with VHL disease, which reflects
differing familial patterns (4-6,15,16).
Urinary and plasma catecholamine 1ev-

els are used to screen for the diagnosis.
However, imaging studies such as CT
are essential for tumor localization, be-
cause pheochromocytomas may be bi-

lateral or, more rarely, extraadrenal.
MR imaging has been used in the diag-
nosis of pheochromocytomas, because
of their characteristically high signal
intensity on T2-weighted images (17).

Epididymal cystadenomas most often

arise in the head of the epididymis and

are composed of cystic nodules with

papillary excrescences arising from the
cyst wall (12,18,19). Although reported
in only one-fourth of males with VHL
disease (19), abnormalities were found
in 58% of affected males in our study,
probably because such abnormalities
were specifically sought with scrotal
US. Epididymal cystic and solid masses
were found in seven subjects; in all but
one case the masses were associated
with other manifestations of VHL dis-

ease. The presence of epididymal ab-
normalities is especially helpful in con-
firmation of a diagnosis of VHL disease

when only one or two other findings
are present. However, epididymal ab-

normalities should not be used as the
sole criterion for diagnosis, because up
to 30% of healthy volunteers will have
sonographic evidence of small epididy-
mal cysts (20). For this reason, it is im-

portant to correlate the US results with

the physical examination findings and
the results of other studies. The value
of MR imaging in this diagnosis has
not been established. The youngest pa-

tient with an epididymal mass was 19

years old, and his father had a similar
lesion. The counterpart lesion in fe-
males, cystadenoma of the broad liga-

ment (21) and ovary, was not observed
in this family. The malignant potential

of such lesions is not known but is con-
sidered low (12). For this reason, a con-
servative nonsurgical approach seems
justified.

The optimal radiologic screening
strategy in persons at risk for VHL dis-

ease (ie, primary relatives of patients
with the diagnosis) has not yet been
determined. We use abdominal US and
contrast-enhanced MR imaging of the
brain and spine as a baseline in persons
aged 1 1 years or older (6). In those aged
16 years or older, we add contrast-en-

hanced abdominal CT to the screening
evaluation. Given its high yield, low
cost, and simplicity, scrotal US is a
valuable addition to the screening pro-
gram for male patients. Abdominal US
remains useful as a secondary tool in

helping distinguish cystic from solid
renal lesions, although this determina-

tion is made difficult by the large num-
ber of lesions frequently encountered.
It should be reemphasized that many
cystic-appearing renal lesions contain
foci of renal cancer. Although a nega-

tive radiologic/ophthalmologic screen-
ing examination is strong presumptive

evidence against the diagnosis of VHL
disease, it cannot be said with certainty

that manifestations of VHL will not oc-
cur later, because of the variable pene-
trance of this disease. Figure 8 suggests
a possible second peak in older pa-
tients, raising the possibility that the

disease may develop at a later age or at
a much slower rate in some persons.
Although this study did not address
the issue of medical follow-up, it is ap-

parent that patients with VHL disease

require frequent evaluation. The opti-

mal frequency and form of such fol-
low-up must be determined in longitu-

dinal studies. U
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