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History

A 56-year-old man, with a history of multiple
prior abdominal operations, presented for this
follow-up screening head MR.

Case Discussion
Findings (see Fig. 1)
Figure 1

A, Sagittal, unenhanced T1-weighted MR

demonstrates a heterogenous mass in the in-
ferior aspect of the cerebellum. There are mul-
tiple tubular serpentine signal voids (arrow)
(SSV) around the periphery of this mass. Al-
though subtle, there is evidence of a prior
occipital craniotomy.

B, This gadolinium-enhanced axial T1-
weighted MR demonstrates multiple nodular
areas of abnormal enhancement. The largest
of these is just to the left of the medulla. There
are several SSV around the periphery of the
large nodule (arrows).

Fig. 1
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Discussion

The differential considerations for a cerebel-
lar lesion in an adult patient include metastasis,
hemangioblastoma, cavernous hemangioma,
abscess, lobar hemorrhage, and infarction. The
hypointensity of the lesion seen on the TI1-
weighted image (Fig. 1A) and intense pattern
of enhancement following gadolinium admin-
istration (Fig. 1B) favor metastasis, hemangiob-
lastoma, cavernous hemangioma, and abscess.
Multiplicity of lesions, as noted in this case,
may be seen with metastasis, hemagioblas-
toma, cavernous hemangioma, or abscess. The
apparent lack of supratentorial lesions would,
however, make multiple hemangioblastomas
more likely, because metastases or abscesses
are both hematogenously disseminated and
would most likely also involve the cerebrum if
they were multiple, paralleling blood flow. Cav-
ernous hemangiomas, although commonly oc-
curring in multiple locations, are less common
than hemangioblastomas in the adult cerebel-
lum. Hemangioblastomas may be the most
common primary cerebellar neoplasm in the
adult with an incidence at least as common as
that of metastasis (1).

The presence of SSV as seen on Figure 1A
in the periphery of a lesion is very suggestive
of a vascular lesion, especially cerebellar he-
mangioblastoma. The cavernous hemangioma,
although also a vascular lesion, is not usually
associated with SSV. A rim of peripheral hy-
pointensity may be seen with a cavernous
hemangioma; however, this results from prior
hemorrhage and hemosiderin deposition (2).

The detection of the patient’s prior craniot-
omy (Fig. 1B) further supports the diagnosis of
hemangioblastomas. Craniotomy is seldom
performed for metastasis and rarely for multi-
ple central nervous system (CNS) lesions. He-
mangioblastomas, however, are resectable and
potentially curable. In this case, the presence
of multiple lesions confined to the cerebellum
and radiographic evidence of prior tumor re-
moval is very suggestive for multiple heman-
gioblastomas. The patient’s history of prior
abdominal operations suggests that the he-
mangioblastomas are in association with von
Hippel-Lindau disease (VHL), a disease with
multisystem involvement. In this particular

case, the patient had had bilateral renal cell
carcinomas and multiple pancreatic cysts, both
manifestations of VHL. He had previously
undergone bilateral nephrectomies, cadaveric
renal transplant, and numerous drainage pro-
cedures for his pancreatic cysts.

Diagnosis

Multiple Hemangioblastomas (in VHL)

Hemangioblastoma

The hemangioblastoma (Lindau tumor, cap-
illary hemangioblastoma, hemangioendothe-
lioma, angioreticuloma, angioblastoma) is a be-
nign tumor of the CNS. These tumors may be
predominantly solid or have both solid and
cystic areas. Hemangioblastomas account for
1%-2.5% of all intracranial neoplasms (3, 4).
Although also found in the spinal cord (3%-
13%), medulla (2%-3%) and cerebrum (1.5%),
hemangioblastomas. most commonly occur in
the cerebellum (83%-86%), where they com-
prise 7%-12% of primary posterior fossa tu-
mors (3-6).

Hemangioblastomas typically present in the
third through fifth decades of life; however,
they have been reported at all ages ranging
from 1-75 years old (3-10). There is a slight
male predilection for hemangioblastomas, with
male:female ratios ranging from 1.3:1 to 2.6:1
(3,4,8,9, 11).

Patients with hemangioblastomas usually
have a long history (6-10 months) of minor
neurologic symptoms that are often followed
by a sudden exacerbation, forcing them to seek
medical attention (3, 6-8). The most common
presenting symptoms of intracranial heman-
gioblastomas are headache (70%), disequili-
brium (50%), nausea/vomiting (37%), and diz-
ziness/vertigo (26%) (5). On neurologic ex-
amination, patients most frequently demon-
strate cerebellar signs (38%), papilledema
(33%) and nystagmus (20%) (5). At the time
of presentation, as many as 50% of patients
manifest signs and symptoms of increased
intracranial pressure secondary to obstructive
hydrocephalus and require emergency treat-
ment (6).
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Fig. 2. Cerebellar hemangioblastoma, operative photograph. The
cerebellum has been decorticated, and we are peering into the cyst
surrounding the tumor. There is a deep red nodule (arrow) at the upper
portion of the lesion that represents the neoplasm itself. The cyst is
external to the neoplasm and lined by normal cerebellar tissue.

Fig. 3. Cerebellar hemangioblastoma, subgrossed specimen. This
hematoxylineosin-stained specimen illustrates normal cerebellar folia
at the top of the photograph. The nodule of the hemangioblastoma is
in a subpial location. Within this solid nodule, are numerous large
tubular structures representing vascular sinusoids (/arge arrows). There
are pale pink areas representing collections of stromal cells. The nodule
is located on the right side of the cyst. Note that the neoplasm does
not form the wall of the cyst but rather, the cyst “wall” is composed
of compressed normal cerebellar tissue (small arrows).

Fig. 4. Cyst fluid, specimen. This test tube contains the aspirated
t o WA v M fluid from a cyst surrounding a hemangioblastoma, demonstrating the
5 typical xanthochromic appearance. The fluid is benign and does not

contain neoplastic cells.

Fig. 5. Cerebellar hemangioblastoma, photomicrograph (hematoxylineosin stain, 350X). There is a relatively sharp demarcation
between the hemangioblastoma and the adjacent brain (arrows). Most of the field demonstrates pale pink, polygonal, foamy-
appearing stromal cells. In between the stromal cells is a lace-like pattern of capillaries lined by plump endothelial cells. There
are several “microcysts” or lakes of proteinaceous fluid (asterisks) within the tumor.

Hemangioblastomas may produce polycy- abuts the pial surface (Fig. 3). The cyst fluid is
themia in some cases. Up to 40% of hemangio-  often xanthochromic (Fig. 4), but rarely may
blastomas have been reported to secrete eryth-  be rusty brown if hemorrhage into the cyst has
ropoietin (7). The polycythemia usually re- occurred (7, 14). The “cyst” around the mural
solves following resection of the tumor but nodule is a collection of fluid and is not truly
may return with tumor recurrence. The poly- part of the neoplasm. Therefore, the cyst and
cythemia is more commonly associated with its lining need not be resected unless there is
solid hemangioblastomas (3, 4, 7, 9, 12, 13). evidence of tumor involvement. Less fre-

quently, the hemangioblastoma has no sur-
rounding cyst and is purely solid (40%) (3, 6,
Pathology 7).

Cumings found the cysts surrounding he-

mangioblastomas to have amino acid, nitrogen,

The hemangioblastoma is typically a well- mucoprotein, and alkaline phosphate levels
circumscribed tumor that forms a solid “mural  similar to that of blood, suggesting that the
nodule” within a larger cyst cavity (60%) (Figs.  cyst fluid arose by diffusion from the vascular
2 and 3) (3). The tumor nodule commonly  component of the mural nodule (15). Addi-

Gross
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tionally, the cyst fluid has been found to con-  Microscopic
tain erythropoietin (13). Note that cysts may

also occur within a mural nodule or solid tumor; The hemangioblastoma is composed of a
the cysts in this instance are part of the tumor  cluster of thin-walled, tightly packed blood
mass (3, 7, 16). vessels lined by plump endothelial cells on a

C D

Fig. 6. Cerebellar hemangioblastoma, typical solid nodule with surrounding cyst. A lateral film (A) from a vertebral angiogram
demonstrates a faint area of enhancement (arrow) corresponding to the nodule seen on the gadolinium-enhanced sagittal T1-
weighted MR (B, arrow). Note the nodule’s subpial location. The remainder of the lining of the cyst is not composed of neoplastic
tissue and, therefore, does not enhance. Unenhanced T1-weighted axial MR (C) demonstrates a homogenous “cystic” mass
involving most of the cerebellar hemisphere. The cyst fluid is slightly hyperintense compared to CSF. The proton-density image
(D) demonstrates an increase in signal intensity of the cyst fluid, which becomes even brighter on the T2-weighted pulse sequence

(E).
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background of abundant connective tissue
(Fig. 5). The blood vessels vary in size from
capillary to cavernous and are interspersed
with polygonal, lipid-laden “stromal” cells. The
cytologic features of the endothelial and
stromal cells is usually benign without mitotic
figures. Necrosis and hemorrhage may occur,
but are uncommon (3, 7, 12, 17).

The cyst wall, if present, is composed of
compressed adjacent brain parenchyma or re-
active neuroglial cells. This is in distinction to
a cyst found within a tumor nodule that is part
of the hemangioblastoma which may represent
dilated vascular spaces or regions of necrosis
within the neoplastic tissue of the hemangiob-
lastoma (3, 7, 12, 17).

Radiology
Angiography

Angiographically, the hemangioblastoma
may be identified as a dense tumor nodule
(Figs. 6A and 7A) or as a heterogeneous net-
work of tangled vessels fed by a dilated artery
(4, 14, 18-20). Dilated draining veins (Fig. 7A)
have also been reported (21). If the tumor sits
within a cyst, it may appear as a vascular
nodule within an avascular region, secondary
to displacement of the surrounding vessels by
the avascular cyst (Figs. 6A and 7A). Angiog-

raphy continues to be a crucial tool in the
evaluation of hemangioblastoma, inasmuch as,
in several cases, it has detected tumors not
otherwise identified on computed tomography
(CT) or magnetic resonance (MR) (11, 22, 23).

e

On unenhanced CT, the hemangioblastoma
most commonly appears as a small isodense
nodule within a well-circumscribed, thin-walled
hypodense cyst (Figs. 8A and 9A) (17, 19, 21,
22, 24). Following the administration of intra-
venous contrast, the mural nodule will enhance
homogeneously (Figs. 8B and 9B). The cyst
wall generally does not enhance (Fig. 8B).
Should the wall enhance, neoplastic extension
along the cyst wall should be suspected (Fig.
9B) (16). Solid hemangioblastomas are usually
isodense but are occasionally hyperdense on
precontrast CT, and show prominent homo-
geneous enhancement (11, 20). Ring enhance-
ment of solid hemangioblastomas has also
been reported (20). On CT, the secondary fea-
tures of hemangioblastoma such as hydro-
cephalus (Figs. 8A and 8B) and edema are well
visualized.

MR

The most common MR patterns (Fig. 10) of
hemangioblastoma are the traditionally de-

Fig. 7. Cerebellar hemangiob-
lastoma, typical solid nodule with
surrounding cyst. The lateral view
of a vertebral angiogram (A) dem-
onstrates the vascular tumor nod-
ule (solid arrow) in the posterior
cerebellum in a relatively avascu-
lar region that corresponds to the
surrounding cyst. A dilated drain-
ing vein is also appreciated on this
angiogram (open arrows). The re-
lationship of the hemangioblas-
toma abutting the posterior aspect
of the cyst is better appreciated on
the gadolinium-enhanced sagittal
T1-weighted MR image (B) that
illustrates the densely enhancing
tumor (arrow) within the nonen-
hancing cyst.
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scribed solid “mural nodule” with an adjacent
nonenhancing surrounding cyst (Figs. 6B, 7B,
8C, and 8D) (1/3) or purely solid (Figs. 1A, 1B,
11A, and 11B) (1/3) (5, 11). In some cases the
tumor may also appear completely “cystic”
(without a mural nodule detected on MR, but
seen on angiography, CT, or at resection).
Sometimes, there will be a mural nodule asso-
ciated with an enhancing cyst wall (Figs. 9C
and 9D), or a solid mass with internal cysts.
Overall, roughly 55% of hemangioblastomas
have a surrounding cyst and the other 45%
are predominantly solid (5, 11). This radio-
graphic distribution correlates well with the
pathologic spectra of 60% cystic and 40%
solid described by Rubinstein (3).

The typical hemangioblastoma is hypo- to
isointense on short T1-weighted MR (Figs. 1A

Fig. 8 Cerebellar hemangioblastoma, typical solid nodule with surround-
ing cyst. A “cystic” mass is noted in the area of the cerebellar vermis on
the noncontrast CT scan (A). Following contrast infusion, a faint nodule of
enhancement is seen along the right lateral border of this cystic mass (B,
arrow). T1-weighted MR after gadolinium infusion in the coronal (C) and
sagittal (D) planes illustrate only a small nodule (arrows) of enhancement.
Again, this nodule is in a subpial location and the majority of the tissue
lining the cyst does not enhance and is not composed to neoplastic tissue.

and 6C) and hyperintense on proton- (Fig. 6D)
and T2-weighted MR (Figs. 6E and 11B). Oc-
casionally, hemangioblastomas may be heter-
ogeneous on T1-weighted MR (Fig. 11A), with
foci of increased signal intensity seen within
the solid portion of the tumor. These regions
of T1 signal shortening may represent lipid
within stromal cells or methemoglobin from
hemorrhage within the tumor (11, 17, 23).
The cyst fluid surrounding the neoplasm will
be slightly hyperintense compared to cerebro-
spinal fluid (CSF) on T1-weighted (Fig. 6C) and
proton-weighted images (Fig. 6D) and much
more hyperintense on T2-weighted images
(Fig. 6E). These characteristics of the fluid are

_ attributable to its high protein content (25, 26).

Following intravenous administration of gad-
olinium, the neoplastic tissue markedly
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enhances (Figs. 1B, 6B, 7B, 8C, 8D, 9C, and
9D). Because of the high signal intensity of the
surrounding cyst fluid on proton- and T2-
weighted MR images, the tumor nidus is usually
better visualized on gadolinium-enhanced T1-
weighted sequences (compare Fig. 6B to Fig.
6E). As seen on contrast-enhanced CT, the
cyst wall usually does not enhance (Figs. 6B,
7B, 8C, and 8D). However, if the cyst is lined
by neoplasm, the wall will enhance (Figs. 9C
and 9D) (11, 19, 23, 25, 27).

On MR, hemangioblastomas commonly
(60%—-69%) have associated internal and/or
peripheral SSV (Figs. 1A, 11A, and 11B), con-
sistent with the dilated afferent and efferent

Cc

Fig. 9 Supratentorial hemangioblastoma, mural nodule with extension into the
cyst wall. The axial precontrast (A) and postcontrast (B) CT scans demonstrate a
rounded abnormality in the high parietal cortex. The mass is of relative homoge-
neous low attenuation before contrast but demonstrates dense enhancement of
the central nodule (arrowhead) with thick ring-enhancement of the cyst wall
(arrows) following iodine infusion. The corresponding gadolinium-enhanced axial
T1-weighted MR (C) also shows complete enhancement of the cyst wall (arrow).
On the gadolinium-enhanced coronal T1-weighted scan (D) the nonenhancing
central cystic region is clearly seen to be surrounded by a rim of thick enhancement
(arrows). This appearance of ring-enhancement mimics necrosis in a malignant
tumor (for example, a metastasis).

vessels (11, 23, 27, 28) identified pathologi-
cally. In fact, according to Lee et al, “the
association of a peripheral cyst in the posterior
fossa with a mural nodule supplied by enlarged
vessels is virtually pathognomonic for heman-
gioblastoma” (23).

Overall, MR is more sensitive than CT in the
detection of hemangioblastomas (11, 19, 23,
27, 28). MR, in addition, to the benefit of
detecting SSV (Figs. 1A, 11A, and 11B), is
multiplanar and allows for sagittal (Figs. 1A,
6B, 7B, and 8D) and coronal (Figs. 8C and 9D)
imaging that help identify small peripheral mu-
ral nodules in some cases. MR is also better at
imaging the posterior fossa and does not suffer
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the effects of beam hardening and other arti-
facts commonly noted with CT.

Associations

Hemangioblastomas may be inherited as sol-
itary or multiple lesions or may occur in con-
junction with additional visceral tumors as part
of VHL (3). VHL is a hereditary disorder with
an autosomal dominant mode of transmission
and a greater than 90% penetrance (29). VHL
has been linked to a defect on chromosome 3
(30). The diagnosis of VHL may be established
by the presence of 1) more than one CNS
(including retinal) hemangioblastoma, 2) one

OEIR,

O

Pure Cyst-8% Mural Nodule-35% Cyst With Wall
Enhancement-6 %
Cystic Nodule-6% Solid With Cyst-12% Solid-33%

Fig. 10. Radiologic patterns of hemangioblastoma. There
are six morphologic types of hemangioblastoma as visualized
on MR and CT. (Modified from Murphy et al (5).)

Fig. 11. Cerebellar heman-
gioblastoma, purely solid. This
solid hemangioblastoma is seen on
the unenhanced T1-weighted (A)
and T2-weighted (B) pulse se-
quences. On the T1-weighted im-
age, there is a heterogeneous solid
mass involving the left cerebellar
hemisphere. Portions of this mass
have areas of focal hyperintensity
(arrows). There are also multiple
curvilinear  serpentine  signal
avoids (SSV) around the periphery.
On the T2-weighted image (B),
most of the nodule has become
hyperintense, except for the cur-
vilinear SSV (arrows).

CNS hemangioblastoma with a visceral mani-
festation of VHL (Table 1), or 3) one manifes-
tation of VHL with a known family history (10,
25, 31-34). In Huson et al’s series of 35 patients
with  VHL, cerebellar hemangioblastomas
(83%), pancreatic cysts (69%), renal cell car-
cinoma (51%), renal cysts (49%), and retinal
hemangioblastoma (46%) were the most com-
mon features noted at autopsy (10).

Solitary hemangioblastomas are associated
with VHL in 4%-40% of cases (average of
10%-20%) (3-6, 8, 10). The age of presenta-
tion of hemangioblastoma in VHL is usually
one to two decades earlier than that of the
sporadic variety (6, 10, 32). The male:female
ratio of hemangioblastomas in VHL is closer to
111 (32),

Prognosis

The prognosis for cerebellar hemangioblas-
toma is quite good, with 85% of patients sur-
viving 5-20 years following surgical removal
of the tumor (3). The perioperative mortality is
between 7%-15% and related to postoperative
hemorrhage or increased intracranial pressure
(4, 6). Medullary hemangioblastomas have a
higher rate of morbidity (40%) (9). Spinal he-
mangioblastomas, which are frequently asso-
ciated with subarachnoid bleeding at presen-
tation, also have an increased morbidity (6).
Solid hemangioblastomas have been reported
to have a higher incidence of complications (9,
20). Young and Richardson, in their series of
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TABLE 1: Manifestations of von Hippel-Lindau disease*

CNS Hemangioblastoma (cerebellum,
eye, medulla, spinal cord, cere-
brum)

Meningioma
Kidney Renal cell carcinoma (often cystic)

Cyst
Hemangioblastoma
Hemangioma
Adenoma

Pancreas Cyst
Cystadenoma
Islet cell tumor
Carcinoma
Hemangioblastoma
Hemangioma
Adrenal Pheochromocytoma
Adenoma
Cyst
Cortical hyperplasia

Liver Cyst
Adenoma
Hemangioma
Hemangioblastoma
Spleen Hemangioma
Lung Cyst
Hemangioblastoma
Bladder Hemangioblastoma
Epididymis Cyst
Hypernephroid tumor
Cystadenoma®

Sympathetic chain Paraganglioma

® Modified from References 25 and 31-36.

patients.

cell carcinoma (32, 33).

mors and vice versa (4).

® Cystadenoma may also occur in the broad ligament in female

14 solid hemangioblastomas, reported a 50%
rate of death or “poor result” postoperatively
(20). Patients with VHL may have a graver
prognosis, but perhaps secondary to the other
associated conditions, especially that of renal

The overall recurrence rate for hemangiob-
lastomas ranges from 8%-16% (4, 9, 32). The
recurrent tumor may not necessarily have the
same morphology as the original tumor. Solid
hemangioblastomas may recur as cystic tu-
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