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BRIEF CLINICAL STUDIES
Cavernous Sinus Aneurysm
Associated With Cerebellar
Hemangioblastoma in an Adult
With von Hippel-Lindau Disease

Hui Zhou, MD, Shuo Sun, MD, Hui Shi, MD, and Kui Ma, MD

Abstract: A case of cerebellar hemangioblastoma with von Hippel-
Lindau disease and an aneurysm of the cavernous sinus segment of
the internal carotid artery is presented here. A 60-year-old woman
presented with a cerebellar solid tumor manifesting as headache of 4
months, progressive vomiting, and ataxia of half a month. Four-
vessel angiography revealed a high stain mass tumor located in the
posterior fossa; an aneurysm on the cavernous sinus segment of
the internal carotid artery was demonstrated at the same time. The
ipsilateral anterior inferior cerebellar artery (AICA) and posterior
inferior cerebellar artery (PICA) branches were the main feeding
vessels of the hemangioblastoma. The patient underwent left-lateral
suboccipital craniectomy to remove the highly vascular hemangio-
blastoma. Successful total excision of the tumor was demonstrated
on postoperative magnetic resonance (MR) images. The unruptured
cavernous sinus aneurysm in this case was not on the feeding artery,
which was asymptomatic and has not been treated further. The
patient was in good condition in 1-year follow-up.
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internal carotid artery, intracranial aneurysm

cerebral aneurysm associated with a brain tumor is rare.
ACerebral aneurysms have been reported in patients with cere-
bral lesions such as meningiomas, pituitary adenomas, other brain
tumors, and vascular malformations.1 To the best of our knowledge,
however, only 6 cases of coexisting intracranial aneurysm and
cerebellar hemangioblastoma other than the 1 presented here have
been reported in the literature (Table 1).2

In the present article, we report on a patient with an aneurysm of
the cavernous sinus segment of the internal carotid artery associated
with a cerebellar hemangioblastoma with von Hippel-Lindau
disease.

CLINICAL REPORT

History
A 60-year-old woman consulted after 4 months of headache,

progressive development and vomiting, and gait ataxia for half a
month. After examination and MR imaging studies, a posterior
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fossa tumor with slightly secondary obstructive hydrocephalus was
diagnosed. One elder brother of the patient was diagnosed as
brainstem hemangioblastoma and operated 10 years before. Fur-
thermore, 1 elder sister of the patient was diagnosed as giant hepatic
cavernous hemangioma and operated 8 years before. They were all
confirmed through histological diagnosis. Family history for VHL
disease was demonstrated.

Physical Examination
On neurological examination, the ocular fundoscopy showed no

presence of angiomatous change (Fig. 1), the 24-h urine test was
within normal ranges. Abdominal ultrasonography revealed hepatic
cysts, the biggest one located on the right hepatic lobe, its size being
2.1� 1.2 cm2. The other abdominal organs were unremarkable. So
its Melmon and Rosen clinical criteria for VHL diagnosis were
found.3 No genetic analysis of the VHL gene was performed
because of technical limitations in our center at that time.

Imaging Examination
MRI revealed a solid lesion in the posterior fossa, exerting

compression on the cerebellum and the 4th ventricle (Fig. 2). On
T1WI, the mass lesion displayed isointense to the brain (Fig. 2A).
On T2WI, the mass appeared hyperintense to the cerebellum
(Fig. 2B). T1WI after gadolinium administration showed highly
intense mass enhancement (Fig. 2C and D). MRI demonstrated
compression and displacement of the 4th ventricle by the mass
effect (Fig. 2A-C). Both T2WI and T1WI after gadolinium-
enhanced images showed flow voids within and peritumoral of
the mass lesion from prominent vessels (Fig. 2B-D). Complete CNS
gadolinium MRI study ruled out other HB. Four-vessel cerebral
angiography confirmed the presence of a 3-cm-wide area of tumor
neovascularly in the left cerebellar hemisphere that was diagnosed
as a hemangioblastoma and was predominantly supplied by the left
anterior inferior cerebellar artery (AICA) and the left posterior
inferior cerebellar artery (PICA) (Fig. 3A and B). Left carotid
angiography confirmed the presence of a 1.1� 1.2 cm2 large aneu-
rysm of the cavernous sinus segment of the internal carotid artery,
which was not supplying the lesion (Fig. 3C-E).

Evolution
The patient was planned for surgery. Based on the cavernous sinus

aneurysm is unruptured and asymptomatic, the microsurgical treat-
ment or endovascular embolization of the cavernous sinus aneurysms
isdifficultandchallenging.Also, theaneurysmremainsasymptomatic
and the female patient refused further treatment, the aneurysm has not
rized reproduction of this article is prohibited.

FIGURE 1. The occular fundoscopy showed no presence of retinal disease and
angiomatous change, the retinal vascular was normal.
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FIGURE 2. Preoperative MRI. (A) Axial T1-weighted image showing the tumoral
mass (n) isointense to the cerebellum and the relationship to its neighboring
structures. See the mass compressing the 4th ventricle and displaying slightly
more hyperintense than cerebrospinal fluid. (B) Axial T2-weighted image
demonstrating the mass effect exerted by the solid tumor (n) on the cerebellum
and the 4th ventricle, the peritumoral sheet edema and the lesion display more
hyperintense than cerebellum, flow voids within and peritumoral (white arrow)
of the mass lesion from prominent vessels. (C) Axial T1-weighted image with
gadolium enhancement showing the homogeneously enhanced lesion in the
left cerebellum, flow voids within the mass lesion. (D) Sagittal T1-weighted
image with gadolium enhancement showing the homogeneously enhanced
lesion in the left cerebellum, and its related to the cerebellar dura and transverse
sinus.

FIGURE 3. Preoperative arteriography. (A) Left vertebral artery angiogram
(anteroposterior-oblique view) showing the beginning of the capillary phase.
A large tumor blush (black arrow) is demonstrated. Left AICA (double white
arrow) and left PICA (arrow head), which originates from the ipsilateral vertebral
artery, displays as the main feeding artery of the tumor. (B) Left vertebral artery
angiogram (lateral view) showing the tumor blush (black arrow). The AICA
(white arrow) and the PICA are shown as the feeding tumoral arteries. Venous
phase is advanced on time, which is shown by the main draining trunk (arrow
head) from the tumor to the ipsilateral jugular vein during the capillary phase.
(C) Left internal carotid artery angiogram (anteroposterior view) showing the
beginning of the capillary phase. A large cavernous internal carotid artery
aneurysm (black arrow) is demonstrated, which size is 11�12 mm2, broad of its
base is 4.7 mm, left anterior cerebral artery is double dries. (D) Left internal
carotid artery angiogram (oblique view) showing the large cavernous internal
carotid artery aneurysm (black arrow), a large unruptured cavernous internal
carotid artery aneurysm is diagnosed. (E) Left internal carotid artery 3-
dimensional reconstructed image (lateral view) showing the cavernous internal
carotid artery aneurysm (white arrow), left internal carotid artery and its
branches.

FIGURE 4. Postperative CT scan showing the total rection of the tumor, slightly
cerebellar edema compressing the 4th ventricle, CSF in the 4th ventricle can be
seen, furthermore, defected bone flap can be seen.

Brief Clinical Studies The Journal of Craniofacial Surgery � Volume 00, Number 00, Month 2018
been interfered. Preoperative embolization was refused because of
multiple small feeding arteries to the tumor a hazardous feature for the
endovascular procedure.4 Radiosurgery was also rejected due to the
tumor size and its already symptomatic onset, and slightly secondary
obstructive hydrocephalus caused by the mass lesion.

Operation
The patient was positioned in the park-bench position. Left

suboccipital craniectomy was performed. The foramen magnum
was removed. Gross total tumor removal under microsurgical
technique was accomplished uneventfully. Great care was taken
not to enter inside the solid tumor. Tumor appearance was dark
reddish on naked-eye inspection, and the tumor nodule size was
3.0� 3.0� 2.7 cm3. The cerebellum was dilated after tumor
removal; the bone flap was removed unroofly.

Postoperative Course
The postoperative course was uneventful. The patient woke up

from anesthesia 6 hours after surgery later with complete recovery
of consciousness and no limb weakness and normal respiration and
gag reflex. Postoperative CT scan confirmed the complete removal
of the lesion 24 hours after operation (Fig. 4). The patient was
discharged with no neurological deficit on the 8th day after surgery,
she was followed up on 3 to 6 months intervals, and was in good
condition in 1-year follow-up. Postoperative MRI scan was con-
ducted (Fig. 5A and B), which demonstrates that the untreated
Copyright © 2018 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.
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FIGURE 5. Postoperative MRI scan. (A) Axial T1-weighted image with gadolium
enhancement. (B) Sagittal T1-weighted image with gadolium enhancement,
they all showing complete tumor removal, no residual tumor enhancement and
re-expansion of the cerebellar hemisphere are well visualized.

FIGURE 6. Histological sample with hematoxyin-eosin (H&E) stain. Histological
picture of the HB (H&E,�400), composed by numerous stromal cells with clear
and vacuolated cytoplasms, focal nuclear atypias, and intermingled capillary
vessels, steady staining and positive staining for stromal cells.
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cavernous sinus aneurysm of the left internal carotid artery had
intervals of stable size (as demonstrated on serial CTA imaging
studies), and showed no clinical change.

Pathology
The pathology report demonstrated hemangioblastoma (WHO

grade I) with prominent capillary blood vessels intermingled with a
rich population of foaming stromal cells. These stromal cells
displayed epithelioid appearance with clear cytoplasms. No necro-
sis, pleomorphism, or abnormal mitoses were observed. Stromal
cells displayed positive enhancement for neuro-specific enolase
(Fig. 6). Immunohistochemistry-strain results the capillary network
enhanced positively for CD-34 marker, for EMA marker cells can
be seen occasionally. While negative enhancement for CK, GFAP,
CD-68. This histological pattern was consistent with the diagnosis
of transitional type hemangioblastoma, described by Vates.5

DISCUSSION
Association of a cerebral aneurysm with a intracranial tumor is
rare.1 The first case was reported by Yoshii on a cerebellar
hemangioblastoma with a coexistent cerebral aneurysm in 1976.6

Since then, only 6 cases involving a hemangioblastoma coexisting
aneurysm have been reported (Table 1). The patients were aged 50
to 72 years (mean 55 years). Only 1 patient had initial clinical
symptoms due to hemangioblastoma and subsequent clinical symp-
toms caused by SAH from cerebral aneurysm, in all cases the initial
clinical symptoms caused by the hemangioblastoma.2,7 Angiogra-
phy revealed 3 cases of aneurysms were located on the main feeding
artery of the hemangioblastomas, other 4 cases of aneurysms did not
arise from the artery feeding the hemangioblastomas.
Copyright © 2018 Mutaz B. Habal, MD. Unautho

TABLE 1. Reported Cases of Coexisting Hemangioblastoma and Cerebral Aneurysm

Author (Year) Age/Sex Site of Aneurysm Site of He

Yoshii et al. (1976) 50/F BA bifurcation, It ICA terminal It cerebell

Ueno et al. (1977) 50/F It ICA It cerebell

Guzman and Grady (1999) 53/M It distal AICA It cerebell

Menovsky et al. (2002) 52/F It VA-AICA It cerebell

Zager et al. (2002) 53/M It distal AICA It cerebell

Yasuo et al. (2006) 72/M It ICA-PPTA It cerebell

Present case 60/F It ICA It cerebell

AICA, anterior inferior cerebellar artery; BA, basilar artery; ICA, internal carotid artery;

SAH, subarachnoid hemorrhage; SCA, superior cerebellar artery; VA, vertebral artery.
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Hemangioblastomas are tumors of the central nervous system
(CNS) that constitute approximately 1% to 2% of all intracranial
tumors and 7% to 12% of all posterior fossa tumors.8 They can
develop in any portion of the CNS, but the most common site is the
cerebellum. Approximately, 75% of hemangioblastomas are found
as sporadic lesions, whereas 25% are a manifestation of the
hereditary von Hippel–Lindau disease.8 Extensive progress has
been made in determining the genetic cause of sporadic and VHL-
associated CNS hemangioblastomas. The gene mutated in autoso-
mal dominant VHL syndrome has been identified and is located on
chromosome 3p25–26. This gene is a tumor suppressor and is
thought that the VHL protein mechanism of action involves inhibi-
tion of transcriptional elongation through interaction with the
elongation B and C proteins.8 According to VHL syndrome, in
addition to CNS hemangioblastomas, other manifestations of VHL
syndrome include retinal hemangioblastomas, renal and pancreatic
cysts, renal carcinoma, hepatic cysts, pheochromocytoma, pancre-
atic islet cell tumors, endolymphatic sac tumors, and papillary
cystadenoma of the epididymis.9,10

Presentation
Coexistence of intracranial aneurysm and hemangioblastoma

was oberserved in 7 patients. Sporadic hemangioblastomas were
observed in 5 patients (71%), 2 (29%) of 7 patients with VHL
rized reproduction of this article is prohibited.

mangioblastoma Feeder of Hemangioblastoma Cause of Symptoms

ar hemisphere It PICA tumor, SAH from aneurysm

ar hemisphere It PICA tumor

ar hemisphere It AICA and PICA tumor

ar hemisphere It AICA tumor

ar hemisphere It AICA tumor

ar vermis It SCA tumor

ar hemisphere It AICA and PICA tumor

PICA, posterior inferior cerebellar artery; PPTA, persistent primitive trigeminal artery;
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syndrome who provided information had a positive family history
of VHL syndrome. No difference was observed between the
prevalence of sex with coexistence of intracranial aneurysm and
hemangioblastoma. Its sex distribution with a M-to-F radio of 3:4 (3
males, 4 females). Patients with VHL syndrome tended to experi-
ence neurological symptoms at an earlier age (mean, 36 years) than
patients with sporadic CNS hemangioblastomas (mean, 45 years);9

patients of hemangioblastomas coexisting aneurysms were aged
from 50 to 72 years (mean 55 years).2 In the present case, the patient
was hemangioblastoma with VHL syndrome, female, 60 years old.

Pathology
Macroscopically, HBs can be classified into 4 types. Type 1

present as cystic tumor without a macroscopic nodule (5%); type 2
is the most common (60%) and is composed of a cyst and a mural
nodule; type 3 is a solid tumor (26%); and type 4 is a solid tumor
with small internal cysts (9%).11 In the present case, the macro-
scopic type was solid (type 3).

Histologically, HBs are classified into 3 types.12 Juvenile type is
predominantly composed of packed dilated vessels. Clear-cell type
shows a higher proportion of stromal cells. Transitional type is
considered as an intermediate group between juvenile and clear-cell
types, with both dilated vessels and intermingled stromal cells. In the
present case, the histological type was transitional type. Only 1
presented here confirms the histological type of coexistence of
intracranial aneurysm and hemangioblastoma. Neither report
described the histological type. Wakai et al reported the bleeding
hemangioblastoma histological type of 6 cases,13 5 were transitional
type, and 1 was juvenile type. This distribution could be expected
since both juvenile and transitional types have a denser vascular
network than the clear-cell variety, which might make them more
prone to hemorrhage. Guzman reported the hemangioblastomas
consist of 3 cell types: vascular endothelial cells that form the
capillary network, pericytes adjacent to the endothelial cells, and
epithelioid or stromal cells that are often laden with lipids.10,14

Hemangioblastomas and Arteriovenous
Malformations

The coexistence of an intracranial aneurysm and a hemangio-
blastoma is a rare occurrence. To find a comparative pathophysio-
logical associated situation, we looked at the association of cerebral
aneurysm and arteriovenous malformation (AVM), which has been
reported to occur in 8% to 10% of AVM cases.11 There are 2
theories to explain the pathogenesis of coexistence of AVMs
and aneurysms.

(1) A high flow in the feeding vessel of the AVM
(2) a common congenital defect of the vessel walls. Similar to

that observed with AVMs, the feeding arteries of hemangioblas-
tomas show high flow velocity because of missing capillary
bed resistance.

This phenomenon can be seen by the early appearance of tumor
blush on angiography. Both AVM nidus and HB nodule present a
dense vascular network. This feature makes both lesions quite alike
from a functional point of view.14 The vascular network creates a
low resistance bed, which favors a high blood flow towards the
lesion. This augmented flow can cause hemodynamic stress on the
walls of the feeding arteries, draining veins, and intralesional
vessels. Eventually, some structural changes can occur into the
vessel walls. Feeding artery aneurysms, in both AVMs and HBs, is a
good example of the structural change caused by that hemodynamic
stress.11 These appearances of high flow velocity in the feeding
artery of the hemangioblastoma could be due to aneurysm forma-
tion, as proposed in the first theory regarding to AVMs. That can
demonstrate the most plausible explanation when the aneurysm is
located on the feeding artery of the hemangioblastoma.
Copyright © 2018 Mutaz B. Habal, MD. Unautho
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Hemangioblastomas and Vascular Endothelial
Growth Factor

Vascular endothelial growth factor (VEGF), also known as
vascular permeability factor, is a potent polypeptide regulator of
blood vessel function that acts on 2 kinds of endothelial cell-specific
tyrosine kinase receptors.14,15 It promotes an array of responses in
endothelium, including hyperpermeability, endothelial cell growth,
and angiogenesis. Several studies have confirmed the expression of
VEGF messenger RNA in CNS hemangioblastomas. It has been
proposed that VEGF may represent the major endothelial mitogen
in CNS hemangioblastomas. Concerning the mechanism of aneu-
rysm formation in association with pathological hemodynamic
situations, immunohistochemical studies have shown that increased
hemodynamic stresses on the vessel wall can lead to regulation of
VEGF.16 Skirgaudas et al.17 found expression of VEGF in ten of 10
analyzed cerebral aneurysm vessel walls, whereas no expression of
VEGF was found in non-aneurysmal vessels of 10 cases. VEGF is
thought to initiate changes favoring leakage at intercellular junc-
tions and the secondary activation of pathways causing enzymatic
breakdown of matrix proteins.14 Hence, a multifactorial genesis is
likely responsible for the association of hemangioblastoma and
aneurysm. Futhermore, a complex pathophysiological process
derived from the HB would make the aneurysm develop. The
aneurysm would not only be caused by an increased blood flow
and its consequent hemodynamic disturbance but also by some
other chemically modulated mechanisms. Expression and upregu-
lation of VEGF and its receptors has been demonstrated on
HBs.18,19 Furthermore, some other studies have also demonstrated
that increased hemodynamic stress on the vessel wall can lead to
VEGF upregulation.11 VEGF effects on blood vessels consist of
hyperpermeability, endothelial cell growth, and angiogenesis.19 So,
VEGF is thought to start certain structural changes within vessel
walls, as disruption of intercellular junctions and activation of
enzymatic rupture of matrix proteins.11 Those changes will even-
tually make the vessel wall weaker and more prone to distortion
under hemodynamic stimuli. Thus, VEGF expressed by the HB
could act in conjunction with the hemodynamic disturbances also
created by the HB. VEGF would make the vessel wall more fragile,
while the hemodynamic stress, caused by a high blood flow, would
deform the wall and create an aneurysm eventually.10,14 In present
case, the aneurysm probably caused by the latter theory.

Neurosurgical Management
Dealing with the coexisting aneurysm and cerebellar hemangio-

blastoma, if the aneurysm located on the main feeding artery, the
optimal strategies are successful total excision of the hemangio-
blastoma and clipping of the aneurysm achieved in a one-stage
operation. Ruptured aneurysms as the bleeding sources, such as
SAH or hemorrhage, which have produced symptoms, should be
treated primarily. Surgical removal the hemorrhage and clip the
aneurysm should be considered as the best option for the ruptured
aneurysm,14 the hemangioblastoma of coexistence mainly feeding
artery should be removed at the same aneurysm surgery stage. The
hemangioblastoma should be removed at the second stage while the
aneurysm did not arise from the tumoral feeding artery.2 The radical
curable criteria is clip the aneurysm and surgical removal the
hemangioblastoma in a one-stage or a second-stage operation.

Cavernous Sinus Aneurysm
Association of the cavernous sinus aneurysm with a brain tumor is

rare. Cavernous sinus aneurysms have been reported in patients with
meningiomas, pituitary adenomas, hemangiomas and other brain
tumors.21 But, there is no literature about cavernous sinus aneurysm
associated with hemangioblastoma. Surgical treatment for cavernous
rized reproduction of this article is prohibited.
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sinus aneurysm is difficult, reflected by the confusing array of reports
and recommendations, including carotid artery ligation with or
without bypass surgery, parent vessel occlusion and intravascular
coil placement with stenting. The indication for treatment of asymp-
tomatic cavernous sinus aneurysm, brings to our attention once again
the modern management dilemma of knowing whether to provide
treatment for a condition of which we do not know the natural
history.21 We have all seen, in the past few years, many more such
aneurysms, incidentally discovered at the time of noninvasive imag-
ing performed for unrelated symptoms. Very few natural history

Studies have been performed, and most included small numbers
of patients. The indication for active intervention is well-accepted
for those patients with cavernous sinus aneurysms who present with
progressive neurologic symptoms, pain syndromes that are not
clinically tolerated, or aneurysms associated with rupture into
the adjacent cavernous sinus, sphenoid sinus, or subarachnoid
space.22 The indication for active treatment of asymptomatic
cavernous sinus aneurysms is questionable, and any decision to
treat should be carefully considered in view of our very limited
knowledge of their natural history and the small but definite
immediate potential risk associated with their treatment. As new
treatment options become available, the risk-management strategy
will need to include a consideration of which type of treatment
(parent vessel occlusion, coiling, stent placement, flow-diverting
stent, and so forth) would be most efficient for alleviating symptoms
at the lowest possible associated risk.20 There is little scientific
evidence to support treatment of an asymptomatic cavernous sinus
aneurysm, irrespective of size or age. There is certainly no indica-
tion for treatment if the aneurysm is small and the patient is in the
elderly age group.5,22 The indication for treatment of unruputed
cavernous sinus aneurysms, asymptomatic cavernous sinus aneur-
ysms and in an elder age group, growth-changes were observed
symptom and size of aneurysms on follow-up CTA or DSA imaging
studies, the follow-up intervals used to define half an year to 1 year.
The present case of cavernous sinus aneurysms that did not require
surgery during the observation interval. Whether eventual decision
for intervention is needed by observation.

CONCLUSIONS
In summary, a cavernous sinus aneurysm associated with a cere-
bellar hemangioblastoma is a rare and scarcely documented event.
The present case revealed symptoms of cerebellum obviously.
Preoperative DSA showed the large cavernous sinus aneurysm
though is unruputed, asymptomatic, diagnosed certained. The
unruptured cavernous sinus aneurysm was asymptomatic in our
presented elderly patient, and she rejected further intervention.
Whether requiring management has relied on more time follow up.
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