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Preoperative Endovascular Embolization of Craniospinal
Hemangioblastomas

Joseph M. Eskridge, William McAuliffe, Basil Harris, D. K. Kim, John Scott, and H. R. Winn

PURPOSE: To determine whether hemangioblastomas, highly vascular tumors requiring surgery
that is potentially complicated by excessive bleeding, can be embolized safely by using interven-
tional techniques that furnish a more avascular surgical field. METHODS: Nine hemangioblasto-
mas involving either the cerebellum or the spinal cord were embolized preoperatively. In each case
the feeding artery was selectively catheterized with a microcatheter and the hypervascular tumor
nidus was devascularized with polyvinyl alcohol particles. RESULTS: Two patients who had
undergone recent attempts at surgical resection at another institution had repeat surgery after
endovascular embolization rendered the tumor nidus avascular. At surgery, the tumor was com-
pletely removed in one case and markedly debulked in the other. In all nine cases, blood loss after
embolization was reported to be less than expected by experienced surgeons. In addition, manip-
ulation and removal of the tumor was reported to be subjectively easier in these embolized tumors.
The embolization procedure caused no permanent complications; however, one patient with a
posterior fossa hemangioblastoma and hydrocephalus worsened clinically within 12 hours of
embolization. This event was thought to be caused by obstructive hydrocephalus resulting from
tumor swelling. Emergency craniotomy, ventricular decompression, and surgical resection of the
tumor produced complete resolution of the signs and symptoms. CONCLUSIONS: Our results
indicate that preoperative embolization of hemangioblastomas is a safe procedure that is useful in
aiding surgical resection of these highly vascular tumors.

Index terms: Hemangioblastoma; Interventional materials, particles and microspheres; Surgery,
resective
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Hemangioblastomas are benign hypervascular
tumors found primarily in the cerebellum and spi-
nal cord. They constitute 1.1% to 2% of all cranio-
spinal neoplasms (1). The hypervascular nidus
may be associated with a tumor cyst, and these
lesions can be difficult to resect owing to the hy-
pervascularity of the nidus and to the location of
the tumor in the posterior fossa (2–4). High rates
of morbidity and mortality are associated with
uncontrollable intraoperative hemorrhage (5).
Spinal lesions are also associated with an in-
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creased rate of morbidity, which is related to the
vascular nature of the tumor (6). With the recent
availability of microcatheters (Target Therapeu-
tics Corp, San Jose, Calif), superselective cathe-
terization of the small arteries of the posterior
fossa and spinal cord that supply these tumors is
now possible (7, 8). Before the advent of these
catheters, selective catheterization of the poste-
rior fossa had to be done entirely with flow-di-
rected catheters, which require high-flow arteries
such as those supplying arteriovenous malforma-
tions (AVMs) (9). This study was undertaken to
determine whether hemangioblastomas could be
safely and effectively devascularized preopera-
tively using modern endovascular techniques.

Materials and Methods
Nine patients (five men and four women, 16 to 60 years

old) who had clinical and cross-sectional imaging evi-
dence of craniospinal hemangioblastomas underwent pre-
5



Patients with hemangioblastoma who had preoperative embolization with polyvinyl alcohol (PVA) particles

Patient Age, y/Sex Tumor Location Associated Cyst Vessels Embolized Volume of PVA, mL
Percentage of Tumor

Embolized

1 32/M C-4 No Ascending cervical/
PSA

0.2 100

2 39/F C-2 No PSA 2 100
3 50/M Cerebellar Yes SCA 1.2 100
4 60/F Cerebellar No Occipital, APA,

AMA, MMA, AICA
4.6 80

5 42/M T-10 to T-12 No T-10 intercostal
bilaterally

3 50

6 36/F Cerebellar Yes PICA 0.3 100
7 30/M Cerebellar Yes SCA 1.8 100
8 16/F Cerebellar Yes PICA 1.7 100
9 36/M T-6 No T-8 intercostal 2 100

Note.—PSA indicates posterior spinal artery; SCA, superior cerebellar artery; APA, ascending pharyngeal artery; AMA, accessory meningeal
artery; MMA, middle meningeal artery; AICA, anterior inferior cerebellar artery; and PICA, posterior inferior cerebellar artery.
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operative embolization between February 1988 and July
1994 (Table). In each case, the lesion was detected by
computed tomography (CT) or magnetic resonance (MR)
imaging, and a complete diagnostic angiographic work-up
was obtained. All patients had signs and symptoms related
to mass effect from the tumor.

Two patients (cases 5 and 9) with multiple craniospinal
hemangioblastomas were known to have von Hippel-Lindau
disease. Five of the patients had symptomatic cerebellar
lesions, of which four consisted of a hypervascular tumor
nidus associated with a cyst. None of these had been treated
surgically. The other patient (case 4) had had surgery else-
where 4 years before, and had a recurrence of a large solid
tumor in the right cerebellar hemisphere. Four patients had
had embolization of solid hypervascular spinal lesions, two in
the cervical cord and two in the thoracic region. Two patients
(cases 5 and 9) had had recent (less than 1 month earlier)
attempts at tumor resection at other institutions; both of
which were complicated by hemorrhage.

In every case, embolization was performed with the
patient under neuroleptic anesthesia with monitoring of
somatosensory evoked potentials (8). Monitoring of brain
stem auditory evoked potentials was also done in three
patients with tumors of the posterior fossa (10). A 5F to 7F
guiding catheter was placed in the parent vessel and full
heparinization was initiated (5000 to 6000 U of heparin),
resulting in an activated coagulation time of greater than
300 seconds.

High-resolution digital fluoroscopy with roadmapping ca-
pability and subtraction techniques (8) were used to enable
safe catheterization of the feeding artery by a variable-stiff-
ness 0.018-in microcatheter and microguidewire combina-
tion. Following catheter placement, the patient was awak-
ened from anesthesia, examined neurologically, and injected
with a standardized quantity of amobarbital sodium (Amytal
Sodium) (30mg was used for examinations of spinal arteries
and 50 mg for examinations of posterior fossa vessels).
Complete neurologic testing was repeated, as was evaluation
of somatosensory evoked potentials after injection of amo-
barbital sodium. If no deficit was detected, embolization was
performed with a dilute solution of small (149 to 250 mm)
polyvinyl alcohol (PVA) particles in nonionic contrast mate-
rial (11). In each case, the 0.018-in microcatheter lumen,
which has a dead space volume of 0.3mL, was filled with this
dilute mixture, which was slowly injected with a flush of
normal saline. Care was taken to slowly infuse the particles
with low-pressure hand injections, monitoring for reflux of
PVA particles into the parent vessel. At the completion of the
embolization procedure, repeat control angiography was
performed in the parent vessel to verify that the vascular
nidus had been obliterated.

Results

Six patients had never had surgery. In these
cases, only small amounts of the PVA solution
were required, typically 2 mL or less, to obliter-
ate any tumor blush completely. Results of the
embolization procedure were confirmed by a
control arteriogram in the parent vessel (see
Figs 1 and 2).
Among the three patients who had had pre-

vious surgery, one (case 9) underwent an un-
successful attempt at surgical removal of a
midthoracic lesion 2 weeks earlier at another
hospital. Surgery had been discontinued be-
cause of hemorrhage. Subsequent embolization
resulted in 100% obliteration of the tumor blush,
and the mass was successfully removed with
minimal blood loss 72 hours later. In another
patient (case 5), surgery was terminated at an-
other hospital because the residual tumor in the
midthoracic region appeared highly vascular.
Three days later, elective embolization dimin-
ished the vascular blush by 50%; the procedure
was limited by the fact that the anterior spinal
artery arose at the same level (left T-10). A



Fig 1. Case 1: 32-year-old man with
progressive quadraparesis.

A, Anteroposterior view of a left ascend-
ing cervical angiogram shows left posterior
spinal supply to midcervical hemangioblas-
toma.

B, Postembolization selective angiogram
obtained with microcatheter shows com-
plete devascularization of the tumor.
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successful debulking procedure 72 hours later
produced only a small amount of blood loss.
Both these patients had large, solid lesions.
The third patient who had had previous sur-

gery (case 4) had a recurrence of a large, solid
5-cm tumor in the right cerebellar hemisphere,
which had initially been resected elsewhere 4
years earlier. Since then, the patient had expe-
rienced signs and symptoms of increasing
ataxia in the right upper limb (Fig 3). Significant
blood supply had been recruited from menin-
geal arteries, including the middle and acces-
sory meningeal arteries and the transmastoid
branch of the occipital artery and the neuro-
meningeal trunk of the ascending pharyngeal
artery. These vessels were embolized in addi-
tion to the anterior inferior cerebellar artery,
with a total of 4.6 mL of PVA particles. More
than 90% of the tumor was removed, and stable
3- to 4-mm residual nodules were seen on fol-
low-up MR images in the base of the resection
cavity at follow-up examination more than a
year later.
In all nine cases, the tumor nidus was largely

avascular at surgery and the surgeon reported
that the bleeding was less than expected, with
only a few tiny feeding arteries entering the pe-
riphery of the tumor and requiring cauterization.
The surgeon also reported that devasculariza-
tion of the nidus seemed to facilitate manipula-
tion and extraction of the tumor.
There were no immediate complications dur-
ing embolization. However, one patient (case 6)
(Fig 4), who had a large amount of posterior
fossa mass effect and asymptomatic hydro-
cephalus before embolization, had signs and
symptoms 6 hours after embolization that were
associated with increased intracranial pressure,
including headache, nausea, and vomiting. Be-
cause of the acute nature of these signs and
symptoms, the patient was taken to the operat-
ing room, where the ventricular system was de-
compressed with a ventriculostomy catheter
and the devascularized tumor completely re-
moved. The patient made a full recovery, and
results of a neurologic examination at 6 months’
follow-up were normal.

Discussion

Hemangioblastomas are benign, usually highly
vascular tumors that often have a cystic compo-
nent when involving the cerebellar hemisphere,
although midline lesions of the brain stem and
spinal cord are usually solid (12). These tumors
have a low mitotic rate, and, microscopically, the
solid components are composed of thin-walled
vessels and capillaries (12). Because of their lo-
cation in the posterior fossa and spinal cord, he-
mangioblastomas can be difficult to remove (2–
4), especially when they are midline and solid.
Mortality can be associated with simple biopsy
and/or decompression of hemangioblastomas of
the cervicomedullary junction (3, 12–15). The



Fig 2. Case 2: 39-year-old woman
with neck pain and progressive quadrapa-
resis.

A and B, Sagittal (A) and axial (B) con-
trast-enhanced T1-weighted MR images
show 1.8-cm hemangioblastoma nidus at
C-2 posteriorly.

C, Left lateral vertebral arteriogram
shows tumor nidus blush with an enlarged
spinal artery arising at the level of the fo-
ramen magnum.

D, Selective angiogram of the left pos-
terior spinal artery shows the sole supply
to the tumor. This vessel was embolized
with 2 mL of PVA particles.

E, Left lateral vertebral control angio-
gram obtained after embolization shows
complete devascularization of the tumor.
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vascularity of the tumor nidus (2) also contributes
to the difficulty sometimes encountered during
surgical resection. Modern neurointerventional
techniques, including the use of microcatheters,
microguidewires, and high-resolution angiogra-
phy with subtraction facilities and road-mapping
techniques (8), have enabled devascularization of
other primary cerebrospinal lesions, such as
AVMs before surgery (16). Neurologic examina-
tion andmonitoring of somatosensory evoked po-
tentials during the procedure have also increased
the safety of embolization (8). The use of micro-
catheters andmicroguidewires in combinations of
various degrees of stiffness allows catheterization
of normal-size intracranial vessels, not just those
with high flow or that have been dilated, such as
are desirable for flow-directed catheters (9). The
variable-stiffness microcatheters also allow em-
bolization with particulate agents, such as PVA
particles, which was not possible with the cali-
brated leak balloons (8). PVA is our preferred
embolic agent, as these particles quickly and ad-
equately devascularize the nidus by penetrating
deep into the microcirculation. Moreover, only a
small amount (0.25 to 2.0 mL) is required for
angiographic devascularization of most heman-



Fig 3. Case 4: 60-year-old woman with worsening right upper limb ataxia and a history of resection of a hemangioblastoma of the
right cerebellar hemisphere 4 years earlier.

A and B, Axial (A) and coronal (B) contrast-enhanced T1-weighted MR images show an enhancing recurrent hemangioblastoma
involving the right cerebellar hemisphere.

C, Right lateral vertebral angiogram, in late arterial phase, shows the hypervascularity of the tumor.
D, Right lateral occipital angiogram shows occipital artery supply to the tumor with an enlarged transmastoid branch (small

arrowhead) and supply from the neuromeningeal division of the ascending pharyngeal artery (large arrowhead).
E, After embolization, a right lateral occipital artery injection shows obliteration of the tumor supply from the occipital artery and

ascending pharyngeal arteries.
F, Right lateral vertebral angiogram obtained after embolization shows marked decrease in tumor vascularity. The right anterior

inferior cerebellar artery was also embolized (not shown).
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gioblastomas. Therefore, a slow infusion, using
only the dead space afforded by the 0.018-in mi-
crocatheter (0.3 mL) with a saline bolus flush,
seems sensible and safe. Small lesions are sup-
plied by a single pial vessel, such as a branch of
the posteroinferior cerebellar or superior cerebel-
lar artery. The spinal lesions are usually supplied
by an anterior or posterior spinal artery. Lesions
that have previously have been treated surgically,
however, can be supplied by multiple pial vessels
and also by meningeal branches of the carotid
and vertebral arteries. This scenario was demon-
strated by our case 4 and emphasizes the need for
complete angiographic assessment before embo-
lization. Further, large, solid hemangioblastomas
have multicompartmental vascular supplies, with
parts of the tumor being fed by different vessels
(cases 4 and 5). Therefore, control angiography
of potential feeding arteries at the completion of
embolization is important to assess fully the de-
gree of devascularization achieved.
We found 10 other cases of preoperative em-

bolization of hemangioblastomas in the English-
language literature (17–19) (R. T. Baumgartner,
et al, “Hemangioblastoma Embolization,” pre-
sented at the 60th Annual Meeting of the Ameri-
can Association of Neurological Surgeons, April
11–16, 1992, San Francisco, Calif). In reviewing



Fig 4. Case 6: 36-year-old woman
with headache and ataxia.

A and B, Axial CT scans without (A)
and with (B) contrast material show a cer-
ebellar hemangioblastoma with an en-
hancing nidus and a large surrounding cyst
that is compressing the fourth ventricle
and aqueduct.

C, Lateral vertebral angiogram shows
the hypervascular nidus.

D, Lateral angiogram of the posterior
inferior cerebellar artery obtained after
embolization shows that the tumor has
been devascularized and the rest of the
arterial territory is patent.

E, Axial CT scan before embolization
shows mild enlargement of the ventricles.

F, Axial CT scan obtained after the on-
set of nausea and vomiting shows hydro-
cephalus. The appearance of the tumor in
the posterior fossa was unchanged from its
appearance in A and B. The patient made
a full recovery after tumor resection with a
ventriculostomy catheter.
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all the cases, Baumgartner et al reported intratu-
moral hemorrhage complicating PVA emboliza-
tion in one case. We did not encounter such a
compilation; however, one patient had signs and
symptoms of raised intracranial pressure after
embolization (case 3), which necessitated emer-
gency craniotomy with ventriculostomy and re-
moval of the tumor. The signs and symptoms
were probably caused by worsening of hydro-
cephalus due to ischemia, which produced swell-
ing of the tumor and further compression of the
fourth ventricle, although this is speculative. The
signs and symptoms resolved after ventricular
shunting and tumor resection.
All patients undergoing embolization need to

be observed closely, and we prescribe intrave-
nous steroids because of the danger of tumor
swelling. Ideally, resection is done 48 to 72
hours after embolization, as the effect of PVA is
temporary. We have not experienced any com-
plications other than the one described here,
and the surgical removal of these lesions was
facilitated in all cases by embolization. In two
patients, tumors that had previously defied sur-
gical resection owing to excessive blood loss
were successfully resected or markedly de-
bulked (cases 5 and 9).
In conclusion, preoperative embolization of

hemangioblastoma is a useful and safe proce-
dure that can potentially decrease the morbidity
and mortality of surgical resection of craniospi-
nal hemangioblastoma. These tumors usually
require small amounts of dilute PVA particles to
obliterate tumoral blush completely. Large,
solid tumors can be supplied from both pial and
meningeal branches, which are recruited and
need to be assessed in large tumors. Surgery is
usually performed within 72 hours, and careful
observation of the patients in the hospital is
required in case complications from tumor
swelling or hemorrhage ensue.
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