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INTRODUCTION

Glioblastoma is the most common intra-
cranial neoplasm of all primary central ner-
vous system tumors.”” Despite advances
in microsurgical techniques, removal of
hypervascular glioblastomas remains diffi-
cult for neurosurgeons. Preoperative endo-
vascular embolization of extraaxial tumors,
such as meningiomas, was previously
established as an effective adjunct in
decreasing intraoperative blood loss, soft-
ening the tumor, and facilitating surgery.>*
However, preoperative endovascular embo-
lization of hypervascular glioblastomas has
not been established. We report the case of
an extreme hypervascular glioblastoma
mimicking an arteriovenous malformation
(AVM) that was successfully treated with
preoperative embolization and subsequent
removal. To the best of our knowledge, this
is the first reported case of a glioblastoma
treated with refined preoperative endovas-
cular embolization.

CASE REPORT

A 66-year-old man presented 4 weeks after
the onset of right hemiparesis, apraxia, and

BACKGROUND: Preoperative endovascular emholization as a treatment for
hypervascular glioblastomas has not been established. We report the case of an
extreme hypervascular glioblastoma mimicking an arteriovenous malformation
that was successfully treated with preoperative embolization and subsequent

removal.

CASE DESCRIPTION: A 66-year-old man presented with progressive right
hemiparesis and sensory aphasia. Cranial computed tomography and magnetic
resonance imaging revealed a left parietooccipital tumor with ring enhance-
ment. Digital subtraction angiography revealed an extreme high-flow arterio-
venous shunt. The patient underwent presurgical endovascular embolization
using N-butyl cyanoacrylate in a manner similar to embolization for arteriove-
nous malformations. Subsequent tumor removal was achieved with minimal

blood loss.

CONCLUSIONS: This is the first reported case of presurgical embolization of
a glioblastoma with a high-flow shunt. Embolization of a malignant tumor with a
high-flow shunt, in a manner similar to embolization of arteriovenous malfor-

mations, is feasible and effective.

sensory aphasia. Initial cranial magnetic
resonance imaging showed a ring-
enhanced s5.6-cm left parietooccipital
mass with vasogenic edema and flow voids
(Figure 1). Diagnostic cerebral catheter
angiography showed a high-flow arterio-
venous shunt, similar to an AVM (Figure 2),
which was supplied by dilated branches of
the left middle cerebral artery (MCA)
(Figure 3A). We discussed whether a
subemergency radical tumor removal or
radiation therapy before surgery was
required. Because the patient’s status was
deteriorating, we decided on early
removal. In an attempt to reduce
intraoperative blood loss, percutaneous
transarterial embolization was scheduled
just before the open surgery.

Endovascular Procedure

The endovascular strategy followed the
normal procedure for embolization of
AVMs. Under general anesthesia, an 8F
OPTIMO balloon guiding catheter (Tokai
Medical Products, Inc., Aichi, Japan) was
placed in the left internal carotid artery.
A Headway 17 microcatheter (Terumo,

Tokyo, Japan) was navigated with an
ASAHI CHIKAI 14 micro—guide wire
(Asahi Intecc, Aichi, Japan) into the su-
perior feeder of the left MCA insular divi-
sion. Using pure N-butyl cyanoacrylate
(NBCA; Histoacryl; B. Braun Melsungen
AG, Melsungen, Germany) and ethiodized
oil (Lipiodol Ultra-Fluide; —Guerbet,
Roissy, France), 20% NBCA was prepared
in a 1:4 ratio. Using digital subtraction
angiography for guidance, 20% NBCA was
injected. The microcatheter was with-
drawn once the reflux had covered its tip.
Next, another Headway 17 microcatheter
was navigated through the inferior feeder.
Because this feeder was actually high-flow,
a bare platinum coil (VFC 3—6 x 6; Ter-
umo, Tokyo, Japan) was inserted into the
dilatation and tortuous feeder of the left
MCA inferior trunk to reduce flow before
injection of the NBCA. Next, 20% NBCA
was administered. Finally, the other feeder
branch from proximal to inferior feeder
was also occluded with 20% NBCA. Ce-
rebral angiography performed after the
procedure revealed the total resolution of
the shunting vessels (Figure 3B).
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Figure 1. (A) Contrast magnetic resonance imaging. T1-weighted image revealing a ringlike and
heterogeneous enhanced 56 mm x 53 mm mass lesion in the left parietooccipital lobe, with a midline
shift from left to right. (B) Magnetic resonance imaging fluid attenuation inversion recovery. Image
revealing perilesional vasogenic edema and dilated flow void.

Surgical Procedure and Course

After embolization, the patient was imme-
diately transferred to the operating room,
and tumor resection was performed via a left
parietooccipital craniotomy. The tumor was

soft and dark reddish in color. Although
several tiny feeders were confirmed, there
was no active bleeding during resection.
Thrombosed deep drainers were also
confirmed. Because the intraoperative rapid

Figure 2. Three-dimensional digital subtraction angiography reconstruction.
Image of the left internal carotid artery revealing a high-flow arteriovenous
shunt that resembles shunts found in arteriovenous malformations.

histologic examination indicated a high-
grade glioma, carmustine wafer implanta-
tions were applied along the resected cavity.
Total blood loss during the surgery was only
60 mL. After the surgery, the patient
exhibited no further neurologic deteriora-
tion. The patient was discharged with very
mild right hemiparesis and sensory aphasia
63 days later after chemotherapy (temozo-
lomide 75 mg/m®*/day) and radiotherapy
(extended focal irradiation, total 60 Gy = 2
Gy x 30 days). After 4 months, cranial
magnetic resonance imaging revealed no
recurrence.

Pathologic Examination

Pathologic examination revealed that the
tumor was composed of neoplastic astro-
cytic cells with an increased number of blood
capillaries, forming a pseudopalisading ne-
crosis (Figure 4A). Immunohistochemical
staining revealed that the tumor was
positive for glial fibrillary acidic protein;
weakly positive for ps3; and negative for
neurofilament protein, synaptophysin, and
CD34. The MIB-1 index was ~ 40%. The
findings were compatible with the diagnosis
of glioblastoma multiforme, World Health
Organization grade IV. Within the tumor,
there were vascular abnormalities such as
wall thickness and lumen dilatation, and
there was an observation of transit from ar-
tery to vein (Figure 4B and C), which
suggested this tumor contained an
arteriovenous shunt.

DISCUSSION

Glioblastomas are the most common
intracranial neoplasm, accounting for
9.1%—15.4% of all primary central nervous
system tumors.”” They have a varying
vascular anatomy as a result of an extensive
proliferation of intratumoral vessels.
Vascular endothelial growth factor secreted
from a brain tumor has been hypothesized
to induce angiogenesis>® and abnormal
arteriovenous connections’; in particular,
glioblastoma is associated with increased
vascular  endothelial growth factor
expression resulting in highly angiogenic
tumors causing abnormal vasculature.® In
the present case, histologic examination
revealed an arteriovenous direct shunt.
There was no apparent formation of
nidus, regardless of the angiographic
findings similar to AVM; however, cases
associated with AVM within a glioma
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Figure 3. (A) Digital subtraction angiography of the left internal carotid artery before embolization
demonstrating the high-flow arteriovenous shunt. (7) The distal branch of the light middle cerebral
artery (MCA) superior trunk (20% N-butyl cyanoacrylate [NBCA] 0.4 mL). (2) The main dilatation and
tortuous feeder of the left MCA inferior trunk (coiling). (3) Just proximal to the coiling lesion in the left
MCA inferior trunk (20% NBCA 0.45 mL). (4) The other feeder from the left MCA inferior trunk (20%
NBCA 0.5 mL). (B) Digital subtraction angiography of the left internal carotid image after embolization
showing the absence of the high flow shunt.

have been reported.®** Despite advances in
microsurgical techniques, hypervascular
brain tumors are a great challenge for
neurosurgeons. Massive bleeding during
tumor resection can be life-threatening.
Preoperative embolization to facilitate sur-
gery is generally accepted as helpful for
extraaxial tumors, such as meningiomas.?
This procedure has been established as
an effective adjunct in decreasing
intraoperative blood loss,>* resulting in
softening of the tumor. However,
preoperative endovascular embolization of
hypervascular glioblastomas has not been
established. Preoperative embolization of
intraaxial hypervascular brain tumors has

been much less evaluated because of its
technical difficulties. Wang et al.*#
reported that the wuse of particles
showed a higher rate of complications
than liquid embolic materials such as
NBCA for devascularization of the
intraaxial tumor vessels. Moreover, they
concluded that early surgical removal of
tumor was recommended to reduce the
risk of delayed tumor bleeding after
embolization. Early successful surgical
removal of tumor can also reduce the risk
of  repeated general anesthesia
and reduce delayed peritumoral edema
with herniation or obstructive
hydrocephalus.

In the present case, preoperative embo-
lization similar to that normally used for
AVMs was used. The feeders were observed
to be well divided from each other (using
three-dimensional angiography) and not
distributed into the cortex of the tumor.
They could be successfully superselected
using microcatheters distally. A relatively
low concentration of NBCA (20%) was used
to prevent catheter adhesion to the vessels.
Embolization was performed of the high-
flow fistulous feeder along with the dilata-
tion and tortuous feeder using a detachable
coil before the penetration of a low con-
centration of NBCA to prevent notable
venous migration.

The surgical strategy used in this case
was lobectomy; therefore, we performed a
presurgical embolization.  Presurgical
embolization was considered an indica-
tion for patients who had been scheduled
for radical lobectomy. In cases of glio-
blastoma multiforme with eloquent areas
and high risk during radical lobectomy,
provocation testing is needed before
embolization. Figure 5 shows a proposed
flow chart that is based on this case
report; however, accumulation of further
data on successful vascular glioblastoma
multiforme cases is required.

CONCLUSIONS

To the best of our knowledge, this is the
first reported case of a glioblastoma
treated with refined preoperative endo-
vascular  embolization.  Preoperative

Figure 4. (A) Photomicrograph of a tumor sample showing the highly cellular tumor tissue comprising neoplastic astrocytic cells and
microvascular proliferation (double arrow) and pseudopalisading necrosis (single arrow) (H&E stain, magnification 100x). The finding is
compatible with typical glioblastoma. (B) Photomicrograph of an arteriovenous shunt in the tumor (H&E stain, magnification 20x). The
thick-walled and thin-walled vessels indicate arteries and veins that form the abnormal network of the arteriovenous shunt, respectively. (C)
Photomicrograph of dilated neovessels of the tumor (H&E stain, magnification 20x). There are numerous enlarged vessels (>2 mm in diameter)
with thin walls (arrowheads) containing embolization materials and thrombi. Hematoxylin-eosin staining was used for all photomicrographs.
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Figure 5. Flow chart of presurgical embolization for vascular glioblastoma
multiforme. The first step is confirming whether lobectomy is scheduled.
Presurgical embolization is recommended for scheduled radical lobectomy
cases. A provocation test is needed for glioblastoma multiforme in eloquent
areas with serious neurologic deterioration after lobectomy. Presurgical
embolization is recommended for feeders with negative provocation test

embolization of extreme hypervascular
malignant brain tumors, in a manner
similar to embolization of AVMs, is
feasible and effective.
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