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Summary: Microparticulate embolization of meningiomas
is a useful preoperative measure, but the potential risk of
hemorrhagic complications should be recognized and bal-
anced against the benefits. We report a case of subarach-
noid hemorrhage occurring immediately after the emboli-
zation of a meningioma. Techniques for early diagnosis,
such as CT, and early surgical intervention are crucial to a
promising outcome. Large-size and necrotic or cystic com-
ponents of a meningioma are probable risk factors that
demand special consideration.

Preoperative embolization of meningiomas is
widely practiced, because the desired hemostasis and
necrosis facilitate easier surgical manipulation and
removal of the tumor as well as a reduction of blood
loss during surgery. Such embolization procedures,
however, are not without risk (1–3). We report a case
of subarachnoid hemorrhage occurring immediately
after the embolization of a large and necrotic falcine
meningioma and propose a probable mechanism of
such postembolization hemorrhage. Large and ne-
crotic or cystic components of a meningioma are
potential risk factors that should be recognized and
considered when embolization of such tumors is con-
templated.

Case Report

A 61-year-old woman presented with increasing headache
and left lower limb weakness of 4-month duration. CT and MR
imaging revealed a 7.3 � 5.2 � 6.6-cm falcine meningioma
located in the right parietal lobe, with evidence of central
tumor necrosis (Fig 1). In view of the large size of the tumor
and the marked hypervascularity at its periphery, preoperative
embolization was planned to reduce intraoperative blood loss.
Pre-embolization arteriography confirmed the presence of a
right falcine hypervascular mass with avascular center (Fig 2).
The only arterial feeders were the posterior branch of right
superficial temporal artery and the right occipital artery.

A 2.5F–2.7F microcatheter (Renegade; Target/Boston Sci-
entific Corporation) was inserted into the posterior branch of
right superficial temporal artery and advanced over a 0.016-
inch microguidewire (Seeker; Target/Boston Scientific Corpo-

ration), which was introduced via a 6F Fasguide catheter
placed at the right external carotid artery. Almost all of a bottle
of 150–250-� polyvinyl alcohol particles (Contour Emboli; Tar-
get Therapeutics, Fremont, CA) suspended in 20 mL of non-
ionic contrast medium (Iopamiro 150) was infused into the
tumor via the microcatheter by using 2-mL syringes. The par-
ticles were infused gently and slowly under fluoroscopic control
to make certain that there was no backflow of contrast material
beyond the tip of the microcatheter. A postembolization arte-
riogram showed marked reduction of tumor vascularity. The
patient, however, complained of left-sided headache shortly
after embolization. Contrast material extravasation from the
anteroinferior margin of the tumor was demonstrated on the
arteriogram (Fig 3). The patient rapidly lapsed into coma with
bilaterally dilated pupils and spastic flexion to pain. The patient
was intubated. Mannitol, thiopentone, and propofol were ad-
ministered. Emergency CT showed evidence of peritumoral
hemorrhage at the anterior and inferior aspect of the menin-
gioma and subdural hemorrhage along the falx cerebri (Fig. 4),
as well as subarachnoid hemorrhage at the ambient cistern and
Sylvian fissures (Fig. 5).

The patient was immediately taken to the surgical suite,
where a right occipitoparietal craniotomy was performed. The
dura was observed to be very tense. Intraoperative sonography
was used to identify the most superficial part of the tumor, after
which a small dural opening was made to prevent uncontrolla-
ble brain herniation. By use of an ultrasonic aspirator, decom-
pressive resection of the tumor was commenced, which allowed
a larger dural opening and resection of most of the tumor,
which was found to consist of a necrotic center. A firm and
calcified deep component was left in situ to prevent further
structural damage to an already compromised brain. Peritu-
moral hemorrhage was confirmed intraoperatively. The bone
flap was not replaced to allow room for anticipated brain
swelling. A ventricular drain was used to monitor intracranial
pressure and drain CSF as required. Postoperatively intracra-
nial pressure was adequately controlled with these measures.
Nine days later, the patient was discharged from the intensive
care unit to the general ward after having undergone a trache-
ostomy to facilitate respiratory care. Histologic analysis re-
vealed a typical benign fibroblastic meningioma with a necrotic
center. The patient made a slow but progressive neurologic
recovery and was discharged to a rehabilitation center 17 days
after surgery. Her tracheostomy was removed 10 days later. At
her 6-month follow-up visit, she was fully conscious and could
mobilize independently. A cranioplasty has been planned.

Discussion

Although controversy exists as to the value of pre-
operative embolization for convexity meningiomas, it
is certainly considered valuable in complex situations,
such as giant meningiomas, meningiomas exhibiting
malignant or angioblastic characteristics, and those
involving skull base, scalp, or critical vascular struc-
tures. Microparticulate embolization of meningiomas
allows embolic occlusion of the tumor bed at the
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capillary or precapillary level, with no possibility of
subsequent collateralization, resulting in tumor
devascularization and necrosis. Permanent particu-
late emboli agent such as polyvinyl alcohol (PVA)
foam is generally preferred to the absorbable gelatin
sponge powder particles, because it produces perma-
nent occlusion and precludes subsequent recanaliza-
tion. The size of PVA particles that has been used is
50–150 ı̀m or 150–300 ı̀m. The smaller sized particles
are more effective in causing tumor necrosis (4).

Spontaneous hemorrhage of meningioma is well
recognized, although infrequent (5), and could be due
to abnormal tumor vascularity (6), weakening of the
wall of hypertrophied vascular feeders to the tumor
(7), or tumor infarction as a result of cerebral edema
and venous obstruction (6, 8). Extensive tumor infarc-
tion has been observed histologically in meningiomas
presenting with spontaneous hemorrhage (9). A re-
view of 44 reported cases show that spontaneous
hemorrhage from meningioma was most commonly
subarachnoid (35%) (5).

Preoperative embolization of meningiomas has
been considered a very safe procedure, with careful

technique (10). There was zero incidence of postem-
bolization hemorrhage in two different single-center
series of 63 and 25 patients, respectively (10, 11).
Hemorrhagic complications were always thought to
be procedure related, caused by intratumoral or peri-
tumoral rupture of small vessels as a result of high
injection pressure (12). In the present case and in
other reported cases (1, 2), however, hemorrhagic
complications occurred despite very careful technique
and low-pressure delivery of particles under stringent
fluoroscopic control. Therefore, such hemorrhage
could also be due to some other unknown mecha-
nisms. Probably the most reasonable mechanism is
that the vessels proximal to the site of microparticu-
late occlusion in these hemorrhage-prone tumors are
fragile, and embolization causes increased blood
pressure within these vessels, which subsequently rup-
ture. At least two other published reports held the
same view (1, 2).

A review of eight reported cases of postemboliza-
tion hemorrhage (3), including the present case, re-
vealed that hemorrhage always occurred in large (6–
8-cm diameter) tumors (n � 8) that were completely

FIG 1. Pre-embolization MR image,
showing a large right falcine meningioma
with central necrosis.

FIG 2. Pre-embolization arteriogram, re-
vealing the meningioma with hypervascu-
lar periphery and avascular center.

FIG 3. Postembolization arteriogram,
demonstrating contrast material extrava-
sation from the anterior-inferior margin of
the tumor. The bleeding site is superim-
posed with the catheter tip coincidentally
in the lateral view. In fact, they are far
separated.

FIG 4. Postembolization CT image, demonstrating the presence of peritumoral hemorrhage at the anterior and inferior aspect of the
embolized tumor, which is depicted as a zone of opacity located anterior to the densely contrast-enhanced and calcified meningioma,
as well as subdural hemorrhage along the falx cerebri.

FIG 5. Postembolization CT image, illustrating the presence of subarachnoid hemorrhage at the ambient cistern and Sylvian fissures.
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embolized, usually immediately after embolization
(n � 5). It was unrelated to the location of the tumor,
the specific arterial feeder, the type of particles (Gel-
foam powder, n � 4; PVA, n � 4), or the size of the
particles (40–60 ı̀m to 150–300 ı̀m). A striking fea-
ture that demands special attention is the preponder-
ance of cystic or necrotic tumor in this group of
patients (3/8), disproportionate to their occurrence in
meningiomas (cystic change, 5%; necrosis, 14% [13]),
which might indicate that a cystic or necrotic compo-
nent within a large meningioma should be considered
a risk factor for postembolization hemorrhage.
Whereas intratumoral hemorrhage was a consistent
feature in seven of eight patients, subarachnoid hem-
orrhage occurred in two of eight patients, two of
which occurred in a cystic or necrotic tumor, and
two-thirds of the cystic or necrotic tumors presented
with subarachnoid hemorrhage. The relatively in-
creased risk of hemorrhage in cystic or necrotic tu-
mors is probably due to a higher incidence of abnor-
mal fragile vessels occurring within these tumors.
Because the central part of these tumors is occupied
by the cyst or necrosis, the fragile vessels tend to
locate at a relatively peripheral site, which accounts
for their association with subarachnoid hemorrhage.
Where facilities for early diagnosis of hemorrhagic
complications, such as emergency CT and early sur-
gical intervention, are available, the long-term out-
come of these patients could be quite promising, as is
illustrated in the present case. Nevertheless, the po-
tential risk of hemorrhagic complication, especially
for large and necrotic or cystic tumors, should be
recognized and balanced against the benefits when-

ever preoperative embolization of meningioma is be-
ing considered.
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