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Neurologic Complications after Particle
Embolization of Intracranial Meningiomas

Martin Bendszus, Camelia Maria Monoranu, Ansgar Schütz, Ingo Nölte,
Giles H. Vince, and László Solymosi

BACKGROUND AND PURPOSE: Preoperative embolization of meningiomas is frequently
used to facilitate surgery and to reduce intraoperative blood loss. The purpose of this study was
to evaluate the frequency of procedure-related neurologic complications during and after
particle embolization of intracranial meningiomas.

METHODS: Between 1996 and 2004, 185 consecutive patients underwent particle emboliza-
tion of an intracranial meningioma. Devascularization was performed by means of superselec-
tive probing of the tumor-feeding vessels and ensuing free-flow embolization with spherical
particles. All procedures were performed with systemic heparinization.

RESULTS: Six patients (3.2%) had ischemic events with neurologic deficit. Two had amau-
rosis, and four patients presented with hemiparesis. Hemorrhage occurred in six patients
(3.2%). In five of these patients, rapid microsurgical tumor removal resulted in a favorable
outcome without persistent neurologic deficit. In one patient, massive intratumoral, subarach-
noid, and subdural hemorrhage was lethal.

CONCLUSION: Particle embolization of meningiomas is associated with a substantial risk of
ischemic and hemorrhagic events. The individual risk-to-benefit ratio of embolization should be
thoroughly considered.

Since Manelfe et al (1) first described preoperative
embolization of intracranial meningiomas in 1973,
this technique has increasingly been applied to reduce
intraoperative blood loss and to facilitate microsurgi-
cal removal. However, the potential surgical benefit
must be carefully weighted against risks of this pre-
operative procedure. Data on the frequency of pro-
cedure-related complications are limited. In small se-
ries of patients, neurologic deficit was absent (2), and
as many as 9% patients in a selected series had skull-
base meningiomas (3). Causes of neurologic compli-
cations include ischemia (3), hemorrhage (4), or tu-
moral swelling subsequent to embolization (3, 5).

The purpose of this study was to evaluate the fre-
quency of procedure-related neurologic complica-
tions during and after particle embolization of intra-
cranial meningiomas.

Methods
We systematically reviewed our institutional database and

identified 185 subsequent embolization procedures performed
to treat meningiomas between January 1996 and May 2004.
Table 1 shows the patient data.

Embolization was performed with systemic heparinization (a
bolus of 50 IU/kg body weight over 15 minutes followed by an
infusion of 25 IU/kg/h). Experienced consultants (including
M.B., L.S.) performed the procedures exclusively in the terri-
tory of the external carotid artery. After a guidecatheter (En-
voy 5F or 6F; Cordis Endovascular, Miami, FL) was intro-
duced, the tumor feeders were superselectively probed by using
a standard microcatheter (Tracker 18; Target Therapeutics,
San Jose, CA) and a standard microwire (GT; Terumo, Tokyo,
Japan). We ensured that outflow at the catheter tip was unob-
structed and that no collaterals to parenchymal or orbital
branches were present. Spherical particles (Embospheres, 40–
120 [n � 12] or 100–300 �m [n � 165], BiosphereMed, Mar-
lborough, MA; or BeadBlock, 100–300 �m, [n � 8], Terumo)
were mixed with nonionic contrast medium (Imeron 250;
Bracco-Byk Gulden, Konstanz, Germany). Then, the tumor
was devascularized by slowly injecting the particles under flu-
oroscopic control.

The procedure was terminated when stagnation of the con-
trast agent in the feeding artery was accomplished. An inde-
pendent neurosurgeon neurologically assessed the patients af-
ter the intervention. In patients with neurologic complication
due to embolization, MR images and angiograms were re-
evaluated. Moreover, in patients presenting with hemorrhage,
corresponding histologic specimens were stained with hema-
toxylin-eosin, Van Gieson stain, and Prussian blue. Actin and
CD-34 (for vessel walls) immunohistologic staining was per-
formed. For every meningioma, at least two meningiomas of
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the same histologic subtype without hemorrhage were also
reevaluated.

Results
Twelve (6.5%) of 185 patients had a procedure-

related complication during or within 24 hours after
embolization of an intracranial meningioma. Of
these, six patients presented with an assumable ische-
mic event (Table 2). In six patients, hemorrhage oc-
curred (Table 3). In 10 patients, a 100–300-�m par-
ticle was used, and in one patient in each group,
embolization was performed with ultrasmall 40–
120-�m particles (Tables 2 and 3). The volume of
particles applied was not associated with the risk of
complications. In particular, patients presenting with
ischemia or hemorrhage (mean, 1.1 � 0.4 vials) did
not receive more particles than patients without com-
plications (mean, 1.3 � 0.6 vials).

Ischemic complications comprised two cases of am-
aurosis and four cases of hemiparesis. Two of the
latter were accompanied by aphasia. In patients with
amaurosis, retinal ischemia was verified on fundus-
copy. In two patients with persistent hemiparesis,
follow-up CT or MR imaging revealed areas of su-
pratentorial infarction (Fig 1). In two patients, hemi-
paresis resolved over several days, without evidence
for infarction on follow-up CT. Angiograms of these
patients were reviewed for collaterals to the ophthal-
mic artery or branches of the internal carotid artery.
In one patient, an ophthalmic anastomosis of the
middle meningeal artery was seen. The microcatheter
was advanced further distally, and the ophthalmic
branch never opacified during the embolization pro-
cedure. Nevertheless, this patient had ipsilateral am-

aurosis after the procedure. In the other patient, no
collaterals of the external carotid artery to the oph-
thalmic or parenchymal vessels were seen. Patients
with ischemic events did not differ in age (61 � 11 vs
63 � 14 years; P � .5, Mann-Whitney test) or fluo-
roscopy time (45.5 � 14.9 vs 47 � 35 minutes; P � .5,
Mann-Whitney test) from the overall group of patients.

Hemorrhage occurred and was primarily intratu-
moral in one patient, both intratumoral and sub-
arachnoid in two (Fig 2), and additionally subdural in
three (Fig 3). Clinically, three patients had sudden-
onset headache, and two had progressive hemipare-
sis. One patient was asymptomatic during and 2 hours
after embolization but was then found comatose. CT
revealed massive intratumoral, subarachnoid, and
subdural hemorrhage with signs of brainstem hernia-
tion (Fig 3). Because of the patient’s age and clinical
symptoms, surgery was not performed. The patient
died 1 day later. In the other patients, rapid surgical
removal of the tumor resulted in good clinical out-
comes without symptoms related to the hemorrhage.
Angiograms of patients with hemorrhage were re-
viewed for the presence of atypical vascularization,
and in all, typical blush of the meningioma was seen,
without evidence of pathologic vessels or arterio-
venous shunts (Figs 2 and 3). MR images of these
patients revealed a typical pattern consistent with that
of a meningioma.

Histopathologic examination of the five meningio-
mas with hemorrhage revealed atypical meningiomas
(World Health Organization [WHO] grades II or III)
in two patients (Table 3). Iron deposition consistent
with previous hemorrhage was present in three (Fig
4A). Pathologic intratumoral vessels with a thin wall
relative to a large lumen were found in four patients.
These vessels had walls of variable thickness sporad-
ically mixed with a thin tunica muscularis (Fig 4B).
The vessels were positive for actin on immunohisto-
logic stain (Fig 4C). In all of these vessels, particles
were found. Similar findings were not observed in
control meningiomas without hemorrhage.

Discussion
The treatment of choice for intracranial meningio-

mas is microsurgical tumor resection. However, this
procedure is associated with a substantial mortality
rate of 7%–14%, as shown in an unselected series of
meningiomas (6). This rate is even increases in large
meningiomas or in meningiomas with a difficult sur-

TABLE 2: Data in six patients with an ischemic complication

Patient/Age
(years)/Sex Localization

Fluoroscopy
Time (minutes)

Embospheres
(�m) Deficit Outcome

1/61/F Sphenoid wing 55 100–300 Hemiparesis, aphasia Resolved after 5 days
2/47/F Frontal convexity 31 40–120 Hemiparesis Persistent
3/49/M Frontal convexity 48 100–300 Hemiparesis, aphasia Residual hemiparesis, aphasia

improved
4/71/F Frontal convexity 39 100–300 Hemiparesis Resolved after 48 hours
5/74/F Frontal convexity 31 100–300 Amaurosis Persistent
6/63/M Parietal convexity 69 100–300 Amaurosis Persistent

TABLE 1: Data of 185 patients undergoing embolization for an
intracranial meningioma

Data Value

Mean age (years)a 63 � 14
F : M ratio 112:73
Fluoroscopy time (minutes)a 47 � 35
Convexity 63
Falx 53
Sphenoid wing 22
Frontobasal 19
Petroclival 12
Posterior fossa 16

a Data are the mean � standard deviation.
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gical approach, such as those in the skull base (3).
Preoperative embolization of hypervascularized intra-
cranial lesions such as meningiomas has become a
well-established preoperative procedure to facilitate
surgery and to reduce intraoperative blood loss. How-
ever, a thorough risk-benefit analysis is mandatory
(7). In the literature, data on the benefit of emboli-
zation followed by surgery compared with surgery
without embolization are limited. Two retrospective
studies showed a beneficial effect in terms of esti-
mated blood loss at surgery (8, 9). In a prospective
study, we compared embolized and nonembolized
meningiomas treated with surgery and found differ-
ence in intraoperative blood loss only in completely
devascularized meningiomas, whereas the other pa-
rameters did not significantly differ (10).

Data on the neurologic risk of embolization are
also sparse and controversial. In some small, uns-
elected studies, neurologic complications were absent
(2) or occurred at rates of 12% (8) or 16% (11). In a
large, selected series of skull-base meningiomas, neu-
rologic deficit occurred in as many as 21.6% of pa-
tients, with permanent deficits in 9% (3). In the
present series of 185 unselected meningiomas, the
overall rate of neurologic adverse events was 6.5%,
with persistent neurologic deficit occurring in 2.2%
and death, in 0.5%. Ischemic or hemorrhagic events
cause neurologic complications during or after embo-
lization. Ischemia may be due to thromboembolism or
unintentional particle obstruction of parenchymal
branches. Although we performed all procedures by
using anticoagulation with heparin and though we
cautiously injected the particles under permanent flu-
oroscopic control, six ischemic events occurred. Two
were territorial infarctions, presumably caused by
thromboembolic events. In one patient (patient 2, Fig
1) ischemia was most likely caused by particles pass-
ing from the external carotid artery to the internal
carotid artery through leptomeningeal anastomoses,
as follow-up diffusion MR imaging showed a rim of
ischemic brain tissue surrounding the embolized tu-
mor. In this patient ultrasmall particles of 40–120 �m
were used. We speculate that these particles passed
through arterial-arterial anastomosis, resulting in this
pattern of ischemia. Therefore, ultrasmall particles
may increase the risk for ischemic events during
embolization.

In both patients with amaurosis, no orbital
branches opacified during embolization; therefore,
the reason for the complication (thromboembolism
or particle embolism) remains uncertain. In retro-
spect, all ischemic events were unpredictable and not
related to factors increasing the risk, such as age or
long fluoroscopy times.

In the literature, we identified nine cases of hem-
orrhage due to embolization (3, 4, 12–18). In this
study, we had an unexpectedly high rate of hemor-
rhagic events during or after embolization of 3.2%.
Spontaneous hemorrhage occurs in about 1.3% of
meningiomas (19) and is more frequent in atypical
meningiomas than in typical ones (20). About 10% of
all meningiomas are atypical (21). In our, series, twoT
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(40%) of five patients had an atypical meningioma.
Moreover, pathologic vessels with a thin wall relative
to the lumen were found in four of five patients. Last,
iron deposition, which indicates previous intratu-
moral hemorrhage, was seen in three patients. Similar
findings were not observed in any meningioma of the
same histologic type without hemorrhage. These re-
sults clearly indicated that hemorrhage in embolized
meningiomas was associated with a distinct histologic
profile (ie, atypical histology), pathologic vessels with
a thin wall, and previous hemorrhage. Before embo-
lization, T2-weighted gradient-echo MR imaging,
may be an option to detect these previous hemor-
rhages and thereby identify patients at risk.

Hemorrhage in embolized meningiomas may be
caused by particles passing from the arterial side to
the venous side via arteriovenous shunts. In this case,
venous outflow is obstructed, while some arterial in-
put remains, resulting in increased transmural pres-
sure and subsequent hemorrhage. However, we ob-
served particles only in arterial vessels, as indicated
on actin stains.

Tumor infarction has been suggested as another
possible mechanism of spontaneous hemorrhage (22).
Likewise, intratumoral ischemia and subsequent ne-
crosis due to vascular obstruction by particles might
cause intratumoral hemorrhage during or after em-
bolization. Both histology (23) and MR imaging (24)

have demonstrated extensive areas of necrosis after
embolization of meningiomas; these areas were more
extensive with spherical particles than with polyvinyl
alcohol particles of different sizes (23). It cannot be
excluded that the superiority of spherical particles in
terms of distal vessel occlusion causing subsequent
tissue necrosis may result in an increased rate of
hemorrhagic events. However, all cases reported so
far involved embolization with polyvinyl alcohol parti-
cles, Gelfoam powder, or gelatin sponges (3, 4, 12–18).

Conclusion
The overall neurologic complication rate of 6.5%

underscores the need for thorough risk-benefit anal-
ysis before meningioma embolization. Periprocedural
hemorrhage was more frequent than previously
thought and can be managed with rapid surgical evac-
uation of the hematoma and removal of the tumor.
However, to recognize this potentially life-threaten-
ing complication early enough to treat it, thorough
postprocedural clinical surveillance is advised.
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FIG 1. Patient 2. Peritumoral ischemia
after embolization (Embospheres, 40–120
�m) of a recurrent frontal meningioma.

A, Predominant blood supply by the ip-
silateral middle meningeal artery was em-
bolized with spherical particles.

B, After the procedure, the patient had
left-sided hemiparesis. CT shows attenu-
ating pooling of contrast medium in the
tumor.

C, Next day, T1-weighted spin-echo MR
image shows no contrast enhancement,
indicating complete devascularization of
the tumor.

D, DC map shows a small, hypointense
rim of brain parenchyma around the me-
ningioma, indicating cytotoxic edema (ar-
rows). This was interpreted as particles
passing into the surrounding brain tissue
via leptomeningeal collaterals.
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FIG 2. Patient 11. Subarachnoid and in-
tratumoral hemorrhage during emboliza-
tion (Embospheres, 100–300 �m) of a
right frontal-convexity meningioma.

A and B, Images show blood supply by
the ipsilateral middle meningeal artery (A),
which was subsequently devascularized
with particles, and leptomeningeal
branches of the middle cerebral artery (B).

C and D, At the end of the procedure,
patient had sudden-onset headache. An-
giograms show subarachnoid extravasa-
tion of contrast medium (arrows in C).
Control run in the internal carotid artery (D)
shows disappearance of the leptomenin-
geal supply, indicating complete tumor
devascularization.

E, Postprocedural CT shows intratu-
moral and subarachnoid hemorrhage. At
surgery, bleeding from intratumoral ves-
sels were slight; the fresh intratumoral clot
and tumor were easily removed. The pa-
tient recovered completely.
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FIG 3. Patient 12. An 81-year-old
woman with fatal subdural, subarachnoid,
and intratumoral hemorrhages after em-
bolization (Bead Block,100–300 �m).

A and B, Embolization of a large, right
temporal meningioma with a predominant
middle meningeal arterial supply.

C, Ipsilateral middle meningeal artery
was superselectively probed and emboli-
zed with spherical particles.

D, Procedure was abandoned after the
application of one vial because the patient
had back pain. Control image reveals
marked tumoral devascularization.

E and F, Afterward, the patient had no
new neurologic symptoms, but 2 hours
later, she was comatose with fixed, dilated
pupils. CT shows extensive subdural (solid
arrows), subarachnoid (dotted arrow) and
intratumoral hemorrhage. Because of her
age and clinical state, she did not undergo
surgery and died the next day.
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FIG 4. Representative histologic findings after periprocedural hemorrhage.
A, Patient 8. Section shows massive iron deposition (blue) indicating previous intratumoral hemorrhage (solid arrows) around acute

hemorrhage (brown, dotted arrows) (hematoxylin-eosin and Prussian blue, original magnification �8).
B and C, Patient 11. Pathologic vessels with variable wall thickness were seen in four of five patients (B, hematoxylin-eosin, original

magnification �20). In some areas, the wall is atypically thin relative to the lumen (arrows in B). These vessels were positive for actin,
indicating arteries (C , original magnification �50). Similar vessels, also filled with particles, were seen in other patients with hemorrhage.
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