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Abstract Intracranial angiomatous meningiomas are a rare WHO grade I histological variant of
meningioma whose vascular component exceeds 50% of the total tumor area.
Preoperative embolization of angiomatous meningiomas has rarely been reported
previously. A 58-year-old woman was referred to our institute for a large petrotentorial
hypervascular tumor presented with progressively worsening right facial paralysis and
hearing loss for 6 months. Cranial computed tomography scan and magnetic reso-
nance imaging revealed a large homogenously enhancing multilobulated mass involv-
ing middle and posterior cranial fossae with marked brainstem compression. The
tumor extended into a right internal auditory canal and labyrinthine structures with
destructive changes of bony structures. Magnetic resonance angiography showed
hypervascularity in the tumor. Preoperative transarterial embolization using liquid
embolic materials was successfully performed with resulting in almost complete
devascularization of the tumor. Adequate hemostasis was achieved following gross
total resection of the tumor (Simpson grade II). A histopathological examination
confirmed the diagnosis of an angiomatous meningioma. Preoperative transarterial
embolization of angiomatous meningioma with liquid embolic material was safe and
effective in reducing perioperative blood loss and facilitating total tumor resection.
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Introduction

Intracranial angiomatous meningiomas are a rare subtype
of meningioma, which account for 2.1% of all intracranial
meningiomas.1 Most angiomatous meningiomas occur most
frequently in middle-aged patients, with a slight female
preponderance. These tumors occur most commonly in the
cerebral convexity, and rarely in the skull base area.2

Clinically, angiomatous meningiomas most commonly
manifest as seizures and neurological deficits depending
on the location of the tumor and mass effect.3,4 Due to its
extremely rich blood supply, surgical resection of angioma-
tous meningiomas is more difficult than resection of other
types of meningiomas. Preoperative embolization may be
useful for the treatment of this type of meningioma.5

However, preoperative embolization of intracranial angio-
matous meningiomas has rarely been reported previously.6

According to the large series of intracranial angiomatous
meningiomas by Ben Nsir et al,7 no patient had effective
preoperative embolization of these tumors, leading to
hemorrhagic event during surgical resection in the majority
of patients.

We reported a rare case of a petrotentorial angiomatous
meningioma and described an effective preoperative trans-
arterial embolization of this tumor using a combination of
different liquid embolic materials.

Case Report

A 58-year-old woman, with a medical history of hyperten-
sion, was transferred to our institution for the resection of a
large petrotentorial hypervascular tumor. The main com-
plaints were progressively worsening right facial paralysis
and hearing loss for 6 months. She also had dizziness and
right-sided facial numbness. On neurological examination,
there were right facial weakness (House-Brackmann
grade V), sensorineural hearing loss, trigeminal sensory
loss, and cerebellar signs. She had normal swallowing and
no motor weakness. Computed tomography (CT) scan of the
brain revealed a large homogenously enhancing extra-axial
mass involving middle and posterior cranial fossae with
marked brain stem compression. The tumor had multilobu-
lated borders and extended into a right internal auditory
canal and labyrinthine structures with destructive changes
of bony structures (►Fig. 1). Onmagnetic resonance imaging
(MRI), the tumor was hypointense on T1-weighted sequence
and hyperintense on T2-weighted sequence with prominent
multiple flow voids within the tumor. There was mild
peritumoral edema at the right temporal lobe (►Fig. 2).
Magnetic resonance angiography showed hypervascularity
in the tumor (►Fig. 3). Based on aggressive features on
imaging findings, we made a preoperative diagnosis of
hemangiopericytoma. Preoperative angiography followed

Fig. 1 Axial computed tomography (CT) scan of the brain (A) without and (B) with contrast reveal a large homogenously enhancing extra-axial
mass involving middle and posterior cranial fossae with marked brainstem compression. (C) Axial, (D) coronal, and (E) views of bone-window CT
scan demonstrate destructive changes (arrowheads) of the right internal auditory canal and labyrinthine structures.
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by embolization was planned to identify major arterial
feeders, facilitate surgical resection, and reduce periopera-
tive blood loss.

Under general anesthesia, cerebral angiography was per-
formed and revealed a large prolonged-staining hypervascular
tumor blush supplied by the right middle meningeal artery
(MMA), occipital artery, ascending pharyngeal artery, posteri-
or auricular artery, meningohypophyseal trunk of internal
carotid artery, and pial branches of posterior cerebral artery
(►Fig. 4). Initially, transarterial embolization with Squid 12
(Balt Extrusion,Montmorency, France) 3 bottles (1.5 cc/bottle)
wassuccessfullyperformedthroughthedistalpetrosquamosal
branch of right MMA using a dimethyl sulfoxide (DMSO)-
compatible and detachable-tip microcatheter, Apollo (Med-
tronic, Irvine, California, United States) without reflux to the
tip of microcatheter (►Fig. 5A, B). Unexpectedly, we had only
three bottles of Squid 12 in our stock at that moment. Control
angiography showed the remaining tumor blush. We planned

to go on embolization with other liquid embolic materials.
During preparing of Onyx 18, transarterial embolization
with n-butyl cyanoacrylate (NBCA) (Histoacryl; B. Braun,
Melsungen, Germany) 0.2 cc. was performed through second
microcatheter, Magic 1.2 F (Balt Extrusion, Montmorency,
France) (►Fig. 5C, D). Finally, another branch of the right
posterior auricular artery was selected and embolizationwith
Onyx 18 (Medtronic, Irvine, California, United States) 1.5 cc.
was performed through the first Apollo microcatheter
(reusable from first injection; ►Fig. 5E, F). Angiography
immediately after embolization revealed nearly complete
angiographic devascularization of the hypervascular tumor
(►Fig. 6). During the procedure, dexamethasone sodium
phosphate injection is administered initially in a dosage of
10mg intravenously followed by 4mg every 6hours until the
day of surgery. No immediate or delayed complications from
preoperative embolization occurred in our patient.

Surgery was scheduled the following 5 days. However,
we planned to set emergency surgery if the patient had
neurological deterioration. Fortunately, our patient had stable
condition. Follow-up cranial MRI, obtained 4 days after
embolization, evealed significant devascularization of the
tumor (►Fig. 7). The patient underwent a two-stage surgery
in the order of retrosigmoid and subtemporal approacheswith
estimated blood loss 800 and 300 cc, respectively. Black
embolic materials were noted within the tumor (►Fig. 8).
The cranial nerves IV to VIII, brain stem, and cerebellumwere
safely dissected from the tumor. Adequate hemostasis was
achieved following gross total resectionof the tumor (Simpson
grade II). The attachment of tumor was at tentorium cerebelli.

The histopathological examination revealed hypervascu-
lar meningothelial tumor with numerous intravascular
embolic materials. The tumor cells have oval nuclei with
intranuclear pseudoinclusions. Mitotic figure, necrosis, and
brain invasion are not seen. These findings were consistent
with angiomatous meningioma, World Health Organization
(WHO) grade I (►Fig. 9).

Follow-up CTscan of the brain, obtained the following day
after a two-stage of surgery, confirmed total resection of the
tumor (►Fig. 10). The patient had an uneventful postopera-
tive course and was sent to neuro-ophthalmologist and
physiotherapist for further management of facial nerve
palsy.

Fig. 2 (A) Axial T1-weighted, (B) axial, and (C) coronal T1-weighted gadolinium-enhanced magnetic resonance images show intense
homogeneous enhancement of the large multilobulated mass, arising from the petrotentorial region involving middle and posterior cranial
fossae with irregular borders and marked brainstem compression. (D) T2-weighted fat-suppressed magnetic resonance sequence reveals
multiple flow voids within the tumor.

Fig. 3 Magnetic resonance angiography demonstrates hypervascu-
larity in the tumor.
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Discussion

Intracranial hemangiopericytoma and angiomatous menin-
gioma are difficult to distinguish prior to surgery. Heman-
giopericytomas tend to show aggressive features on MRI
such as tumor invasion, irregular or multilobulated borders,
and bone erosion.8 However, Meng et al9 studied the radio-
logic characters to predict hemangiopericytoma from angio-
matous meningioma and found that aggressive behavior on
MRI was found no difference between these tumors.

Angiomatous meningiomas are a rare WHO grade I histo-
logical variant of meningioma that features numerous blood
vessels, which often constitute a greater proportion of the
tumor mass than do the intermixed meningioma cells.
Angiomatous meningiomas are also known as vascular me-
ningiomas.10 These meningiomas are defined as any menin-
gioma whose vascular component exceeds 50% of the total
tumor area.1 Intracranial angiomatous meningiomas occur
most commonly in the cerebral convexity, and rarely at
tentorium cerebelli and skull base area. The presence of
perilesional edema is much more common than meningio-
mas in general. Vascular endothelial growth factor, angio-
genesis, may play an important role in the formation of
peritumoral brain edema.2,4 It is recommended that cerebral
angiography should be performed before surgery to identify
definite arterial feeders and preoperative embolization
should be done for reduction in the risk of major bleeding

during surgical resection, especially in angiomatous menin-
giomas located at the skull base.3,5

Over the years, polyvinyl alcohol (PVA) particles andNBCA
have frequently been used as embolic agents for preoperative
embolization of extra- and intracranial tumors, including
meningioma.6 Currently, an ethylene-vinyl alcohol (EVOH)
copolymer-based liquid embolic agent has been developed
for meningioma embolization due to slow polymerization
and nonadhesive properties providing a reduced risk of
microcatheter entrapment than NBCA and prolonged embo-
lization time during the embolization resulting in more
controlled injection of the agent.11,12 Compared with PVA
particles, liquid embolic materials, including NBCA and
EVOH copolymer, can penetrate deeper into tumoral
capillaries and have a permanent effect, probably resulting
in tumor shrinkage and allowing easier tumor dissection. It is
useful for the patient planned for delayed surgical resection,
as in our case.6,13

Squid, as Onyx, is composed of an EVOH copolymer with
suspended micronized tantalum powder for radiopacity and
DMSO solvent. Onyx has three different concentrations
including Onyx 18, 20, and 34 depending on EVOH concen-
tration in the composite 6, 6.5, and 8%, respectively. Squid has
been introducedwith four different formulations (18, 18 low
density [LD], 12, 12 LD) depending on viscosity (18–standard
viscosity and 12–low viscosity) and the percentage of dis-
solved tantalum powder (standard and LD).14,15

Fig. 4 Anteroposterior views of (A) arterial and (B) venous phases of the right external carotid angiography reveal prominent tumor stain with
venous drainage into the right transverse sinus. Lateral views of the right (C) middle meningeal and (D) occipital arteries and anteroposterior
views of (E) the right ascending pharyngeal and (F) left vertebral arteries angiography demonstrate multiple feeders supplying the tumor.
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We preferred Squid 12 as the first choice of liquid
embolic material because the lower viscosity of Squid 12
compared with Onyx 18 may allow an even deeper pene-
tration of the tumoral capillaries.13 Another advantage of
Squid 12 over Onyx 18 is related to the reduced percentage
(30%) of tantalum that can improve vessels visualization
during embolization and limit metallic artifacts at imaging
follow-up.15 According to the study of preoperative embo-
lization of intra-and extracranial tumors by Iampreechakul
et al,6 they found that only extensive or complete angio-
graphic devascularization of the tumor has been effective
in less intraoperative blood loss. In the present study, we
used the combination of embolic materials because we did
not have Squid 12 enough for this tumor due to the
problem of hospital policy in stocking of EVOH in our
hospital. We used additional NBCA during the preparation
of another EVOH, that is, Onyx. Therefore, it was possible to
use only EVOH. However, we found that all Squid 12, NBCA,
and Onyx 18 were successfully used for preoperative
embolization of this kind of meningioma, angiomatous

meningioma, with excellent penetration of liquid embolic
materials and almost complete angiographically oblitera-
tion was achieved without any complication. Gadolinium-
enhanced brain MRI following the tumor embolization
confirmed significant devascularization of angiomatous
meningioma.

Due to lower viscosity of Squid 12, it can favor penetration
in all vascular pedicles and their more distal branches,
affecting the vasa nervorum of the facial nerve, causing facial
nerve palsy after embolization.16 Our case had facial palsy
and hearing loss, probably from tumor invasion, before
embolization. However, the microcatheter was always navi-
gated in the proximity of the tumor as near as possible and
injected contrast for searching dangerous extracranial-intra-
cranial anastomoses and blood vessels supplying the cranial
nerves before embolization. During embolization, embolic
materials were always administered with awareness of
reflux into normal blood vessels.

To avoid of tumor edema after embolization, we used
dexamethasone sodium phosphate injection during and
after embolization. Some authors suggested that the resec-
tion of large hypervascular brain tumors should be per-
formed immediately after embolization.17 However, we
prepared emergency surgery if the patient developed any
signs of the neurological deficits or brain herniation.

The optimal timing between tumor embolization and
surgery has been debated. The timing to surgery after
embolization depends on embolic material chosen.6 After
embolization with PVA particles, subsequent surgery should
not be delayed for more than 2 weeks.18 EVOH and NBCA are

Fig. 5 Lateral views of superselective angiography of the distal
petrosquamosal branch of right middle meningeal artery (A), petrosal
branch of right middle meningeal artery (C), and posterior auricular
artery (E) reveal tumor blushes before embolization and distribution
of Squid 12 (B), n-butyl cyanoacrylate (D), and Onyx 18 (F) during
embolization.

Fig. 6 (A) Anteroposterior and (B) lateral views of the right external
carotid artery angiography following the embolization reveal nearly
complete angiographic devascularization of the hypervascular tumor.
(C) Anteroposterior and (D) lateral views of unsubtracted image
illustrate dense cast of embolic materials within the tumor
parenchyma.
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more permanent than PVA particles, and may last for weeks
or months, whereas particles can degrade over time, increas-
ing the possibility of recanalization of occluded feeding
vessels.13,19 Shi et al13 waited for 10 days after embolization
of three meningiomas with Onyx and suggested that it was
safe to delay surgical resection after embolizationwith Onyx.
In our case, surgery was scheduled the following 5 days.
Fortunately, no complications occurred following the embo-
lization of the large hypervascular tumor.

Gross total resection is the treatment of choice for these
tumors. In addition, radiotherapy can be used for residual
tumors.4Angiomatousmeningiomasmanifest benign behav-
ior with a satisfying clinical outcome in long-term follow-up,
which makes Simpson grade II an option in case of high risk
for Simpson grade I resection.2

Conclusion

We reported a rare case of a large petrotentorial angiomatous
meningioma showing aggressive behaviors. Preoperative
transarterial embolization of angiomatous meningioma
using liquid embolic materials, including NBCA, Squid 12,
or Onyx 18, was safe and effective in reducing perioperative
blood loss and facilitating total tumor resection. There was
no adverse reaction when different kinds of embolic materi-
als were used in the same session in our case.

Fig. 7 (A–D) Sequential axial T1-weighted gadolinium-enhanced magnetic resonance images of the brain, obtained 4 days after embolization,
demonstrate significant devascularization of the tumor.

Fig. 8 Intraoperative photograph during removal of the tumor
reveals the black cast of embolic materials within tumor parenchyma.

Fig. 9 The histopathological study shows meningothelial tumor with
numerous large vessels. Dark embolic agents occupying the vascular
lumen are observed (A, 100� and B, 400� ; hematoxylin and eosin).

Fig. 10 (A) Axial and (B) coronal views of computed tomography of
the brain, obtained the following day after a two-stage of surgery,
confirm no residual tumor.
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