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Preoperative Embolization of 
Intracranial Meningiomas 

The goal of preoperative embolization of intracranial meningiomas is to facilitate their 
surgical removal by reducing tumor vascularity and decreasing blood loss during 
surgery. This study is based on personal experience with about 100 embolized menin
giomas and on the experience of others. Embolization is performed during the same 
session as diagnostic angiography. The appropriate embolic materials (absorbable or 
nonabsorbable) are chosen according to the location of the tumor, the size of the feeding 
arteries, the blood flow, and the presence of any potentially dangerous vessels (dan
gerous anastomoses between external carotid artery and internal carotid or vertebral 
arteries, arteries supplying the cranial nerves). Preoperative embolization appeared to 
be very useful in large tumors with pure or predominant external carotid artery supply 
(convexity meningiomas), in skull-base meningiomas, and in middle fossa and paracav
ernous meningiomas. It was also useful in falx and para sagittal meningiomas receiving 
blood supply from the opposite side and in posterior fossa meningiomas. CT low 
densities demonstrated after embolization did not always correlate with necrosis on 
microscopic examination, and large areas of infarction could be found despite normal 
CT. Embolic material was found on pathologic examination in 10%-30% of cases; fresh 
or recent ischemic and/or hemorrhagic necrosis consistent with technically successful 
embolization was demonstrated in 40%-60% of cases. With careful technique compli
cations are rare. 

Meningiomas are considered to be benign and potentially curable tumors. They 
account for 13%-18% of all intracranial neoplasms [1]. After total tumor removal, 
tumor recurrence varies from 9% to 11 % if the dural attachment is resected and 
from 19% to 22% if the dural attachment site is cauterized but not excised. In 
cases of partial tumor removal, the risk of recurrence increases to 37%-40% [2 , 
3]. Parasagittal and falx meningiomas recur nearly twice as often as do the 
meningiomas of the convexity. Meningiomas of the sphenoid ridge and posterior 
fossa recur in more than 20% of cases [3]. Incomplete tumor removal is related to 
many factors, such as tumor hypervascularity, dural venous attachment, tumor 
size, and tumor location deep within brain or near vital neural structures. Of these 
factors the ones most susceptible to control are the degree and origin of the 
hemorrhage during surgery. 

For all these reasons several authors have used transcatheter embolization in 
highly vascular tumors supplied by the external carotid artery, either to decrease 
preoperative bleeding and facilitate surgical removal or to palliate inoperable cases 
[4-10]. In 1973, we published our preliminary results with embolization of intracra
nial meningiomas [11]. Since then, other experiences have been reported [12-
20] , some with large series [21-24]. 

Since the development of computed tomography (CT), the indications for an
giography in the diagnosis of intracranial meningiomas have changed markedly. 
Accuracy of CT diagnosis of meningiomas is in the range of 90%-95% [25] . 
Calcifications, hyperostosis, dural abutment, and increased tumor density are seen 
on plain CT scans; homogeneous enhancement is usually observed in postcontrast 
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CT. For these reasons some neurosurgical teams operate on 
most meningiomas on the basis of the CT findings and do not 
use angiography. 

However, angiography remains very important for several 
reasons: (1) CT diagnosis may be in doubt because of atypical 
CT appearance including cyst, ring enhancement, or absence 
of enhancement. Hemorrhage, necrosis, lipomatous degen
eration , scarring , and cystic change are frequently observed 
on pathologic examination of benign meningiomas [26J . (2) 
Only angiography can provide the vascular data necessary 
for planning surgery , specifically the origin, size, and course 
of the feeding arteries, demonstration of arterial encasement 
or occlusion at the base of the brain, and dural sinus patency 
[27J. (3) There is no obvious relation between CT findings and 
angiographic vascularity and there is no specific CT appear
ance that indicates purely external carotid artery supply to 
the tumor. 

The goals of preoperative embolization are (1) to reduce 
vascularity and facilitate surgical removal by decreasing blood 
loss during the operation and (2) to decrease the likelihood of 
tumor recurrence by specifically producing necrosis at the 
site of dural attachment [11, 19J. We will review the tech
niques, indications, and results of preoperative embolization 
of intracranial meningiomas according to our own experience 
and to that of others. 

Technique 

Because embolization is regarded as a tool to facilitate 
surgical removal of the tumor, embolization must be as safe, 
painless, and easy to perform as possible. For that reason 
embolization is usually performed by the Seldinger technique 
via the femoral route in the same session as diagnostic 
angiography. Early in our experience we used general anes
thesia [11 , 21 J to avoid patient discomfort during catheteri
zation and embolization of those external carotid artery 
branches that supply the meningioma. More recently, non ionic 
contrast media with reduced osmolality have been used to 
decrease the sensation of heat, local pain, and other unpleas
ant side effects, permitting us to employ neuroleptic analgeSia 
instead. With neuroleptic analgesia the patient is drowsy but 
remains conscious and arousable, so he can be tested for 
neurologic function as needed. Digital subtraction angiogra
phy (DSA) is particularly well adapted to interventional pro
cedures because it has superior contrast resolution and pro
vides immediate subtraction images [28J. DSA also allows 
the angiographer to use smaller catheters and to reduce the 
total dose of contrast medium by about 50%. 

We routinely use 4-5 French catheters (Ingenor, Paris) with 
simple curves for superselective angiography and emboliza
tion in the external carotid artery territory. When we need to 
reach distal and tortuous vessels, like branches of the internal 
maxillary artery, without producing arterial spasm, we use the 
polyurethane catheter of Berenstein and Kricheff [29 , 30J 
(USCllnternational, PariS) that tapers from 7 to 5 French, with 
a distal 105° curve. Superselective catheterization is man
datory to avoid migration of emboli to normal vascular terri
tories [31 J. 

Selection of the appropriate embolic materials depends on 
the location of the tumor, size of the feeding arteries, blood 
flow, and presence of any potentially dangerous collateral 
pathways. Meningiomas are highly vascular tumors with hy
pertrophied meningeal pedicles; however, tumoral circulation 
time is often slow, and arteriovenous shunts are unusual 
[32J. Absorbable embolic agents are chosen whenever emboli 
could possibly migrate aberrantly during embolization of the 
tumor despite superselective catheterization. Thus, during 
embolization in the middle meningeal artery or the internal 
maxillary artery, the possibility of migration of emboli into the 
superficial temporal artery, sphenopalatine artery, or dental 
branches requires use of absorbable embolic material. Simi
larly one must use absorbable material whenever embolization 
is undertaken in vessels that have potential anastomoses 
between external carotid artery branches and internal carotid 
or vertebral arteries and whenever the arteries that supply 
the vasa nervorum of the lower cranial nerves are embolized . 
There are the "dangerous vessels, " and full knowledge of 
their origins and interconnections is mandatory for safety 
during embolization. For all these reasons, gelatin sponge 
(Gelfoam) is the most frequently used material in preoperative 
embolization of meningiomas [4, 11, 18, 21 , 23, 24, 31 , 33]. 
It is absorbable, easy to handle, and well tolerated [34J . 
Embolization with Gelfoam is performed either with small 
strips or particles ranging in size from 0.5 x 0.5 mm to 1 x 5 
mm or with Gelfoam powder (particles around 60 ,um). Of 
these two, Gelfoam powder penetrates farther into the tumor 
bed and produces distal vascular occlusion. A higher inci
dence of tumor necrosis is noted at pathologic examination 
after embolization with Gelfoam powder (18 , 19, 35) than 
after embolization with particles of Gelfoam. 

Nonabsorbable embolic material may be used when aber
rant embolization of adjacent normal territories is unlikely to 
produce ischemia. Nonabsorbable emboli achieve more du
rable occlusion. Such non absorbable agents include blender
ized (150-250 ,um and 300-500 ,um) or finely cut polyvinyl 
alcohol foam (PV A) particles [36J and lyophilized dura mater 
(Langemarckplatz, Erlangen, W. Germany) [17, 23, 24]. Hor
ton et al. [37J demonstrated that embolization with a mixture 
of Gelfoam and PV A foam (PV A particlesjGelfoam powder or 
PYA microparticlesjGelfoam particles) retains the advantages 
and eliminates the disadvantages of each. Hieshima et al. [22J 
have used 1 mm barium-impregnated Silastic spheres and 
believe that they offer the best combination of precise place
ment and permanent vascular occlusion. 

We have not been using this technique as it cannot satisfy 
our requirements for presurgical embolization in tumors (see 
below). We also have used 300 ,um radiopaque calibrated 
polyethylene microspheres (Ingenor, Paris) to produce very 
distal occlusions when there are no dangerous vessels or 
anastomoses. Gelfoam, PYA, and dura mater are not radio
paque. They need to be injected under fluoroscopic control 
in a solution of non heparinized saline mixed with contrast 
medium. Emboli must be injected slowly, using the normal 
blood flow to direct the particles to the tumor. 

Embolization is stopped (1) when the tumor blush of feeding 
vessels close to the tumor can no longer be seen and (2) 
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when the blood flow toward the tumor decreases. The goal 
of preoperative embolization is to occlude vessels within the 
tumor, not just the large feeding vessels. Therefore, the size 
of the emboli is predetermined by the diameters of the feeding 
arteries, the blood flow, and the vascular territories supplied 
by each vessel. As a general rule one must avoid particles 
smaller than 100 J1m when the arterial trunk to be occluded 
gives rise to either (1) potentially dangerous collateral supply 
to the internal carotid or vertebral arteries or (2) supply to the 
vasa nervorum of cranial nerves (VII , IX , X, XI, and XII) [38). 
Dangerous external carotid collateral routes are summarized 
in Figure 1. 

In patients with large meningiomas of the skull base that 
invade the cavernous sinus or in patients with recurrent and/ 
or malignant meningiomas, a more aggressive endovascular 
technique is needed. In these patients, the internal carotid 
artery can be occluded proximal to the origin of the ophthalmic 
artery by a detachable balloon, according to the technique of 
Debrun et al. [39, 40]. Accurate placement of the balloon in 
the cavernous portion of the internal carotid artery is some
times difficult because of encasement of this vessel by the 
tumor (Fig. 2). 

Balloon occlusion of the internal carotid artery is performed 
after functional testing of the circle of Willis. If temporary 
occlusion of the internal carotid artery is not clinically toler
ated, a superficial temporal artery-middle cerebral artery an-

Fig . 1.-Schematic representation of dangerous anastomoses (circles) and 
dangerous vessels (asterisks) supplying cranial nerves: (1) anastomosis be
tween ophthalmic artery system and middle meningeal artery; (2) anastomosis 
between intracavernous internal carotid artery and accessory meningeal and 
middle meningeal arteries; (3) anastomosis between vertebral artery and as
cending pharyngeal artery through odontoid arterial arch; (4) anastomosis 
between vertebral artery and occipital artery (first and second cervical spaces); 
(5) petrous branch of middle meningeal artery supplying seventh cranial nerve; 
and (6) neuromeningeal branch of ascending pharyngeal artery supplying cranial 
nerves IX-XII. 

astomosis can be performed before balloon occlusion of the 
internal carotid artery. The internal carotid artery is occluded 
below the ophthalmic artery to preserve the patient's vision. 
However, with the balloon in this position, collateral , retro
grade flow through the ophthalmic artery from branches of 
the external carotid artery may result in bleeding during 
surgery [40]. This bleeding must be accepted, since vision 
must be preserved if at all possible. When both internal carotid 
artery and middle meningeal artery embolization have to be 
performed, they should be carried out in the this order: middle 
meningeal artery followed by internal carotid artery. Inter
nal carotid occlusion will open internal maxillary artery 
branches-ophthalmic anastomoses. If, however, the eye is 
already blind, then the balloon should be detached opposite 
to the origin of the ophthalmic artery to occlude this source 
of hemorrhage as well . Thereafter, any remnant feeders can 
be embolized with microspheres, microparticles of PVA, dura 
mater, or even isobutyl-2-cyanoacrylate. 

Indications 

The indications and results of preoperative embolization 
are based on our own experience with about 100 meningio
mas embolized since 1972 [9 , 11 , 21] and on the experience 
of others [19 , 22-24]. The indications for preoperative em
bolization depend on the (1) specific neurosurgical team with 
which you work, (2) external carotid artery supply , (3) tumor 
location , and (4) tumor size. Some neurosurgeons operate on 
most meningiomas on the basis of CT findings alone and 
consider embolization useless. During surgery, they can easily 
clip the meningeal feeders and remove the tumor, avoiding 
excessive bleeding . However, some meningiomas, because 
of their location, size, and vascularity , are exceptionally diffi
cult to remove. In such tumors , preoperative embolization 
can be very valuable. In special cases, embolization may even 
permit successful resection of a meningioma after the initial 
attempt proved unsuccessful because of uncontrollable hem
orrhage [22]. 

The vascular supply of meningiomas has been well dem
onstrated by Salamon et al. [41]. Independent of the location 
of the tumor, intracranial meningiomas have two different 
arterial supplies: (1) feeders at the site of dural attachment 
that arise from meningeal arteries (pedicules d'insertion) and 
radiate deeply to the center of the tumor and (2) feeders of 
the tumor capsule that arise from pial and cortical arteries 
(pedicules de capsule), entering the capsule from the brain 
surface to supply the periphery of the tumor. This vascular 
pattern can be well demonstrated on surgical specimens after 
injection of the meningeal pedicle with barium sulfate (Fig . 3). 
In vivo, angiography readi ly differentiates "capsular" pedicles 
arising from cortical and pial branches (Fig . 4) from "dural" 
pedicles arising from the external carotid artery (middle men
ingeal artery, accessory middle meningeal artery, neuromen
ingeal branch of the ascending pharyngeal artery , and stylo
mastoid branch of the occipital artery), from the internal 
carotid artery (ethmoidal , cavernous , clival , and tentorial 
branches), and from the vertebral artery (posterior meningeal 
artery). 
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Fig. 3.-Microradiograph of surgical specimen of convexity meningioma 
after injection of main meningeal pedicle with barium sulfate. From dural 
attachment (arrow ), meningeal branches radiate deeply to center of tumor. 
Nonopacified portion at periphery of tumor corresponds to territory of pial and 
cortical branches arising from internal carotid artery. 

The vascular supply of meningiomas can be considered in 
four categories: (1) meningiomas supplied solely by the ex
ternal carotid artery; (2) meningiomas with mixed external/ 
internal carotid arterial supply but with dominant feeders from 
the external carotid artery territory; (3) meningiomas with 

" 

Fig. 2.-Right cavernous sinus meningioma. A, 
Right internal carotid angiogram. Marked irregular 
stenosis of cavernous portion of internal carotid 
artery, which is encased by tumor and supplied by 
multiple intracavernous branches. Two balloons 
were detached in internal carotid artery: the first at 
C3 (knee of internal carotid artery under anterior 
clinoid process) below ophthalmic artery; the sec
ond in ascending portion of C5 (ganglionic seg
ment). B, Right external carotid artery. Meningioma 
is fed by middle meningeal and accessory menin
geal arteries (solid arrows). Note clips (open arrows) 
of the two detached balloons in carotid siphon . C, 
Selective injection in right middle meningeal artery 
shows faint tumoral blush but opacifies ophthalmic 
artery (solid arrow) through meningoophthalmic an
astomosis (open arrow) . D, Superselective injection 
in accessory meningeal artery shows marked tu
moral blush. This vessel was emboli zed with Ivai on 
particles of 500 I'm to protect ophthalmic artery; 
middle meningeal artery was occluded with large 
piece of Gelfoam. 

mixed external/internal carotid artery supply but with domi
nant feeders from the internal carotid artery territory; and (4) 
meningiomas with pure internal carotid artery supply such as 
sellar meningiomas (diaphragmatic, tuberculum) or proximal 
tentorial meningiomas. The "balance" between the dural and 
the cortical or pial vascular supply depends mainly on the 
location and, to a lesser degree, on the size of the tumor. 
Sometimes, anatomic variations, such as ophthalmic origin of 
the anterior branch of the middle meningeal artery, preclude 
the embolization of one territory. 

Meningiomas can be divided arbitrarily into three different 
groups according to their size [3]: (1) giant meningiomas 7 
cm in diameter or larger; (2) large tumors 4.5-7.0 cm in 
diameter; and (3) small tumors 4.5 cm or less in diameter. 
The best indications for preoperative embolization are large, 
highly vascular tumors supplied mainly by the external carotid 
artery (Fig. 5). Embolization is particularly indicated in menin
giomas of the skull base and middle cranial fossa in which 
the arterial supply is otherwise difficult, if not impossible, to 
occlude before surgical removal of the bulk of the tumor. Falx 
and parasagittal tumors, which represent almost one-third of 
all meningiomas, frequently receive their main vascular supply 
from the opposite middle meningeal artery and may be easier 
to resect after embolization (Fig. 6). 

The meningeal component of large posterior fossa menin
giomas-mainly those of the clivus, cerebeliopontine angle, 
and posterior aspect of the petrous bone-can be embolized 
through the meningeal branch of the ascending pharyngeal 
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Fig. 4.-Left parietal convexity meningioma. Se
lective internal (A) and external (8) carotid lateral 
subtraction angiograms. Pial and cortical branches 
of middle cerebral artery supplying periphery of 
tumor (arrows) and branches of middle meningeal 
artery at site of dural attachment (arrows). 

A 

A 

B 

Fig. 5.- Large left frontorolandic convexi ty meningioma. Selective internal 
(A) and external (8) carotid lateral subtraction angiograms. Tumor is almost 
exclusively supplied by anterior branch of middle meningeal artery. C, After 

Fig . 6.-Left falx and parasagittal meningioma. 
A, Postcontrast CT scan, direct coronal section. 
Large homogeneous enhancing mass involves left 
side of falx and frontorolandic parasagittal region . 
8 , Right external carotid subtraction angiogram, 
anteroposterior view. Dural attachment of meningi
oma on falx is supplied by right middle meningeal 
artery, which was embolized with dura matter par
ticles. Left external carotid artery was normal. 

A 

B 

c 
selective embolization in middle meningeal artery with Ivalon particles of 300 
I'm tumor blush disappears with preservation of main trunk of middle meningeal 
artery. 

B 



968 MANELFE ET AL. AJNR:7, September/October 19B6 

artery [15] (Fig. 7). The less common orbital meningiomas 
may be embolized via the ophthalmic artery if the eye is 
already blind or is to be sacrificed [35] . 

Tumors with mixed internal and external carotid arterial 
supply have been reported to show increased flow from the 
internal carotid artery after occlusion of the external carotid 
feeders. If this is the situation , embolization may be of limited 
benefit or even contraindicated [4, 23, 24]. In our experience 
[9, 11, 21] as well as in that of others [23], however, embo
lization of the external carotid component of mixed vascular 
supply (cavernous and middle temporal fossa meningiomas) 
usually decreases the bleeding from the internal carotid artery 
branches . The reduced vascularity then makes surgery easier. 
Even in cases of meningiomas with mixed external/internal 
carotid artery supply, very distal embolization of the meningeal 
source may occlude small vessels within the tumor bed, 
causing softening and necrosis of the central portion of the 
tumor [18, 22, 35] . As a result, the surgeon may be able to 
retract the tumor more easily, establish a cleavage plane 
between tumor and brain, and reach the cortical (capsular) 
supply of the tumor to control hemorrhage before resecting 

, 

A B 

dur a lIten. art. 

A B 

Fig. B.- Diagram of vascular supply to meningioma. A, Dural or meningeal 
arteries supply central part of tumor, whereas pial and cortical arteries supply 
periphery . B, Embolization of meningeal pedicles produces central softening 

the bulk of the tumor. This leads to simpler and safer tumor 
removal (Fig. 8). 

Results 

The effects of embolization can be appreciated by different 
means: (1) preoperatively by angiography and CT; (2) intra
operatively by direct inspection and quantification of blood 
loss; (3) postoperatively by pathologic examination; and (4) 
by amount of recurrence rate. 

Postembolization Angiography 

In some cases, embolization achieves near-obliteration of 
the small vessels within the tumor. In other cases, it merely 
obstructs large vessels proximal to the tumor without truly 
occluding the tumor vessels themselves . Since the best em
bolizations and best surgical results are obtained with very 
small particles that enter the tumor nidus, postembolization 
angiography is performed to determine the extent of obliter
ation of the tumor bed and the feeding vessels. In our expe-

Fig. 7.-Right posterior fossa meningioma. A, 
Lateral digital subtraction angiogram of right as
cending pharyngeal artery before embolization . Tu
mor involving posterior aspect of petrous bone 
(arrowheads) is supplied by branches from neuro
meningeal trunk (solid arrow) of ascending pharyn
geal artery. Ipsilateral vertebral artery is faintly in
jected through anastomotic arch of odontoid (open 
arrow) . B, After selective embolization in ascending 
pharyngeal artery with Ivalon particles of 500 lim , 
tumor blush is not seen; anastomotic arch of odon
toid is preserved. 

c 
allowing surgeon (C) to separate tumor from cortex more easily to reach and 
Clip capsular arteries. 
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rience, it is preferable to perform postoperative embolization 
angiography of the external carotid artery only. When external 
carotid arteriography reveals disappearance of the tumor 
blush, embolization has been successful. 

When external carotid arteriography reveals occlusion of 
some, even many, major arterial feeders but persistence of 
some tumor blush , greater blood loss may be expected at 
surgery. Early in our experience [11 , 21] we also performed 
postembolization internal carotid angiography to evaluate the 
remnant or additional arterial supply from this territory and to 
be sure of the absence of inadvertent internal carotid emboli . 
However, we no longer perform internal carotid angiography 
after embolization of external carotid territory. Rather, we 
agree with Teasdale et al. [24] that postembolization internal 
carotid arteriography is unwise and may indeed be a source 

A B 

D E 

Fig. 9.-Right frontal meningioma. A and B, Postcontrast CT scans. Ho
mogeneous enhancing mass in frontal parasagittal convexity region . C and D, 
After embolization with Gelfoam particles in right external carotid artery. Multi
ple, irregular patchy densities within tumor. Rounded increased density within 

of complications if microemboli remain within the catheter. 
Moreover, failure to visualize tumor vessels issuing from the 
internal carotid artery does not exclude an arterial supply from 
this territory [23] . 

Postembo/ization CT 

Postembolization CT was performed in our institution 
mainly after 1977. Most patients were investigated within 3 
days after embolization ; one patient was scanned immediately 
after embolization and 24 hr later (Fig. 9). In about half of the 
contrast-enhanced CT scans obtained after embolization , 
low-density areas were demonstrated within previously ho
mogeneous tumors and were interpreted as necrosis. When 
these tumors were examined pathologically, however, CT and 

c 

F 

tumor in C was interpreted as small focus of hemorrhage. E and F, Noncontrast 
scans 24 hr after embolization . Low-density areas within tumor consistent with 
necrosis. No change in central increased density. 
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pathologic examination were in agreement in only one-third 
of cases . In two-thirds of the specimens, CT low densities did 
not correlate with necrosis on microscopic examination, and 
large areas of infarction were present despite normal CT. 
Teasdale et al. [24] found changes suggesting necrosis in 
eight of 17 patients examined by CT, of whom seven had 
only external carotid artery feeding vessels. In most patients 
without change on contrast-enhanced postembolization CT, 
there was mixed external/internal carotid or a dominant inter
nal carotid artery supply. We have not found any increase in 
the size of the tumor or of the peritumoral edema after 
embolization. We have not found, as Hieshima et al. [22] 
noted, a decrease in tumor size after embolization on either 
CT or isotope brain scans. 

Surgical Findings 

Results are appreciated according to the facility of surgical 
removal and to the importance of blood loss. In our series 
[11, 21] , preoperative embolization appeared very useful in 
large tumors with pure or predominant external carotid artery 
supply, such as convexity meningiomas (Fig. 4), in skull base 
meningiomas, and in middle fossa and paracavernous menin
giomas (Fig . 2). Preoperative embolization appeared useful in 
falx and parasagittal meningiomas receiving contralateral 
blood supply (Fig. 6) and in posterior fossa meningiomas (Fig. 
7) . 

Teasdale et al. [24] reported that embolization facilitated 
surgery in 13 of 26 patients. Of the 13 patients in whom 
embolization was considered beneficial , nine had purely ex
ternal carotid feeders. Of those with persistent bleeding or no 
appreciable angiographic improvement, only one had an en
tirely external supply; in that case, despite the apparent lack 
of benefit, the tumor showed evidence of necrosis on post
embolization CT [24]. Marked hemorrhage during surgery 
occurred only in four patients, and all of them had significant 
internal carotid artery supply. 

No obvious relations were observed between the subjective 
assessment of usefulness of embolization and either the 
histologic type of meningioma or the precise interval between 
embolization and surgery [21] . However, resection must be 
performed within 2-5 days after embolization. 

Pathological Findings 

Histologically, meningiomas may be classified as meningo
thelial, transitional , fibroblastic, angioblastic, and malignant. 
Objective assessment of the effects of embolization is difficult 
because tumor specimens given to the pathologist consist 
most often of multiple small fragments rather than an intact 
tumor. Therefore, a central zone of infarction is seldom dem
onstrated [22 , 24]. It is noteworthy that many studies have 
failed to show massive necrosis of the tumor after emboliza
tion [11 , 21,23, 24]; however, multiple areas of necrosis and 
hemorrhagic infarctions have occurred fairly often after em
bolization with Silastic spheres [22]. 

Embolic material is found in arterial feeders in 1 0%-30% 
of examinations; Gelfoam particles may be seen in vessels of 

100 J.Lm [11 , 21] and frequently are associated with throm
bosis (30%) (Fig .10). Fresh or recent ischemic and/or hem
orrhagic necrosis consistent with a technically successful 
embolization was seen in 40%-60% of cases (Figs. 11 and 
12). However, small foci of necrosis are not uncommon in 
meningiomas, and histopathologic demonstration of iatro
genic infarction must be based on strict criteria such as a 
large circumscribed area of pallor associated with nuclear 
disintegration with or without an inflammatory response 
[24]. 

Complications 

Preoperative embolization of intracranial meningiomas must 
be as safe as possible to avoid complications, which can be 
divided into minor and severe. 

Minor complications are mainly represented by painful tris
mus and/or facial pain; they are related to ischemic phenom
ena when some normal internal maxillary artery branches 
(dental, buccal, masseteric) are occluded during the proce-

Fig. 1 a.-Histopathologic specimen of meningioma embolized with Gelfoam 
3 days before. Gelfoam particles associated with early organized arterial 
thrombus within artery. No perivascular necrosis. (Masson's trichrome x 1 a.) 

Fig. 11 .-Focal area of hemorrhage (H) within embolized meningioma with 
Ivalon. (Hemalum-eosin x 2.5.) 
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Fig . 12.-Area of pallor related to ischemic necrosis (N). (Hemalum-eosin 
x 2.S.) 

dure. They were present in about 20%-30% of our cases 
[21], but seem less common now probably because of the 
systematic use of corticosteroids in the days after emboliza
tion. When present, pain usually lasts 2-3 days and resolves 
without sequelae. Symptomatic treatment requires analge
sics, but aspirin should be avoided due to its inhibitory effect 
on platelet aggregation . 

Severe complications are represented by stroke and cranial 
nerve palsies. Stroke is exceptional [10] and usually is 
related to reflux of emboli in the internal carotid or vertebral 
artery. As we mentioned, careful technique and permanent 
fluoroscopic control are mandatory to avoid reflux of embolic 
material. Stroke can also result from embolization of territories 
vulnerable to dangerous anastomoses between the external 
carotid artery and internal carotid or vertebral artery (Fig. 1). 
Cranial nerve palsies (mainly VII and XII) represent a true 
therapeutic risk as the supply of most meningiomas is the 
same as the supply of the cranial nerves (Fig. 1). Currently, 
this risk represents the main limitation in the use of fluid 
agents. Recent technical advances (opened guidewire) allow 
catheterization of the tumoral feeders distal to the origin of 
the dangerous vessels. In most meningiomas preoperative 
embolization with particles can be carried out with minimal 
risks. 

Because of the presence of estrogen and progesterone 
receptors in some tumors like meningiomas [42, 43], Suzuki 
and Komatsu [44] have used estrogen for embolization in 
three cases of middle cranial fossa and convexity meningio
mas. The mechanism of vessel occlusion after estrogen ad
ministration is not completely clarified and probably results in 
injury of the vascular endothelium and increased vascular 
permeability. Even if the first results are promising, hormonal 
therapy should be considered as an alternative in patients too 
elderly or debilitated to undergo conventional surgical re
moval. 
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