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Abstract

Aim: The aim of this study was to investigate the contribution of polyvinyl alcohol particle embolization to meningioma surgery.
Materials and Methods: The study included 24 patients (19 women, 5 men) who were operated for meningioma at our institution
between October 2018 and October 2019. Ten patients underwent tumor embolization with polyvinyl alcohol particles before
meningioma surgery, while the other 14 patients were operated directly without embolization. Groups were constituted as with
embolized and non-embolized before surgery.Patient and tumor characteristics, embolization procedure, operative blood loss,
operative time, and complications were compared between patients with and without preoperative embolization.

Results: The patients ranged in age between 28 and 79 years, with a mean age of 54.16+10.50. Mean operative time was 4.59 hours
for the embolized patients and 4.72 hours for the non-embolized patients (p>0.05). Mean hemoglobin values were decreased by 1.25
g/dl in the embolized patients and 1.35 g/dl in the non-embolized patients (p>0.05).

Conclusion: There were no significant differences in operative time, intraoperative blood loss, or change in hemoglobin level between

meningioma patients who underwent preoperative embolization with polyvinyl alcohol particles and those who did not.
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INTRODUCTION

Meningiomas are the most common non-glial extra-axial
and largely benign tumors (1,2). Surgery is the primary
treatment method for symptomatic meningiomas,
and radiotherapy can also be used in some cases. As
meningiomas are believed to develop from the dura
mater, they are often fed by the dural branches of the
external carotid artery (ECA). Conventional angiography
is not considered necessary unless embolization is
planned. Embolization is performed after selective ECA
catheterization demonstrates the tumor is supplied
mainly by the ECA. Preoperative embolization (POE) was
first described by Manelfe et al. (3). In recent studies,
POE embolization was reported to reduce intraoperative
blood loss and operative time. The current study presents
our surgical experiences pertaining to blood loss,
operative time, and embolization. We compared operative
time, amount of intraoperative blood loss, changes in
hemoglobin (Hb) level, and complications in patients with
and without POE, and evaluated the surgical benefit of
POE.

MATERIALS and METHODS

This retrospective analysis included 24 patients (19
women, 5 men; mean age, 54.16 + 10.50) who were
operated due to meningiomas between October 2016 and
October 2018. All patients were evaluated preoperatively
with contrast-enhanced magnetic resonance imaging
(MRI). The decision to perform POE was based on tumor
size (= 3 cm), degree of contrast enhancement, location,
and the surgeon's estimate of the contributions of POE to
the operation. Ten of the patients underwent POE, while
14 did not. Embolized patients underwent meningioma
surgery within a mean of 1.4 days. The effects of POE on
operativetime andintra- and postoperative blood loss were
evaluated. We also examined surgical and embolization-
related complications and performed subgroup analyses.

Tumors were classified based on their size, location,
and histological subtype. Angiography and embolization
characteristics included feeder vessels (dural and/or
pial), embolized vessels, degree of embolization, and
neurological complications related to embolization. Ethics
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committee approval was obtained for the study (Sivas
Cumbhuriyet University School of Medicine Decision No:
2019-08/ 05. Date: 07.08.2019).
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MMA: Middle Meningeal Artery

Figure 1. A 66-year-old woman with intracranial meningioma. a:
Axial T2-weighted MR imaging shows typical meningioma with
perilesional edema and hyperostosis, on the right side sphenoid
wing; b: Axial postcontrast T1-weighted MR imaging shows
homogenous contrast enhancement of the meningioma; c:
Lateral pre-embolization DSA right ECA injection demonstrates
hypervascular tumor blush from the MMA; de: After
superselective catheterization of the MMA ,pre-embolization
angiography showed hypervascular tumoral blush, whereas
post-embolization angiography demonstrated complete
devascularization of tumor blush (lateral views)

Embolization Procedure

General Electric Innova monoplane angiography
device was used to perform the neuroangiography and
embolization procedures. The embolization was initiated
by puncturing the right main femoral artery with a 5F
introducer sheath. All patients were given 2500 U of heparin
intravenously. With 4-dimensional DSA and bilateral ECA
catheterization, the dural and pial feeders of the tumor
and its venous drainage pattern were determined. The
presence of dangerous anastomoses was evaluated
angiographically and after confirming predominant
ECA supply, the tumor feeders were catheterized with a
combination  microcatheter—microguidewire (Progreat
2.9 F 0.021 inch microguidewire coaxial system,
Terumo Corporation ,Tokyo, JAPAN), then embolized with

250—355 pm polyvinyl alcohol particle (PVA, Contour,
Boston Scientific, Natick, Massachusetts,USA) particles.
The patients underwent meningioma surgery 1 to 3
days after the embolization procedure. For all embolized
patients, the percentage of embolization was reported by
comparing pre-embolization and post-embolization DSA
images (Figure 1). Based on comparison of pre-and post-
embolization DSA images, embolization of 90% or more
was considered complete embolization and less than 90%
was considered partial embolization. Embolization was
not performed in patients with DSA findings of small or
tortuous tumor feeders or predominant pial supply. The
DSA and embolization procedures were performed by
five years experienced interventional neuroradiologist;
meningioma surgeries were performed by a neurosurgical
team experienced in tumor resection.

Statistical Analysis

The data obtained from the study were entered into SPSS
22.00 (company name?) software. As parametric test
assumptions were not met (Kolmogorov—Smirnov), The
data obtained from the study were entered into SPSS 22.00
(IBM Corp., Armonk, NY., USA) software. As parametric
test assumptions were not met (Kolmogorov—Smirnov),
when comparing two independent groups, Mann-Whitney
U test was used and Fisher's Exact test and chi-squared
test with Monte Carlo modelling were used to evaluate the
groups in terms of counting data. In this study, a = 0.05, B=
0.20, (1-B) = 0.80 when received, it was decided to include
14 non-embolized and 10 embolized individuals, and the
power of the test (p = 0.80427) was found. Type | error
level was set to 0.05.

RESULTS

Patient and Tumor Characteristics

The study included 24 patients (age range 28—79, mean
age 54.16 + 10.50 years) who underwent operations for
meningiomas. Tumor diameter ranged between 10 and
90 mm. The most common locations were the convexity
(12 patients, 50%) and the parafalcine region (4 patients,
16.66%). Although the difference in tumor size between
the groups was insignificant, mean and median tumor size
were larger in patients who did underwent POE compared
to those who did not. This difference was a result of patient
number. The most common histopathological subgroups
were transitional (29.16%) and fibroblastic (20.83%).
According to the World Health Organization (WHO)
classification, 19 cases were grade 1 (benign), 3 were
grade 2 (atypical), and 2 were grade 3 (anaplastic). There
was no significant difference between the two groups in
terms of sex, tumor size, or tumor histopathology, while
mean age was slightly higher among the embolized
patients (60.60 + 14.36 vs. 49.57 + 9.65 years). Patient
and tumor characteristics are shown in detail in Table1.

Embolization Outcomes

POE was performed using 250—355 um PVA particles in
all patients. Exclusive dural supply was detected in 3 of
the 10 patients who underwent embolization, while both
dural and weak pial supply was detected in 7 patients.
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The middle meningeal artery (MMA) was used for
embolization in 8 patients, the superficial temporal
artery (STA) in 3 patients, bilateral MMA in 2 patients,
and bilateral STA in 1 patient. All patients had complete
embolization (290%) and were operated within 24 to 72
hours after embolization (70% on the first day, 20% on the
second day, and 10% on the third day after embolization).
Neurological complications related to the procedure were
not observed in any of the patients who underwent POE.
Angiography and embolizationresults are shownin Table 2.

Surgery Outcomes
There was no significant difference between patients with
and without POE in terms of operative time (p=0.256),

change in Hb values in pre- and postoperative complete
blood count analysis (p=0.681), or volume of blood used
during surgery (p=0.65). A certain amount of blood used
for embolized and non-embolized patient groups during
the surgery is as follows. Blood was used in 5 non-
embolized patients. Of them, 3 patients received 1 unit, 1
patients received 2 units and 1 patients received 3 units
of blood. On the other hand, 1 unit of blood was used for
each of 2 embolized patients. Postoperatively, 1 patient
had upper extremity paralysis, 1 patient had early left
hemiparesis, 1 patient had wound site infection, and 1
patient had pulmonary atelectasis. Surgical outcomes are
shown in Table 3.

Table 1. Patient and Tumors features

Menengiomas TOTAL n(%)
Female/Male 19 (76.16%)/5 (20.83%)
Age (meanSD) 54.16110.50
Diamater (mm)/median 10-90/43.26
Location 24 (100%)
Convexity 12 (50%)
Sphenoid wing 3(12.5%)
Parafalcine 4(16.7%)
P. sfenodale/ olfactory groove 2 (8.3%)
Tentorial 3(12.5%)
Histological subtype 24 (100%)
Atypical 3(12.5%)
Meningothelial 5(21%)
Angiomatous 2(8.3%)
Anaplastic 2(8.3%)
Transitional 7(29.1%)
Fibroplastik 5(20.8%)
WHO grade 24 (100%)
I 19 (79.1%)
I 3(12.6%)
1} 2 (8.3%)

NPOE n (%) POE n (%) p
2 (85.7%)/2 (14.3%) 7 (70%)/3 (30%) p>0.05
49.57+9.65 60.60+14.36 p<0,05
10-60/39.61 30-90/54.66 p>0.05
14 (100%) 10 (100%) NPOE (p>0.05)
7 (50%) 5 (50%) POE (p>0.05)
0 (0%) 3(30%)
2 (14.3%) 2 (20%)
2 (14.3%) 0 (0%)
3(21.4%) 0 (0%)
14 (100%) 10 (100%) p>0.05
1(7.1%) 2 (20%)
4 (28.6%) 1(10%)
1(7.1%) 1(10%)
0 (0%) 2 (20%)
3(21.4%) 4 (40%)
5(35.8%) 0 (0%)
14 (100%) 10 (100%) p>0.05
13 (92.8%) 6 (60%)
1(7.1%) 2 (20%)
0 (0%) 2 (20%)

NPOE; Non-preoperative embolization, POE; Preoperative embolization, WHO; World Health Organization. in table 1, MannWhitney U test and

Fisher's Exact test and chi-squared test with Monte Carlo modelling were used

Table 2. Embolization characteristics

Embolized vessel n (%)

Middle meningeal artery 8 (57.1%)
Superficial temporal artery 3(21.4%)
Bilateral Middle meningeal artery 2 (14.2%)
Bilateral Superficial temporal artery 1(7.14%)

Table 3. Surgical outcomes

POE NPOE p
Operation time (hours) 472 +3.15 45911.14 0.25
Mean + SD (min —max)  (2.00-10.30) (3.15-7.00) :
Intraoperative blood use 20% 35.7% 0.65
Change in Hb levels
(a/dl) Mean + SD 1.35 £0.82 1.2540.81 0.68
?;::ratlve complication 71% 10% 0.55

NPOE; Non-preoperative embolization POE; Preoperative
embolization, SD; Standard deviation, in table 3 Mann-Whitney U

test and Fisher's Exact test and chi-squared test with Monte Carlo
modelling were used
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DISCUSSION

Endovascular embolization has been used for many
years for tumors and provides significant contributions
to surgical treatment (4,5). The purpose of embolization
is to occlude the feeding vessel of the tumor to ensure
tumor necrosis and reduce intraoperative blood loss (6,7-
9) There are different results in the literature regarding
surgical results related to the degree of POE (10,5). In
our study, there was no significant difference between
patients with and without POE in terms of operative time,
change in Hb values in pre- and postoperative complete
blood count analysis or blood used during surgery.
Przybylowski et al. in their study, they reported that
meningioma embolization to reduce tumor vascularity
did not cause changes in surgical outcomes in terms of
blood loss in a series of 104 cases, 52 of which underwent
POE and 52 of which did not undergo PE (10). Barros et
al., retrospectively examined the DSA of 139 patients with
meningioma and reported that 78% of the cases were
successfully embolized. They also mentioned that tumor
characteristics can be used to predict the probability of
preoperative meningioma embolization and reported that
parasagittal and convexity meningiomas are more likely
to reach full angiographic embolization (5). In our cases, 5
are convexity, 2 are parasagittal and 3 are sphenoid wing
tumors, all of which are completely embolized. In a study
of 28 patients with skull base meningioma, no relationship
was found between arterial nutrition, anatomical location,
and the degree of devascularization (11). Manaka et al. in
a study involving 69 patients, showed that POE reduced
the duration of the operation and the blood loss during the
surgery (12). In a study by Grand et al,, it is reported that
the amount of blood loss during surgery is parallel with the
contrast enhancement degree of the lesion in contrast-
enhanced MRI (13). In a comprehensive retrospective
case-controlled study using different embolizing agents,
it was reported that POE did not change the duration of
the operation, complications and tumor resection degree,
but reduced blood loss during surgery (14). In a case-
controlled study by lacobucci et al using PVA particles, it
is stated that if tumor devascularization is fully achieved
with POE, embolization shortens the operation time, but
does not affect the blood loss during surgery (15). In the
same study, POE in meningiomas was recommended
in cases where the tumor size is greater than 4 cm, the
tumor feeders originate from ECA with an estimated
devascularization rate more than 90% and the tumor is
located in deep regions or eloquent areas (15). Similar
indications for POE were also specified in the study of
Raper et al. and embolization was recommended when at
least 50% of the tumor is fed by ECA (14). We performed
embolization procedures in our study considering
similar criteria. Wen Li et al. in their perfusion study with
the flat-detector tomography featured DSA device for
hypervascular tumors, they suggested that embolization
reduced surgical time and operative blood loss (16).
Bendozus et al. in their study, they compared the tumors
with partial and complete embolization and showed that

complete embolization leads to decreased blood loss
during surgery (17). However, in other studies, a significant
relationship between the degree of POE and the degree of
blood loss or resection could not be shown (18,19). In the
literature, the rate of complication development due to the
POE has been reported as 1.6-4.6% and the mortality rate
as less than 0.5% (20,7). Several embolizing agents can
be used for POE (coils, particles, glue, or onyx-like agents)
(21). In daily practice, PVA particles are most commonly
used as embolizing agents. PVA particles come in different
sizes, and small particles (45—150 pm) are more likely to
cause complications (22-24).

We used bigger than 100 pm particles, which are known
to be safer in terms of embolization. In our study, no
neurological complications or mortality related to
embolization were observed. The time of surgery after POE
is controversial in the literature. In many centers, surgery
is performed within 24-72 hours after embolization.
Some authors suggested that surgery should be
performed within 1-7 days after embolization to avoid
revascularization (25). In another study, it was suggested
that tumor softening, and surgical resection were better
if the surgical procedure was performed 7-9 days after
POE (26). Due to the risk of intra-tumoral bleeding and
edema that may develop after POE, tumors located in the
posterior fossa and spinal canal that pose a high risk,
should be premedicated with high-dose steroids before
embolization and surgery should not be delayed more
than 24 hours (27). In the study conducted by Gruber et al.
with 14 patients, control MRI was obtained at the 6" and
48" hours after embolization with microsphere particles
and tumor vascularity and ischemia were evaluated. A
significant decrease in tumor perfusion was observed
with ischemic changes at the sixth hour, and no significant
change was observed in the findings after 48 hours. With
these results, they suggested that patients can be taken
into surgery early after embolization, but the bleeding rate
during the procedure may be higher than in late surgery
(28). In our study, the patients were operated within 1-3
days after POE.

LIMITATIONS

The limitation of our study is that the number of subjects is
relatively small. There are no cases of tumor embolization
which is located posterior fossa and skull base. It does
not always seem possible to quantify the effect of POE.

CONCLUSION

As a result, in our study, the effect of POE on the duration
of the operation and the amount of bleeding was not
detected. These results are explained by the fact that
the study was conducted with a small number of patient
groups. The POE and surgical procedure depend on
personal experience and this may affect the results.
Therefore, more comprehensive and multicenter case-
controlled studies are needed.
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