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ABSTRACT 
Introduction: This study aims to evaluate the effectiveness of preoperative embolization of intracranial 
meningioma using N-Butyl-2-Cyanoacrylate (Histoacryl) in reducing intraoperative blood loss and to 
assess the complications related to this procedure.   
Materials and methods: This is a single-centered retrospective cross-sectional study of 106 patients with 
histologically proven meningioma underwent open surgical resection in University Malaya Medical 
Centre (UMMC) from 1st of January 2010 till 31st of May 2020. Out of the 106 samples, 29 of them 
underwent Histoacryl embolization prior to the surgery and 77 of them were subjected to surgery without 
preoperative embolization. The demographic data, mean comparison and correlation testing were 
performed using Statistical Package for the Social Sciences (SPSS). 
Result: The majority of patients were female gender (68%). Most of the tumour were WHO grade 1 
meningioma (86%). 48% of patients in the embolized group were transfused.  Female gender had a longer 
duration of operation (280min vs 234min) and required higher amount of blood transfusion (1.3pint vs 
0.6pint) compared to male gender (P<0.05). No statistical significance was found in the mean 
intraoperative blood loss, duration of operation and amount of blood transfused between the embolized 
and non-embolized group (P>0.05). No post-embolization complication encountered in our centre. The 
meningo-opthalmic branch is seen in 4% of our study population. 
Conclusion: Preoperative embolization of meningioma is a safe procedure with careful patient selection. 
No significant difference is observed in the intraoperative blood loss, duration of operation and amount 
of blood transfused between the embolized and the non-embolized group. However, we find that female 
has a significant longer duration of operation and requires higher amount of blood transfusion. 
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INTRODUCTION 
Preoperative embolization of meningioma is 
carried out as meningioma is a highly vascularized 
tumour with the aim to reduce intraoperative blood 
loss, reduce the need of blood transfusion and 
shorten the operative duration. Moreover, the 

middle meningeal artery which is a common feeder 
of this tumour has an intraosseous course which 
imposes risk of uncontrolled bleeding 
intraoperatively during resection (1). The risks 
involved in meningioma embolization include 
those related to the angiography procedure 
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(contrast reaction, puncture site hematoma and 
vessel dissection) or more serious neurological 
complications (stroke, bleed and cranial nerve 
palsy due to injury of vasa nervorum). Other 
potential complications are scalp necrosis, 
permanent disability or death, which is very 
uncommon (2). 

There is a wide range of embolic materials 
available in the market. Commonly used liquid 
embolic agent are N-butyl cyanoacrylate 
(Histoacryl) (3) and ethylene vinyl alcohol 
copolymer (Onyx) (4) while commonly used 
particulate embolic agents are polyvinyl alcohol 
(PVA) (5, 6) and tris-acryl gelatin microsphere 
(TAGM) (5, 7). The choice of embolic agent used 
is greatly depending on the operator preference and 
the anatomical consideration. Some studies show 
that liquid embolic material is more superior than 
particulate embolic material in preoperative 
embolization of meningioma as it simultaneously 
occludes the proximal and distal vessels. 
Therefore, the risk of intra-tumoral bleed from the 
collateral is lesser (8). It is also found that liquid 
embolic material reduces usage of contrast medium 
and when there is a single feeding vessel, it reduces 
the duration of embolization resulting in improved 
patient safety (9). 

Histoacryl is a type of NBCA marketed by 
B. Braun©. This tissue adhesive embolic agent 
polymerizes immediately upon contact with tissue 
fluid. Kominami et al reported that NBCA 
performs better as it can be delivered with lower 
injection pressure and can be used with a wider 
range of microcatheters. Besides, it enters feeding 
vessels of meningioma simultaneously upon 
injection  and prevents intratumoral bleed. 
When in use with lipiodol, it becomes radio-opaque 
and real time observation of movement of NCBA 
into dangerous anastomoses is made possible. The 
recognized disadvantage of NBCA is reflux into 
the normal cerebral artery due to its proximal 
occlusion of the feeding vessel (3). However, 
patient may still benefit from this proximal 
occlusion and the risk of  hemorrhage is lesser 
compared with particulate embolic material (10). 
The purpose of this study is to evaluate the 
effectiveness of preoperative meningioma 
embolization using N-butyl cyanoacrylate 
(Histoacryl) in reducing intraoperative blood loss, 
to study the percentage of patient with ICA-ECA 
communication and to assess the complications 
related to the procedure at University Malaya 

Medical Centre from year 2010 to 2020. This 
research is important and beneficial for us to study 
in depth about the safety profile of this embolic 
material and aid in counselling and management of 
meningioma patients in the future. 
 
 
MATERIAL AND METHODS 
Study design 
This is a single center, retro-prospective study on 
the effectiveness of preoperative embolization of 
meningioma using Histoacryl via the middle 
meningeal artery in University Malaya Medical 
Centre (UMMC). The intraoperative blood loss in 
meningioma patient embolized with Histoacryl 
was compared with patients who underwent open 
surgical resection of meningioma without 
preoperative embolization. Ethical approval was 
secured from the institutional Medical Ethic 
Committee (MECID No:  20287-8965).  

This study received no financial support or 
funding. Retrospective screening of histologically 
confirmed meningioma patients with matching 
criteria who was diagnosed between 1st January 
2010 to 31st May 2020 in UMMC were retrieved 
using the Laboratory Information System (LIS). 
The other data parameters were then traced from 
the Hospital Information System (HIS) and the 
Radiology Information System (RIS). 
 
Study subject 
The retrospective patient cohort was selected by 
reviewing all histopathology reports in UMMC 
from 1st January 2010 to 31st May 2020 and only 
patient with histologically proven meningioma will 
be selected. The histological findings and WHO 
grading of meningioma were traced from UMMC 
Laboratory Information System (LIS). The clinical 
data and operative notes of these patients were 
assessed via the UMMC Hospital Information 
System (HIS) portal. The imaging series, imaging 
findings, embolic agents used as well as 
complication during the procedure were gathered 
from UMMC Radiology Information System. 
(RIS).  

Only cases with diagnosis of intracranial 
meningioma embolized with Histoacryl and 
complete clinical data were sampled. A total of 106 
patients were found to be suitable to be recruited 
into the study. A total of 37 patients were excluded 
as there were incomplete clinical and operative 
details. Majority of those patients had no 
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documented intraoperative blood loss. 9 patients 
who were embolized with Polyvinyl alcohol (PVA) 
and/or microcoils were excluded from this study as 
well. 
 
Inclusion criteria 

• All histologically proven intracranial 
meningioma patients from 1st of January 
2010 until 31st of May 2020. 

 
Exclusion criteria 

• Patient with intracranial meningioma 
embolized with non-Histoacryl embolic 
agent.  

• Patient with incomplete clinical or 
operative data. 

 
Data parameters and processing 

Microsoft Excel is utilized as data collection 
sheet. The data parameters include the followings: 
• Medical Registration Number (MRN) 
• Age 
• Gender 
• Tumour volume 
• Presence of meningo-opthalmic anastomosis 
• Embolic agent used 
• Complication of embolization * 
• Intraoperative blood loss^ 
• Duration of operation 
• Intraoperative and immediate post-operative 

packed cell transfusion # 
• Histology Reporting date  
• Histology grading of meningioma (WHO 

grading) 
 

*Complication of embolization is traced from the 
procedure note in RIS and follow up till the period 
of surgery from HIS. In our center, the open 
surgical resection is usually scheduled on the day 
after the meningioma embolization.  
^Intraoperative blood loss is traced from the 
general anaesthesia note and represent a rough 
estimation by our trained anaesthetist.  
# Amount of packed cell transfusion is traced from 
the general anaesthesia entry up to the period when 
patient was discharged from recovery bay to neuro 
ICU. 

The data were then analyzed to review the 
patient demographic distribution and a series of 
statistical testing were performed using S.P.S.S. 

software for Windows (Version 25.0, 2017, I.B.M. 
Corp, Armonk, NY). 
 
Patient selection for meningioma embolization 
The patient selection for preoperative embolization 
of meningioma in our centre was made by the 
treating neurosurgeon on case-on-case basis. It was 
mainly depending on the clinical judgement of the 
referring surgeon. 
 
Statistical analysis and data interpretation 
Data was subjected to normality check using using 
S.P.S.S. software for Windows (Version 25.0, 
2017, I.B.M. Corp, Armonk, NY). Normality 
testing was performed using a Shapiro-Wilk test. In 
this study, Mann-Whitney U test was applied to 
compare differences between embolized and non-
embolized groups of patients as the data was not 
normally distributed. Spearman correlation test 
was performed to analyse the correlations between 
my variables.   
 

• Shapiro Wilk test  
- Check for normality of the variables. 
 
• Mann-Whitney U test 
- To compare the mean difference between 

embolized and non-embolized groups with 
their intraoperative blood loss, OT time and 
amount of blood transfused. 

- To compare the mean difference between 
gender with their intraoperative blood loss, 
OT time and amount of blood transfused. 

- to compare the mean difference between 
patient embolized with Histoacyl and non-
Histoacryl with their intraoperative blood 
loss, OT time and amount of blood 
transfused. 
 

• Spearman correlation 
- To analyse the relationship between the 

dependent variables (intraoperative blood 
loss, OT time and amount of blood 
transfused). 

- To analyse the relationship between age, 
tumour volume, intraoperative blood loss, 
OT time and amount of blood transfused. 
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Steps in embolization of intracranial 
meningioma using Histoacryl in our centre. 
This procedure was done under aseptic technique 
with local anaesthesia coverage. Via the femoral 
approach, the femoral artery was punctured and a 
6F arterial sheath was introduced. A 5F vertebral 
catheter was then advanced into the aortic arch 
followed by diagnostic angiography of the right 
and left internal carotid, external carotid and 
vertebral arteries. The meningioma blood supply 
was then identified. Possible ICA-ECA 

anastomosis was evaluated. Selective 
catheterization of the middle meningeal artery was 
carried out under fluoroscopic guidance using 
microcatheter. Embolization of the intracranial 
meningioma was performed with premixed 0.5mls 
Histoacryl (25% concentration) and 1.5mls of 
lipiodol. Special care was given to prevent reflux 
of Histoacryl to the supplying main vessel. An 
immediate post embolization cerebral angiography 
was performed to assess the outcome of the 
embolization as well as the possible complication. 

 

 
Figure 1: Preembolization cerebral angiogram of left external carotid artery in lateral view(Figure 
A) and AP view(Figure B) showing left parieto-temporal meningioma. Tumoural blush (white 
arrows) seen arising from the middle meningeal branch of the left external carotid artery.  Post-
embolization (Figure C and D) shows complete devascularization of the meningioma. 
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Figure 2: Embolization with Histoacryl through the left middle meningeal artery under fluoroscopic 
guidance (White arrowhead showing tip of microcatheter; Black arrows shows mixure of Histoacryl 
with Lipiodol). 

 
 
RESULTS 
Demographic distribution 
Gender 

 Embolized  Non-embolized Total patient 
Male 9 25 34 
Female 20 52 72 
 29 77 106 

Table 1: Descriptive statistics on gender in embolized and non-embolized group 
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Female gender comprised the majority with a total 
number of 72 patients (67.9%). Out of the 72 
female patient, 20 (27.8%) of them were embolized 
prior to open surgical excision whereas 52 of 
female patients were subjected to surgery without 
prior embolization. About half of the patients who 
were diagnosed with intracranial meningioma fell 
in the age group category of 51 to 70 years old, 
which comprised of 50.9% of total patient with the 
mean age of 58.8±13.5 years old. Most of the 
intracranial meningioma (n=74, 70%) had tumour 
volume less than 50mls. 85.7% of meningioma 
cases in the tumour volume category of >100mls 

compared to 13.5% of meningioma cases in the 
tumour volume category of <50mls were 
embolized. The tumour volume distribution was 
comparable between the two groups with 61% 
(n=21) of male and 63% (n=46) of female fall in 
tumour volume category of <50mls. 26% (n=9) of 
male and 24% (n=18) of female fall in tumour 
volume category of 50-100mls. 11% (n=4) of male 
and 12% (n=9) of female fall in tumour volume 
category of >100mls. The mean of tumour volume 
in female is 44.1mls and 52.5mls in male. Majority 
of the intracranial meningioma were WHO grade 1 
tumor which comprised of 86% of total cases.  

 
 
 
 

 Embolized Non-Embolized Two- sided P value 

Mean Blood Loss(ml) 627.5±356.2 774.6±595.1 0.39 

Mean OT time(min) 240.5±109.9 275.1±132.1 0.22 

Mean Blood Transufsion (pint) 1.1±1.3 1.1±1.6 0.58 
*statistical significance at P<0.05 
Table 2: Mean comparison of intraoperative blood loss, duration of operation and amount of blood 
transfused in embolized (n=29) and non-embolized(n=77) group 
 
 
 

 Male Female Two- sided P value 

Mean Blood Loss(ml) 583.8±295.3 805.6±615.7 0.21 

Mean OT time(min) 234.7±141.1 280.2±117.7 0.03* 

Mean Blood Transufsion (pint) 0.6±0.9 1.3±1.7 0.02* 
*statistical significance at P<0.05 
Table 3: Mean comparison of intraoperative blood loss, duration of operation and amount of blood 
transfused between male(n=34) and female(n=72) gender. 
 
 
No significant difference between embolized and 
non-embolized group in intraoperative blood loss, 
operation duration and amount of blood transfused. 
The mean operation duration is longer (280min vs 

235min) with greater amount of blood transfused 
(1.3pint vs 0.6pint) with P value of 0.03 and 0.02 
respectively.  
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SPEARMAN CORRELATION COEFFICIENTS, N = 106 

  Duration of 
operation 

Intraoperative 
blood loss 

Amount of blood 
transfused 

Duration of 
operation 

Pearson 
correlation, r - 0.41 0.39 

P value - <.0001* <0.001* 

Intraoperative 
blood loss 

Pearson 
correlation, r 0.41 - 0.81 

P value <0.001*  <0.001* 

Amount of blood 
transfused 

Pearson 
correlation, r 0.39 0.81 - 

P value <0.001* <0.001*  
*Significant difference at P ≤ 0.05 
Table 4: Correlations between duration of operation, blood loss and amount of blood transfused. 
 
 
The duration of operation, intraoperative blood loss 
and amount of blood transfused were positively 
correlated and were statistically significant 

(p<0.001) with strong correlation seen between the 
intraoperative blood loss and amount of blood 
transfused (r=0.81). 

 
 
 

SPEARMAN CORRELATION COEFFICIENTS, N = 29 

  Duration of 
operation 

Intraoperative 
blood loss 

Amount of blood 
transfused Age 

Age 
Pearson 
correlation, r -0.14 -0.16 -0.09 - 
P value 0.13 0.09 0.32 

Tumour 
volume 

Pearson 
correlation, r 0.06 0.31 0.29 0.18 

P value 0.50 0.00009* 0.0021* 0.05 
*Significant difference at P ≤ 0.05 
Table 5: Correlations between age, tumour volume, duration of operation, intraoperative blood loss and 
amount of blood transfused in patient embolized with Histoacryl. 
 
 
Tumour volume had a weak positive correlation 
with intraoperative blood loss and amount of blood 
transfused (r=0.31 and r=0.29) in patient embolized 
with Histoacryl and they were statistically 
significant (p<0.05). Age had no correlation with 
tumour volume, intraoperative blood loss and 
amount of blood transfused. 

 
Complication of embolization. 
There was no complication reported in all our 
patients during or post-procedural period when we 

followed up our patient until the period, they went 
in for their open brain surgery. 
 
Prevalence of meningo-opthalmic anastomosis 
in patient diagnosed with meningioma.  
There were in total 48 patients underwent cerebral 
angiogram examination in this study. Meningo-
opthalmic branch was found in 2 out of 48 patients 
which translated to 4% of patient. 
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Figure 3:  Cerebral angiogram of left ECA run (Figure A, B and C) and left ICA run (Figure D) showing 
the meningo-opthalmic anastomosis. Black arrow in A pointing at the middle meningeal artery. White 
arrow in B pointing at the meningo-opthalmic anastomosis. White arrowheads in C and D showing the 
left ophthalmic artery.  
 
DISCUSSION 
Preoperative embolization is a well-established 
adjuvant procedure in the management of 
intracranial meningioma. Out of the 106 cases that 
were sampled, only 27% of cases were embolized. 
The rate of embolization is lower compared to 
some studies carried out in other centers ranging 
from 37% to 44% (11, 12). The lower embolization  

 
rate in our center is due to more stringent selection 
of patients in embolization. Only arterial feeders by 
middle meningeal artery from external carotid 
artery will be embolized in this centre as 
embolization of pial or dural feeders from internal 
carotid artery carries higher ischemic 
complications (10). Moreover, middle meningeal 
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artery which is a branch of maxillary artery of 
external carotid artery has a intraosseous course 
when it passes through foramen spinosum (1) and 
intraoperative manual compression of this artery is 
not possible if bleeding occurs.  

Approximately 70% of intracranial 
meningioma cases have tumour volume of less than 
50mls. Majority of the patients are female 
accounting for 68% of total study sample.  About 
half of the cases (51%) fall in the age group of 51 
to 70 years of age and as many as 86% of the cases 
are WHO grade 1 tumour. These findings are 
consistent with the studies done by other 
researchers (2, 10, 11).   

Most of the intracranial meningioma in this 
study has tumour volume of less than 50mls. The 
percentage of embolized tumor is higher with 
increasing tumour volume. This can be explained 
by the tendency of neurosurgeon sending patients 
with larger tumour size for preoperative 
embolization aiming for devascularization of the 
tumour, an adjuvant therapy prior to surgical 
excision which is consistent with published paper 
by Dubel et al (2). 

There are contradicting results in few 
studies done on preoperative embolization of 
meningioma. A study done by Dean et al shows 
there is significant reduction in intraoperative 
blood loss in the embolized group while Raper et al 
found that the intraoperative blood loss is 
significantly higher in the embolized group (11, 
13).  Bendszus et al reported that the mean 
intraoperative blood loss did not differ significantly 
and there is no significant difference between the 
two groups (14). In our study, the mean 
intraoperative blood loss in the embolized group is 
19% lower than the non-embolized group (628mls 
vs 775mls), however it is not statistically 
significant (P>0.05) which could be attributed by 
the limitation of small sample size. 

No significant difference between 
embolized and non-embolized cases in regards 
with their mean operation duration or amount of 
blood transfused. These findings were similar with 
few published papers where they also found that no 
significant difference in the operation duration or 
amount of blood transfused between the embolized 
and non-embolized group (5, 11, 12).  

In this study, there is significant difference 
in the mean operation duration between gender, 
with longer operation seen in females than in males 
(280 min vs 235 min) (P<0.05). Besides, females 

require higher amount of blood transfusion 
(P<0.05). The distribution of tumour volume and 
rate of embolization are however comparable 
among females and males in this study. The mean 
tumour volume in male is higher than female 
(52.5ml vs 44.1mls). Thus, eliminating the 
possibility of larger tumour size or unequal 
distribution of patient receiving embolization in 
these two groups resulting in the difference in the 
operation duration and amount of blood needed. No 
explanation is found on any published paper to 
date. These findings need to be confirmed in a 
larger study. With this piece of information, 
counselling can be done more effectively with 
better preparation of blood product for female 
patients prior to surgery. Rajagopalan et al found 
that female is an independent risk factor for 
intraoperative blood loss (15). Although the mean 
intraoperative blood loss in female gender is higher 
compared to male in this study (806mls vs 584mls) 
but it is not statistically significant (P>0.05). This 
may be due to the limitation of small sample study. 
In another study done by Raper et al, they found out 
that male has a mean intraoperative blood loss 
instead (11).  

Strong correlation seen between the 
intraoperative blood loss and the amount of blood 
transfused (r=0.81). Thus, reduction in 
intraoperative blood loss will result in reduction in 
amount of blood transfused reducing blood 
transfusion related complications. In addition, 
correlation between age, tumour volume and the 
dependent variables were analysed in patient 
embolized with Histoacryl undergone open 
surgical resection. Positive correlation found 
between tumour volume, intraoperative blood loss 
and amount of blood transfused and they are 
statistically significant (p<0.05). Larger tumour 
volume results in higher intraoperative blood loss, 
thus needing larger amount of blood transfusion 
(16, 17). Age on the other hand has no correlation 
with tumour volume, intraoperative blood loss and 
amount of blood transfused. 

Study of the vascular supply is done 
carefully during the pre-embolization cerebral 
angiogram to determine whether there is abnormal 
ICA-ECA anastomosis particularly the meningo-
opthalmic anastomosis as embolization of this 
vessel can cause blindness (2). It is found that only 
4% of our study population has this abnormal 
communication and all of them were not embolized 
due to the risk stated above. This is higher than the 
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prelavence (1.4%) found in other centre reviewing 
the anatomical variant of ophthalmic artery in 1655 
patients (18). 

There is no reported complication in our 
patients post embolization. This is due to the 
measures taken only to embolized through the 
middle meningeal artery feeders and the usage of 
liquid embolic agent with proven safety profile. 
Special care is also taken by our 
neurointerventional radiologist not to embolize the 
middle meningeal artery when there is abnormal 
ICA-ECA anastomosis particularly the meningo-
opthalmic branch. Feeders from the ICA branches 
will not be embolized as the risk is higher and the 
benefit is limited (19). It was reported that the 
complication rate of preoperative embolization of 
intracranial embolization ranges from 0% to 8.3% 
(2). With all the measures taken, the complication 
rate for meningioma embolization is kept at 0%. 
 

CONCLUSION 
Preoperative embolization of meningioma has been 
in practice for approximately 40 years. Our study 
has shown that there is no significant difference in 
the intraoperative blood loss, duration of operation 
and amount of blood transfused between the 
embolized and the non-embolized group using 
Histoacryl via the middle meningeal artery. Female 
has a significant longer duration of operation and 
requires higher amount of blood transfusion. 
Careful selection of patients and individual 
assessment should therefore be performed prior to 
subjecting patient for this procedure. It is important 
to note that this procedure is relatively safe with no 
complication encountered in our centre
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