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Abstract: Unruptured middle cerebral artery (MCA) aneurysms can be treated using two techniques or procedures, 
microsurgical clipping and endovascular coiling. The aim of this meta-analysis study is to compare the safety and efficacy of 
microsurgical clipping with the endovascular coiling in the treatment of unruptured MCA aneurysms. We searched electronic 
databases (PubMed, EMBASE and the Cochrane library) to identify studies published between 1991 and 2019. For clipping and 
coiling techniques, separate meta-analyses were conducted on efficacy and safety after the intervention and at follow-up by using 
random- and fixed-effects models. Forty-one articles were included in our meta-analyses: 23 case series using clipping and 25 
case series using coiling procedures. The complete aneurysm occlusion rate was higher in the clipping procedure (96.1%, 95% 
CI: 92.8%-97.9%) as compared to the coiling procedure (57.6%, 95% CI: 49.4 – 65.4%). Clipping procedure has a slightly higher 
rate of favorable functional outcomes (96.4%, 95% CI: 94.8 – 97.5%) compared to coiling procedure (94.8%, 95% CI: 93.1 – 
96%). Interestingly, the rate of occlusion appears to decrease with time in the clipping group and increase with time in the coiling 
group, while the rate of favorable functional outcomes appears to increase with time in the clipping group and decrease with 
time in the coiling group. Publication bias was unlikely in all our analysis for studies assessing: coiling and occlusion rate, clipping 
and occlusion rate, coiling and functional outcomes, and clipping and functional outcomes. Microsurgical clipping yields a higher 
aneurysm occlusion rate, with slightly higher favorable functional outcomes in the treatment of unruptured MCA aneurysms 
than the endovascular coiling. 
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1. INTRODUCTION 
 
Intracranial aneurysm is a cerebral or brain weakening and 
bulging of an artery wall that results in a balloon or bulges 
out and fills with blood. The swelling outward can place 
pressure on the nerves or cerebral tissues. If intracranial 
aneurysm is ruptured, hemorrhage occurred in which blood 
spreads over the cerebral tissues. Unruptured middle 
cerebral artery (MCA) aneurysms can be treated using two 
techniques or procedures, microsurgical clipping and 
endovascular coiling. Microsurgical clipping is a surgery in 
which a small metal clip is used to obstruct the flow of blood 
into the aneurysm. While craniotomy is needed for 
microsurgical clipping, it is not the case with the 
endovascular coiling. Endovascular coiling is a minimally 
invasive technique in which a catheter is used to reach the 
intracranial aneurysm. Before 1991, clipping was the only 
treatment option for intracranial aneurysms. Microsurgical 
techniques have declined over the past 20 years. Aneurysm 
treatment strategy has changed since the development of the 
endovascular coiling technique. There is no clear scientific 
evidence supporting that endovascular coiling outcomes are 
superior to the microsurgical clipping.1 recently, unruptured 
intracranial aneurysms (UIAs) have become easily recognized 
with the development of advanced cerebral imaging 
techniques. Different treatment options to treat patients 
with unruptured cerebral aneurysm include surgery, 
endovascular coiling, or no treatment. Previous studies 
reported that observation is a reasonable approach only in 
some patients with small UIAs that do not need treatment.2,3 
Because the risk of subarachnoid hemorrhage of untreated 
unruptured aneurysm is low, the risk of treatment either by 
surgical clipping or endovascular coiling should be low.2,3  

Recently, the management of UIAs with endovascular coiling 
has continuously increased in the United States. The 
advantages of endovascular coiling as compared to 
microsurgical clipping are the minimal invasion and the 
multiple, simultaneous treatments at disparate 
sites.4,5However, previously published articles that compared 
the two treatment options (clipping and coiling) 
demonstrated low complication rates, durable treatment, and 
better outcomes with surgical treatment.6,7 Brinjikji et al. 
(2011) used the electronic medical records to investigate the 
outcomes with treatment by coiling relative to clipping of 
unruptured intracranial aneurysms in the US (2001-2008). 
The previous study reported that patients treated by clipping 
have a significantly higher percentage (14%) of discharge to 
long-term facilities compared to patients treated by coiling 
(4.9%) (P < .0001).6 Since endovascular coiling is 
characterized by its inferior durability, it requires more 
follow-up imaging.4,8 The recurrence rates and the need for 
re-treatment are higher for endovascular therapy as 
compared to microsurgical.9,10 Surgical clipping was favorable 
for treating unruptured MCA aneurysms because it has 
unique characteristics such as the superficial location, the 
easy proximal control at the supraclinoid carotid, the familiar 
surgical approach, and the minimal perforator vessels. On the 
other hand, endovascular coiling is more difficult in MCA 
aneurysms due to difficulty in obtaining adequate working 
projection views, small parent vessels, and incorporation of 
branch vessels in the aneurysm.11 Advances in endovascular 
techniques such as three-dimensional (3D) angiography 
makes the endovascular coiling a more favorable option than 
the microsurgical clipping.12,13 There is an increase in using 
the endovascular treatment for unruptured MCA aneurysms 
without any significant evidence for superiority. Therefore, 

the aim of this meta-analysis study is to compare the safety 
and efficacy of surgical clipping and endovascular coiling in the 
treatment of unruptured MCA aneurysms. 
 
2. MATERIALS AND METHODS 
 

2.1 Literature Search 
 

PubMed, EMBASE, and Cochrane databases were searched 
for relevant English studies published between 1991 and 2019 
and evaluated the safety and/or efficacy of coiling or/and 
clipping for patients with unruptured MCA aneurysms. Our 
search strategy combined various terms for aneurysm 
(Intracranial Aneurysm, Middle Cerebral Artery Aneurysm, 
MCA, Unruptured Aneurysm, Brain Aneurysm, Cerebral 
Aneurysm), coil (Endovascular Procedures, Cerebral 
Angiography, Endovascular Coil, Coil, Endovascular 
Procedure, Intravascular Procedure, Intravascular Technique, 
Endovascular Technique, Cerebral Angiography), and clip 
(Microsurgery, Surgical Instruments, Neurosurgery, Surgical 
Clip, Clip, Tantalum Clip, Neurosurgical Procedure, 
Neurologic Surgical Procedure, Intracranial Pressure, 
Brain/surgery) by using exploded versions of medical subject 
headings terms and corresponding key words in titles and 
abstracts. Experts in the field were consulted to verify the 
search strategy and retrieve relevant articles. Literature was 
reviewed for all retrospective and prospective cohorts 
reporting angiographic occlusion and/or functional outcomes 
in adults with unruptured MCA aneurysm(s). All studies 
reporting either surgical clip or endovascular coil of 
unruptured intracranial aneurysms were considered for 
inclusion. Studies that were non-English, included only 
pediatric patients or ruptured intracranial aneurysms were 
excluded. The existing reviews were used for the snowballing 
process and to supplement the collection of articles 
retrieved from references of the most relevant studies. Full 
details on our search terms and strategy are shown in 
Appendix 1.Efficacy and safeties are the two types of 
outcomes that were used in this systematic review and meta-
analysis. Post-operative complete angiographic aneurysm 
occlusion was used to measure efficacy outcomes. Functional 
status was used to evaluate the safety outcomes. There are 
two techniques used to evaluate postoperative functional 
status, the modified Rankin Scale (mRS) and the Glasgow 
Outcome Score (GOS). There are two versions of GOS 
either Glasgow Outcome Score (GOS) or extended Glasgow 
Outcome Scale (e-GOS) (Table 1). 
 

2.2 Study Inclusion/Exclusion Criteria 
 

Studies were considered for inclusion in our research if they 
met the following criteria: studies that treated adults with 
intracranial aneurysms, included separate data for unruptured 
MCA aneurysm(s), used either clipping or coiling, and 
reported on occlusion rates, patients’ functional status, or 
both. We excluded case reports or studies that include 
unruptured MCA aneurysm(s) result for a fewer than 3 
patients. Also, review articles, systematic reviews, and meta-
analyses were excluded. In addition, studies that focused only 
on ruptured aneurysms were excluded. Reasons for 
exclusion are: ruptured aneurysms, no MCA aneurysm data, 
pediatric data only, and an inability to extract unruptured 
MCA aneurysm specific data (Figure1). Titles and abstracts of 
identified studies were screened, and potentially relevant 
articles were selected for full-text review. 
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2.3 Data Extraction 
 
Two independent researchers extracted and tabulated all 
data from eligible studies. Discrepancies were resolved by 
consensus. A standardized data extraction form was 
designed, piloted, and modified accordingly prior to 
commencement of the formal extraction process. 
Information extracted included: study characteristics (first 
author, publication year, country of origin, trial duration, and 
study design), clipping or coiling assessment method (type of 
intervention, number of patients with unruptured MCA 
aneurysm who had the intervention, number of patient who 
had a complete angiographic occlusion, the time of 
assessment, number of patients who had a favorable 
outcome (mRS 0-3 or GOS 4-5 or e-GOS 6-8), and study 
quality. The Newcastle-Ottawa Scale was performed for all 
studies to assess the quality of the studies. Newcastle-
Ottawa Scale is a tool used to assess the quality of cohort 
studies. The selection of exposed and unexposed 
participants, the assessment of the outcome, and the 
comparability of the groups are the three broad areas 
assessed by Newcastle-Ottawa Scale. Stars were awarded for 
high quality in each area.  A maximum of four stars for the 
“selection category”, three stars for “Outcome”, and two 
stars for “comparability”. Studies with a score ≥7 were 
considered as high quality and those with a score <5 were 
considered as low quality. Since all studies included in this 
meta-analysis are case-series (there is no comparator group), 
we modified the Newcastle-Ottawa Scale to assess the 
quality of studies. 
 
2.4 Outcome measurement 
 
First, Immediate Angiographic Outcome: angiographic results 
directly at the end of the procedure and during the first one 
month after the procedure. Second, Late Angiographic 
Follow-Up: angiographic follow-up results after one month 
from the procedure. Third, Immediate Functional Outcome: 
modified Rankin or Glasgow outcome scale result at the end 
of the procedure and during the first one month after the 
procedure. Finally, Late Functional Outcome: modified 
Rankin or Glasgow outcome scale follow-up result after one 
month from the procedure.  
 

3. STATISTICAL ANALYSIS 
 

All statistical analyses were conducted using Comprehensive 
Meta-Analysis (CAM) version 3. A total of four overall 
statistical analyses were conducted. They included: coil 
occlusion rate, clip occlusion rate, coil neurological 
outcomes, and clip neurological outcomes. Summary 
estimates were calculated by combining inverse variance–
weighted study-specific estimates using random effects 
models. Fixed-effects models were also evaluated for 
comparison. Cochran’s Q statistic and the I2 statistic were 
reported for each forest plot to evaluate between-study 
heterogeneity. More than 50% I2 is considered to be high 
heterogeneity. Potential sources of heterogeneity (including 
duration of follow up, location of the study, and study design) 
were explored by subgroup analysis. Meta-regression by 
quality of study was performed to assess the effect of quality 
on the results. To assess publication bias, we used a standard 
funnel plot as well as random effects Duval and Tweedie’s 
trim and fill. Both the Egger’s test and Begg’s test were used 
for assessment of potential publication bias. A cumulative 

meta-analysis and analysis after removing one study (outlier) 
was performed. 
 
4. RESULTS AND DISCUSSION 
 
4.1 Study Selection 
  

After removing all duplicate studies, we ended up with 7,934 
studies for selection at stage 1, which included title and 
abstract review. In stage 1, two independent reviewers 
reviewed all title and abstract and they ended up with only 
259 studies for full-manuscript review. At this stage, we 
reapplied the “snowballing” technique that added an 
additional 22 full-text articles. Forty-one studies were passed 
from the full-manuscript selection stage.2, 12-51 Only a single 
reviewer extracted the data using our data collection sheet, 
and all 41 studies were included in the final analysis (Table 2). 
Figure 1 shows the number of studies that were excluded in 
each stage.  
 

4.2 Study Design and Characteristics 
 
Forty-one studies were included in the final analysis (Table 
2). All studies were observational cohort studies investigated 
coiling or clipping for treatment of unruptured MCA 
aneurysms. Nine studies were conducted 
prospectively.14,21,26,27,35,36,38,42,47  There were only five studies 
conducted in patients with unruptured MCA 
aneurysms.17,18,21,29,36 Thirty-five studies conducted in either 
ruptured or intracranial aneurysms, but they reported result 
for unruptured MCA aneurysms. Seven studies include result 
for both groups; clipping and coiling.15,21,23,25,26,28,29 Thirty-four 
studies include results for either coiling or clipping alone.6,12-

14,16-20,22,24,27,30-51 There were 18 studies investigated coiling and 
16 studies investigated the clipping procedure. There were 
25 studies6,12-35 included in the final analysis for the coiling 
group (Table 3) and 23 studies15,21,23,25,26,28,29,36-51 included in 
the final analysis for the clipping group (Table 4). Amongst 
the 25 studies investigated coiling, 5 were 
prospective.14,21,26,27,35 There were 8 studies performed in 
North America, 13 performed in Europe and 4 in Asia. The 
quality scores range from 3 to 9 (Table 3). The number of 
aneurysms in each study ranged from 4 to 218 with duration 
of follow-up range from post-operative to 62 months (Table 
3). Amongst the 23 studies investigated clipping, 6 were 
prospective.21,26,36,38,42,47 There were 2 studies that were 
performed in North America, 15 in Europe and 6 in Asia. 
The quality scores range from 4 to 8 (Table 4). The number 
of aneurysms in each study ranged from 4 to 360 with 
duration of follow-up range from post-operative to 28 
months (Table 4). 
 
4.3 Outcomes 
 
Characteristics of the studies included in the meta-analyses 
are shown in Table 3 and Table 4. A total of twenty-four 
studies analyzed complete aneurysmal occlusion. Occlusion 
was assessed in 8 studies investigated clipping and 20 studies 
investigated coiling. In all studies, evaluation of aneurysmal 
occlusion was performed post-operatively. There were 20 
studies analyzing complete aneurysmal occlusion in the coil 
group. Three studies assessed the occlusion rate post-
operative and at follow-up, more than 1 month post-
operative. There were 19 studies investigated coiling 
occlusion post-operative and 4 studies investigated coiling 
occlusion at follow-up (Table 3). Eight studies analyzed 
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complete aneurysmal occlusion in the clipping group. Only 
one study assessed the occlusion rate post-operative and at 
follow-up. There were 8 studies investigated clipping 
occlusion post-operative and 1 study examined coiling 
occlusion at follow-up (Table 4). There were 40 studies that 
assessed neurological outcomes after clipping and coiling. 
Neurological outcomes were assessed in 23 studies 
investigated clipping and 24 studies investigated coiling. There 
were 24 of 25 studies that reported neurological status after 
coiling. Nine studies used mRS, while 8 used GOS. There 
were 6 studies that reported neither, but provided sufficient 
information whereby a favorable or unfavorable outcome 
could be determined. Only one study reported the two 
techniques (clipping and coiling). Three studies assessed the 
clipping neurological outcomes rate post-operative and at 
follow-up. There were 20 studies investigated coiling 
neurological outcomes post-operative and 7 studies 
examining coiling neurological outcomes at follow-up (Table 
3). Twenty-three studies assessed neurological status in the 
clipping group. mRS was used to assess the neurological 
outcomes in 12 studies while GOS was used in 7 studies. 
There were four studies that reported their results without 
mentioning the technique that they used. There were 13 
studies examining clipping neurological outcomes post-
operative and 10 studies examining clipping neurological 
outcomes at follow-up (Table 4).   
 
4.3.1 CLIP Aneurysmal Occlusion  
 

On the basis of data from eight studies, we found a positive 
association between clipping and complete aneurysm 
occlusion rate. The pooled estimate for complete aneurysm 
occlusion rate was 96.1% (95% CI: 92.8-97.9%) of clipped 
cases (Appendix 2). There was no different result from both 
the random-effects model and the fixed-effects model. There 
was no between-study heterogeneity (Q-value = 6.026, I2 = 
0%, P-heterogeneity = 0.644). Cumulative meta-analysis 
shows the initial occlusion rates with clipping of 98.5%, which 
decreased to 96.1% with time. Many experts favor surgical 
clipping for treating unruptured MCA aneurysm.28, 46, 50 Our 
meta-analysis results show high percentages (96.1%–98.5%) 
for complete aneurysm occlusion rate of clipped cases. The 
high percentages in our study results are similar to that in 
previous studies. These studies reported aneurysm occlusion 
rates equal to 92%–100%.42, 46, 50, 53, 54 The analyses were 
divided by duration of follow-up, post-operative and at 
follow-up, the occlusion rate for post-operative was 96.6% 
(95% CI: 93.4 – 98.2%) while the occlusion rate at follow-up 
was 87.5% (95% CI: 46.3 - 98.3%). Kadkhodayan et al. 
reported a 16-year single-center experience with 292 
patients and 346 MCA aneurysms.52 This previous study 
results show a similar complete occlusion rate (91.8 %) to 
the one presented in our meta-analysis (87.5%). Since there 
was only one study reported the result at follow-up, there 
was no between-study heterogeneity (Q-value = 0, I2 = 0, P-
heterogeneity = 1) and there was no between-study 
heterogeneity for post-operative studies (Q-value = 4.495, I2 
= 0, P-heterogeneity = 0.721; n = 8). Subgroup analysis was 
done. We divided the analysis by continent that hold the 
study, North America and Europe, and we found the 
occlusion rates of 93.3% (Q-value = 0.897, I2 = 0, P-
heterogeneity = 0.639; n = 3) in North America and 96.8% 
(Q-value = 4.134, I2 = 0, P-heterogeneity = 0.530; n = 6) in 
Europe. Comparing the studies conducted in North America 
and studies in Europe, similar occlusion rates could be due to 
similar practices managing unruptured MCA aneurysms in 

both continents. Subgroup analysis by study design was done 
and we found that the occlusion rate was 96.4% (Q-value = 
1.325, I2 = 0, P-heterogeneity = 0.515; n = 3) for prospective 
studies and 95.9% (Q-value =4.666, I2 = 0, P-heterogeneity = 
0.458; n = 6) for retrospective studies. Having similar 
occlusion rates regardless of the study design (prospective or 
retrospective) suggested that study design is not a significant 
factor. All these factors (study location and study design) 
were not significant and suggested that they may not be 
sources of heterogeneity. Visual inspection of funnel plots 
along with Begg’s test (P-value = 0.5) suggested that 
publication bias was unlikely in our analysis for studies 
assessing clipping and occlusion rate. The data was collected 
from many databases (PubMed, EMBASE and Cochrane 
databases) to identify studies published between 1991 and 
2019. Meta-regression for quality of studies was not 
significant (P-value = 0.7851). Meta-regression suggested no 
change in occlusion rates with different scores of quality 
studies. 
 

4.3.2 COIL Aneurysmal Occlusion 
 
The association between the coiling and complete occlusion 
rates was positive. The pooled estimate for complete 
aneurysm occlusion rate was 57.6% (95% CI: 49.4 – 65.4%; 
random-effects model). Cumulative meta-analysis shows the 
initial occlusion rates with coiling of 15.4%, which increased 
to 57.6% with time. The results from the fixed-effects model 
55.4% (95% CI: 51.7 – 58.9%) are different compared to the 
random-effects model due to high degree of heterogeneity 
between-study (Q-value =95.125, I2 = 76.873, P-
heterogeneity < 0.000) (Appendix 2). This meta-analysis has 
similar results to the ATENA study that reported coil 
complete occlusion rate of 63%.55 Other previous studies 
reported lower coil complete occlusion rate.21, 28 For 
example, Regli et al. reported coil complete occlusion rate of 
only 15% (2 out of 13 patients).21 However, the sample size 
(number of the patients) is only 13. In addition, the patients 
in Regli et al. study were selected in the period from 1993 to 
1997 suggesting that the study included outdated 
endovascular techniques Stratifying the analysis by duration 
of follow-up, the estimation was greater in studies that 
report results at follow-up 56.7% (Q-value =12.919, I2 = 
76.778, P-heterogeneity < 0.005; n = 4) compared with those 
that reported the results for post-operative 55.1% (Q-value 
=82.114, I2 = 78.079, P-heterogeneity < 0.000; n = 19). The 
significant results suggest that duration of follow up may be a 
substantial source of heterogeneity Subgroup analysis by 
continent was done; the estimation was greater in Asian 
studies 61% (Q-value =6.465, I2 = 69.062, P-heterogeneity < 
0.039; n = 3) comported to European studies 56.2% (Q-value 
=52.859, I2 = 79.19, P-heterogeneity < 0.000; n = 12) and 
North American studies 50.3% (Q-value =31.233, I2 = 77.588, 
P-heterogeneity < 0.000; n = 8). Also, we stratified the 
analysis by study design and we found that the estimation was 
greater in prospective studies 56.4% (Q-value =11.79, I2 = 
83.036, P-heterogeneity < 0.003; n = 3) compared to 
retrospective studies 55.3% (Q-value =83.315, I2 =77.195, P-
heterogeneity < 0.000; n = 20). The significant results suggest 
that location of study may be a substantial source of 
heterogeneity. Visual inspection of funnel plots along with 
Begg’s test (P-value = 0.11732) suggested that publication 
bias was unlikely in our analysis for studies assessing coiling 
and occlusion rate. Meta-regression for quality of studies was 
not significant (P-value = 0.0758). Meta-regression suggested 
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no change in occlusion rates with different scores of quality 
studies. 
 
4.3.3 CLIP Neurological Outcomes 
 

The analysis suggested that clipping is associated with 
favorable postoperative neurological outcomes. The pooled 
estimate for post-operative neurological outcome was 96.4% 
(95% CI: 94.8 – 97.5%; random-effects model) of clipped 
cases (Appendix 3). Result from the fixed-effects model 96% 
(95% CI: 94.9 – 96.9%) different from the random-effects 
model and it was not significant (Q-value =37.307, I2 =38.349, 
P-heterogeneity < 0.030) suggested that there was a slight 
heterogeneity between-study. Cumulative meta-analysis 
shows the initial favorable postoperative neurological 
outcome with clipping was 95.7%, which increased to 96% 
with time. Our meta-analysis results show a high percentage 
for favorable postoperative neurological outcome of clipped 
cases. This high percentage in our study results are similar 
and support the results of previous studies.42,46,50,53,54 For 
example, Rodriguez-Hernandez et al. investigated 631 MCA 
aneurysms and reported 93% favorable neurological outcome 
of clipped cases.46 However, even previous studies42,46,50,53,54 
reported high percentages for favorable neurological 
outcome of clipped cases, there was low long-term 
complications and low retreatment rates in clipping.46,50When 
we stratified the analysis by duration of follow-up, post-
operative and at follow-up, the favorable postoperative 
neurological outcome was 95.2% (95% CI: 93.4 – 96.5%; Q-
value =23.453, I2 = 44.569, P-heterogeneity < 0.037; n = 14) 
while the favorable neurological outcome at follow-up was 
97.1% (95% CI: 95.5 – 98.1%; Q-value =10.516, I2 = 14.414, 
P-heterogeneity < 0.310; n = 10). This result suggested that 
there was significant between-study heterogeneity for studies 
that reported the result at follow-up. We divided the analysis 
by continent and we found that the favorable postoperative 
neurological outcome was 98.6% (95% CI: 97.1 – 99.3%; Q-
value =1.269, I2 = 21.191, P-heterogeneity < 0.26; n = 2) in 
Asian studies, 95.6% (95% CI: 93.6 – 97%; Q-value =21.094, I2 
= 33.63, P-heterogeneity < 0.099; n = 15) in European 
studies and 95.1% (95% CI: 92.8 – 96.7%; Q-value =5.676, I2 
=0, P-heterogeneity < 0.46; n = 7) in North America. Since 
the result was not significant, this factor (study location) may 
not be a substantial source of heterogeneity. Subgroup 
analysis by study design was done and we found that the 
favorable postoperative neurological outcome was 97.7% 
(95% CI: 95.6 – 98.8%; Q-value =3.808, I2 =0, P-
heterogeneity < 0.577; n = 6) for prospective studies and 
95.6% (95% CI: 94.2 – 96.7%; Q-value =30.300, I2 =43.894, P-
heterogeneity < 0.024; n = 18) for retrospective studies. This 
result suggested that there was significant between-study 
heterogeneity for studies that were conducted 
retrospectively.  Visual inspection of funnel plots along with 
Begg’s test (P-value = 0.47034) suggested that publication 

bias was unlikely in our analysis for studies assessing clipping 
and neurological outcome. Meta-regression for quality of 
studies was not significant (P-value = 0.4955). Meta-
regression suggested no change in good neurologic outcomes 
with different scores of quality studies. 
 
4.3.4 COIL Neurological Outcomes 
 
On the basis of data from twenty-eight studies, we found a 
positive association between coiling and neurological 
outcome. The pooled estimate for favorable postoperative 
neurological outcome was 94.8% (95% CI: 93.1 – 96%) of 
coiled cases (Appendix 3). There was no different result from 
both the random-effects model and the fixed-effects model. 
There was no between-study heterogeneity (Q-value = 
26.384, I2 = 0%, P-heterogeneity = 0.497). Cumulative meta-
analysis shows the initial favorable postoperative neurological 
outcome with coiling was 96.4%, which decreased to 94.8% 
with time. Multiple previous studies reported similar 
results.12,30,33 Iijima et al. evaluated coiling neurological 
outcomes in 77 unruptured MCA aneurysms and reported 
that coiling can be successfully done without neurologic 
deficit outcomes.30  In addition, Mortimer et al. and Doerfler 
et al. stated that coiling has an acceptable safety profile with 
low rates of negative neurological outcomes.12,33Stratifying 
the analysis by duration of follow-up suggested that the 
estimation was greater in studies that report results at 
follow-up 96% (95% CI: 91.8 – 98.1%; Q-value =2.554, I2 = 0, 
P-heterogeneity < 0.862; n = 7) compared with those that 
reported the results for post-operative 94.5% (95% CI: 92.7 
– 96%; Q-value =23.233, I2 = 13.917, P-heterogeneity < 
0.277; n = 21). Subgroup analysis by continent was done; the 
estimation was greater in Asian studies 98.2% (95% CI: 95.3 – 
99.3%; Q-value =0.889, I2 =0, P-heterogeneity < 0.828; n = 4) 
comported to North American studies 96.5% (95% CI: 93.5 – 
98.1%; Q-value =8.197, I2 =2.4, P-heterogeneity < 0.414; n = 
9) and European studies 93.4% (95% CI: 90.8 – 95.2%; Q-
value =8.866, I2 =0, P-heterogeneity < 0.84; n = 15). We 
stratified the analysis by study design and we found that the 
estimation was greater in retrospective studies 95.9% (95% 
CI: 94.1 – 97.1%; Q-value =18.827, I2 =0, P-heterogeneity < 
0.656; n = 23) compared to prospective studies 92.6% (95% 
CI: 88.7– 95.2%; Q-value =3.344, I2 =0, P-heterogeneity < 
0.502; n = 5). All factors (duration of follow-up, study 
location, and study design) were not significant and suggested 
that they may not be sources of heterogeneity. Visual 
inspection of funnel plots along with Begg’s test (P-value = 
0.42944) suggested that publication bias was unlikely in our 
analysis for studies assessing coiling and neurological 
outcome. Meta-regression for quality of studies was not 
significant (P-value = 0.2981). Meta-regression suggested no 
change in favorable postoperative neurological outcome with 
different scores of quality studies. 

 



 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.5.L61-80                                                                                                         Neurology                 
 

 

L-66 
 

 

Table 1. Modified Rankin Score and Glasgow Outcome Score 
Modified Rankin Scale (mRS)* Glasgow Outcome Scale (GOS)* Extended Glasgow Outcome 

Scale (GOSE)* 
0.   No symptoms at all 
1. No significant disability despite symptoms; able to carry out all usual 

duties and activities 
2. Slight disability; unable to carry out all previous activities, but able to 

look after own affairs without assistance 
3. Moderate disability; requiring some help, but able to walk without 

assistance 

1. Dead 
2. Vegetative State (meaning the patient is unresponsive, but alive; 

a "vegetable" in lay language) 
3. Severely Disabled (conscious but the patient requires others for 

daily support due to disability) 
 

1. Death 
2. Vegetative state 
3. Lower severe 

disability 
4. Upper severe disability 
5. Lower moderate 

disability 

D 
VS 
 
SD – 
 
SD + 
 
MD - 

4. Moderately severe disability; unable to walk without assistance and 
unable to attend to own bodily needs without assistance 

5. Severe disability; bedridden, incontinent and requiring constant 
nursing care and attention 

6. Dead 

4. Moderately Disabled (the patient is independent but disabled) 
5. Good Recovery (the patient has resumed most normal 

activities but may have minor residual problems) 
 

6. Upper moderate 
disability 

7. Lower good recovery 
8. Upper good recovery 

MD + 
 
GR – 
GR + 

*GOS 4-5 ~ mRS 0-3~ GOS-E 6-8 

 

Table 2. All studies included in the meta-analysis 
Author Year Country Type of 

Cohort 
Study 

Intervention 
(Clip or Coil) 

Number of 
Patients 

with 
Unrupture

d MCA 
and COIL 

Number of 
Patients 

with 
Unruptured 

MCA and 
CLIP 

Enrollment 
period 

North 
American 

(N), 
Europe (E), 

Asia (A) 

Study 
includes 
data on 
Coil and 

Clip 
Patients 

Newcastle-
Ottawa 

Quality Scale 
# of stars 

Raftopoulos,2003 14   Belgium Prosp Coil 12 N 1996-2001 E N 4 
Doerfle, 2006 12 Germany         Retro Coil 16 N 2000-2004 E N 8 
Quadros, 2007 15 France Retro Coil and Clip 22 4 2001-2006 E Y 6 

Oishi, 2009 16  Japan Retro Coil 45 N 2001-2007 A N 6 
Suzuki, 2009 17  USA Retro Coil 67 N 1990-1997 N N 3 

Bracard, 2010 13 France Retro Coil 79 N 1992-2001 E N 6 
Kim, 2011 18   Korea Retro Coil 70 N 2000-2009 A N 7 

Guglielmi, 2008 19 USA Retro Coil 61 N unknown N N 5* 
Brinjiki, 2011 6 USA Retro Coil 26 N 2002-2009 N N 4 

Horowitz, 2006 20 USA Retro Coil 10 N 1999-2005 N N 6 
Regli, 1999 21 Switzerland Prosp Coil and Clip 13 32 1993-1997 E Y 3 
Lubicz, 2006 22 Belgium Retro Coil 19 N 2004-2005 E N 4 

Niskanen, 2005 23 Finland Retro Coil and Clip 12 82 1997-2000 E Y 6 
Im, 2009 24    Korea Retro Coil 46 N 2002-2006 A N 4 
Kim, 2010 25   Korea Retro Coil and Clip 85 360 2006 A Y 4 

Guresir, 2011 26  Germany Prosp Coil and Clip 21 108 1999-2009 E Y 5 
Pierot, 200827 France Prosp Coil 218 N 2005-2006 E N 8 
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Diaz, 2012 28 USA Retro Coil and Clip 71 25 2005 - 2010 N Y 8 
Dammann, 2014 29 Germany Retro Coil and Clip 16 87 2006 - 2010 E Y 6 

Iijima, 200530  France Retro Coil 77 N 1998-2002 E N 6 
Wanke, 20031 USA Retro Coil 4 N 1997–2000 N N 5 

Vendrell, 2009 32 France Retro Coil 72 N 1999-2006 E N 3 
Mortimer, 2014 33 USA Retro Coil 56 N 1996-2012 N N 9 

Eboli, 201434 USA Retro Coil 113 N 2000-2013 N N 7 
Fiehler, 200835 Germany Prosp Coil 13 N 2006 E N 7 
Regli, 2002 36 Switzerland Prosp Clip N 36 1997-2000 E N 4 

Moroi, 200537  Japan Retro Clip N 201 1993-2000 A N 7 
Gerlach, 2007 38 Germany Prosp Clip N 35 1999-2005 E N 4 

Deruty, 199639 France Retro Clip N 29 1990-1995 E N 5 
Nussbaum 2006 40 USA Retro Clip N 169 1997-2005 N N 5 
Aghakhani, 2008 41 Belgium Retro Clip N 117 1996-2006 E N 8 
Morgan, 2010 42 Australia Prosp Clip N 263 1989-2009 E N 8 

Nanda, 2002 43 USA Retro Clip N 18 1995-2001 N N 8 
Grigorian, 2003 44 USA Retro Clip N 101 1988-1999 N N 5 
Horn, 2004 45  Norway Retro Clip N 23 1988-1998 E N 6 

van Dijk, 2011 46  etherlands Retro Clip N 19 2001-2006 E N 7 
Haug, 200947  Norway Prosp Clip N 15 2003-2005 E N 7 

Seule, 2012 48  Switzerland Retro Clip N 24 1999-2009 E N 5 

Ogilvy, 1995 49 USA Retro Clip N 46 1985-1989 N N 5 
Rodrıguez-Herna´nde, 2012  

50 USA 
Retro Clip N 216 1997-2010 N N 6 

Calvacante, 2013  51 France Retro Clip N 7 1990-2011 E N 6 
 
 

Table 3. Systematic Review of Coil Efficacy and Safety (n = 25)  
Author, 

Year 
Country Cohort 

Study 
Des 

Years of 
study 

Only 
MCA 
(Y/N) 

Only un-
ruptured 

(Y/N) 

N 
Coiled 
=1244 

# 
complete 
occlusion 

Timing of 
assessment 

of 
Occlusion 

Modified Rankin score 
(mRS) 

or Glasgow Outcome 
Scale (GOS) Details 
mRS 0-3 favorable 
GOS 4-5 favorable 

Favorable 
Neuro-

outcome with 
denominator 
of # patients 

Timing of 
assessment 
of mRS or 

GOS 

Raftopoulos, 
200314 

Belgium Prosp 1996-2001 N Y 12 5 of 12 Post-op GOS 4,5: 10 
GOS: 1-3: 2 

10 of 12 Discharge 

Doerfler, 
200612 

Germany  Retro 2000-2004 Y N 16 10 of 16 Post-op GOS: 13 GR,3MD  16 of 16 30 days 
11 of 16 6 month GOS: 13 GR, 1 MD, 1 D, 1 

lost to F/U 
14 of 15 6 months 

Quadros, 
2007 15 

France Retro 2001-2006 Y N 22 9 of 22 Post-op mRS 1.0 ± 1.66,  
14 patients had mRS: 0  
2 patient had mRS: 1  

20 of 22 
 

Discharge 

8 of 22 12 month 20 of 22 30 days 
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2 patient had mRS: 2  
2 patient had mRS: 3 
1 patient had mRS: 4  
1 patient had mRS: 6  
GOS: 15 GR, 4 MD, 3 SD, 
0 D 

Oishi, 
2009 16 

Tokyo Retro 2001-2007 Y N 45 28 of 45* Post-op GOS: 44 GR, 1MD 
(Stroke) 

45 of 45 Discharge 

Suzuki, 
2009 17 

USA Retro 1990-1997 Y Y 67 31 of 67* Post-op mRS 1.19/ 0.28 
51 patient had mRS:0 
13 patient had mRS:1 
2 patient had mRS: 2 
1 patient had mRS: 3 

67 of 67 Post-Op 

 52 patient had mRS:0 
8 patient had mRS: 1 
2 patient had mRS: 2 
1 patient had mRS: 6 

62 of 63 16 months 

Bracard, 
2010 13 

France  Retro 1992-2001 Y N 79 25 of 79 Post-op 
 

GOS: 61 GR, 5 MD, 1D  66 of 67 Discharge 

Kim, 
2011 18 

Korea Retro 2000-2009 Y Y 76 40 of 76 Post-op 
 

61 patient had mRS: 0 
7 patient had mRS: 1 or 2 
2 patient died 
(76 aneurysm in 70 pts) 

68 of 70 Discharge 

Guglielmi, 
2008 19 

USA Retro  < 2000  Y N 61 28 of 61 Post-op 
 

Morbidity 9% 
Mortality 2% 

NA Discharge 

Brinjikji, 
2011 6 

USA Retro 2002-2009 Y N 32  
(in 26 
pts) 

7 of 32* Post-op 26: excellent/good 26 of 26 Post-op 

Horowitz, 
2006 20 

USA Retro 1999-2005 Y N 10 8 of 10* Post-op 10 patient had mRS: 0, 1 10 of 10 Post-Op 

Regli , 
1999 21 

Switzerland Prosp 1993-1997 Y Y 13 2 of 13 Post-op 12: excellent/good 
1: fair 
0: poor 

13 of 13 Post-op 

Lubicz, 
2006 22 

Belgium Retro 2004-2005 Y N 19 11 of 19* Post-op 19 patient had mRS: 0,1 19 of 19 Post-op 

Niskanen, 
2005 23 

Finland Retro 1997-2000 N Y 12 NA NA 11 patient had GOS: 4-5 
1 patient had GOS: 1 

11/12 1 year 

Im, 200924 Korea Retro 2002-2006 N Y 46 35 of 46 Post-op 45 patient had mRS: 0-1 
1 patient had mRS: 2 

46 of 46 Discharge 

Kim,  
2010 25 

Korea  Retro 2006 N Y 85 NA NA 84 patient had mRS: 0-1 
1 patient had mRS:  > 3 
 

84 of 85 1 month 

Guresir, 
2011 26 

Germany Prosp 
 

1999-2009 Y N 21 NA NA mRS 1 + 0.8,  
20 patient had favorable 

20 of 21 6 months 
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outcomes: (0-2 score) 
1 patient had permanent 
deficit  

Pierot, 
2008 27 

 

France Prosp 
 

2005-2006 N Y 218 NA NA The treatment failed in 14 
patients 
 

204 of 218 Post-op 

Diaz, 
201228 

USA Retro 2005-2010 Y N 40 10 of 40 Post-op 5 patient had mRS; 3-6 35 of 40 6 months 
35 of 40 Up to 62 

months 
Dammann, 

2014 29 
Germany Retro 2006-2010 Y Y 16 12 of 16 Post-op 13 patient had GOS: 5 

1 patient had GOS: 4 
2 patient had GOS: 3 

14 of 16 Discharge 

14 patient had GOS: 5 
1 patient had GOS: 4 
1 patient had GOS: 3 

15 of 16 12 months 

Iijima, 
2005 30 

France Retro 1998-2002  
Y 

 
N 

 
77 

 
59 of 77* 

 
Post-op 

2/77 permanent disability  
1/77 dead  
No info on mRS or GOS  

74 of 77 Discharge 

Wanke, 
2002 31 

USA Retro 1997–2000 N Y 4 4 of 4 Post-Op NA 4 of 4 Post-Op 

Vendrell, 
2009 32 

France Retro 1999-2006 Y N 72 47 of 72 Post-Op 40 patient had GOS: 5 
4 patient had GOS: 4 
3 patient had GOS: 3 

44 of 47 Post-Op 

Mortimer, 
2014 33 

USA Retro 1996-2012 Y N 56 29 of 56 3 - 6 month 1of 53 patients died and he 
was the only patient who 
experienced a permanent 
change in neurologic status 

52 of 53 3 - 6 month 

Eboli, 
2014 34 

USA Retro 200-2013 Y N 113 NA NA Stroke 3/113  110 of 113 Post-Op 

Fiehler, 
2008 35 

Germany Prosp 
 

2006 N N 32 24 of 32 Discharge 2 patient had mRS > 1 11 of 13 Discharge 
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Table 4. Systematic Review of Clip Efficacy and Safety (n = 23)  
Author, 

Year 
Country Cohort 

Study 
Des 

Years 
of 

study 

Only 
MCA 
(Y/N) 

Only 
un-

ruptu
red 

(Y/N) 

N 
Cli
p 

=2
138 

# 
complete 
occlusion 

Timing of 
assessment 
of Occlusion 

Modified 
Rankin score 

(mRS) 
or Glasgow 
Outcome 

Scale (GOS) 
Details 

mRS 0-3 
favorable 
GOS 4-5 
favorable 

Favorable 
Neuro-

outcome with 
denominator of 

# patients 

Timing of 
assessment 
of mRS or 

GOS 

Regli , 
1999 21 

Switzerland Prosp 1993-
1997 

Y Y 32 32 of 32 Post-op GOS 4.8 
28 good 
1 fair 
1 poor 

29 of 30 Post-op 

Regli, 2002 
36 

Switzerland Prosp 1997-
2000 

Y Y 36 36 of 36 Post-op 36 patient had 
mRS: 0-3 

36 of 36 Post-Op 

Moroi, 
2005 37 

Japan Retro 1993-
2000 

N Y 201 NA NA 2 of 201 had 
mRS >2 (1 with 
permanent 
deficit and 1 with 
temporary 
hemiparesis)  
Only 1 patient 
with a 
permanent 
disability (used 
GOS), 1 had a 
temporary non-
disabling deficit 

200 of 201 Discharge 

Quadros 
2007 15 

France Retro 2001-
2006 

Y N 4 4 of 4* Post-Op 2 patient had 
mRS 0 
1 patient had 
mRS 1 
1 patient had 
mRS 2 

4 of 4 Discharge 

Ogilvy, 
1995 49 

USA Retro 1985-
1989 

Y N 46 NA NA 44 patient with 
good/fair 
outcome 
1 dead  
1 with 
permanent 

44 of 46 Long-term 
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disability 
Gerlach, 
2007 38 

Germany Prosp 1999-
2005 

N Y 35 33 of 35 Post-op 34 patients had 
mRS 0-3 
1 patient had 
mRS 4 

34 of 35 Discharge 

Deruty, 
1996 39 

France Retro 1990-
1995 

N Y 29 NA NA 28 patients had 
mRS: 0-3 
1 patient had 
mRS: >3 

28 of 29* Discharge 

Niskanen, 
2005 23 

Finland Retro 1997-
2000 

N Y 82 NA NA 79 patients had 
GOS: 4,5 
3 patients had 
GOS: 3 

79/83 1 year 

Nussbaum 
2006 40 

USA Retro 1997-
2005 

N Y 169 NA NA 168 patients had 
GOS: 4,5 
1 patients had 
GOS: 3 

168 of 169 6 months 

Aghakhan, 
2008 41 

Belgium Retro 1996-
2006 

N Y 117 117 of 117 Post-op 114* patients 
had  mRS: 0 
3 patients had 
mRS: 1 

117 of 117 3 months 

Kim,  2010 

25 
Korea Retro 2006 N Y 360 NA NA 354* patients 

had mRS: 0-2 
6 patients had 
mRS: > 3  

354 of 360 1 month 

Rodrıguez-
Herna´ndez, 

2012 50 

 

 

USA Retro 1997-
2010 

Y N 261 NA NA 136 patients had 
mRS 0 
73 patients had 
mRS 1 
31 patients had 
mRS 2 
7 patients had 
mRS 3 

247 of 261 Post-Op 

Calvacante 
2013 51 

France Retro 1990-
2011 

Y N 7 NA NA 2 patients had 
mRS 0 
1 patients had 
mRS 1 
3 patients had 
mRS 2 

6 of 7 Post-Op 

Guresir, 
2011 26 

Germany Prosp 
  

1999-
2009 

Y N 108 NA NA mRS 1 + 0.8 
104 favorable (0-
2 score) 
4 with 
permanent 

104 of 108 
 

6 months 
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disability  
Grigorian, 

2003 44 
USA Retro 1988-

1999 
N Y 101 NA NA 86/92 patients 

comprised the 
expected 
outcome 

86 of 92 Discharge 

Diaz, 
201228 

USA Retro 2005-
2010 

Y N 25 16 of 25 Post-OP 0 patient had 
mRS; 3-6 

25 of 25 6 months 
23 0f 25 Up to 28 

month 
Morgan, 
2010 42 

Australia Prosp 1989-
2009 

Y N 339  
(in 
263 
pati
ent
s) 

NA NA 250 patients had 
mRS: 0 or 1 
9 patient had 
mRS: 2  
3 patient had 
mRS: 3 
1 patient had 
mRS: 4 
1 patient had 
mRS: 6 

261 of 263 Discharge 

Dammann, 
2014 29 

Germany Retro 2006-
2010 

Y Y 87 84 of 87 Post-OP 75 patient had 
GOS: 5 
9 patient had 
GOS: 4 
3 patient had 
GOS: 3 

84 of 87 Discharge 

80 patient had 
GOS: 5 
6 patient had 
GOS: 4 
1 patient had 
GOS: 3 

86 of 87 12 months 

Horn, 2004 
45 

Norway Retro 1988-
1998 

N Y 23 NA NA 4 patient had 
GOS-E score: 3-
5 

19 of 23 Post-Op 

van Dijk, 
2011 46 

Netherlands 
 

Retro 2001-
2006 

Y N 19 NA NA All 19 patients 
had a good 
outcome (mRS 
0–2). 

19 of 19 1 year 

Nanda, 
2002 43 

USA Retro 1995-
2001 

N Y 18 18 of 18 Post-OP 16 patient had 
GOS: 5 
2 patient had 
GOS: 4 

18 of 18 Discharge 

Haug,  
2009 47 

Norway Prosp 2003-
2005 

Y N 15 NA NA 8 patient had 
mRS 0 
5 patient had 

15 of 15 3 months 
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mRS 1 
2 patient had 
mRS 2 
9 patient had 
mRS 0 
2 patient had 
mRS1 
4 patient had 
mRS 2  

15 of 15 12 months 

Seule, 2012 
48 

Switzerland Retro 1999-
2009 

N Y 24 NA NA 2 patients had 
poor outcome 

22 of 24 6 weeks 

 
GOS (Glasgow Outcome Scale): 5 GR (good recovery),4 MD (moderate disability),3 SD (severe disability),2 PG (persistent vegetative),1 D (dead) 

* indicates a value that was derived from a % in the manuscript
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FIG 1: Flow chart detailing the process of determining eligible trial for inclusion in meta-analysis

Articles identified in literature 

search for title and abstract 

review n= 7,934 

 

Database search n=12,359 

 
4,425 were excluded due to 

duplication 

Potentially relevant articles 

retrieved for full text review 

n=259 

7,697 excluded for: 

Case report/commentary, 

pediatric, no MCA, technical 

assessment study, and 

rupture/SAH 

215 excluded for: 

No MCA data or ruptured aneurysm 

with no potential for extraction, 

inability to extract unruptured MCA 

specific data, unable to locate full 

text/language 

22 included from: 

Snowballing, forward 

citation, reverse citation, 

and assessment for review  

Studies selected for meta-

analysis n=41 

Studies included in the coiling 

analysis n=25 

Studies included in the 

clipping analysis n=23 

Studies included in 

the safety analysis 

Studies included in 

the safety analysis 

Studies included in 

the efficacy 

Studies included in 

the efficacy 
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Appendix 1,  

 
Search Strategies 
 

The online database PubMed was used to perform a search 
of the literature between 1991 and January Week 4 2019. 
The following search terms were used: 
 
Restricted search  
 
("Intracranial Aneurysm"[Mesh] "Middle Cerebral 
Artery"[Mesh] OR Intracranial Aneurysm*[tw] OR Middle 
Cerebral Artery Aneurysm*[tw] OR MCA[tw] OR 
Unruptured Aneurysm*[tw] OR Unruptured Intracranial 
Aneurysm*[tw] OR UIA*[tw] OR unruptured MCA[tw] OR 
Brain Aneurysm[tw] OR Cerebral Aneurysm* [tw]) AND 
("Endovascular Procedures"[Mesh] OR "Cerebral 
Angiography"[Mesh] OR Endovascular Coil*[tw] OR 
Coil*[tw] OR Endovascular Procedure[tw] OR Intravascular 
Procedure*[tw] OR Intravascular Technique*[tw] OR 

Endovascular Technique*[tw] OR Cerebral Angiograph*[tw] 
OR "Neurosurgical Procedures"[ Mesh:NoExp] OR 
"Microsurgery"[Mesh] OR "Surgical Instruments"[Mesh] OR  
"Neurosurgery"[Mesh] OR Surgical Clip*[tw] OR Clip*[tw] 
OR Tantalum Clip*[tw] OR Neurosurgical Procedure*[tw] 
OR Neurologic Surgical Procedure*[tw] OR 
Neurosurger*[tw] OR Microsurger*[tw] OR "Intracranial 
Pressure"[Mesh] OR "Brain/surgery"[Mesh] OR brain 
surg*[tw] OR intracranial pressure[tw])  6272 result 01-24-
2019 limit to (English language, humans, adult) Cochrane 
Library was used to perform a search of the literature 
between 1991 and January Week 4 2019. The following 
search terms were used: "aneurysm" in Title, Abstract or 
Keywords AND "endovascular procedure" OR "coil*" OR 
"cerebral angriography" OR "craniotom*" OR "neurosurg*" 
OR "clip*" OR "surg*" in Title, Abstract or Keywords  27 
result 01-24-2019 The online database EMBASE was used to 
perform a search of the literature between 1991 to January 
23, 2019. The following search terms were used: 

 

Table 1. Terms Used for Search in PubMed 
 Searches Results 

1 'intracranial aneurysm'.tw. or exp intracranial aneurysm/ 26452 
2 'brain artery aneurysm'.tw. or exp brain artery aneurysm/ 12833 
3 'unruptured intracranial aneurysm'.tw. or exp unruptured intracranial aneurysm/ 561 
4 'brain artery '.tw. or exp brain artery/ 40992 
5 ' middle cerebral artery '.tw. or exp middle cerebral artery/ 31967 
6 1 or 2 or 3 or 4 or 5 76659 
7 exp endovascular surgery/ or 'Endovascular Coil*'.tw. 20469 
8 exp brain angiography/ 27709 
9 exp coil embolization/ or 'coil embolization'.tw. or 'coil embolisation'.tw 8224 
10 coil*.tw 51327 
11 neurosurgery 23149 
12 exp microsurgery/ 27486 
13 'aneurysm clip'.tw. or exp aneurysm clip/ 2458 
14 exp clip/ or 'Surgical Clip*'.tw. 11512 
15 7 or 8 or 9 or 10 or 11 or 13 or 14  153309 
16 6 and 17 17845 
17 limit 16 to (human and english language and yr="1991 -Current" and adult <18 to 64 years>) 6060 

 
6060 result 01-24-2019 limit to (English language, humans and adult). 
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Appendix 2 
 

 
 

Fig 1. Overall pooled clipping occlusion rates analysis (efficacy) 
 

 
 

Fig 2. Overall pooled coiling occlusion rates analysis (efficacy) 
 
Appendix 3 

 
 
 

 
 
 

  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Overall pooled clipping neurological outcome analysis (safety) 
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Fig 2. Overall pooled coiling neurological outcome analysis (safety) 
 

5. CONCLUSION 

 
Comparing the microsurgical clipping with the endovascular 
coiling for treatment of unruptured MCA aneurysms, clipping 
has a higher aneurysm occlusion rate than coiling. The rate of 
occlusion appears to decrease with time in the clipping group 
and increase with time in the coiling group. Both clipping and 
coiling have similar functional outcomes for treatment of 
unruptured MCA aneurysms. The rate of favorable functional 
outcomes appears to increase with time in the clipping group 
and decrease with time in the coiling group. 
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