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Clipping Versus Coiling for Ruptured Intracranial
Aneurysms
A Systematic Review and Meta-Analysis

Hui Li, MD#*; Rui Pan, MD*; Hongxuan Wang, MD; Xiaoming Rong, MD; Zi Yin, MD;
Daniel P. Milgrom, MD; Xiaolei Shi, MD; Yamei Tang, MD, PhD*; Ying Peng, MD, PhD*

Background and Purpose—Endovascular treatment has increasingly been used for aneurismal subarachnoid aneurismal
hemorrhage. The aim of this analysis is to assess the current evidence regarding safety and efficiency of clipping compared

with coiling.

Methods—We conducted a meta-analysis of studies that compared clipping with coiling between January 1999 and July
2012. Comparison of binary outcomes between treatment groups was described using odds ratios (OR; clip versus coil).
Results—Four randomized controlled trials and 23 observational studies were included. Randomized controlled trials showed
that coiling reduced the 1-year unfavorable outcome rate (OR, 1.48; 95% confidence interval [CI], 1.24—-1.76). However,
there was no statistical deference in nonrandomized controlled trials (OR, 1.11; 95% CI, 0.96-1.28). Subgroup analysis
revealed coiling yielded better outcomes for patients with good preoperative grade (OR, 1.51; 95% CI, 1.24-1.84) than
for poor preoperative patients (OR, 0.88; 95% CI 0.56—1.38). Additionally, the incidence of rebleeding is higher after
coiling (OR, 0.43; 95% CI, 0.28-0.66), corresponding to a better complete occlusion rate of clipping (OR, 2.43; 95% CI,
1.88-3.13). The 1-year mortality showed no significant difference (OR, 1.07; 95% CI, 0.88—1.30). Vasospasm was more
common after clipping (OR, 1.43; 95% CI, 1.07-1.91), whereas the ischemic infarct (OR, 0.74; 95% CI, 0.52-1.06),
shunt-dependent hydrocephalus (OR, 0.84; 95% CI, 0.66—1.07), and procedural complication rates (OR, 1.19; 95% CI,

0.67-2.11) did not differ significantly between techniques.

Conclusions—Coiling yields a better clinical outcome, the benefit being greater in those with a good preoperative grade than
those with a poor preoperative grade. However, coiling leads to a greater risk of rebleeding. Well-designed randomized

trials with special considerations to the aspect are needed.

(Stroke. 2013;44:29-37.)
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n the past, neurosurgical clipping of the aneurysmal neck

was the only effective method to prevent rebleeding of sub-
arachnoid aneurismal hemorrhage (SAH). In 1990, a detach-
able platinum coil device, the Guglielmi detachable coil, was
first introduced in clinical practice. Since that time, coiling
has gained worldwide acceptance as an alternative treatment.

The International Subarachnoid Aneurysm Trial (ISAT) was
the only large, multicenter, randomized clinical trial that com-
pared neurosurgical clipping with detachable platinum coils in
patients with ruptured intracranial aneurysms, who were con-
sidered to be suitable for either treatment. However, results of
ISAT have continued to generate some criticism, mainly because
of its selection bias. For the 9559 patients screened, 7416 were
excluded because of a strict contraindication for either opera-
tion type. Of the enrolled patients, 88% had a favorable grade

(WENS classification I or II) at the time of enrolment, 95%
of the aneurysms were in the anterior cerebral circulation, and
90% were smaller than 10 mm. The question has arisen: ISAT
was designed as a pragmatic trial, but can we generalize the
results of a study where >80% of the patients were excluded to
the entire body of patients with aneurismal SAH?

In recent years, coiling is being offered to patients who were
not suitable for inclusion in ISAT. More randomized controlled
trials (RCTs), as well as prospective and retrospective studies
have since been published, some of which have results that
differ from ISAT. The Cochrane review' on this topic only
included 3 RCTs and the results were principally those of
ISAT, which was clearly the largest trial. As a result, it is still
uncertain how coiling compares with the accepted standard
treatment. It is therefore the aim of this systematic review and
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meta-analysis to evaluate the efficiency, safety, and potential
advantages of coiling compared with clipping from an extended
body of evidence including both RCTs and observational
studies to inform the decision-making process in choosing
which procedure to perform in patients with aneurismal SAH.

Methods

A detailed protocol that included the literature-search strategies, the
inclusion and exclusion criteria, outcome measurements, and methods
of statistical analysis was developed before conduct of the systematic
review. The protocol was prepared according to the Meta-Analysis
of Observational Studies in Epidemiology,” and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses® guidelines.

Systematic Literature Search

The literature search on clipping versus coiling for patients with SAH
was performed by 2 reviewers (R.P. and H.L.) on articles published
between January 1999 and July 2012. A computerized search of the
Medline, Embase, and Cochrane Library databases was performed
without restriction on the language of publication. Keywords and free
text searches used combinations of the following keywords: intracra-
nial aneurysm(s), ruptured, subarachnoid hemorrhage, microsurgery,
clip, coil, endovascular, follow-up, and treatment outcome. A manual
search for unpublished results of ongoing trials and presentations at
significant scientific meetings was conducted as a supplement. All
reference sections of eligible studies and pertinent reviews were
hand-reviewed for potential studies. When a study generated multiple
publications, the most current report was used.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) All available RCTs and
comparative studies (cohort studies) that compared clipping and coil-
ing in all age groups. (2) Patients who had definite subarachnoid hem-
orrhage, proven by computed tomography or lumbar puncture within
the preceding 28 days and had an intracranial aneurysm which was
considered to be responsible for the subarachnoid hemorrhage. (3)
Case fatality or permanent morbidity rate or crude data explicitly re-
ported for both clipping and coiling groups.

The exclusion criteria were: (1) Patients who received treatment
for unruptured intracranial aneurysms. (2) Patients who received
treatment other than neurosurgical clipping or endovascular coiling
(muslin wrapping, no treatment). (3) SAH from infected aneurysms
or trauma. (4) Studies that presented insufficient data or compared
neurosurgical clipping or endovascular treatment alone. (5) Studies
were excluded for substantial imbalance of clinical characteristics
or absence of baseline information. (6) Editorials, letters, review ar-
ticles, case reports, and animal experimental studies.

Selection and Data Extraction

The decision on whether a study should be included was made in-
dependently by both authors (R.P. and H.L.), with disagreements
settled by the senior author (Y.M.T.). The primary outcomes were
mortality, poor outcome rate, and rebleeding rate. If sufficient data
were available, the patients with poor outcomes were subdivided into
groups based on the preoperative grade (good preoperative grade was
defined as WENS classification I and II, or Hunt & Hess Scale 1
to III; poor preoperative grade was WENS classification III to V, or
Hunt & Hess Scale IV and V). The term poor outcome was defined
as death or dependence in daily activities (modified Rankin scale of
3-6 or Glasgow Outcome Scale 1-3). Rebleeding rate was counted
after the first intervention. The secondary outcomes were postopera-
tive vasospasm, shunt-dependent hydrocephalus, ischemic infarct,
procedural complications, and angiographic results.

Quality Assessment and Statistical Analyses
Studies were rated for the level of evidence provided according to
criteria by the Centre for Evidence-Based Medicine in Oxford. The

Cochrane Risk of Bias Tool was used to assess the quality of the
RCTs. Criteria proposed by the Newcastle-Ottawa scale were used to
assess the quality of the observational studies.

Meta-Analysis was performed on studies that provided data on out-
comes of patients who underwent clipping or coiling, using the soft-
ware package RevMan5.0. Dichotomous variables were presented as
odds ratios (OR; clip versus coil) with a 95% confidence interval (CI).
Fixed-effect and random-effect models were used, with significance
set at P=0.05. Statistical heterogeneity was assessed using the I* sta-
tistic, which describes the proportion of total variation that is attribut-
able to differences among trials rather than sampling error (chance).
An P value of <25% was defined to represent low heterogeneity, a
value between 25% and 50% was defined as moderate heterogene-
ity and >50% was defined as high heterogeneity. The random-effects
model was used if there was high heterogeneity between studies.
Otherwise, the fixed-effects model was used. Furthermore, subgroup
analysis was carried out to evaluate the impact of the preoperative
condition on the results. The interaction tests were applied to test for
differential effects of coiling across subgroups. Sensitivity analysis
was performed by measuring the effect of the 4 RCTs. Funnel plots
were used to screen for potential publication bias.

Results
Flow of Included Studies

Figure 1 shows a flow diagram according to the Quality of
Reporting of Meta-analyses-statement* with the total number
of citations retrieved by the search strategy and the number
included in the systematic review. Twenty-seven studies met
all inclusion criteria and were included in the analysis. In
total, these studies included 11 568 patients of whom 7230
underwent neurosurgical clipping, and 4338 underwent endo-
vascular coiling. Agreement between the 2 reviewers was 95%
for study selection and 93% for quality assessment of trials.

Study Characteristics

Four of the trials enrolled were RCTs and 23 were observa-
tional studies. A total of 11 568 participants were included
and the sample size ranged from 18 to 2174. The percentage
of included males ranged from 28% to 86% and the mean
age of study patients ranged from 45 to 58 years. The studies
were from Holland, Finland, United Kingdom, United States,
Ireland, France, Switzerland, Japan, Egypt, and other coun-
tries. The outcomes were clearly defined in all studies.

The RCT by Brilstra et al® enrolled 20 patients with docu-
mented aneurismal SAH by either computed tomography or
digital subtraction angiography within the preceding 4 days.
Dependency and death at 1 year, rebleeding, epilepsy, qual-
ity of life at 1 year, and neuropsychological outcomes were
available. The RCT by Koivisto et al® employed 109 patients
to compare the 1-year clinical, neuropsychological, and
radiological outcomes of surgical clipping and endovascular
treatment in acute (<72 hours) SAH. This single center study
also compared the postoperative complications between the
2 groups. ISAT” with an enrollment of 2143 patients was the
only large RCT to compare the efficacy of the 2 modalities
in treating patients with aneurismal SAH within 28 days.
The outcomes were death or dependence at 1 year, rebleed-
ing of the treated aneurysm, and risk of seizure. The Barrow
Ruptured Aneurysm Trial (BRAT)? is an ongoing study with
follow-up planned to continue for at least 6 years after com-
pletion of enrollment and we analyzed the 1-year result.
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(QUOROM)-statement.

study, which was carried out in 34 neurosurgical units in
the United Kingdom and Ireland. Prerepair and postrepair
deterioration was recorded. Prerepair deterioration was

Table 1. Design and Baseline Characteristics of Included Trials

Level of Patients Number Age”y Male % Aneurysms Located in
Trial Evidence Design Clip / Coil Anterior Circulation Follow-up, mo/y
Brilstra et al° 2000 Il RCT 10/10 NA 30/30 10/10 12 mo
Koivisto et al° 2000 I RCT 57/52 50/49 33/44 52/46 12 mo
ISAT” 2005 Ib RCT 1070/1073 52/52 37/37 1021/1039 12 mo
ISAT® 2009 lib RCT 1070/1073 52/52 37/37 1021/1039 5y
BRAT® 2012 I RCT 238/233 53/54 30/28 174/169 12 mo
National study' 2006 I P 1269/905 51/52 NA 1138/637 6 mo
PRESAT' 2011 I P 264/270 NA NA 252/212 12 mo
Proust et al'? 2003 M1l P 186/37 48/57 59/51 186/37 12 mo
Dehdashti et al'® 2004 Il P 72/26 49/54 38/31 68/19 6 mo
Dehdashti et al'* 2004 Il P 180/65 49/52 38/31 NA 3 mo
Gruber et al™® 1998 1l P 111/45 52/52 36/33 88/51 6-18 mo
Gruber et al"® 1999 IIl R 125/62 50/50 36/29 NA NA
Charpentier et al'” 1999 v P 99/145 50/52 45/37 97/75 6 mo
Reyes et al'® 2012 v R 8/10 56/55 NA 8/10 3mo
Kim et al'® 2008 v R 30/23 45/54 42/38 30/23 34/27 mo
Taha et al*® 2006 v R 25/28 NA NA NA 26.7 mo
Rabinstein et al*' 2003 v R 339/76 53/56 35/38 273/36 6 mo
Goddard et al*? 2004 IIl R 212/80 53/54 64/21 89/94 4-8 mo
Natarajan et al*® 2008 I R 105/87 NA NA NA 3 mo
Helland et al** 2006 M1l R 203/83 51/55 42/46 97/84 3-6 mo
Niskanen et al*® 2004 Il R 103/68 54/54 42/47 94/66 12
Varelas et al?*® 2006 Il R 135/48 53/51 34/54 116/31 NA
Oliveira et al” 2007 M1l R 2121173 52/54 86/58 252/158 6 mo
Nam et al*® 2010 M1l R 498/238 54/57 38/30 490/183 NA
Hoh et al*® 2004 v R 505/114 53/54 NA 436/57 6 mo
Hoh et al*® 2004 M1l A 413/79 54/58 30/23 361/46 NA
Suzuki et al*' 2011 Il R 55/13 58/56 42/46 55/13 42.7 mo
Johnston et al*®? 2008 v A 706/295 NA NA NA 36y

A indicates ambidirectional cohort study; BRAT, The Barrow Ruptured Aneurysm Trial; ISAT, The International Subarachnoid Aneurysm Trial; NA, not available; P,

prospective cohort study; R, retrospective cohort study; and RCT, randomized controlled trial.

*Mean age is the statistic reported.
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defined as a reduction in the Glasgow Coma Score (GCS).
Postrepair deterioration was defined as either a reduction of
the GCS, or whether the patient was transferred back to a
high dependency or intensive therapy unit, or had a delayed
discharge from the high dependency unit/intensive therapy
unit attributable to deterioration. The clinical outcome and
rebleeding rates were available. Patient’s characteristics
and clinical outcomes are summarized in Table 1.5

Quality of Included Studies

We evaluated the risk of bias in the 4 published RCTs
(Supplemental Table 1) using the Cochrane Risk of Bias Tool.
Allocation sequence generation was described by ISAT and
BRAT. Allocation concealment was clearly described and no
blinding was used. For the 23 observational studies, the risk of
bias was evaluated with a modification of the Newcastle-Ottawa
scale (Supplemental Table 2). Methods for handling missing
data were not adequately described in a majority of studies.

Synthesis of Results

Primary Outcomes

Pooling the data from the 1358!10-131821222425 gydies that
assessed poor outcome (death or dependency) with 1 year
in 6555 patients (Figure 2), RCTs showed that coiling was
associated with a better outcome (poor outcome rate clip ver-
sus coil: 31.1% versus 23.4%; OR, 1.48; 95% CI, 1.24-1.76;
P<0.00001) than clipping. However, observational studies
revealed a different result (30.0% versus 29.8%; OR, 1.11;
95% CI, 0.96-1.28; P=0.17). The interaction test P value
between RCT and observational studies is 0.01. Three tri-
als®!*3! mentioned a long-term follow-up (from an average
of 26.7 months to 5 years) in 1845 patients, coiling was still
associated with a better outcome than clipping (34.0% versus
28.3%; OR, 1.25;95% CI, 1.03—1.53; P=0.03) (Supplemental
Figure 1).

Five studies®”'>!82* with a total of 2862 participants
reported results stratified by preoperative grade. Among the
2425 patients with good preoperative grade (Supplemental
Figure 2), coiling yielded better outcomes (25.2% versus
19.8%; OR, 1.51; 95% CI, 1.24-1.84; P<0.0001), but the
results are heavily influenced by ISAT. for 437 patients with
poor preoperative grade (Supplemental Figure 3), the clip-
ping and coiling groups showed no statistical significant dif-
ference (42.6% versus 43%; OR, 0.88; 95% CI, 0.56-1.38;
P=0.57) with nil heterogeneity (’=0%; P=0.73). The interac-
tion test P value between good and poor preoperative grade
is 0.03.

Eight studies’!1%12131821 jncluding 5012 patients reported
1-year mortality (Figure 3). Both the RCTs and observational
studies revealed no statistical significant difference between
the clipping and coiling groups (10.4% versus 8.5%; OR, 1.24;
95% CI, 0.94-1.65; P=0.13 and 8.7% versus 9.6%; OR, 0.93;
95% CI, 0.71-1.22; P=0.59, respectively). The pooled OR is
1.07 (95% CI, 0.88—1.30; P=0.51). The interaction test P value
between RCTs and observational studies is 0.15. Three stud-
ies”!*3! including 2208 patients reported mortality for long-
term follow-up (from 27 months to 5 years), the result showed
a significant difference between the 2 approaches (clip ver-
sus coil,13.2% versus 10.7%; OR, 1.31; 95% CI, 1.01-1.70;
P=0.04) (Supplemental Figure 4).

Eight studies>®1%121823 jncluding 5282 patients reported
their rebleeding rate (Figure 4). RCTs showed that clipping
had a lower rebleeding rate than coiling (1.2% versus 2.3%;
OR, 0.51; 95% CI, 0.27-0.94; P=0.03). Observational studies
revealed a similar result (1.1% versus 3.0%; OR, 0.37; 95%
CI, 0.21-0.67; P=0.001). The pooled OR is 0.43 (95% CI,
0.28-0.66; P=0.0001). There is no significant difference
between RCTs and observational studies (y*=0.51, df=1,
P=0.48, I’=0%). Three studies®!*** with a total of 3197 patients
reported a long-term follow-up result, which still revealed
a statistical significance between 2 groups (clip versus coil:

BRAT2012 69 205 46 198 56%  1.68[1.08, 2.60] —
Bristra 2000 4 10 3 10 03%  1.56[0.24,9.91] T

ISAT2005 326 1055 250 1063 31.0%  1.45[1.20,1.76] =

Koivisto 2000 4 57 1M1 52 18%  1.21[0.49,2.98] T

Subtotal (95% CI) 1327 1323 385%  1.48[1.24,1.76] 4

Total events 413 310

Heterogeneity: Chiz = 0.53, df = 3 (P = 0.91); 1= 0%

Test for overall effect: Z = 4.4 (P < 0.00001)

1.2.2 other studies

Dehdashti 2003 n 72 4 26 09%  0.99[0.29,344] 1 Figure 2. Forest plot and meta-analysis
ﬁ:l‘l’::d’dzggg“ §: i;; 1: :g ;;i ?fg {g-g' ;2(1]{ 1 of poor outcome rate. Cl indicates con-
National Study 2008 399 1044 278 825 346%  1.22[1.01,147] m fidence interval; M-H, Mantel-Haenszel
Niskanen 2004 17 103 13 68 2.4% 0.84 [0.38, 1.86] —_— method; and RCT, randomized controlled
PRESAT2011 81 264 89 270 B85%  1.20[0.88,1.88] — trials.

Proust 2003 50 186 16 37 33%  0.61[0.30,1.25] —

Rabinstein 2003 82 339 20 76 4.3% 1.04 [0.59, 1.83] T

Reyes 2012 4 8 7 10 06%  0.43[0.06,2.97] — 1

Subtotal (95% CI) 2431 1474 61.5%  1.11[0.96, 1.28] )

Total events 729 439

Heterogeneity: Chiz = 10.63, df = 8 (P = 0.22); F=25%

Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 3758 2797 100.0%  1.25[1.12, 1.40] U

Total events 1142 749

Heterogeneity: Chi? = 17.54, df = 12 (P = 0.13); I = 32% =u.u1 oi p b 1=u ] ou

Test for overall effect: Z = 3.91 (P < 0.0001)
Test for subaroup differences: Chi? = 6.27. df =1 (P = 0.01). P =84.0%

Favours clip Favours caoil
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ISAT2005 105 1055 85 1063 396%  1.27[0.94,1.72]
Koivisto 2000 10 57 9 52 40%  1.02[0.38, 274]

Subtotal (95% CI) 1120 1123 44.4%  1.24[0.94, 1.65]

Total events 117 96

Heterogeneity: Chi? = 0.22, df = 2 (P = 0.90); I = 0%

Test for overall effect: Z = 1.50 (P = 0.13)

1.1.2 other studies Figure 3. Forest plot and meta-analysis
Dehdashti 2003 5 72 1 2 0.7% 187 (021, 16.76] — of mortality. Cl indicates confidence inter-
National Study 2006 100 1168 77 B47 420%  1.03[0.76,1.40] = val; M-H, Mantel-Haenszel method; and
Proust 2003 13 186 3 37 24%  085[0.23,3.15 T RCT, randomized controlled trials.
Rabinstein 2003 26 339 12 76 94%  044[0.21,082 —

Reyes 2012 2 8 3 10 10%  0.78[0.10,6.32] B—

Subtotal (35% CI) 1773 996 55.6%  0.93[0.71, 1.22] +*

Total events 155 96

Heterogeneity: Chi = 4.76, df = 4 (P = 0.31); I = 16%

Test for overall effect: Z = 0.54 (P = 0.59)

Total (95% CI) 2893 2119 100.0%  1.07 [0.88, 1.30] ]

Total events 272 182

Heterogeneity: Chi? = 7.33, df = 7 (P = 0.40); 12 = 5% :u.m oi p ] 1=o p 00

Test for overall effect: Z = 0.66 (P = 0.51)
Test for subaroup differences: Chi* = 2.12. df = 1 (P = 0.15). I* = 52.9%

0.89% versus 1.94%; OR, 0.39; 95% CI, 0.21-0.74; P=0.004)
(Supplemental Figure 5). (Table 2)

Secondary Outcomes

Five studies'>?***?33% reported vasospasm for the 1267 included
patients (Supplemental Figure 6), which showed lower risk of
cerebral vasospasm in the coiling group (48.8% versus 43.1%;
OR, 1.43; 95% CI, 1.07-1.91; P=0.02). Pooling the data of
the 6 studies®!*1518232 (1123 patients) that reported ischemic
infarct revealed no significant difference between clipping and
coiling (16.1% versus 20.9%; OR, 0.74; 95% CI, 0.52-1.06;
P=0.10) (Supplemental Figure 7). Seven studies'*!6-20.23.26-28
(1981 patients) reporting shunt-dependent hydrocephalus
revealed no significant difference between clipping and coil-
ing (16.4% versus 19.3%; OR, 0.84; 95% CI, 0.66-1.07;
P=0.16) (Supplemental Figure 8). Three studies®''> (866
patients) revealed the procedural complications associated
with poor outcome (Supplemental Figure 9), and the results
between the 2 groups were comparable (9.9% versus 5.6%;
OR, 1.19;95% CI, 0.67-2.11; P=0.56).

Favours clip Favours coil

Five studies®”!>1820 agsessed complete angiographic occlu-
sion in 1749 patients and showed that clipping was superior to
coiling (84.0% versus 66.5%; OR, 2.43; 95% CI, 1.88-3.13;
P<0.00001) (Supplemental Figure 10). Incomplete occlu-
sion demonstrated a consistent result in 1923 patients (14.1%
versus 32.1%; OR, 0.39; 95% CI, 0.31-0.50; P<0.00001)
(Supplemental Figure 11). (Table 2)

Sensitivity Analysis and Publication Bias

The findings were similar whether fixed or random-effects
models were used. Funnel plot analysis on the outcomes of
perioperative mortality, morbidity, and rebleeding rate did
not indicate significant publication bias (Supplemental Figure
12-14).

Discussion

Primary Outcomes

Our meta-analysis systematically summarizes the available
evidence on outcomes of patients with aneurismal SAH
undergoing neurosurgical clipping or coiling. Because of

BRAT 2012 1 205 1 188 15% 0.97 [0.06, 15.55] I E—
Bristra 2000 3 10 0 10 05% 9.80[0.44,219.25] T

ISAT 2005 111070 28 1073 41.0%  0.39[0.19,0.78] ——

Koivisto 2000 0 57 1 52 23%  0.30[0.01,7.49] —

Subtotal (95% CI) 1342 1333 45.3%  0.51[0.27, 0.94] <>

Total events 15 30

Heterogeneity: Chi* = 4.36, df = 3 (P = 0.23); P =31%

Test for averalleffect: 2 = 247 (P = 0.03) Figure 4. Forest plot and meta-analysis of
1.1.2 other studies rebleeding rate. Cl indicates confidence
Natarajan 2008 1 105 0 87 08% 251[0.10,62.44] I interval; M-H, Mantel-Haenszel method,;
National Study 2008 14 1269 29 905 49.6% 0.34 [0.18, 0.64] = and RCT, randomized controlled trials.
Proust 2003 2 186 1 37 24%  0.39[0.03,4.43] —

Reyes 2012 0 8 1 10 18% 0.37[0.01,1043] —

Subfotal (95% CI) 1568 1039 54.7%  0.37 [0.21, 0.67] <>

Total events 17 31

Heterogeneity: Chi? = 1.45, df = 3 (P = 0.89); * = 0%

Test for overall effect: Z = 3.27 (P = 0.001)

Total (95% CI) 2910 2372 100.0%  0.43[0.28, 0.66] <

Total events 32 61

Heterageneity: Chi? = 6.09, df = 7 (P = 0.53); I = 0% Iu.m of . ; 1=0 p uo

Test for overall effect: Z = 3.85 (P = 0.0001)
Test for subaroup differences: Chi* = 0.51. df = 1 (P = 0.48). I = 0%

Favours clip Favours coil
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Table 2. Results of Meta-Analysis Comparison of Clipping and Coiling
Studies Clip, Patients  Coil, Patients Study Heterogeneity
Outcomes of Interest Number Number Number OR (95% Cl) PValue b df 12,% PValue
Primary outcomes
Poor outcome
RCT 4 1327 1323 1.48 (1.24-1.76) <0.00001 0.53 3 0 0.91
Observational studies 9 2431 1474 1.11 (0.96-1.28) 0.17 10.63 8 25 0.22
Good preoperative grade 4 1308 1117 1.51 (1.24-1.84) <0.0001 2.65 3 0.45
Poor preoperative grade 5 258 179 0.88 (0.56—-1.38) 0.57 2.05 4 0.73
Long-term follow-up 3 937 908 1.25 (1.03-1.53) 0.03 1.57 2 0.46
Mortality
Short term 8 2893 2119 1.07 (0.88-1.30) 0.51 7.33 7 5 0.40
Long term 3 1126 1082 1.31 (1.01-1.70) 0.04 0.72 2 0 0.70
Rebleeding rate
Short term 8 2910 2372 0.43 (0.28-0.66) 0.0001 6.09 7 0.53
Long term 3 1806 1391 0.39 (0.21-0.74) 0.004 0.03 1 0.87
Secondary outcomes
Vasospasm 5 961 306 1.43 (1.07-1.91) 0.02 4.35 4 8 0.36
Ischemic infarct 6 822 301 0.74 (0.52-1.06) 0.10 5.79 5 14 0.33
Shunt-dependent hydrocephalus 7 1280 701 0.84 (0.66-1.07) 0.16 4.91 6 0 0.56
Procedural complication associated 3 507 359 1.19 (0.67-2.11) 0.56 0.76 2 0.68
with poor outcomes
Angiographic results
Complete occlusion 5 756 993 2.43 (1.88-3.13) <0.00001 4.48 11 0.35
Incomplete occlusion 5 853 1070 0.39(0.31-0.50) <0.00001 455 12 0.34

Cl indicates confidence interval; OR, odds ratios; and RCT, randomized controlled trials.

Statistically significant results are shown in bold.

the clinical or methodological heterogeneity, RCTs were
analyzed separately from prospective and retrospective
studies. Data from 4 RCTs show that coiling yields better
outcomes within 1 year, which corresponds with the Cochrane
review,! in which only 3 RCTs were enrolled, but the results
are largely dependent on the largest trial (ISAT), despite
the addition of a new RCT with 472 patients. However,
the results of ISAT continue to be criticized to this day?;
the critiques mainly focus on imprecise selection criteria.
The requirement of suitability for either endovascular or
neurosurgical treatment in the inclusion criteria of ISAT
results in a poor recruitment rate. For example, patients with
poor preoperative status might require treatment as soon as
possible. Also, aneurysms located in posterior circulation
were more likely to have been allocated to coiling, whereas
the large, wide-necked aneurysms were tended to be allocated
to clipping. These lesions thus were not randomized, and only
evaluated by surgeons whose technical proficiencies cannot
be quantified. In real clinical practice, coiling is now being
offered to patients who were not suitable for inclusion in
ISAT.* Therefore, the findings from new prospective and
retrospective studies may help provide more clinical value.
The data from non-RCTs show a small benefit with coiling,
but do not reach statistical significance. The interactional
test between results from RCTs and non-RCTs has shown
significant heterogeneity. Thus, pool OR value was not
calculated and subgroup analysis was performed.

Most reviews and letters have documented that preopera-
tive condition is the most important risk factor. Patients in our
study were divided into 2 subgroups: good and poor preopera-
tive grade. Interaction tests within both of the subgroups have
shown homogeneity between RCTs and non-RCTs. So pooled
OR values were calculated. The results yielded a greater ben-
efit in those with a good preoperative grade. Among patients
with a poor preoperative grade, treatment modality was not a
significant prognostic factor. Although coiling is less invasive
than surgery, the patient outcomes were mostly related to the
initial subarachnoid hemorrhage and its deleterious conse-
quences. Interaction testing between subgroups has also con-
firmed that clinical outcomes of treatment were heterogeneous
by preoperative grade.

The analysis on postprocedural recurrent hemorrhage is
homogenous between RCTs and non-RCTs. The pooled
OR showed a significantly higher risk in the coiled patient
population within 1 year of follow-up. This result corresponded
with the angiographic outcomes, which revealed a significant
difference in the ratio of incomplete occlusion between
coiling and clipping, indicating that aneurysms are more often
incompletely treated with coiling and thus carry a higher risk
for reopening.

The all-cause 1-year mortality rate did not differ signifi-
cantly between the 2 groups. The results of RCTs and obser-
vational studies were homogenous. Although coiling has
advantages in reducing poor outcomes and clipping has a
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lower risk of rebleeding, their 1-year mortality is statistically
equivalent. However, most studies only provided 1-year all-
cause mortality and failed to provide case fatality, thus reduc-
ing the reliability of the results.

Four trials have mentioned long-term follow-up for com-
parison of poor outcomes between the 2 approaches, and
coiling continued to yield a better outcome than clipping
after operation. Analysis on postprocedural recurrent hemor-
rhage showed a significantly higher risk in the coiled patient
population not only within 1-year follow-up, but also in long-
term follow-up. Only 3 long-term follow-up studies showed
that the risk of death was significantly lower in the coiling
group than in the clipping group. These results were largely
dependent on ISAT. Nevertheless, potential biases of patient
characteristics and national referral patterns, as well as the
methodological problems in ISAT, contribute to the difficulty
in interpreting differences in long-term outcomes. More trials
for long-term follow-up are required for further evaluation of
both techniques.

Secondary Outcomes

The incidence of total vasospasm and ischemic infarct after
SAH varies in comparative studies of clipping and coiling
for ruptured aneurysm occlusion. The analysis on vasospasm
after operation showed a significantly higher risk in the clip-
ping group, but the ischemic infarct end point showed no sta-
tistical difference. The results were inconsistent with those in
the prior meta-analysis conducted in 2007, which revealed
no significant difference for the risk of vasospasm between
coiling and clipping. The main difference is the inclusion of
3 large trials in our analysis encompassing 460 participants,
2 of which found a significant difference. Although conven-
tional angiography is the gold standard for the diagnosis of
vasospasm,*® some authors use indirect changes suggestive
of vasospasm, such as neurological consequences, increased
blood flow velocity detected by transcranial Doppler and
imaging techniques for diagnosis of tissue ischemia. However,
there is no evidence that 1 method is more efficient and reli-
able than other methods.*’**

Cumulative meta-analysis, including 1981 patients alto-
gether, demonstrated that the frequency of shunt-dependent
hydrocephalus was not significantly different between coiling
and clipping. This result differs with the prior meta-analysis
conducted in 2007,* which showed that the risk of shunt-
dependent hydrocephalus was significantly higher after coiling
than clipping for ruptured intracranial aneurysms. The main
difference comes from the inclusion in our analysis of 3 large
trials, with 981 participants. A study*' including 718 patients
in the previous meta-analysis was excluded in our study for
substantial imbalance of the baseline character, which might
strongly relate to the outcome measures. Of the patients
treated solely with endovascular methods, 38% demonstrated
admission Hunt and Hess grades of IV or V, compared with
only 12% of patients who underwent surgical treatment. This
selection bias might have contributed to the higher incidence
of shunt dependency among patients treated nonsurgically. We
believe exclusion of this study greatly improves the reliability
of our analysis.
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The procedural complications are another influential fac-
tor for the prognosis of postintervention aneurysmal SAH.
Procedural complications with coiling include aneurysmal
perforation, mechanical vasospasm, thromboembolism, coil
migration, etc. Surgical-related complications include surgi-
cal wound infection, extradural or subdural hematoma, cranial
nerve palsy, postclipping ischemic infarct, etc. Fraser et al*
reviewed 19 publications and found that the overall weighted
average procedural complication rate among clipped aneu-
rysms (for those studies involved) was 11%, with a range of
6.6% to 50.0%, among which the largest study reported a rate
of 6.6% (n=391). Among other studies for coiled aneurysms,
the overall average procedural complication rate was 9%, with
a range of 4.1% to 28.6%. The largest study reported a rate
of 9.2% (n=403). Though the characteristics of the patients
differed greatly from each study, the comparison of total pro-
cedural complications or those associated with poor outcomes
both showed no difference between coiling and clipping.

Limitations

The clinical relevance of these results must be interpreted with
caution. Our study may have some bias, because the analysis
of the nonrandomized studies was not adjusted for confound-
ing variables. In most observational controlled trials, alloca-
tion to clipping or coiling was based on surgeon preference
according to preoperative condition, aneurismal characteris-
tic, and the experience of the surgeon. On the contrary, clini-
cal diversity makes the results of RCTs impossible to verify
for all patients, aneurysms, and center characteristics. In the
future, more inclusive and well-designed RCTs are needed to
confirm our conclusion.

Conclusions
In summary, the results of our meta-analysis clearly show
that coiling yields a better clinical outcome than clipping, the
benefit being greater in those with a good preoperative grade
than those with a poor preoperative grade. However, coiling
leads to a greater risk of rebleeding. The mortality of the 2
treatments shows no significant difference within 1 year.
Furthermore, the risk of vasospasm is higher after clipping
than coiling, whereas the ischemic infarct, shunt-dependent
hydrocephalus, and procedural complication rate of the 2
groups show no significant difference.

Acknowledgment
We thank Yuantao Hao, Jinxin Zhang, and Xueqin Wang for statistical
assistance.

Disclosures

Dr Peng has received research funding from National Natural Science
Foundation of China (No. 31070953, 81272197). Dr Tang has re-
ceived research funding from National Natural Science Foundation
of China (81072242, 81272576), the Fundamental Research Funds
for the Central Universities, and Funds for Pearl River Science
&Technology Star of Guangzhou City. The other authors have no
conflicts to report.

References

1. van der Schaaf I, Algra A, Wermer M, Molyneux A, Clarke M, van Gijn
], et al. Endovascular coiling versus neurosurgical clipping for patients

Downloaded from http://stroke.ahajournals.org/ by guest on January 21, 2013


http://stroke.ahajournals.org/

36

10.

11.

12.

13.

14.

15.

16.

17.

19.

Stroke January 2013

with aneurysmal subarachnoid haemorrhage. Cochrane Database Syst
Rev. 2005:D3085.

. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D,

et al. Meta-analysis of observational studies in epidemiology: a proposal
for reporting. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group. JAMA. 2000;283:2008-2012.

. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred

reporting items for systematic reviews and meta-analyses: the PRISMA
statement. J Clin Epidemiol. 2009;62:1006—-1012.

. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF.

Improving the quality of reports of meta-analyses of randomised con-
trolled trials: the QUOROM statement. Onkologie. 2000;23:597-602.

. Brilstra EH, Rinkel GJ, Algra A, van Gijn J. Rebleeding, secondary isch-

emia, and timing of operation in patients with subarachnoid hemorrhage.
Neurology. 2000;55:1656—1660.

. Koivisto T, Vanninen R, Hurskainen H, Saari T, Hernesniemi J, Vapalahti

M. Outcomes of early endovascular versus surgical treatment of rup-
tured cerebral aneurysms. A prospective randomized study. Stroke.
2000;31:2369-2377.

. Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA,

et al. International subarachnoid aneurysm trial (ISAT) of neurosurgi-
cal clipping versus endovascular coiling in 2143 patients with ruptured
intracranial aneurysms: a randomised comparison of effects on survival,
dependency, seizures, rebleeding, subgroups, and aneurysm occlusion.
Lancet. 2005;366:809-817.

. McDougall CG, Spetzler RF, Zabramski JM, Partovi S, Hills NK,

Nakaji P, et al. The Barrow Ruptured Aneurysm Trial. J Neurosurg.
2012;116:135-144.

. Molyneux Al, Kerr RS, Birks J, Ramzi N, Yarnold J, Sneade M, et al.

Risk of recurrent subarachnoid haemorrhage, death, or dependence and
standardised mortality ratios after clipping or coiling of an intracranial
aneurysm in the International Subarachnoid Aneurysm Trial (ISAT):
long-term follow-up. Lancet Neurol. 2009;8:427-433.

London Clinical Effectiveness Unit, The Royal College of Surgeons of
England. National study of subarachnoid haemorrhage: final report of an
audit carried out in 34 neurosurgical units in the UK between 14 septem-
ber 2001 to 13 september 2002. 2006:1-56.

Taki W, Sakai N, Suzuki H; PRESAT Group. Determinants of poor out-
come after aneurysmal subarachnoid hemorrhage when both clipping and
coiling are available: Prospective Registry of Subarachnoid Aneurysms
Treatment (PRESAT) in Japan. World Neurosurg. 2011;76:437-445.
Proust F, Debono B, Hannequin D, Gerardin E, Clavier E, Langlois O, et
al. Treatment of anterior communicating artery aneurysms: complemen-
tary aspects of microsurgical and endovascular procedures. J Neurosurg.
2003;99:3-14.

Dehdashti AR, Mermillod B, Rufenacht DA, Reverdin A, de Tribolet N.
Does treatment modality of intracranial ruptured aneurysms influence
the incidence of cerebral vasospasm and clinical outcome? Cerebrovasc
Dis. 2004;17:53-60.

Dehdashti AR, Rilliet B, Rufenacht DA, de Tribolet N. Shunt-
dependent hydrocephalus after rupture of intracranial aneurysms: a
prospective study of the influence of treatment modality. J Neurosurg.
2004;101:402-407.

Gruber A, Ungersbock K, Reinprecht A, Czech T, Gross C, Bednar M,
et al. Evaluation of cerebral vasospasm after early surgical and endo-
vascular treatment of ruptured intracranial aneurysms. Neurosurgery.
1998;42:258-267; discussion 267.

Gruber A, Reinprecht A, Bavinzski G, Czech T, Richling B. Chronic
shunt-dependent hydrocephalus after early surgical and early endo-
vascular treatment of ruptured intracranial aneurysms. Neurosurgery.
1999;44:503-509; discussion 509.

Charpentier C, Audibert G, Guillemin F, Civit T, Ducrocq X, Bracard S, et
al. Multivariate analysis of predictors of cerebral vasospasm occurrence
after aneurysmal subarachnoid hemorrhage. Stroke. 1999;30:1402-1408.

. De Los Reyes K, Patel AB, Bederson JB, Frontera JA. Management of

subarachnoid hemorrhage with intracerebral hematoma: clipping and
clot evacuation versus coil embolization followed by clot evacuation. J
Neurolntervent Surg.January 3,2012.doi:10.1136/neurintsurg-2011-010204.
http://jnis.bmj.com/content/early/2012/01/03/neurintsurg-2011-
010204.long. Accessed February 2, 2012.

Kim BM, Kim DI, Shin YS, Chung EC, Kim DJ, Suh SH, et al. Clinical
outcome and ischemic complication after treatment of anterior choroidal
artery aneurysm: comparison between surgical clipping and endovascu-
lar coiling. AJNR Am J Neuroradiol. 2008;29:286-290.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

Taha MM, Nakahara I, Higashi T, Iwamuro Y, Iwaasa M, Watanabe Y, et
al. Endovascular embolization vs surgical clipping in treatment of cere-
bral aneurysms: morbidity and mortality with short-term outcome. Surg
Neurol. 2006;66:277-284; discussion 284.

Rabinstein AA, Pichelmann MA, Friedman JA, Piepgras DG, Nichols
DA, Mclver JI, et al. Symptomatic vasospasm and outcomes following
aneurysmal subarachnoid hemorrhage: a comparison between surgical
repair and endovascular coil occlusion. J Neurosurg. 2003;98:319-325.
Goddard AJ, Raju PP, Gholkar A. Does the method of treatment of acutely
ruptured intracranial aneurysms influence the incidence and duration of
cerebral vasospasm and clinical outcome? J Neurol Neurosurg Psychiatr.
2004;75:868-872.

Natarajan SK, Sekhar LN, Ghodke B, Britz GW, Bhagawati D, Temkin
N. Outcomes of ruptured intracranial aneurysms treated by microsurgi-
cal clipping and endovascular coiling in a high-volume center. AJNR Am
J Neuroradiol. 2008;29:753-759.

Helland CA, Krékenes J, Moen G, Wester K. A population-based study
of neurosurgical and endovascular treatment of ruptured, intracranial
aneurysms in a small neurosurgical unit. Neurosurgery. 2006;59:1168—
1175; discussion 1175.

Niskanen M, Koivisto T, Ronkainen A, Rinne J, Ruokonen E. Resource
use after subarachnoid hemorrhage: comparison between endovascular
and surgical treatment. Neurosurgery. 2004;54:1081-1086; discussion
1086.

Varelas P, Helms A, Sinson G, Spanaki M, Hacein-Bey L. Clipping or
coiling of ruptured cerebral aneurysms and shunt-dependent hydroceph-
alus. Neurocrit Care. 2006;4:223-228.

de Oliveira JG, Beck J, Setzer M, Gerlach R, Vatter H, Seifert V, et al.
Risk of shunt-dependent hydrocephalus after occlusion of ruptured intra-
cranial aneurysms by surgical clipping or endovascular coiling: a single-
institution series and meta-analysis. Neurosurgery. 2007;61:924-933;
discussion 933.

Nam KH, Hamm IS, Kang DH, Park J, Kim YS. Risk of shunt depen-
dent hydrocephalus after treatment of ruptured intracranial aneurysms:
surgical clipping versus endovascular coiling according to fisher grading
system. J Korean Neurosurg Soc. 2010;48:313-318.

Hoh BL, Curry WT Jr, Carter BS, Ogilvy CS. Computed tomo-
graphic demonstrated infarcts after surgical and endovascular treat-
ment of aneurysmal subarachnoid hemorrhage. Acta Neurochir (Wien).
2004;146:1177-1183.

Hoh BL, Topcuoglu MA, Singhal AB, Pryor JC, Rabinov JD, Rordorf
GA, et al. Effect of clipping, craniotomy, or intravascular coiling on
cerebral vasospasm and patient outcome after aneurysmal subarachnoid
hemorrhage. Neurosurgery. 2004;55:779-786; discussion 786.

Suzuki S, Kurata A, Yamada M, Iwamoto K, Nakahara K, Sato K, et
al. Outcomes analysis of ruptured distal anterior cerebral artery aneu-
rysms treated by endosaccular embolization and surgical clipping. Interv
Neuroradiol. 2011;17:49-57.

Johnston SC, Dowd CF, Higashida RT, Lawton MT, Duckwiler GR,
Gress DR; CARAT Investigators. Predictors of rehemorrhage after
treatment of ruptured intracranial aneurysms: the Cerebral Aneurysm
Rerupture After Treatment (CARAT) study. Stroke. 2008;39:120-125.
Raymond J, Kotowski M, Darsaut TE, Molyneux AJ, Kerr RS. Ruptured
aneurysms and the International Subarachnoid Aneurysm Trial (ISAT):
what is known and what remains to be questioned. Neurochirurgie.
2012;58:103-114.

Gnanalingham KK, Apostolopoulos V, Barazi S, O’Neill K. The impact
of the International Subarachnoid Aneurysm Trial (ISAT) on the man-
agement of aneurysmal subarachnoid haemorrhage in a neurosurgical
unit in the UK. Clin Neurol Neurosurg. 2006;108:117-123.

de Oliveira JG, Beck J, Ulrich C, Rathert J, Raabe A, Seifert V.
Comparison between clipping and coiling on the incidence of cere-
bral vasospasm after aneurysmal subarachnoid hemorrhage: a sys-
tematic review and meta-analysis. Neurosurg Rev. 2007;30:22-30;
discussion 30.

Harrod CG, Bendok BR, Batjer HH. Prediction of cerebral vasospasm in
patients presenting with aneurysmal subarachnoid hemorrhage: a review.
Neurosurgery. 2005;56:633—-654; discussion 633.

. Enblad P, Valtysson J, Andersson J, Lilja A, Valind S, Antoni G, et al.

Simultaneous intracerebral microdialysis and positron emission tomog-
raphy in the detection of ischemia in patients with subarachnoid hemor-
rhage. J Cereb Blood Flow Metab. 1996;16:637-644.

Persson L, Valtysson J, Enblad P, Warme PE, Cesarini K, Lewen A, et al.
Neurochemical monitoring using intracerebral microdialysis in patients
with subarachnoid hemorrhage. J Neurosurg. 1996;84:606-616.

Downloaded from http://stroke.ahajournals.org/ by guest on January 21, 2013


http://stroke.ahajournals.org/

39.

40.

Sidveland H, Nilsson OG, Boris-Moller F, Wieloch T, Brandt L.
Intracerebral microdialysis of glutamate and aspartate in two vascular
territories after aneurysmal subarachnoid hemorrhage. Neurosurgery.
1996;12-19; discussion 19.

de Oliveira JG, Beck J, Setzer M, Gerlach R, Vatter H, Seifert V,
et al. Risk of shunt-dependent hydrocephalus after occlusion of ruptured
intracranial aneurysms by surgical clipping or endovascular coiling: a

Liet al

41.

42.

Meta-Analysis of Clipping vs Coiling 37

single-institution series and meta-analysis. Neurosurgery. 2007;61:924—
933, discussion 933-934.

Dorai Z, Hynan LS, Kopitnik TA, Samson D. Factors related to hydro-
cephalus after aneurysmal subarachnoid hemorrhage. Neurosurgery.
2003;52:763-769; discussion 769.

Fraser JF, Riina H, Mitra N, Gobin YP, Simon AS, Stieg PE. Treatment of
ruptured intracranial aneurysms: looking to the past to register the future.
Neurosurgery. 2006;59:1157-1166; discussion 1166.

Downloaded from http://stroke.ahajournals.org/ by guest on January 21, 2013


http://stroke.ahajournals.org/

SUPPLEMENTAL MATERIAL

Clipping vs. Coiling for Ruptured Intracranial Aneurysms: A Systematic

Review and Meta-Analysis

Hui Li, Rui Pan, Hongxuan Wang, Xiaoming Rong, Zi Yin, Daniel P. Milgrom, Xiaolei Shi,

Yamei Tang, Ying Peng

Downloaded from http://stroke.ahajournals.org/ by guest on January 21, 2013


http://stroke.ahajournals.org/

Supplemental Table 1

Risk of Bias in the Published Controlled Trials

Allocation Allocation Blinding Adequate Assessment Selective Outcome  Other Handling of
Authors Sequence Described Concealment Patient Personnel Assessor of Each Outcome  Reporting Avoided Potential Bias  Missing Data
Brilstra Yes Yes No No No Yes Yes not powered Yes
(2000)
Koivisto et al Yes Yes No No No Yes Yes not powered Yes
(2000)
ISAT Yes Yes No No No Yes Yes not powered Yes
(2005)
BRAT Yes Yes No No No Yes Yes not powered Yes
(2012)
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Supplemental Table 2

Risk of Bias in the Observational Studies Using Ottawa-Newcastle Rules and Other

Criteria
Representative Exposure Comparability Outcome Sufficient Selection Missing Data
Authors Cohort/Reference Ascertainment Assessment Duration Follow-Up Bias and Other
National study Yes/Same surgical No restricton, records Yes No lost Possible bias in available case
(2006) Patient base Record Matched in 1,2,3,4 linkage follow-up bias allocation analysis
PRESAT Yes/Same surgical No restricton, records Yes No lost Possible bias in available case
(2011) Patient base Record Matched in 1,2,3,4 linkage follow-up bias allocation analysis
Proust Yes/Same surgical Restricted to AcoA, records Yes No lost Possible bias in Unclear
et al 2003 Patient base Record Matched in 2,3,4,6 linkage follow-up bias allocation
Dehdashti Yes/Same surgical restricton, records Yes No lost Possible bias in Unclear
et al.2004 Patient base Record Matched in 1,2,3,4 linkage follow-up bias allocation
Gruber et al Yes/Same surgical No restricton, records Yes No lost Possible bias in available case
1998 Patient base Record Matched in1,2,4 linkage follow-up bias allocation analysis
Gruber et al Yes/Same surgical No restricton, records Yes No lost Possible bias in available case
1999 Patient base Record Matched in1,2,3,4 linkage follow-up bias allocation analysis
Charpentier et al Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
1999 Patient base Record Matched in1,2,3,4 linkage follow-up bias allocation
Reyes et al. Yes/Same surgical presence of an ICH records Yes No lost Possible bias in Unclear
2012 Patient base Record 230 ml or ICH with linkage follow-up bias allocation
midline shift=5 mm,
Matched in1,3,4,5,6
B.M. Kim Yes/Same surgical Restricted to anterior records Yes No lost Possible bias in Unclear
2008 Patient base Record choroidal artery linkage follow-up bias allocation
aneurysms,
Matched in 2,3,5,6
Taha et al. Yes/Same surgical No restriction, records Yes No lost Possible bias in Unclear
2006 Patient base Record Matched in2,3 linkage follow-up bias allocation
Rabinstein et al Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
2003 Patient base Record Matched in1,2,3 linkage follow-up bias allocation
Goddard et al. Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
2004 Patient base Record Matched in1,2,3,5 linkage follow-up bias allocation
Natarajan et al. Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
2008 Patient base Record Matched in 1,2,3,4,5 linkage follow-up bias allocation
Helland et al. Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
2006 Patient base Record Matched in2,3 linkage follow-up bias allocation
Niskanen et al. Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
2004 Patient base Record Matched in1,2,3,5,6 linkage follow-up bias allocation
Varelas et al. Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
2006 Patient base Record Matched in1,3,4 linkage follow-up bias allocation
Oliveira et al. Yes/Same surgical No restricton, records Yes No lost Possible bias in Unclear
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2007

Nam et al.

2010

Hoh et al.

2004

Suzuki et al.

2011

Johnston et al.

2008

Dehdashti et al.

2004

Patient base

Yes/Same

Patient base

Yes/Same

Patient base

Yes/Same

Patient base

Yes/Same

Patient base

Yes/Same

Patient base

Record

surgical

Record

surgical

Record

surgical

Record

surgical

Record

surgical

Record

Matched in1,2,3,4,6

No restricton,
Matched in1,3,4

No restricton,
Matched in 1,2,3,4,6
Restricted to anterior
cerebral artery
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1=Age; 2=Sex; 3=Hunt and Hess Grade; 4 =Modified Fisher Score; 5=Aneurism size; 6=Aneurism location.
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Total (95% Cl) 937 908 100.0% 1.25 [1.03, 1.53] *
Total events 319 257

Heterogeneity: Chi = 1.57, df = 2 (P = 0.46); I* = 0%

Test for overall effect: Z = 2.22 (P = 0.03) 001 01 1 10 100

Favours clip Favours coil
Supplemental Figure 1
Forest plot and meta-analysis of poor outcome rate (long term follow-up).

M-H=Mantel-Haenszel method, Cl=confidence interval

Supplemental Figure 2

clip coil Odds Ratio Odds Ratio

M-H, Fix M-H. Fix
1.1.1 RCTs
ISAT2005 291 996 208 999 904%  1.57[1.28,1.93]
Koivisto2000 8 &7 5 52 28%  1.53[0.47,5.03 T
Subtotal (95% CI) 1053 1051 93.1%  1.57 [1.28, 1.92] ¢
Total events 209 213

Heterogeneity: Chiz = 0.00, df = 1 (P = 0.97); 2= 0%
Test for overall effect: Z = 4.37 (P < 0.0001)

1.1.2 other studies

Helland 2006 6 114 2 41 1.7% 1.08 [0.21, 5.59] -1
Proust 2003 25 141 6 25 52% 0.68 [0.25, 1.88] -1
Subtotal (35% CI) 255 66 6.9% 0.78 [0.33, 1.85] -
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Heterogeneity: Chi* = 0.22, df = 1 (P = 0.64); I’ = 0%
Test for overall effect: Z = 0.56 (P = 0.58)

Total (95% CI) 1308 1117 100.0%  1.51[1.24, 1.84] ]
Total events 330 221 . . .
Heterogeneity: Chi? = 2,65, df = 3 (P = 0.45); P = 0% ! ! y y
Test for overall effect: Z = 4.13 (P < 0.0001) 0.01 Fa\?é:lrs dlip 1 Favour1socoll 100
Test for subaroup differences: Chiz = 2.38. df =1 (P = 0.12). I? = 58.0%

Supplemental Figure 2
Forest plot and meta-analysis of poor outcome rate for patients with good
preoperative grade.

M-H=Mantel-Haenszel method, Cl=confidence interval
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1.1.1 RCT

ISAT 2005 35 59 42 64 41.4% 0.76 [0.37, 1.59]
Koivisto 2000 5 57 6 52 14.5% 0.74 [0.21, 2.58]
Subtotal (95% CI) 116 116 55.8% 0.76 [0.40, 1.42]
Total events 40 48

Heterogeneity: Chiz = 0.00, df = 1 (P = 0.96); k= 0%
Test for overall effect: Z = 0.86 (P = 0.39)

1.1.2 other studies

Helland 2006 32 89 12 41 26.6% 1.36[0.61, 3.02] =
Proust 2003 34 45 10 12 97% 0.62[0.12, 3.26] - 1
Reyes 2012 4 8 7 10 7.9% 0.43 [0.086, 2.97] - "~ I
Subtotal (95% CI) 142 63 44.2% 1.03 [0.53, 1.99] L 2
Total events 70 29

Heterogeneity: Chiz = 1.61, df =2 (P = 0.45); = 0%
Test for overall effect: Z = 0.08 (P = 0.93)

Total (95% CI) 258 179 100.0% 0.88 [0.56, 1.38] ’
Total events 110 77

Heterogeneity: Chi# = 2.05, df = 4 (P = 0.73); I = 0% ‘ t y ‘
Test for overall effect: Z = 0.567 (P = 0.57) 0.01 Fa\?c-)lrs clip 1 Favourlomil 100
Test for subaroup differences: Chi?=0.43. df =1 (P = 0.51). 2= 0%

Supplemental Figure 3
Forest plot and meta-analysis of poor outcome rate for patients with poor
preoperative grade.

M-H=Mantel-Haenszel method, Cl=confidence interval

Supplemental Figure 4

clip coil Odds Ratio Odds Ratio
IUQY O NS 2rLs o] € 2Ign [¥l-11 Xed, 397 xed, 959
ISAT 2008 144 1 112 1046 95.3% 1.34 [1.03, 1.74]
Kim 2008 4 30 4 23 39% 0.73 [0.16, 3.30] - 1
Suzuki 2011 1 55 0 13 08% 0.74[0.03 19.27]
Total (95% Cl) 1126 1082 100.0% 1.31 [1.01, 1.70] .
Total events 149 116 ) ,

Heterogeneity: Chi? = 0.72, df = 2 (P = 0.70); I = 0%

Test for overall effect: Z = 2.05 (P = 0.04) 0.01_ 01 1 1o 100

Favours clip Favours coil

Supplemental Figure 4
Forest plot and meta-analysis of mortality (long term follow-up).

M-H=Mantel-Haenszel method, Cl=confidence interval
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clip coil Odds Ratio Odds Ratio
0 eNts A BNLSE 8 ‘: A:- 99% Vi=11 _:u 95%
ISAT 2009 7 107 17 1073 54.8% 0.41[0.17,0.99]
Johnston 2008 9 706 10 295 452% 0.37 [0.15, 0.92]
Kim 2008 0 30 0 23 Not estimable
Total (95% CI) 1806 1391 100.0% 0.39 [0.21, 0.74]
Total events 16 27

Heterogeneity: Chiz = 0.03, df = 1 (P = 0.87); I = 0%

Test for overall effect: Z = 2.89 (P = 0.004) 001 01 1 10 100

Favours clip Favours coil

Supplemental Figure 5
Forest plot and meta-analysis of rebleeding rate (long term follow-up).

M-H=Mantel-Haenszel method; Cl=confidence interval.

Supplemental Figure 6

clip coil Odds Ratio
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B. L. Hoh 2004 37]

Goddard 2004 103 212 38 80 36.8%  1.04[0.62 1.75]

Natarajan2008 69 105 45 87 219%  1.79[1.00,3.20] el

Proust 2003 10 186 2 37 41%  0.99[0.21,4.74] — 1

Taha 2006 10 22 4 23  28% 3.96[1.01, 15.52] .

Total (95% CI) 961 306 100.0%  1.43 [1.07, 1.91] *

Total events 469 132

Heterageneity: Chi? = 4.35, df = 4 (P = 0.36); I’ = 8% =ﬂ.0 ; 0? ] ; 1’0 p 00‘

Test for overall effect: Z = 2.42 (P = 0.02) Favours clip Favours coil

Supplemental Figure 6
Forest plot and meta-analysis of postoperative vasospasm rate.

M-H=Mantel-Haenszel method, Cl=confidence interval

Downloaded from http://stroke.ahajournals.org/ by guest on January 21, 2013


http://stroke.ahajournals.org/

Supplemental Figure 7

clip coil Odds Ratio Odds Ratio
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B.L. Hoh 2004 79 505 20 114 39.1% 0.87 [0.51, 1.49]

Dehdashti 2004 7 72 2 26 38% 1.29 [0.25, 6.66] -1

Gruber 1998 24 111 17 45 26.9% 0.45[0.21, 0.97] —

Koivisto 2000 7 2 6 19 6.0% 1.08 [0.29, 4.08] -

Natarajan 2008 12 105 17 87 23.4% 0.53 [0.24, 1.18] a

Reyes 2012 3 8 1 10 08% 540[0.44, 66.67] ]

Total (95% CI) 822 301 100.0%  0.74 [0.52, 1.06] L

Total events 132 63 . .

Heterogeneity: Chi? = 5.79, df = § (P = 0.33); 1= 14% |0.01 0j1 1 1'0 100

Test for overall effect: Z = 1.66 (P = 0.10) Favours clip Favours coil

Supplemental Figure 7
Forest plot and meta-analysis of postoperative ischemic infarct rate.

M-H=Mantel-Haenszel method, Cl=confidence interval

Supplemental Figure 8
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I .3 AL o AC i+ A
Dehdashti 2004 25 18 13 65 11.7% 0.65[0.31, 1.35] ™7
Gruber 1999 29 125 11 62 8.0% 1.40 [0.65, 3.03] T
Nam 2010 93 498 52 238 40.6% 0.82 [0.56, 1.20]
Natarajan 2008 14 105 13 87 87% 0.88 [0.39, 1.98]
Oliveira 2007 37 212 34 173 21.9% 0.86 [0.52, 1.45]
Taha 2006 ] 25 6 28 31% 1.16 [0.32, 4.20] -
Varelas 2006 6 135 6 48 6.0% 0.33 [0.10, 1.06] |
Total (95% Cl) 1280 701 100.0% 0.84 [0.66, 1.07] ‘
Total events 210 135 . ,

- Chi2 = =6 (P= = b t t
Heterogeneity: Chi* = 4.91, df = 6 (P = 0.56); P = 0% 001 04 1 10 100

Test for overall effect: Z = 1.39 (P = 0.16) Favours dlip Favours coll

Supplemental Figure 8
Forest plot and meta-analysis of postoperative shunt-dependent hydrocephalus rate.

M-H=Mantel-Haenszel method, Cl=confidence interval
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Heterogeneity: Chi? = 0.76, df = 2 (P = 0.68); k= 0%
Test for overall effect: Z = 0.58 (P = 0.56)

Supplemental Figure 9
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Favours clip Favours coil

Forest plot and meta-analysis of procedural complications associated with poor

outcome.

M-H=Mantel-Haenszel method, Cl=confidence interval

Supplemental Figure 10

clip
ISAT 2005 370
Koivisto 2000 49
Proust 2003 171
Reyes 2012 1
Suzuki 2011 44
Total (95% CI)

Total events 635
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Heterogeneity: Chi* = 4,48, df =4 (P = 0.35); P=11%
Test for overall effect: Z = 6.86 (P < 0.00001)

Supplemental Figure 10
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100

Forest plot and meta-analysis of angiographic results (complete occlusion).

M-H=Mantel-Haenszel method, Cl=confidence interval

Downloaded from http://stroke.ahajournals.org/ by guest on January 21, 2013


http://stroke.ahajournals.org/

Supplemental Figure 11

clip coil 0Odds Ratio Odds Ratio
j M-H, Fix M-H, Fix

ISAT 2005 80 450 297 881 75.6% 0.43 [0.32, 0.56] [ ]

Koivisto 2000 7 57 12 52 5.0% 0.47[0.17, 1.30] - I

Natarajan 2007 7 105 18 87 8.4% 0.27 [0.11, 0.69] -

Proust2004 15 186 8 37  56% 0.32[0.12, 0.82] -

Suzuki 2011 11 55 9 13 563% 0.11[0.03, 0.43] -

Total (95% CI) 853 107¢  100.0% 0.39 [0.31, 0.50] ’

Total events 120 344 ) . .

Heterogeneity: Chi? = 4.55, df = 4 (P =0.34); I’ =12% y
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Supplemental Figure 11
Forest plot and meta-analysis of angiographic results (incomplete occlusion).

M-H=Mantel-Haenszel method, Cl=confidence interval
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Supplemental Figure 12
Funnel plots illustrating meta-analysis of poor outcome.

SE=standard error, OR=o0dds ratio
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Supplemental Figure 13
Funnel plots illustrating meta-analysis of mortality.

SE=standard error, OR=odds ratio
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Supplemental Figure 14

Funnel plots illustrating meta-analysis of rebleeding rate.

SE=standard error, OR=0dds ratio
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