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Abstract

unruptured intracranial aneurysm.

studies are required to support the present results.

Background: To compare the effects of endovascular coiling and neurosurgical clipping in patients with

Methods: Sixteen electronic databases were searched for articles published between 1950 and July 2010 to
compare clinical outcomes of clipping and coiling. Researchers reviewed all searched articles and extracted data
independently. The quality of studies and evidence were evaluated using MINORS and GRADEprofiler, respectively.
The odds ratio (OR) was calculated using the inverse variance meta-analysis method for each study outcome. To
assess heterogeneity of ORs across cohorts, Cochran’s Q statistic and 1* were used.

Results: Of 4160 studies, 24 were identified (n = 31865). Clipping resulted in significantly higher disability using the
Glasgow Outcome Scale (OR, 2.38; 95% Cl, 1.33-4.26) and Modified Rankin Scale (OR, 2.83; 95% Cl, 1.42-5.63) when
compared with coiling. ORs for complications were also higher with clipping (ORs for neurological and cardiac
complications were 1.94 with a 95% confidence interval [Cl] of 1.09-3.47 and 2.51 with a 95% Cl of 1.15-5.50).
Clipping resulted in significantly greater disability in the short term (<6 m)(OR on the Glasgow Outcome Scale, 2.72;
95% (I, 1.16-6.34), but not in the long term (>6 m)(OR for Glasgow Outcome Scale, 2.12; 95% Cl, 0.93-4.84).

Conclusions: Coiling was a better procedure for treatment of unruptured intracranial aneurysm in terms of
disability, complications, especially in the short term. Because of the limitations of the reviewed studies, further
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Background
Recent developments in non-invasive imaging detection,
such as magnetic resonance (MR) angiography and com-
puted tomography (CT) angiography, have made screen-
ing for unruptured intracranial aneurysm (UIA) possible
in the general population [1]. Despite study results
showing that it is not cost-effective to screen for asymp-
tomatic UIA [2], such screening has become widespread,
and UIA is being identified with increasing frequency.
Patients with UIA always have risks of rupture with
intracranial aneurysms. A nationwide study in Sweden
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showed that the 5-, 10- and 15-year risks of death after
subarachnoid haemorrhage (SAH) were 12.9%, 23.6%
and 35.4%, respectively [3]. Thus, patients with UIA are
often treated to prevent SAH, and these prophylactic
treatments include neurosurgical clipping and endovas-
cular coiling. Neurosurgical clipping of the aneurysm
was the standard treatment prior to the introduction of
detachable coils, but endovascular coiling has recently
been increasing [4]. Neurosurgical clipping is recom-
mended over endovascular coiling for young patients
and for small or anterior circulation aneurysms, i.e., low-
risk cases [5]. Neurosurgical clipping is an order of mag-
nitude more durable than endovascular coiling, but
endovascular coiling is less invasive than neurosurgical
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clipping; thus, it may be suitable for high-risk UIA
patients (elderly or posterior aneurysms, etc.) [5].

Using the national inpatient sample database from
2002 to 2008, Smith et al. [6] showed that the major-
ity of ruptured and unruptured aneurysms in the US
are coiled. However, which treatment is better remains
controversial, and there have been no systematic
reviews of patients with UIA. Therefore, an extensive
systematic review and meta-analysis were performed
to compare the benefits and risks in UIA patients
treated with endovascular coiling vs. neurosurgical

clipping.

Methods

Literature search

We developed and adhered to a protocol for population,
intervention, comparison and outcome (PICO) search
methods, data extraction, quality assessment, meta-
analysis and grading of the quality of the evidence for
this systematic review.

Articles Published before July 2010 in 16 electronic
databases were searched. These databases included three
international databases, ten Korean domestic databases
and three Japanese domestic databases: (1) Ovid-Medline,
(2) Ovid-Embase, (3) Cochrane Library, (4) KISS (http://
kiss.kstudy.com), (5) KMBASE (http://kmbase.medric.or.
kr), (6) KoreaMed (http://www.koreamed.org), (7) NDSL
(http://www.ndsl.kr), (8) KiSTi (http://society.kisti. re.
kr), (9) J Cerebrovasc Surg (http://jkcvs.ksevs.org), (10)
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J Korean Soc Radiol (http://www.radiology.or.kr), (11) J
Korean Neurosurg Soc (http://jkns.or.kr), (12) Neuro
intervention (http://www.ksin.or.kr), (13) Korean ]
Stroke (http://www.stroke.or.kr), (14) JAMAS (http://
www.jamas.or.jp), (15) Medical online (http://www.
meteo-intergate.com) and (16) J-stage (http://www.
jstage.jst.go.jp). Various combinations of Mesh head-
ings and keywords were used, such as “intracranial
aneurysm”, “subarachnoid haemorrhage”, “embolisa-
tion”, “neurosurgical procedures”, “neurosurgery”,
“unruptured”, “coil”, “Guglielmi”, “GDC”, and “clip”.
The search was limited to human studies without lan-
guage restrictions.

Study selection, data extraction and quality assessment

Eligible studies were those that included adult (>18 years)
patients with UIA. Patients with mycotic, infectious, dis-
secting or fusiform aneurysms, arteriovenous malforma-
tion or arteriovenous fistula were excluded. Case series,
case reports and publications that had not undergone
peer review were excluded. In addition, studies were
required to have directly comparable outcome measures
for endovascular coiling and neurosurgical clipping, such
as overall death, in-hospital mortality, disability and
complications. Disability was regarded as a score of 1-5
on the Modified Rankin Scale [mRS] and a score of 2—4
on the Glasgow Outcome Scale [GOS]. The mRS, a
clinician-reported measure of global disability, is widely
applied to evaluate stroke patient outcomes, and scores

4160 articles identified through database searching

!

3135 articles after duplicates removed

!

3135 articles screened

2462 articles excluded

>

|

for eligibility

673 full text articles assessed

649 full text articles
excluded, with reasons’

|

|

* Reasons
23 non-population

24 articles included in
quantitaive synthesis
(meta-analysis)

53 non-intervention
223 non-outcome
350 non-study design

Figure 1 Flow diagram of article selection for this study.
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run from no symptoms at all (score 0) to death (score 6)
[7]. The GOS assesses outcome after severe brain dam-
age and runs from death (score 1) to good recovery
(score 5) [8]. There were various complications, includ-
ing bleeding or haematoma in the brain, ischemia or in-
farction, cerebral vessel damage, cerebrospinal fluid
fistula, infection, cranial nerve disorder, cognitive im-
pairment, encephalitis, meningitis, embolism, cardiac
disease and pulmonary disease.

Four authors (HJL, JEC, JSH and MKH) independently
reviewed all searched articles and extracted data using
pre-made extraction forms that included study design,
follow-up period, inclusion/exclusion criteria, sample
size, sex, age, aneurysm location, aneurysm size, race,
baseline characteristics, treatment protocol, outcome
variables and complications. Disability was calculated
based on the percentages of categories other than death/
good recovery in mRS/GOS. The numbers of events for
outcomes were extracted according to the intention-to-
treat principle.

Six authors (HJL, JEC, JHK, JSH, LRL and MKH) inde-
pendently evaluated the quality of the studies using the
Methodological Index for Nonrandomised Studies
(MINORS) [9]. In the case of disagreement, consensus
was reached through discussion and negotiations with
partners. If a consensus could not be achieved within

Page 3 of 7

the group, a third party was involved, and then an agree-
ment was reached by majority rule.

Meta-analysis and grading the quality of the evidence

A meta-analysis was performed to synthesise the out-
comes, except for missing data among 24 articles. Binary
outcomes were expressed as odds ratios (ORs). The
reporting methods for in-hospital mortality were diverse,
including the number of patients, unadjusted ORs and
adjusted ORs. Therefore, InOR and standard error were
calculated using statistical equations.

Fixed and random effects inverse-variance meta-analysis
was used to combine the studies and obtain the average
effects and 95% confidence intervals (CI). The subgroup
analyses were performed by outcome measurement times
(short time, <6 months; long time, >6 months) according
to medical experts’ opinions.

To assess heterogeneity across studies, funnel plots were
visually examined, and Cochran’s Q statistic and the I
statistic were used. Publication bias was also assessed
using funnel plots, Begg and Mazumdar’s rank correlation
(Begg’s test) and Egger’s linear regression asymmetry test
of the intercept (Egger’s test). Finally, the quality of the
body of evidence was graded as “high”, “moderate”, “low”,
or “very low” [10].

Table 1 Meta-analysis of neurosurgical clipping vs. endovascular coiling for each outcome

Outcome Studies, Patients, Random effects, Fixed effects, 1%,%* Heterogeneity
n n OR (95% CI) OR (95% CI) P*
Overall death
Overall 5 1967 142 (0.50, 4.04) 142 (0.50, 4.04) 0 0.69
<6 months measurement time 4 1950 125 (042, 3.74) 1.25 (042, 3.74) 0 0.65
In-hospital mortality
Overall 5 1.55 (091, 2.61) 1.35(1.07, 1.70) 52 0.08
Adjusted OR 3 335 (091, 12.30) 346 (220, 544) 83 0.003
Disability (GOS)
Overall 9 754 238 (1.33,4.26) 238 (1.33, 4.26) 0 0.99
<6 months measurement time 4 314 2.72 (1.16, 6.34) 2.72 (1.16, 6.34) 0 0.81
>6 months measurement time 4 331 2 (093, 4.84) 2.12 (093, 4.84) 0 0.90
Asian races 4 413 1(1.19, 4.90) 241 (1.19, 490) 0 0.84
Western races 5 341 232 (0.84, 6.39) 232 (0.84, 6.39) 0 092
Disability (mRS) 2 262 283 (142, 5.63) 283 (142, 5.63) 0 081
0 0.72
Complication
Cerebral haemorrhage 8 7419 1.96 (0.83, 4.64) 44 (1.03, 2.02) 63 0.01
Cerebral infarction 12 7635 1.07 (0.69, 1.66) 0.96 (0.74, 1,23) 39 0.08
Neurological complication 1M 7661 1.94 (1.09-347) 138 (1.12,1.71) 58 0.009
Cardiac complication 6 7067 2.51 (1.15. 5.50) 2.51 (1.15. 5.50) 0 0.98

Abbreviations: OR, odds ratio; Cl, confidence interval; mRS, modified Rankin Scale; GOS, Glasgow Outcome Scale; *Values for a random-effects model are

reported.



Hwang et al. BMC Neurology 2012, 12:99
http://www.biomedcentral.com/1471-2377/12/99

Meta-analyses were conducted using Comprehensive
Meta-analysis 2.0 (Biostat, Englewood, NJ, USA), and the
quality of evidence and strength of recommendation were
graded using GRADEprofiler 3.2.2 (GRADE Working
Group).

Results

The authors independently reviewed titles and abstracts
of 3135 identified unique studies; 2462 studies were
excluded. The full-text publications of the remaining
673 potentially eligible studies were reviewed in detail.
Of these, 645 were excluded based on the inclusion and
exclusion criteria (Figure 1). Of 1581 international stud-
ies, 1480 Korean domestic studies and 1099 Japanese do-
mestic studies, 24 observational studies reporting data
from 31 865 patients were selected for the comprehen-
sive meta-analysis. Characteristics of these studies are
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presented in Additional file 1 and the quality of studies
are listed in Additional file 1.

Meta-analysis

Four outcome types (disability measured by mRS and
GOS, neurological and cardiac complications) showed
statistically significant differences between coiling and
clipping (Table 1, Figure 2, Figure 3). Clipping had sig-
nificantly higher disability as measured by GOS (OR,
2.38; 95% CI, 1.33-4.26) and mRS (OR, 2.83; 95% CI,
1.42-5.63) when compared with coiling. ORs for neuro-
logical (OR, 1.94; 95% CI, 1.09-3.47) and cardiac (OR,
2.51; 95% CI, 1.15-5.50) complications were also higher
with clipping.

On the other hand, overall mortality, in-hospital mor-
tality and complications of cerebral haemorrhage and
cerebral infarction showed no statistically significant dif-
ferences between the two groups. There was evidence of

(A) Overall death

Study Odds ratio and 95% CI
Odds Lower Upper Relative
CLIP COIL ratio limit limit weight
Miyachi S (1999) 3/43 2/60 2175 0348 13613 32.29 —-'—-—— |
Johnston SC (2000) 1/68 1/62 0910 0056 14874 13.92
Yamada K (2003) 0/29 1/18 0198 0008 5124 10.25
Takemoto K (2009) 1/7 0/10 43846 0171 137 650 970 = '
Kim JE {2010} 3/846 2/824 1463 0244 8776 3383
37903 67974 1424 0502 4037
0.01 01 1 10 100
(B) In-hospital mortality
Study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit weight
Johnston SC (1999) 5.954 0.821 43.186 6.05
Johnston SC (2001) 8.619 1.611 27.198 10.48
Wiebers DO (2003) 0.850 0.386 1.874 21.90
Barker FG (2004) 1.300 0.602 2.808 22.44
Hoh BL (2010) 1.313 1.009 1.707 39.14
1.546 0.914 2.614
0.01 0.1 1 10 100
(C) Disability measured by the Glasgow Outcome Scale
Study Odds ratio and 95% CI
Odds Lower Upper Relative
CLIP COIL ratio limit limit weight
Hirai S (2001) 7/89 0/5 1000 0050 19886 378
Johnston SC (2000) 7/68 3/62 2257 0557 9143 17.27 —_—l—
Nagamine Y (2001) 2/77 0/32 2152 0101 46091 3.60
Yamada K (2003) 3/29 1/12 1269 0119 13583 6.02
Niskanen M {(2005) 21/104 6/53 1982 0747 5 256 3554 ——-—
Solheim O (2006) T/37 1726 5833 0672 50656 724 -
Taha MM (2006) 7/37 3743 3111 0742 13039 16 47 +—8—
Lindekleiv HM {2009) 6/43 1/20 3081 0345 27477 7.06
Takemoto K (2008) 1/7 0/10 4846 0171 137.680 3.02
2380 1331 4258 <>
0.01 0.1 1 10 100

Figure 2 Outcomes from neurosurgical clipping vs. endovascular coiling.
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statistical heterogeneity, and the I> range was 39% to
83%, which represents moderate or substantial hetero-
geneity. Therefore, overall mortality, in-hospital mortal-
ity and complications of cerebral haemorrhage and
cerebral infarction were incorporated into a random-

effects model.
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In subgroup analysis by outcome-measurement time,
clipping showed significantly higher disability measured
by GOS (OR, 2.72; 95% CI, 1.16—6.34) in the short term
(<6 m). However, disability (GOS) was not significantly
different in the long term (>6 m) (OR, 2.12; 95% CI,
0.93-4.84) (Table 1).

N
(A) Cerebral haemorrhage (complications)
Study Exposed/ Total 0Odds ratio and 95% CI
Odds Lower Upper Relative
CLIP COIL  ratic  limit limit weight
Johnston SC (2000) 2/68  0/62 4689 0221 99817 634 -
Nagamine Y (2001) 4/77 0/32 3980 0208 76.092 6.70
Kamiyama K (2003)4/235 0/51 2002 0108 37771 6.75
Barker FG (2004) 78/3498 16/421 0577 0324 0998 2788 -
Solheim O (2006)  1/37 0/26 2178 0085 55584 577
Higashida (2007) 142/1881 22/654 2346 1483 3709 2885 g o
wamuro Y (2007) 8/78  0/54 13142 0742232710 6.98 &
Seifert V(2008) 6/165 1/80 2981 0353 25190 1073 =
245/6039329/1380 1959 0828 4635 -.-
0.01 0.1 1 10 100
(B) Cerebral infarction (complications)
Study Cases [ Total Odds ratio and 95% CI
Odds Lower Upper Relative
CLIP COIL  ratio  limit limit weight
Miyachi S (1999) 11/43  7/63 2750 0970 7.799 1098 ——
Nagamine Y (2001) 1477 2/32 0197 0017 2258 291
Kamiyama K (2003)  4/235  2/51 0424 0076 2381 528
Vindlacheruvu RR (2003)5/29  1/26 5208 0566 47.902 344
Yamada K (2003) 1732 0/16 1571 0061 40754 170
Barker FG (2004)  251/349841/421 0716 0506 1013 2454 -
Solheim O (2006) 3737 1726 2206 0216 22476 a7
Higashida RT (2007) 79/1881 18/654 1549 0821 2605 2059 -
wamuro Y (2007) /78 4754 1630 0475 5594 8.80 —_———
Cha JH (2008) 3/58  1/10 0491 0046 5253 306
Seifert V (2008) 10/165 9/80 0509 0198 1307 1237 —a—1
Lindekleiv HM (2009)  3/46 1/23 1535 0.151 15630 317
380/617987 /1456 1070 0691 1658 >
0.01 01 1 10 100
(C) Neurological complications
Study Cases | Total Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
cLip coliL ratio limit limit weight
Miyachi S (1999) 3/43 0/63 10975 0552 218095 050
Johnston SC (2000) 44 /68 13762 6410 3142 15189 725 —
Nagamine Y (2001) 3477 0/32 3.054 0153 60828 050
Kamiyama K (2003) 21235 0/49 1.060 0050 22422 048
Yamada K (2003) 4432 3118 08619 0121 3176 159 —_—
Barker FG (2004) 27413488 214421 1619 1026 2554 2169 -
Manabe H (2004) 2175 0115 1.054 0048 23.086 047
Solheim O (2008) 3137 026 5377 0266 108660 050
Higashida (2007) 266 /1881  B86/654 1088 0838 1413 66.03 ]
Iwamuro Y (2007) 1178 0/54 2110 0084 52765 043
Saifert V (2008) 171865 0/80 1.468 0059 36439 044
1.382 1118 1709 4
0.01 0.1 1 10 100
(D) Cardiac complications
Study Cases | Total 0Odds ratio and 95% CI
Odds Lower Upper Relative
CLIP COIL  ratio  limit limit weight
Miyachi S(1999) 1/43 0/63 4482 0178112645 588 o
Johnston SC (2000) 3/68 1/62 2815 0285 27801 1166 L
Barker FG (2004) 603493 2/421 3656 0890 15012 3064 — i
Higashida RT (20076 /1881 3/654 1862 0541 6410 3999 ——.—
wamuro ¥ (2007) 1/78 0/54 2110 0084 52765 590
Seifert V (2008) 17165 0/80 1468 0059 36439 593
82/57336/1334 2513 1150 5492 ‘
0.01 0.1 1 10 100
Figure 3 Outcomes from neurosurgical clipping vs. endovascular coiling (complications).
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We found no apparent systematic bias in the overall
and subgroup meta-analyses, as assessed by a funnel plot
and test (Table 2).

Additional analysis

The re-intervention rate for endovascular coiling was 2%
to 154% in five studies. Coil compaction within the
follow-up period is a common cause in most cases. In
contrast, only two clipping studies reported re-
intervention; the rate of neurosurgical clipping was 0%
in one study and 2.3% in the other.

Discussion

This study showed that coiling is associated with less
harm than clipping in terms of disability measured by
mRS and GOS, neurological and cardiac complications,
but all of the studies included were observational. It is
difficult to randomise controlled trials of surgical inter-
vention in terms of such factors; consequently, observa-
tional studies may be the best available evidence. This is
the first comprehensive systematic review and meta-
analysis comparing clipping and coiling in patients with
UIA. King et al. [11] and Raaymakers et al. [12] found
mortality rates of 1.0% and 2.6% and morbidity rates of
4.1% and 10.9%, respectively, in meta-analyses of the out-
come of clipping for UIA. Ontario [13] performed a sys-
tematic review on the outcome of clipping for
intracranial aneurysms including UIA. These previous
studies were systematic reviews of only a single interven-
tion and did not compare interventions with one an-
other. Therefore, the present study is meaningful despite
some limitations.

Sixteen accessible electronic databases were searched,
including major international databases and Korean and
Japanese domestic databases without language restric-
tion. The aneurismal subarachnoid haemorrhage inci-
dence rate in Japan is more than double those in other
regions [14], so Japanese domestic databases were
included in the search.

After an extensive search and review, 24 studies were
identified (n = 31 865) among 4160 studies. Clipping

Table 2 Publication-bias test

Outcome Egger Test P-value  Begg Test P-value
Overall death 05762 1.000
In-hospital mortality 03218 04624
Disability (GOS) 0.7071 09170
Complication

Cerebral haemorrhage 04102 0.9015
Cerebral infarction 0.5302 06312
Neurological complication 0.2501 0.8763
Cardiac complication 0.8927 0.7071
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resulted in significantly higher disability as measured by
GOS (overall and short-term [<6 m]), but this significant
difference between the two groups disappeared over the
long term (>6 m). Clipping is considered a type of crani-
otomy and a more invasive treatment than coiling.
Therefore, patients may suffer short-term and/or long-
term disability as a result of surgery. However, some of
these disabilities may disappear over time with healing
and therapy.

Clipping had 2-2.5 times as many neurological compli-
cations and cardiac complications than coiling. The major
complication differed based on the treatment method; for
example, ischemic injury caused by vasoocclusion and
vasoconstriction during surgery was common in clipping,
whereas thromboembolism caused by the endovascular
procedure and procedure-related rupture during endovas-
cular therapy were common in coiling.

However, although the cause of ischemic or haemor-
rhagic brain injury differed, the types of injury were
similar (ischemic or haemorrhagic). Therefore, these
complications were directly compared between the clip-
ping and coiling groups. No significant differences were
found between clipping and coiling in the present study.
However, another study using the national impatient
sample database showed that in-hospital deaths and
perioperative complications (i.e., intracerebral haemor-
rhage and acute ischemic stroke) were higher with clip-
ping than with coiling [15].

This study had several limitations. First, the selected
studies were all observational, because we did not find
any well-designed, prospective, randomised compara-
tive clinical trials. Therefore, the levels of evidence for
all outcomes were “very low” in keeping with the qual-
ity of evidence assessment dictated by GRADEprofiler.
Second, the analysis did not examine outcomes accord-
ing to the size and location of aneurysms. The infor-
mation about size/location of aneurysms in the
selected studies was either not found or was useless
because treatment outcomes were not reported for
each size and location.

Conclusions

In conclusion, endovascular coiling has benefits in UIA
treatment in terms of low disability after treatment in
the short term and fewer complications compared with
neurosurgical clipping. However, because most of the
reviewed studies were retrospective cohort studies, fur-
ther well-designed, prospective, randomised comparative
clinical trials are required to verify these results.
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