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ABSTRACT
Background
Around 30% of people who are admitted to hospital with aneurysmal subarachnoid haemorrhage (SAH) will rebleed in the initial
month after the haemorrhage if the aneurysm is not treated. The two most commonly used methods to occlude the aneurysm for
prevention of rebleeding are microsurgical clipping of the neck of the aneurysm and occlusion of the lumen of the aneurysm by means
of endovascular coiling. This is an update of a systematic review that was previously published in 2005.
Objectives
To compare the effects of endovascular coiling versus neurosurgical clipping in people with aneurysmal SAH on poor outcome,
rebleeding, neurological deficit, and treatment complications.
Search methods
We searched the Cochrane Stroke Group Trials Register (March 2018). In addition, we searched CENTRAL (2018, Issue 2), MEDLINE
(1966 to March 2018), Embase (1980 to March 2018), US National Institutes of Health Ongoing Trials Register (March 2018), and
World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) (last searched March 2018). We also
contacted trialists.
Selection criteria
We included randomised trials comparing endovascular coiling with neurosurgical clipping in people with SAH from a ruptured
aneurysm.
Data collection and analysis
Two review authors independently extracted data, and assessed trial quality and risk of bias using the GRADE approach. We contacted
trialists to obtain missing information. We defined poor outcome as death or dependence in daily activities (modified Rankin scale 3
to 6 or Glasgow Outcome Scale (GOS) 1 to 3). In the special worst-case scenario analysis, we assumed all participants in the group
with better outcome with missing follow-up information had a poor outcome and those in the other group with missing data a good
outcome.
Endovascular coiling versus neurosurgical clipping for people with aneurysmal subarachnoid haemorrhage (Review)
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Main results
We included four randomised trials involving 2458 participants (range per trial: 20 to 2143 participants). Evidence is mostly based
on the largest trial. Most participants were in good clinical condition and had an aneurysm on the anterior circulation. None of the
included trials was at low risk of bias in all domains. One trial was at unclear risk in one domain, two trials at unclear risk in three
domains, and one trial at high risk in one domain.
After one year of follow-up, 24% of participants randomised to endovascular treatment and 32% of participants randomised to the
surgical treatment group had poor functional outcome. The risk ratio (RR) of poor outcome (death or dependency) for endovascular
coiling versus neurosurgical clipping was 0.77 (95% confidence interval (CI) 0.67 to 0.87; 4 trials, 2429 participants, moderate-quality
evidence), and the absolute risk reduction was 7% (95% CI 4% to 11%). In the worst-case scenario analysis for poor outcome, the
RR for endovascular coiling versus neurosurgical clipping was 0.80 (95% CI 0.71 to 0.91), and the absolute risk reduction was 6%
(95% CI 2% to 10%). The RR of death at 12 months was 0.80 (95% CI 0.63 to 1.02; 4 trials, 2429 participants, moderate-quality
evidence). In a subgroup analysis of participants with an anterior circulation aneurysm, the RR of poor outcome was 0.78 (95% CI
0.68 to 0.90; 2 trials, 2157 participants, moderate-quality evidence), and the absolute risk decrease was 7% (95% CI 3% to 10%).
In subgroup analysis of those with a posterior circulation aneurysm, the RR was 0.41 (95% CI 0.19 to 0.92; 2 trials, 69 participants,
low-quality evidence), and the absolute decrease in risk was 27% (95% CI 6% to 48%). At five years, 28% of participants randomised
to endovascular treatment and 32% of participants randomised to surgical treatment had poor functional outcome. The RR of poor
outcome for endovascular coiling versus neurosurgical clipping was 0.87 (95% CI 0.75 to 1.01, 1 trial, 1724 participants, low-quality
evidence). At 10 years, 35% participants allocated to endovascular and 43% participants allocated to surgical treatment had poor
functional outcome. At 10 years RR of poor outcome for endovascular coiling versus neurosurgical clipping was 0.81 (95% CI 0.70 to
0.92; 1 trial, 1316 participants, low-quality evidence). The RR of delayed cerebral ischaemia at two to three months for endovascular
coiling versus neurosurgical clipping was 0.84 (95% CI 0.74 to 0.96; 4 trials, 2450 participants, moderate-quality evidence). The RR
of rebleeding for endovascular coiling versus neurosurgical clipping was 1.83 (95% CI 1.04 to 3.23; 4 trials, 2458 participants, highquality evidence) at one year, and 2.69 (95% CI 1.50 to 4.81; 1 trial, 1323 participants, low-quality evidence) at 10 years. The RR of
complications from intervention for endovascular coiling versus neurosurgical clipping was 1.05 (95% CI 0.44 to 2.53; 2 trials, 129
participants, low-quality evidence).
Authors’ conclusions
The evidence in this systematic review comes mainly from one large trial, and long-term follow-up is available only for a subgroup
of participants within that trial. For people in good clinical condition with ruptured aneurysms of either the anterior or posterior
circulation the data from randomised trials show that, if the aneurysm is considered suitable for both neurosurgical clipping and
endovascular coiling, coiling is associated with a better outcome. There is no reliable trial evidence that can be used directly to guide
treatment in people with a poor clinical condition.

PLAIN LANGUAGE SUMMARY
Endovascular coiling versus neurosurgical clipping for people with aneurysmal subarachnoid haemorrhage
Review question
We reviewed the outcome after endovascular coiling compared with neurosurgical clipping after a subarachnoid haemorrhage.
Background
Bleeding under the surface membrane of the brain is called a subarachnoid haemorrhage. The bleeding usually comes from the rupture
of a weak spot in an artery carrying blood to the brain. This weak spot is like a small balloon, which is called an aneurysm. The outcome
after subarachnoid haemorrhage from an aneurysm is generally poor: a third of all people die within three months, and one of every
five people remains dependent on someone else for help with every day activities such as walking, dressing, bathing, and taking care of
one’s own affairs. One of the risks in people with subarachnoid haemorrhage is rebleeding. There are two ways to try and prevent this:
neurosurgical clipping of the neck of the aneurysm in an operation or blocking the aneurysm from inside by endovascular coiling.
Study characteristics
Endovascular coiling versus neurosurgical clipping for people with aneurysmal subarachnoid haemorrhage (Review)
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In March 2018, we searched for randomised controlled trials (RCTs, clinical studies where people are randomly put into one of two
or more treatment groups) comparing endovascular coiling with neurosurgical clipping for subarachnoid haemorrhage. We found one
new RCT and additional data for previously identified RCTs, allowing us to include four RCTs involving 2458 participants.
Key results
The data from RCTs showed that the number of people who survived and were independent in their daily living was higher after
endovascular coiling than after neurosurgical clipping, if both treatment options were possible. Risk of rebleeding was higher in people
treated with endovascular coiling. The evidence came mainly from one large trial.
Quality of the evidence
We judged that there is sufficient evidence to guide treatment for people in a relatively good condition whose aneurysm is considered
suitable for both neurosurgical clipping and endovascular treatment. There is no reliable trial evidence that can be used directly to
guide treatment in people with a poor clinical condition.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Endovascular coiling compared with neurosurgical clipping for subarachnoid haemorrhage
Patient or population: people with subarachnoid haem orrhage f rom a ruptured intracranial aneurysm
Settings: tertiary care
Intervention: endovascular coiling of aneurysm
Comparison: neurosurgical clipping of aneurysm
Outcomes

Illustrative comparative risks* (95% CI)

Assumed risk

Relative effect
(95% CI)

No of participants
(studies)

Quality of the evidence Comments
(GRADE)

RR 0.77 (0.67 to 0.87)

2429
(4 RCTs)

⊕⊕⊕
M oderate a

RR 0.81 (0.70 to 0.92)

1316
(1 RCT)

⊕⊕
Low

RR 0.80 (0.63 to 1.02)

2429
(4 RCTs)

⊕⊕⊕
M oderate a

-

RR 0.84 (0.74 to 0.96)

2450 (4 RCTs)

⊕⊕⊕
M oderate a

-

Corresponding risk

Neurosurgical clipping Endovascular coiling
Poor outcome: death Study population
or dependence in daily
activities (12 m onths) 366 per 1000

Poor outcome (death Study population
or dependence) (10
430 per 1000
years)

Death from any cause Study population
(12 m onths)
154 per 1000

Delayed cerebral is- Study population
chaemia (2-3 m onths)
384 per 1000

-

281 per 1000
(245 to 318)
a,b

348 per 1000
(301 to 395)

Based on subgroup of
participants in 1 large
RCT only

123 per 1000
(97 to 157)

322 per 1000
(284 to 368 )
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Rebleeding postproce- Study population
dure up to 1 year
21 per 1000
Rebleeding postproce- Study population
dure up to 10 years
22 per 1000

Complications
from Study population
the intervention
235 per 1000

RR 1.83 (1.04 to 3.23)

2458 (4 RCTs)

⊕⊕⊕⊕
High

-

RR 2.69 (1.50 to 4.81)

1323 (1 RCT)

⊕⊕
Low

a,b

Based on 1 large RCT
only

RR 1.05 (0.44 to 2.53)

129 (2 RCTs)

⊕⊕
Low

c

Based on 2 sm all RCTs
only

38 per 1000 (21 to 67)

61 per 1000
(34 to 109)

246 per 1000
(103 to 594)

* The basis f or the assumed risk (e.g. the m edian control group risk across studies) is derived f rom the studies included in the m eta-analysis. The corresponding risk (and its
95% conf idence interval) is based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI).
CI: conf idence interval; RCT: random ised controlled trial; RR: risk ratio.
GRADE Working Group grades of evidence
High quality: f urther research is very unlikely to change our conf idence in the estim ate of ef f ect.
M oderate quality: f urther research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: f urther research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate.
Very low quality: we are very uncertain about the estim ate.
a Downgraded

one level due to indirectness of evidence: participants in poor condition on adm ission under-represented in the
largest RCT.
b Downgraded one level due to risk of bias: long-term outcom e data available f or only a subgroup of participants.
c Downgraded two levels due to risk of bias: underpowered due to data availability f rom only two sm all trials, unclear def inition
of com plication f rom intervention.
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BACKGROUND
This systematic review of randomised trials compared outcome
after subarachnoid haemorrhage (SAH) for people treated with
endovascular coiling versus neurosurgical clipping. It is the first
update of a review published in 2005 (van der Schaaf 2005), which
was preceded by a published protocol (Algra 2001).

Description of the condition
SAH is a subset of stroke with an incidence of around 9 per
100,000 people per year (de Rooij 2007). It occurs in relatively
young people: half the people are younger than 55 years of age
(de Rooij 2007), and it carries a poor prognosis. A third of all
people die within three months of the haemorrhage, and one of
every five people remains dependent on the care of others for activities of daily living (Nieuwkamp 2009). Because of the poor
outcome after the haemorrhage and the young age at which it
occurs, the loss of productive life years from SAH is as large as
that from ischaemic stroke, which is the most common subset of
stroke (Johnston 1998). In 85% of people with SAH, the cause is
rupture of an intracranial aneurysm. About 15% of people with
aneurysmal SAH die before reaching the hospital (Huang 2002).
Those who survive the initial hours after the haemorrhage are at
risk of rebleeding until the aneurysm is occluded. Although since
the late 1990s the time delay to occlusion of the aneurysm has
decreased considerably, around 15% of people still rebleed in hospital (Vergouwen 2016).

Description of the intervention
Both neurosurgical clipping and endovascular coiling are common
methods for treating intracranial aneurysms. Neurosurgical clipping of an aneurysm requires opening of the skull (craniotomy).
During the operation, a metal clip is placed over the neck of the
aneurysm to occlude the blood flow to the aneurysm but to preserve it through the adjacent normal arteries. Endovascular treatment of a ruptured aneurysm is performed by advancing a catheter
up to the parent artery of the aneurysm. Metal coils are then
deposited into the aneurysm sac through a microcatheter arresting intra-aneurysmal blood flow and inducing thrombus formation, which occludes the aneurysm. Other endovascular treatment
techiques such as stent- or balloon-assisted coiling are also being
used, but we only studied simple coiling in this review.

How the intervention might work
The main target of the intervention is to occlude the blood
flow to the ruptured aneurysm to prevent rebleeding. However,
both neurosurgical clipping and endovascular coiling are associated with significant intervention-related mortality and morbid-

ity. Aneurysm clipping is a major neurosurgical operation necessitating craniotomy, but the treatment result is considered to be
durable. Endovascular treatment is a less invasive intervention than
neurosurgical clipping. Major concerns associated with endovascular coiling include incomplete obliteration of the aneurysm and
durability of the treatment result over long-term follow-up.

Why it is important to do this review
Prospective randomised trials have examined the effects of endovascular coiling versus neurosurgical clipping in SAH. A previous version of this review only included short-term and one-year
follow-up data of the treatment effects (van der Schaaf 2005), and
publication of long-term follow-up data necessitated the update
of the review. This synthesis also includes assessment of evidence
quality using the GRADE process.

OBJECTIVES
To compare the effects of endovascular coiling versus neurosurgical clipping in people with aneurysmal SAH on poor outcome,
rebleeding, neurological deficit, and treatment complications.

METHODS

Criteria for considering studies for this review

Types of studies
We sought all randomised trials that compared endovascular coiling of intracranial aneurysms versus neurosurgical clipping. We
only included studies with adequate allocation concealment.
Types of participants
People with aneurysmal SAH in whom the haemorrhage was documented by either computed tomography (CT) scan or magnetic
resonance imaging (MRI), or by the presence of xanthochromia in
the cerebral spinal fluid in cases with a negative head CT; in whom
the presence of an intracranial aneurysm had been demonstrated
before randomisation by catheter angiography, CT angiography or
magnetic resonance angiography; and whose aneurysm had been
judged suitable for both neurosurgical clipping and endovascular coiling were included in the analysis. Initially we intended to
exclude people who were treated more than 14 days after SAH.
However, since the ISAT (International Subarachnoid Aneurysm
Trial) trial included participants who were treated until 28 days
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after SAH, we changed this criterion to exclude people who were
treated at more than 28 days after SAH (ISAT 2002).
Types of interventions
Endovascular treatment of ruptured intracranial aneurysm with
detachable coils and neurosurgical clipping.
Types of outcome measures
To provide an intention-to-treat analysis, we aimed to extract from
each trial the outcome at the end of the follow-up period for all
participants who were originally allocated to each treatment group.
Primary outcomes

• Poor outcome: death or dependence in daily activities
(defined as modified Rankin scale 3 to 6 or Glasgow Outcome
Scale (GOS) 1 to 3).

• CENTRAL (2018, Issue 2) in the Cochrane Library (2018,
Issue 2; Appendix 1);
• MEDLINE Ovid (1966 to 26 March 2018; Appendix 2);
• Embase Ovid (1980 to 26 March 2018; Appendix 3).
We used the search strategy developed for MEDLINE with the
assistance of the Cochrane Stroke Group Information Specialist
and modified it to suit other databases. We searched the following
ongoing trials and research registers:
• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov; last searched 27 March
2018; Appendix 4);
• World Health Organization ( WHO) International Clinical
Trials Registry Platform ( ICTRP) ( apps.who.int/trialsearch; last
searched 27 March 2018; Appendix 4).
Searching other resources
In an effort to identify additional relevant published and unpublished studies, we contacted trialists and scanned the reference list
of all relevant publications

Secondary outcomes

• Death from any cause.
• Delayed cerebral ischaemia (DCI), where episodes of
clinical deterioration for which no other cause than DCI was
found were considered probable ischaemia; episodes with clinical
deterioration; and CT or MRI-confirmed cerebral infarction
were classified as definite ischaemia.
• Rebleeding, where a sudden deterioration leading to death
without confirmation of rebleeding by CT, MRI or postmortem
examination was considered a probable rebleeding; a sudden
clinical deterioration with rebleeding confirmed by CT or
postmortem was classified as a definite rebleeding.
• Complications from the intervention (endovascular coiling
or neurosurgical clipping), defined as a clinical deterioration
observed during the intervention procedure or within 24 hours
after the intervention.

Search methods for identification of studies
See the ’Specialised register’ section in the Cochrane Stroke Group
module. We aimed to identify all relevant randomised trials regardless of language or publication status (published, unpublished, in
press, or in progress) and arranged translation of relevant papers
published in languages where necessary.
Electronic searches
We identified relevant trials in the Cochrane Stroke Group Trials
Register, which was last searched by the Cochrane Stroke Information Specialist in March 2018. In addition, we searched the
following electronic databases:

Data collection and analysis
Selection of studies
Two review authors (original version of the review: IvdS and GJER;
updated version of the review: AL and MV) independently reviewed the studies identified by the search for their relevance using
the selection criteria. We resolved disagreements through discussion.
Data extraction and management
Two review authors (original version of the review: IvdS and MV;
updated version of the review: AL and MV) independently extracted details of method of randomisation, inclusion and exclusion criteria, blinding of outcome assessment, prognostic factors
for outcome (clinical condition on admission, site and size of
aneurysm, and time interval between SAH and treatment allocation), the definition of outcome measures, and the number of
participants who were excluded or lost to follow-up. Furthermore,
we assessed whether intention-to-treat analysis was possible from
the published data and if treatment groups were comparable with
regard to major prognostic risk factors. In addition, we recorded
duration of follow-up, the numbers of deaths and participants with
poor outcome (dependent in daily life) at the time points used by
the trialists, the number of participants with DCI or rebleeding
at the time points used by the trialists, complications from the
intervention, and technical results of the intervention in terms of
degree of obliteration of the aneurysm. Where there was disagreement, both review authors reassessed and discussed the article in
question together until they reached consensus.
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Assessment of risk of bias in included studies
Two review authors (AL and MV) independently assessed the risk
of bias in the included studies according to the criteria outlined
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011), using the Cochrane tool for assessing risk of bias.
We assessed the following domains:
• random sequence generation;
• allocation concealment;
• blinding of participants and personnel;
• blinding of outcome assessment;
• incomplete outcome data;
• selective outcome reporting;
• other relevant biases.
We judged each domain for included studies as low, unclear, or
high risk and provided information from the study report or obtained straight from the trialists together with a justification for
our judgement in the ’Risk of bias’ tables. Where there was disagreement, both authors reassessed and discussed the article in
question together until they reached consensus.
Measures of treatment effect
We analysed the primary and other outcomes according to the
intention-to-treat principle. However, in one study it was unclear whether the published results represented intention-to-treat
or treatment received, and so we performed a sensitivity analysis
excluding this study (Li 2012). We calculated an estimate of the
treatment effect across trials (risk ratio (RR) with 95% confidence
interval (CI)) using standard methods for the main outcome measures. We also calculated absolute risk differences with 95% CI.
In addition, we assessed the number of participants with rebleeding
from the target aneurysm at more than one year after the SAH (as
a number per patient-years of follow-up).
We also assessed the results of treatment in terms of degree of
occlusion of the aneurysm directly after treatment and at a followup period of one year. We categorised occlusion after endosaccular
packing as:
• 100% occlusion with coils filling the neck;
• 90% to 100% occlusion with neck remnant, and:
• less than 90% occlusion, which included any contrast
filling within the dome of the aneurysm.
If data on angiographic follow-up were given for both endovascular
and surgically treated participants, we compared the proportions
of incompletely occluded aneurysms at the end of the follow-up
period.
Other prespecified analyses were:
• timing of the intervention as early (within three days after
onset of the SAH); intermediate (three to 10 days after onset of
the SAH); or late (more than 10 days after the SAH);
• timing of the follow-up period, with trials categorised
according to time of outcome assessment between one to three
months; three to six months; and six to 12 months;

• methodological quality of trials with:
◦ exclusion of studies with insufficient information on
inclusion and exclusion criteria;
◦ exclusion of studies with insufficient data on method
of randomisation;
◦ exclusion of studies with insufficient data on blinding
of outcome assessment;
◦ exclusion of studies with insufficient data on the
number of participants who were excluded or lost to follow-up;
◦ exclusion of studies with insufficient data on the
definition of outcome events; and
◦ exclusion of studies with insufficient data on the
following prognostic factors:
⋄ clinical condition on admission;
⋄ site and size of the aneurysm; and
⋄ time interval between the SAH and treatment
allocation.
For DCI and rebleeding, we performed separate analyses for the
combination of probable and definite episodes and for definite
episodes alone. We compared the number of participants with
rebleeding per patient-year of follow-up for the period more than
one year after the initial haemorrhage.

Unit of analysis issues
The individual participant was the unit of analysis.

Dealing with missing data
If any participants were excluded or lost to follow-up from the
analyses, or if any of the necessary data were not available from
the publication, we sought further information by contacting the
trialists. If the primary analysis suggested a beneficial effect of the
main outcome but follow-up was not complete because data were
missing from participants excluded after randomisation or who
were lost to follow-up, we performed a special worst-case scenario
analysis in which participants in the group with better outcome
with missing follow-up information were assumed to have had a
poor outcome and those in the other group with missing data a
good outcome.

Assessment of heterogeneity
We assessed the statistical validity of aggregating the trials with Chi
test statistics for heterogeneity and by calculating the I2 statistic.
Substantial heterogeneity was defined as an I2 statistic greater than
50%. (Higgins 2011). We used the Peto method to calculate a
weighted estimate of the treatment effects across trials (APT 1994).
2
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Assessment of reporting biases
As we only included four studies in this review, we did not produce
funnel plots to analyse reporting bias.

Data synthesis
Two review authors (AL and MV) extracted data, which one author (AL) compiled and entered into Review Manager 5 (Review
Manager 2014). We calculated the RR and absolute risk difference
using Review Manager 5, in accordance with Cochrane guidelines
(Higgins 2011).

study limitations; whether the results were inconsistent, imprecise, the evidence was indirect, or there was publication bias. The
’Summary of findings’ table presented the following outcomes:
poor outcome at 12 months, poor outcome at 10 years, death from
any cause at 12 months, DCI at two to three months, rebleeding
at one year, rebleeding at 10 years, and complications from the
intervention.

RESULTS

Subgroup analysis and investigation of heterogeneity

Description of studies

We planned subgroup analyses for aneurysm location (anterior versus posterior circulation, and a separate analysis for basilar artery
aneurysms) and timing of the intervention. We used the I2 statistic
to assess heterogeneity.

See Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies tables.
Results of the search

Sensitivity analysis
We planned a sensitivity analysis if it was unclear in any of the
included studies whether an intention-to-treat analysis had been
performed or if the analysis was based on treatment received. For
the sensitivity analysis, we only included trials with an intentionto-treat analysis.

GRADE and ’Summary of findings’ table
Two review authors (AL and MV) assessed the quality of the evidence generated from the review according to the GRADE approach. We presented the main results in a ’Summary of findings’
table. We initially considered the quality of the evidence to be
high because of the study design (randomised controlled trial). We
subsequently downgraded this depending on whether there were

The summary of the search results is presented in a PRISMA study
flow diagram (Figure 1). In total, we screened 2185 records. At the
time of the original review, we included three RCTs (Brilstra 2000;
ISAT 2002; Koivisto 2000: three records and one unpublished
dataset). For this updated review, we identified four additional
potentially eligible studies (BRAT 2012; ISAT-2; Li 2012; Wadd
2015), and new long-term follow-up data for one of the previously
included RCTs (ISAT 2002: four new records). We identified one
additional record of the study of Koivisto 2000. We included one
new RCT in the present review (Li 2012: one record), we excluded
one study because it was not an RCT (BRAT 2012: three records),
we moved one study to Studies awaiting classification pending
additional data from the study authors (Wadd 2015: one record),
and one study is still ongoing without published results to date
(ISAT-2: one record).
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Figure 1. Study flow diagram. RCT: randomised controlled trial.
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Included studies
We included four trials: three published, RCTs of endovascular
coiling versus neurosurgical clipping for people with aneurysmal
SAH (ISAT 2002; Koivisto 2000; Li 2012): and one unpublished,
unconfounded controlled trial of a series of 20 people randomly
allocated to either endovascular or surgical treatment (Brilstra
2000). These trials recruited participants in the years between
1994 and 2009.
The meta-analysis included 2458 randomised participants: 1229
in the endovascular treatment group and 1229 in the surgical treatment group. The largest trial was ISAT 2002, which recruited
2143 participants. The other trials recruited 20 (Brilstra 2000),
109 (Koivisto 2000), and 186 (Li 2012) participants. The mean
age of the participants in each trial ranged from 49.5 to 54 years.
In all trials, randomisation was done within 28 days of the participant’s ictus.
In the included trials, SAH was confirmed either by CT or lumbar
puncture, and aneurysms were confirmed by CT-angiography or
angiography. After obtaining informed consent, all participants
with a ruptured aneurysm that was considered suitable for both
neurosurgical clipping and endovascular coiling were included if
the clinical condition justified treatment. The maximum delay
between SAH and treatment was three days in Koivisto 2000, five
days in Brilstra 2000, and 28 days in ISAT 2002. Li 2012 did not
give the maximum time to treatment, but mean time to treatment
was three days.
ISAT 2002 excluded people if they were already participating in
another trial. Koivisto 2000 defined exclusion criteria for participant and aneurysm characteristics. They excluded people older
than 75 years, with a large haematoma necessitating operation or
having a mass effect causing neurological deficit, or with a history of any previous operation for the same aneurysm. Furthermore, they gave exclusion criteria for the aneurysm concerning
size, shape, and relationship to adjacent vessel. Brilstra 2000 excluded people with a fusiform, traumatic, or dissecting aneurysm.
Li 2012 included all participants with aneurysmal SAH.

dency or death) at one year. Secondary outcome measures were rebleeding, quality of life at one year, proportion of participants with
epilepsy, cost-effectiveness, and neuropsychological outcomes. Accrual to ISAT was stopped prematurely, before the planned sample
size had been achieved, on the basis of an interim analysis. The
Data Monitoring Committee analysed the data on 29 April 2002
and advised the Steering Committee, on the basis of the result, to
stop recruitment. The Steering Committee met on 2 May 2002
and decided that recruitment should stop but that follow-up must
continue. Recruitment ceased immediately (ISAT 2002). Followup continued and data from five-year, 10-year, and 18-year follow-ups have been published (Molyneux 2005; Molyneux 2009;
Molyneux 2015).
In Koivisto 2000, the primary outcome measurements were 12month functional outcome and 12-month neuropsychological and
radiological outcomes. The 12-month functional outcome was defined by the GOS, trichotomised into good or moderate recovery
(GOS 5 and 4), severe disability and vegetative state (GOS 3 and
2), and death (GOS 1).
In Brilstra 2000, outcome measures were the proportion of participants with a Rankin score of 3 to 6 (dependency or death), the
rates of rebleeding and DCI, and the rate of procedural complications at three months.
In Li 2012, outcome measures were 12-month functional outcome (modified Rankin scale), 12-month case fatality, 12-month
rebleeding rate and rate of DCI and rate of non-complete obliteration of aneurysm within 12 months.

Excluded studies
We excluded one non-randomised trial comparing endovascular
coiling and neurosurgical clipping (BRAT 2012). This trial, which
recruited people with SAH between 2003 and 2007, had several methodological flaws including inadequate allocation concealment: the treatment allocation was performed by alternating on
1:1 ratio (McDougall 2012) (Characteristics of excluded studies
table).

Outcome measures and follow-up duration
In ISAT 2002, the primary outcome measure was the proportion
of participants with a modified Rankin scale score of 3 to 6 (depen-

Risk of bias in included studies
See Figure 2 and Figure 3.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Figure 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.

Allocation

Two trials used sealed envelopes as the method of randomisation
(Brilstra 2000; Koivisto 2000). Brilstra 2000 used a computergenerated list and the sealed envelopes were not within reach of
the treating physician.
ISAT 2002 used a minimisation algorithm to ensure balance between the two groups based on clinical grade, size and location
of aneurysm, and extent of extravasated blood on CT, and made
allocations by telephone call to a central randomisation service.
Li 2012 used a computer-generated randomisation schedule.
We assessed the risk of selection bias as low for all included trials.
In the included trials, the prognostic factors of sex, age, and clinical condition on admission were balanced. Aneurysm location was
similar for the treatment groups within each trial. Aneurysm size
was balanced in three trials, but aneurysm size per treatment group
was not available for Li 2012. However, in ISAT 2002, the prognostic determinant time between randomisation and first procedure (i.e. the time between SAH and treatment) differed slightly
but statistically significantly between the coiled and clipped participants. For participants allocated to endovascular treatment the
mean interval was 1.1 days (interquartile range IQR 0 to 1; range
0 to 30), and for participants allocated to neurosurgical treatment
the mean interval was 1.7 days (IQR 0 to 2; range 0 to 41) (ISAT
2002).

Blinding
Due to the nature of the interventions, it was not possible to blind
the interventionists, participants, or care personnel to the interventions. However, we have judged that the risk of performance
bias to be low in the included studies.
ISAT 2002 collected clinical outcome measures using a validated
postal questionnaire mailed to the participants. A single neurosurgeon primarily responsible for treatment or the principal investigator of the study evaluated the 12-month functional outcome
in Koivisto 2000. Brilstra 2000 interviewed participants or their
carers by telephone to assess functional outcome three months after SAH and a neurologist or by a neurosurgeon who had not operated on the participant assessed 12-month functional outcome
at the outpatients clinic. Li 2012 assessed 12-month outcome in
outpatient clinic visits or by structured telephone interview with
participants or close relatives.
ISAT 2002 defined DCI as a clinical diagnosis. In Koivisto 2000,
DCI was not CT or MRI confirmed, but the diagnosis was based
upon clinical signs of ischaemic neurological deficit. Brilstra 2000
confirmed DCI by CT or MRI. Li 2012 confirmed DCI by CT. In
three trials, rebleeding had to be confirmed by CT (Brilstra 2000;
ISAT 2002; Koivisto 2000), but Li 2012 did not state this. Li 2012
only reported rebleeding within 12 months after haemorrhage.
We judged the risk of detection bias to be high in Koivisto 2000,
and unclear in Brilstra 2000, ISAT 2002, and Li 2012.
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Incomplete outcome data
ISAT 2002 sought the main outcome measure at two months and
one year for all participants, and annually thereafter for some participants. At one-year follow-up, the vital status was known for
all included participants. For eight coiled participants (endovascular coiling group) and seven clipped participants (neurosurgical
clipping group), the disability status was missing at two-month
follow-up. At one-year follow-up, the disability status was missing for 10 endovascular participants and 15 neurosurgical participants. Long-term follow-up results (five and 10 years) were only
available for part of the original ISAT cohort: annual follow-ups
were continued in all UK and eight non-UK centres. At five years,
functional outcome was available for 867 participants in the endovascular coiling group and 857 participants in the neurosurgical
clipping group; and mortality was available for 1046 participants
in the endovascular coiling group and 1041 participants in the
neurosurgical clipping group. At 10 years, functional outcome was
available for 666 participants in the endovascular coiling group
and for 650 participants in the neurosurgical clipping group, with
10-year mortality data available for 809 participants in the endovascular coiling group and 835 participants in the neurosurgical
clipping group.
Koivisto 2000 assessed clinical and neuropsychological outcomes
after three and 12 months. No participants were lost to followup. Mean follow-up was 39 months (standard deviation (SD) 18
months).
Brilstra 2000 assessed the main outcome measures at three months
and no participants were lost to follow-up at that time. Mean duration of follow-up was 25 months (SD 22 months). At 12-month
follow-up, eight coiled participants (endovascular coiling group)
and eight clipped participants (neurosurgical clipping group) were
available for analysis. There was no information on vital status for
two participants in the endovascular coiling group and two participants in the neurosurgical clipping group.
Li 2012 assessed outcomes at 12 months and functional outcome
was available for all surviving participants.
ISAT 2002 reported the angiographic occlusion on the first followup angiography performed after the procedure for 881/988 participants allocated to endovascular treatment and alive after one
year, and for 450/965 participants allocated to surgical treatment
alive after one year. In the endovascular coiling group, timing of
follow-up angiography was before discharge in 28 participants,
before two months in 80 participants, between two to 12 months
in 690 participants, between one and two years in 58 participants,
and after two years in 25 participants. MRI angiography was used
in 47 participants. In the neurosurgical clipping group, timing of
follow-up angiography was before discharge in 142 participants,
before two months in 61 participants, between two to 12 months
in 199 participants, and between one and five years in 48 participants.
Koivisto 2000 gave the primary (direct post treatment) and final
(after one-year follow-up) angiographic results of endovascular and

neurosurgical treatment of the ruptured aneurysms.
Brilstra 2000 had direct post-treatment information of completeness of occlusion after treatment for all participants; there was
angiographic follow-up information for only one of the clipped
participants and for six of the eight participants who survived six
months after the SAH.
Li 2012 had 12-month angiographical follow-up for all surviving participants. They provided only the rate of non-complete
aneurysm obliteration.
In summary, we judged the risk of attrition bias to be unclear in
ISAT 2002, and low in Brilstra 2000, Koivisto 2000, and Li 2012.
Selective reporting
The risk for selective reporting in ISAT 2002, which provided a
protocol (and reported outcomes as specified in the protocol), was
low.
We did not identify the protocol for Brilstra 2000, but obtained
information via personal communication that indicated that all
intended outcomes were reported. We judged the risk for selective
reporting to be low.
Koivisto 2000 published a report including the study protocol and
intended outcomes, and we judged the risk of bias to be low.
Li 2012 have not published a protocol. A published report suggested that all intended outcomes were reported. We contacted
the study authors for clarification, but are awaiting a response. We
judged the risk of reporting bias as unclear.
Other potential sources of bias
Most of the evidence came from the largest trial (ISAT 2002).
During recruitment of participants in ISAT, only 22% of people
with SAH treated within the participating centres were enrolled in
the study. In addition, people with SAH in poor clinical condition
on admission were under-represented in the ISAT cohort as 88%
of the included participants were in good clinical condition (Grade
1-2 on World Federation of Neurological Surgeons Subarachnoid
Haemorrhage grading scale). Thus, the results of the review are
only applicable to people with SAH who are in relatively good
condition on admission.
It was unclear whether the published results represented intentionto-treat or treatment received in Li 2012. We requested missing
data from the trialists but are awaiting a response.
We assessed the risk of other types of bias to be low in two trials
(Brilstra 2000; Koivisto 2000), and unclear in the other two trials
(ISAT 2002; Li 2012).

Effects of interventions
See: Summary of findings for the main comparison
Endovascular coiling compared with neurosurgical clipping for
subarachnoid haemorrhage
See Summary of findings for the main comparison.
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Poor outcome: death or dependence in daily activities
The weighted relative risk reduction for endovascular coiling versus neurosurgical clipping at two- to three-month follow-up was
29% (RR 0.71, 95% CI 0.63 to 0.81; 3 trials; 2257 participants;
Analysis 1.1). The absolute risk reduction was 10% (95% CI 7%
to 14%).
At one year, 295/1217 (24%) participants randomised to endovascular treatment and 383/1212 (32%) participants randomised to
the surgical treatment group had poor functional outcome (Analysis 1.2). All trials adequately reported on functional outcome
at 12-month follow-up. The reduction in the weighted RR for
endovascular coiling versus neurosurgical clipping was 23% (RR
0.77, 95% CI 0.67 to 0.87; 4 trials; moderate-quality evidence).
The absolute risk reduction was 7% (95% CI 4% to 11%); this
means that for every 14 (95% CI 9 to 25) participants who were
allocated to be coiled instead of clipped, one poor outcome was
prevented. In the worst-case scenario, the relative risk reduction of
endovascular coiling versus neurosurgical clipping was 20% (RR
0.80, 95% CI 0.71 to 0.91; 4 trials; 2458 participants; Analysis
1.3), and the absolute risk reduction was 6% (95% CI 3% to
10%).
At five years, 241/867 (28%) participants randomised to endovascular treatment and 273/857 (32%) participants randomised to
surgical treatment had poor functional outcome. The relative risk
reduction was 13% (RR 0.87, 95% CI 0.75 to 1.01; 1 trial; Analysis 1.4) and the absolute risk reduction (ARR) was 4% (ARR 0.04, 95% CI -0.08 to 0.00).
At 10 years, 231/666 (35%) participants allocated to endovascular
treatment and 280/650 (43%) participants allocated to surgical
treatment had poor functional outcome. The relative risk reduction was 19% (RR 0.81, 95% CI 0.70 to 0.92; 1 trial; 1316 participants; low-quality evidence) and the absolute risk reduction was
8% (95% CI 3 to 14%).

Death from any cause
The relative risk reduction in death for endovascular coiling versus neurosurgical clipping at two or three months was 12% (RR
0.88, 95% CI 0.66 to 1.18; 3 trials; 2257 participants; Analysis
2.1). The absolute risk reduction was 1% (95% CI -1% to 3%).
In the endovascular treatment group, 104/1217 (9%) participants
had died from any cause within one year compared with 130/
1212 (11%) participants allocated to the surgical treatment group.
The relative risk reduction in deaths at one-year follow-up for endovascular treatment compared with neurosurgical treatment was
20% (RR 0.80, 95% CI 0.63 to 1.02; 4 trials; 2429 participants;
moderate-quality evidence; Analysis 2.2). The absolute risk reduction was 2% (95% CI 0% to 5%). At five years, 112/1046 (11%)
participants in the endovascular treatment group and 144/1041
(14%) participants in the neurosurgical clipping group had died.
The relative risk reduction for death at five years was 13% (RR
0.77, 95% CI 0.61 to 0.98; 1 trial; Analysis 2.3). At 10 years, 135/

809 (17%) participants in the endovascular treatment group and
178/835 (21%) participants in the neurosurgical clipping group
had died (relative risk reduction: 22%; RR 0.78, 95% CI 0.64 to
0.96; 1 study; Analysis 2.4).

Delayed cerebral ischaemia
DCI at two to three months after SAH was observed in 292/1225
(24%) participants allocated to the endovascular treatment group
and in 349/1225 (28%) participants allocated to the surgical treatment group. The weighted relative risk reduction of endovascular
coiling versus neurosurgical clipping was 16% (RR 0.84, 95% CI
0.74 to 0.96; 4 trials; moderate-quality evidence; Analysis 3.1).
The absolute risk reduction was 4% (95% CI 0% to 7%).

Rebleeding
Nineteen of 1135 (1.7%) participants allocated to endovascular
treatment and 30/1137 (2.6%) participants allocated to neurosurgical clipping experienced rebleeding before treatment. The
risk for preprocedural rebleeding did not significantly differ between endovascular coiling and neurosurgical clipping groups (RR
0.64, 95% CI 0.37 to 1.12; Analysis 4.1). With regard to postprocedural rebleeding up to one year after treatment, the relative
risk of rebleeding was higher for endovascular treatment: 32/1229
(2.6%) participants allocated to endovascular treatment and 17/
1137 (1.4%) participants allocated to neurosurgical clipping had
an episode of rebleeding. The RR was 1.83 (95% CI 1.04 to 3.23;
4 trials; high-quality evidence; Analysis 4.2). The absolute increase
in risk was 1% (95% CI 0% to 2%). At a follow-up period of one
(ISAT 2002) to three months (Brilstra 2000; Koivisto 2000), the
relative risk for postprocedural rebleeding was 2.66 (95% CI 0.71
to 10.00) for endovascular coiling versus neurosurgical clipping.
The absolute increase in risk was 0% (95% CI 0% to 1%).

Complications from intervention
Koivisto 2000 reported information on technical failure and clinical deterioration within 24 hours of the intervention. Brilstra
2000 reported on complications from the intervention, defined
as clinical deterioration within 24 hours after the intervention.
Complications occurred in 8/62 (13%) participants (13%) in the
endovascular coiling group and in 8/67 (12%) participants in the
neurosurgical clipping group. The weighted relative risk increase
with endovascular coiling versus neurosurgical clipping was 5%
(RR 1.05, 95% CI 0.44 to 2.53; 2 trials; Analysis 5.1). The absolute risk increase was 1% (95% CI -10% to 12%).
Neither ISAT 2002 nor Li 2012 reported information on complications from the interventions.

Endovascular coiling versus neurosurgical clipping for people with aneurysmal subarachnoid haemorrhage (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

15

Death or rebleeding at more than one year after the
subarachnoid haemorrhage

Death

In ISAT 2002, 27 participants randomised to endovascular coiling
and 39 participants randomised to neurosurgical clipping died between one and five years. In addition, 23 participants randomised
to endovascular coiling and 34 participants randomised to neurosurgical clipping died between five and 10 years of follow-up. In
the survival analysis, the proportion of participants alive decreased
by 3% in the four-year period after the first year for endovascular
participants and by 4% for the neurosurgical participants. This
corresponded to a death rate of 7.6 per 1000 patient-years for
participants in the endovascular coiling group and 10.2 per 1000
patient-years for participants in the neurosurgical clipping group.
In Koivisto 2000, two participants allocated to endovascular treatment and one participant allocated to surgical treatment died after
one year. In survival analyses, the proportion of participants alive
decreased by 5% for participants in the endovascular coiling group
in the three-and-half year period after the first year of follow-up
and by 7% for participants in the neurosurgical clipping group.
This corresponded to a death rate of 14.6 per 1000 patient-years
for participants in the endovascular coiling group and 20.7 per
1000 patient-years for participants in the neurosurgical clipping
group.
In Brilstra 2000, a total of 8.7 patient-years of follow-up were
available for the participant in the endovascular coiling group and
a total of 19.6 patient-years were available for the participants in
the neurosurgery group after the one-year follow-up period. None
of the participants died during this follow-up.
Rebleeding

In ISAT 2002, 10 participants had a rebleeding from the target
aneurysm between one and five years of follow-up (8447 patientyears’ follow-up in the endovascular coiling group and 8177 patient-years’ follow-up in the neurosurgical clipping group). Seven
of these participants were in the endovascular coiling group and
three were in the neurosurgical clipping group. Between five and
10 years of follow-up, three additional participants in the endovascular coiling group and one participant in the neurosurgical clipping group had a rebleeding from the target aneurysm. Additionally, three participants had a rebleeding after one year from another aneurysm but the trialists provided no information on the
treatment modality of the target aneurysm for these participants.
The RR for postprocedural rebleeding in the endovascular coiling
group was 2.75 (95% CI 1.51 to 5.02) at five years’ follow-up and
2.69 (95% CI 1.50 to 4.81) at 10 years’ follow-up. Absolute risk
increase was 3% (95% CI 1% to 5%) at five years and 4% (95%
CI 2% to 6%) at 10 years.
Koivisto 2000 and Brilstra 2000 reported no episodes of rebleeding
more than one year after SAH. The mean follow-up period after

one year was 27 months in Koivisto 2000 and 13 months in Brilstra
2000.

Degree of occlusion after endovascular coiling and
neurosurgical clipping

ISAT 2002 gave direct post-treatment results and angiographic
occlusion on the first follow-up angiography performed after the
procedure. Direct post-treatment information was based upon the
first procedure actually performed, not the original allocation.
Of the 1095 participants in the endovascular coiling group, endovascular coiling failed in 81 (7.4%) participants. In 22/1012
(2.2%) participants in whom the first treatment was neurosurgical,
clipping was not completed or not attempted in 35 participants
(3.5%). The aneurysm was successfully wrapped in 14 of these
35 participants. The angiographic occlusion on the first follow-up
angiography performed after the procedure was reported for 881/
988 eligible participants allocated to endovascular treatment and
for 450/965 eligible participants allocated to surgical treatment.
Occlusion was complete in 66% of participants in the endovascular coiling group and 82% of the participants in the neurosurgical clipping group; a 90% to 100% occlusion of the aneurysm
had occurred in a further 26% of participants in the endovascular
coiling group and 12% of participants in the neurosurgery group;
there was incomplete occlusion (less than 90%) in 7.8% of the
participants in the endovascular coiling group and 5.6% of participants in the neurosurgery group (Table 1).
Koivisto 2000 provided the direct post-treatment results of treatment for all participants, and one-year follow-up angiographic
results. In participants in the endovascular coiling group, there
was direct post-treatment complete obliteration in 50% of participants compared with 74% in the neurosurgical clipping group.
In 35% of participants in the endovascular coiling group, there
was an occlusion of 90% to 100% compared with 16% of participants in the neurosurgical group; and in 15% of participants in
the endovascular coiling group the aneurysm was less than 90%
occluded compared with 11% of participants in the neurosurgical
clipping group. After one year, there was complete occlusion in
77% of participants in the endovascular coiling group and 86%
of participants in the neurosurgical clipping group; 90% to 100%
occlusion of the aneurysm in 19% of participants in the endovascular coiling group and 12% of participants in the neurosurgical
clipping group; and incomplete occlusion (less than 90%) in 4%
of participants in the endovascular coiling group and 2% of participants in the neurosurgical clipping group.
Brilstra 2000 did not provide angiographic follow-up for all participants but gave immediate post-treatment information for all
participants. Neurosurgical clipping of the aneurysm was not feasible in one participant and was incomplete in another participant.
Immediate postcoiling angiography showed complete occlusion
in five participants and 90% to 99% occlusion in the other five
participants in the endovascular coiling group.
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Li 2012 reported angiographical outcomes at 12 months for all surviving participants. There was incomplete occlusion of the treated
aneurysm in 35% of participants in the endovascular coiling group
and 16% of participants in the neurosurgery group.
On comparison of incomplete obliteration (less than 100% obliteration) for coiled versus clipped participants during one-year follow-up, the relative risk increase was 2.02 (95% CI 1.65 to 2.47;
3 trials; 1626 participants; Analysis 6.1) and the absolute increase
in risk was 17% (95% CI 12% to 22%). The RR for obliteration
less than 90% was 1.43 (95% CI 0.93 to 2.21; 2 trials; 1440 participants; Analysis 6.2) and the absolute increase in risk was 2%
(95% CI 0% to 5%).
Additional analysis
The timing of the intervention was early in Koivisto 2000 (treatment within three days); early or intermediate in Brilstra 2000;
and early, intermediate, or late in ISAT 2002. Li 2012 did not
give the exact timing of interventions; we requested the details but
have not received a reply.
In Li 2012, it was not clear if analyses were done according to the
intention-to-treat principle; therefore, we performed a sensitivity
analysis excluding this study. The results of this analysis were essentially the same as those of the main analysis: the RR for poor
outcome was 0.76 (95% CI 0.66 to 0.88; Analysis 7.1).
A subgroup analysis for basilar aneurysms could not be performed
since only data for all posterior circulation aneurysms combined
were available. Therefore, we performed an analysis for all posterior circulation aneurysms and all anterior circulation aneurysms
for which information was available (for ISAT 2002 and Koivisto
2000). Brilstra 2000 included no participants with posterior circulation. For participants with a posterior circulation aneurysm,
the RR of poor outcome was 0.41 (95% CI 0.19 to 0.92; 69 participants; Analysis 7.1), and the absolute decrease in risk was 27%
(95% CI 6% to 48%). For participants with an anterior circulation aneurysm, the RR was 0.78 (95% CI 0.68 to 0.90; Analysis
7.1), and the absolute risk decrease was 7% (95% CI 3% to 10%).

DISCUSSION

Summary of main results
The aggregation of the results of all identified randomised trials
on endovascular coiling versus neurosurgical clipping treatment
in participants with SAH from a ruptured aneurysm showed a
reduction of poor outcome after treatment by endovascular coiling compared with neurosurgical clipping at one year, even in the
special worst-case scenario analysis. At five- and 10-year followup, the difference between endovascular coiling and neurosurgical
clipping was smaller, and no longer statistically significant. The

smaller effect size may be explained by the competing risk from
other cardiovascular diseases (Rinkel 2011). The absence of a statistically significant effect may be explained by the fact that longterm outcome data were only available for a subset of the original ISAT cohort, resulting in less statistical power. Endovascular coiling was associated with reduced mortality at one, five, and
10 years, although the difference at one year was not statistically
significant. Participants in the endovascular coiling group had a
higher risk of postprocedural rebleeding at one, five, and 10 years.
Risk for DCI at two to three months was lower in participants in
the endovascular coiling group.

Overall completeness and applicability of
evidence
This review represents the results of one large trial and three much
smaller trials. The results were largely dependent on the largest
trial (ISAT 2002), which was stopped prematurely on the basis of
an interim analysis, because results were weighted to number of
participants and events in each trial. However, the results of the
smaller trials were in the same direction for the primary outcome
measure and there was no evidence of heterogeneity in any of the
analyses.
The intervention groups in all four included trials were well balanced regarding baseline characteristics. Peri- and postprocedural
management is probably also similar between the two treatment
strategies except for the use of platelet aggregation inhibitors. Aspirin is often prescribed after coiling of aneurysms. In a systematic
review, antiplatelet therapy reduced the occurrence of DCI and
tended to improve overall outcome (Dorhout Mees 2003). One
study of 19 centres representing 1422 (66%) participants in the
ISAT trial found that only two of the centres (8% of coiled participants) routinely prescribed antiplatelet drugs during coiling and
six centres (24% of coiled participants) did so after coiling. There
was no evidence that antiplatelets during or after endovascular
coiling improved outcome (van den Bergh 2009).
We intended to perform a subgroup analysis for participants with
a ruptured aneurysm of the basilar artery. However, no specified
information on main outcome measures was available for this subgroup of participants. In our subgroup analysis for all posterior
circulation aneurysms, the relative risk of poor outcome showed a
trend towards decrease for endovascular coiling, but was not statistically significant.
Another type of patient that was under-represented in the included
trials were people with aneurysms of the middle cerebral artery
(MCA). These aneurysms were often considered not suitable for
endovascular coiling when the included trials were recruiting participants. The total number of people with aneurysms from the
MCA was still considerable and the results in people with MCA
aneurysms were in the same direction as in people with aneurysms
at other sites. Therefore, it seems reasonable to assume that the results of this review also hold true for people with MCA aneurysms
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whose anatomy makes them suitable for either endovascular or
surgical treatment. People in poor clinical condition were also under-represented in the trials, since all three trials only included
participants when clinical condition justified aneurysm treatment
and if informed consent was obtained, which is more difficult in
people with a poor clinical condition. Because a poor clinical condition at time of admission to hospital is an important predictor
for poor outcome, the results of this review cannot be directly applied to people in poor clinical condition on admission.
Late spontaneous reopening of the aneurysm may lead to insufficient protection against rebleedings in the future. A disadvantage of endovascular coiling is that aneurysms are more often incompletely treated (90% to 100% obliteration) and carry a higher
risk for reopening than clipped aneurysms. The higher risk of rebleeding at five and 10 years in participants randomised to endovascular treatment in ISAT indicates that coiled aneurysms are
more susceptible to rebleeding than clipped ones. The clinical relevance of this late reopening is uncertain given the de novo formation of aneurysms on locations other than the original aneurysm
site. In follow-up studies of people treated for an aneurysm, the
rate of development of new aneurysms ranged from 0.2% to 2%
per year (David 1999; Juvela 1993; Juvela 2001; Lindgren 2016;
Tsutsumi 2001; Wermer 2005a). The SAHs occurring from these
new aneurysms may outnumber those resulting from reopened
aneurysms (Wermer 2005b).
Moreover, since the previous version of this review (van der Schaaf
2005), endovascular coiling has become the first occlusive treatment option to be considered in most centres treating aneurysmal SAH. Today, endovascular coiling is performed not only by
radiologists but also by neurosurgeons and neurologists. This may
have led to physicians with less experience performing endovascular coiling in hospital settings with less experience. One study indeed showed differences in rates of complications according to the
type of physician performing the procedure (Fennell 2016). Technical development has also made new endovascular treatments
available, in addition to endovascular coiling, such as flow-diverting stents (Ding 2011) and WEB (Wowen EndoBridge) devices
(Çinar 2013), but there are no randomised trials that compare
these treatment modalities with neurosurgical clipping for ruptured intracranial aneurysms.

Quality of the evidence
We analysed data from four trials involving 2458 randomised participants: 1229 in the endovascular coiling group and 1229 in the
neurosurgical clipping group. Included trials took place between
1994 and 2009. We judged all trials to have at least one domain
where risk of bias was unclear, and in one study the risk of detection bias was high (Figure 2; Figure 3). However, we did not detect
important heterogeneity between the results of the studies in any
of the outcomes. We could not assess publication bias due to low
number of included trials. Although publication bias may exist, it

is unlikely that a large unpublished randomised controlled study
exists that would alter our findings. Evidence was mainly based
on the largest included trial and long-term follow-up was available only for a subgroup of participants within that trial. Thus,
we judged evidence of the outcomes with long-term follow-up
(poor outcome, rebleeding) to be of low quality. We judged the
evidence of the outcomes with short-to-intermediate follow-up to
be of moderate (poor outcome, death from any cause, DCI) or
high (rebleeding) quality.

Potential biases in the review process
Two review authors independently performed study selection, data
extraction, and quality assessment in order to reduce bias and subjectivity. We attempted to identify all RCTs of potential relevance
to the review. We did not perform a funnel-plot analysis, as we
only identified four eligible RCTs.

Agreements and disagreements with other
studies or reviews
We identified other systematic reviews on this topic that included only prospective trials (Lanzino 2013), or prospective trials combined with non-randomised studies (Falk Delgado 2017;
Fotakopoulos 2017; Li 2013; Xia 2017). One review of prospective trials found that the risk of poor outcome at one year after
endovascular coiling and clipping of a ruptured aneurysm was
lower after endovascular coiling (RR 0.75, 95% CI 0.65 to 0.87)
(Lanzino 2013), which is in line with our results. Another review
found that the risk of poor outcome was higher after clipping (odds
ratio (OR) 1.25, 95% CI 1.12 to 1.40), but there was no difference
in mortality (OR 1.07, 95% CI 0.88 to 1.30). Risk of rebleeding was lower after clipping (OR 0.43, 95% CI 0.28 to 0.66) (Li
2013). One review comparing clipping versus endovascular coiling in people with ruptured anterior circulation aneurysms found
no difference in terms of operative mortality (OR 0.80, 95% CI
0.31 to 2.08), permanent neurological deficit (OR 1.42, 95% CI
0.85 to 2.39), late mortality (OR 0.97, 95% CI 0.42 to 2.25),
or the need for reintervention (OR 0.86, 95% CI 0.25 to 2.95)
(Fotakopoulos 2017). Results from a review comparing rates of
independent outcome in people with a ruptured aneurysm treated
with coiling or clipping favoured coiling after intermediate follow-up (OR 0.80, 95% CI 0.68 to 0.94, OR less than 1 favours
coiling) and long-term follow-up (OR 0.81, 95% CI 0.71 to 0.93,
OR less than 1 favours coiling) (Falk Delgado 2017). One review
focusing on people with high-grade SAH found that coiling was
associated with higher mortality (OR 0.55, 95% CI 0.41 to 0.75,
OR less than 1 favours clipping), but found no differences in rates
of complications including rebleeding (OR 0.62, 95% CI 0.30 to
1.29), ischaemic infarct (OR 0.76, 95% CI 0.45 to 1.29), shuntdependent hydrocephalus (OR 1.33, 95% CI 0.52 to 3.40), or
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good outcome (OR 1.44, 95% CI 0.95 to 2.36) (Xia 2017). The
differences in comparison to our results were most likely due to
inclusion of non-randomised data and restricting the analyses to
subgroups of participants.

coiling or for other endovascular procedures (e.g. WEB (Wowen
EndoBridge) devices and flow-diverting stents) to treat ruptured
intracranial aneurysms.

Implications for research

AUTHORS’ CONCLUSIONS
Implications for practice
The results of this review mainly draw on evidence from people in
good clinical condition after subarachnoid haemorrhage (SAH).
Data from the randomised trials show that participants in relatively good condition whose aneurysm is considered suitable for
both neurosurgical clipping and endovascular treatment, are likely
to have a better functional outcome with endovascular coiling.
Middle cerebral artery (MCA) aneurysms were under-represented
in the included trials, but it is plausible that for MCA aneurysms
suitable for both treatment methods, endovascular coiling is associated with a better outcome. For people with SAH in poor clinical
condition, there is no reliable randomised evidence comparing the
potential harms and benefits of endovascular coiling versus neurosurgical clipping. It should also be noted that this review provides evidence of the benefit of simple endovascular coiling only,
because there are no randomised data for balloon- or stent-assisted

There is no reliable trial evidence that can be used directly to guide
treatment in people with a poor clinical condition. Trials comparing endovascular coiling, neurosurgical clipping, and treatment
with advanced endovascular techniques (e.g. flow-diverting stents
and WEB-devices) are required to extend the evidence to people
and interventions that were not part of the four included trials. The
ongoing ISAT-2 trial may provide evidence to support treatment
decisions for subgroups of participants with ruptured aneurysms
that were not well represented in ISAT, as well as for the use of
advanced endovascular techniques. In addition, data from consecutive patient series would allow an assessment of the results of the
treatment of ruptured intracranial aneurysms in current clinical
practice, outside the constraints of a randomised trial.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]
Brilstra 2000
Methods

Method of randomisation: sealed envelopes
Blinding of outcome assessment: no
Analysis: intention to treat
Excluded participants: 9 prior to randomisation
Cross-over cases: no
Losses to follow-up: at 1-year follow-up: 2 participants in the endovascular coiling group
and 2 participants in the neurosurgical clipping group
Definition of outcomes: stated

Participants

Location: University Medical Centre Utrecht and St Elisabeth Hospital Tilburg, The
Netherlands
Coiling: 10 (men: 3 (30%))
Clipping: 10 (men: 3 (30%))
Age range: 35-75 years
Entry criteria: documented aneurysmal SAH by either CT or DSA within the preceding 4
days, clinical state justifying treatment, aneurysm suitable for both treatment modalities
Comparability of treatment groups: good for major prognostic factors
Clinical grade on admission:
• coiling: WFNS I: 4; II: 3; III: 1; IV: 2; V: 0
• clipping: WFNS I: 4; II: 2; III: 2; IV: 1; V: 1
Aneurysm location:
• coiling: ACA and Acom: 5; MCA: 1; ICA: 4; posterior circulation: 0
• clipping: ACA and Acom: 3; MCA: 2; ICA: 5; posterior circulation: 0

Interventions

Endovascular coiling
Neurosurgical clipping

Outcomes

Clinical outcomes: dependency and death at 1-year follow-up (Rankin score 3-6), rebleeding, epilepsy, quality of life at 1 year and neuropsychological outcomes
Additional measures: cost-effectiveness

Notes

Exclusion criteria: the logistic conditions for early operation could not be fulfilled
Follow-up duration: 3 months and 1 year

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Used a computer-generated list

Allocation concealment (selection bias)

Allocation concealment performed by
sealed envelopes that were not within reach
of the treating physician

Low risk
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Brilstra 2000

(Continued)

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Blinding of participants of personnel was
not possible due to the characteristics of
the interventions. However, review authors
judged that the risk of performance bias
was low

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Participants or their carers interviewed by
telephone to assess functional outcome 3
months after SAH and 12-month functional outcome assessed at outpatients
clinic by a neurologist or by a neurosurgeon
who had not operated on the participant.
Unclear whether blinding was performed

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Data complete for all outcomes

Selective reporting (reporting bias)

Low risk

Study protocol not available but it was clear
that the obtained data include all expected
outcomes, including those that were prespecified

Other bias

Low risk

Other sources of bias not identified

ISAT 2002
Methods

Method of randomisation: minimisation algorithm by telephone call to central randomisation service
Blinding of outcome assessment: unblinded interim data
Analysis: intention to treat
Excluded participants: 7416 excluded prior to randomisation
Cross-over cases: 48 participants
Losses to follow-up: at 1-year follow-up: vital status known for all participants, for 10
participants in the endovascular coiling group and 15 participants in the neurosurgical
clipping group the disability status was missing
Definition of outcomes: stated

Participants

Location: 43 major neurosurgical centres (international)
Coiling: 1073 (men:women ratio: 0.6)
Clipping: 1070 (men:women ratio: 0.6)
Age range: 18-87 years
Entry criteria: documented aneurysmal SAH by either CT or LP within the preceding 28
days, clinical state justifying treatment, aneurysm suitable for both treatment modalities
Comparability of treatment groups: good for major prognostic factors (except for a
significant difference in the time interval between SAH and treatment)
Clinical grade on admission:
• coiling: WFNS I: 674 (63%); II: 269 (25%); III: 66 (6%); IV: 38 (4%); V: 11
(1%); VI: 15 (1%)
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ISAT 2002

(Continued)
• clipping: WFNS I: 661 (62%); II: 280 (26%); III: 68 (6%); IV: 36 (3%); V: 9
(1%); VI: 16 (1%)
Aneurysm location:
• coiling: ACA and Acom: 532; MCA: 162; ICA: 344; posterior circulation: 24
• clipping: ACA and Acom: 534; MCA: 139; ICA: 348; posterior circulation: 3

Interventions

Endovascular coiling
Neurosurgical clipping

Outcomes

Clinical outcomes: dependency and death at 1, 5, and 10 years’ follow-up (modified
Rankin Scale score of 3-6), rebleeding at 1, 5, and 10 years, proportion of participants
with epilepsy, quality of life at 1 year, and neuropsychological outcomes
Additional measures: cost-effectiveness

Notes

Exclusion criteria: refused informed consent, if participating in another randomised trial
of a treatment for SAH
Follow-up duration: 2 months, 1 year, 5 years, 10 years
Accrual to ISAT was stopped prematurely, before the planned sample size had been
achieved, on the basis of an interim analysis. The Data Monitoring Committee analysed
the data on 29 April 2002 and advised the Steering Committee, on the basis of the
result, to stop recruitment. The Steering Committee met on 2 May 2002 and decided
that recruitment should stop but that follow-up must continue. Recruitment ceased
immediately

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “All random assignments were
done through a 24-h [hour] telephone randomisation service, provided by the Clinical Trial Service Unit at the University of
Oxford. Key baseline data were recorded
before the treatment allocation was issued.
A minimisation algorithm was used to ensure balance between the two groups.”

Allocation concealment (selection bias)

See above

Low risk

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Blinding of participants of personnel was
not possible due to the characteristics of
the interventions. However, review authors
judged that the risk of performance bias
was low

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Quote: “Data were collected by a validated method by use of a postal questionnaire mailed to the patient with a Euroqol
Health state questionnaire and a question-
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ISAT 2002

(Continued)
naire concerning employment status, further hospital admissions, or any episodes of
rebleeding.”

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

Primary outcome (functional outcome) at
1 year was available for almost all participants at 1 year. However, long-term followup data were available for only a proportion
of the participants

Selective reporting (reporting bias)

Low risk

Prespecified primary and secondary outcomes reported

Other bias

Unclear risk

During recruitment of ISAT, only 22% of
participants with SAH treated within the
participating centres were enrolled to the
study, and 78% were excluded. Most included participants had aneurysm in the
anterior circulation. People with SAH in
poor clinical condition on admission are
under-represented in the ISAT cohort,
which may be considered as a threat to external validity of this trial

Koivisto 2000
Methods

Method of randomisation: sealed envelopes
Blinding of outcome assessment: no
Analysis: intention to treat
Excluded participants: 131 before randomisation, 2 after randomisation
Cross-over cases: 16
Losses to follow-up: at 1 year: no losses to follow-up
Definition of outcomes: stated

Participants

Location: Kuopio University Hospital, Kuopio, Finland
Coiling: 52 (men:women ratio: 0.5)
Clipping: 57 (men:women ratio: 0.4)
Age range: 14-75 years
Entry criteria: informed consent, SAH from a ruptured aneurysm suitable for both endovascular and neurosurgical treatment (based on diagnostic angiographic determinants)
, SAH in the preceding 3 days
Comparability of treatment groups: good for major prognostic factors
Clinical grade on admission:
• coiling: Fisher 0-2: 20; 3-5: 32. Hunt and Hess grade I-II: 31; III: 2; IV-V: 9
• clipping: Fisher 0-2: 22; 3-5: 35. Hunt and Hess grade I-II: 36; III: 14; IV-V: 7
Aneurysm location:
• coiling: ACA: 27; MCA: 7; ICA: 12; posterior circulation: 1
• clipping: ACA: 28; MCA: 12; ICA: 12; posterior circulation: 5
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Koivisto 2000

(Continued)

Interventions

Endovascular coiling
Neurosurgical clipping

Outcomes

Clinical outcomes: 12-month clinical (good or moderate recovery: GOS 5 and 4; severe
disability and vegetative state: GOS 3 and 2; death: GOS 1), neuropsychological and
radiological outcomes
Endpoints:
• primary endpoint: rebleeding or death
• secondary endpoint: refilling of the aneurysm

Notes

Exclusion criteria: aged > 75 years, presence of large haematoma necessitating surgery,
mass effect causing neurological deficit, previous surgery for the ruptured aneurysm
Follow-up duration: 3 months and 1 year

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

To avoid selection bias, random assignment
was performed separately for people with a
Hunt and Hess grade of I-II, for those with
a grade of III, and for those with a grade of
IV-V

Allocation concealment (selection bias)

Sealed envelopes used

Low risk

Blinding of participants and personnel Low risk
(performance bias)
All outcomes

Blinding of participants or personnel was
not possible due to the characteristics of
the interventions. However, review authors
judged that the risk of performance bias
was low

Blinding of outcome assessment (detection High risk
bias)
All outcomes

Quote: “Clinical outcome at 3 months after treatment was evaluated by the neurosurgeon primarily responsible for treatment
or the principal investigator of the study.
The 12-month outcome was evaluated by
a single neurosurgeon. The last outcome
data obtained by telephone interview were
evaluated by a single neurosurgeon or by a
single trained nurse.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

No missing data

Selective reporting (reporting bias)

Low risk

All planned outcomes reported

Other bias

Low risk

Other sources of bias were not identified.
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Li 2012
Methods

Method of randomisation: computer-generated randomisation sequence
Blinding of outcome assessment: no
Analysis: treatment received
Excluded participants: unclear
Cross-over cases: no
Losses to follow-up at 1 year: none
Definition of outcomes: stated

Participants

Location Fengxian District Central Hospital, Shanghai, China
Coiling: 94 (men: 68, 72%)
Clipping: 92 (men: 62, 67%)
Mean age: coiling: 55 years, clipping: 54 years
Entry criteria: informed consent, SAH from a ruptured aneurysm
Comparability of treatment groups good for major prognostic factors, aneurysm size not
given
Clinical grade on admission
• coiling: Hunt and Hess grade I-II: 56; III; 30; IV-V: 8
• clipping; Hunt and Hess grade I-II: 61; III: 23; IV-V: 8
Aneurysm location:
• coiling: ACA and Acom: 46: MCA: 16; ICA: 18: Pcom: 13; posterior circulation:
1
• clipping: ACA and Acom: 44: MCA: 19; ICA: 20: Pcom: 9; posterior circulation:
0

Interventions

Endovascular coiling
Neurosurgical clipping

Outcomes

Clinical outcomes: 12-month functional outcome (modified Rankin scale), 12-month
case fatality, 12-month rebleeding rate, rate of delayed cerebral ischaemia, and rate of
non-complete obliteration of aneurysm within 12 months

Notes

Time to randomisation, maximum time between SAH and treatment, and aneurysm
size not given

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Computer-generated randomisation sequence was used

Allocation concealment (selection bias)

Low risk

Quote: “…were enrolled into the study and
assigned (according to a computer-generated randomization schedule) to undergo
either endovascular coiling or surgical clipping treatment.”

Blinding of participants and personnel Low risk
(performance bias)

Blinding of participants or personnel was
not possible due to the characteristics of
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Li 2012

(Continued)

All outcomes

the interventions. However, review authors
judged that the risk of performance bias
was low

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Quote: “Clinical follow-up was performed
in both groups during outpatient clinic visits. A structured telephone interview was
performed with outpatients or family who
missed the clinic visits; a close relative was
contacted in cases where the patient was
unavailable.”
It was unclear whether interviewers were
blinded to intervention

Incomplete outcome data (attrition bias)
All outcomes

Low risk

No missing data

Selective reporting (reporting bias)

Unclear risk

Study protocol not available. Published report suggested that all intended outcomes
were reported, but we contacted study authors for clarification. Risk of reporting bias
judged as unclear

Other bias

Unclear risk

It was unclear whether the published results
represented intention-to-treat or treatment
received. We sought missing data from the
trialists but are awaiting response

ACA: anterior cerebral artery; Acom: anterior communicating artery; CT: computed tomography; DSA: digital subtraction angiography;
ICA: internal carotid artery; LP: lumbar puncture; MCA: middle cerebral artery; Pcom: posterior communicating artery; SAH:
subarachnoid haemorrhage; WFNS: World Federation of Neurological Surgeons subarachnoid haemorrhage grading scale.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

BRAT 2012

Inadequate methodological quality:
• allocation concealment missing and there was no true randomisation to coiling or clipping; participants
allocated in an alternating fashion
• study protocol not been published
• enrolled participants not eligible for both treatments
• 30% of participants did not receive the treatment they were randomised to, resulting in imbalance between
intervention groups
• non-prespecified subgroup analyses used
• no intention-to-treat analysis
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Characteristics of studies awaiting assessment [ordered by study ID]
Wadd 2015
Methods

Method of randomisation: unknown
Blinding of outcome assessment: no
Analysis: treatment received
Excluded participants: no
Cross-over cases: unknown
Losses to follow-up at 1 year: none
Definition of outcomes: stated

Participants

Location Lahore General Hospital, Lahore, Pakistan
Coiling: 70 (men 28, 40%)
Clipping: 70 (men 28, 40%)
Median age: coiling 53 years, clipping 51 years
Entry criteria: SAH from a ruptured anterior circulation aneurysm, WFNS 1-3, aged 14-60 years. Giant aneurysms
(> 2.5 cm) and aneurysms with broad neck (> 5 mm) were excluded
Comparability of treatment groups good for major prognostic factors, aneurysm size not given
Clinical grade on admission
• coiling: WFNS I: 27; II: 25; III: 18
• clipping: WFNS I: 23; II: 23; III: 24
Aneurysm location: not given

Interventions

Endovascular treatment by coils
Surgical treatment by clips

Outcomes

Outcome at 12 months (poor/favourable)

Notes

Study authors contacted for missing data in August 2017, but no data received

SAH: subarachnoid haemorrhage; World Federation of Neurological Surgeons subarachnoid haemorrhage grading scale.

Characteristics of ongoing studies [ordered by study ID]
ISAT-2
Trial name or title

International Subarachnoid Aneurysm Trial 2

Methods

Method of randomisation: centralised minimisation procedure via web platform
Minimisation criteria to be balanced between groups: age ≥ 70 years, WFNS grade > III, aneurysm size > 3
cm, posterior circulation location of aneurysm

Participants

Target sample size: 1896 participants, expected loss to follow-up < 10%
Listed location countries: Canada, Spain, US
Inclusion criteria
• Aged ≥ 18 years
• ≥ 1 documented, intradural, intracranial aneurysm, ruptured within last 30 days
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ISAT-2

(Continued)
• SAH WFNS ≤ grade IV
• Participant and aneurysm considered appropriate for either surgical or endovascular treatment by the
treating team
Exclusion criteria
• People with absolute contraindications administration of contrast material (any type)
• People with AVM-associated aneurysms
• Aneurysm located at basilar apex

Interventions

Surgical management of the ruptured aneurysm
Endovascular management (including use of adjunctive techniques such as flow-diverting stents and WEB
devices in addition to coiling)

Outcomes

Primary outcome
• Poor clinical outcome (mRS > 2) at 12 months
Secondary outcomes
• Aneurysm haemorrhage following treatment within 12 months
• Failure of aneurysm occlusion using the intended treatment modality within 48 hours of attempted
treatments
• Overall mortality and morbidity from all causes at 1 and 5 years
• Occurrence of major aneurysm recurrence within 12 months (SD 2 months)
• Peritreatment hospitalisation > 20 days or discharge to a location other than home, or both
• Occurrence of aneurysm rerupture following randomisation but before treatment initiation

Starting date

October 2012

Contact information

clinicaltrials.gov/ct2/show/record/NCT01668563

Notes

Estimated primary completion date: 2023

AVM: arteriovenous malformation; mRS: modified Rankin scale; SAH: subarachnoid haemorrhage; WEB: Wowen EndoBridge; WFNS:
World Federation of Neurological Surgeons subarachnoid haemorrhage grading scale.
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DATA AND ANALYSES

Comparison 1. Poor outcome: death or dependence in daily activities

Outcome or subgroup title
1 Death or dependency at 2-3
months
2 Death or dependency at 12
months after subarachnoid
haemorrhage
3 Worst-case scenario at 12
months
4 Death or dependency at 5 years
5 Death or dependency at 10 years

No. of
studies

No. of
participants

3

2257

Risk Ratio (M-H, Fixed, 95% CI)

0.71 [0.63, 0.81]

4

2429

Risk Ratio (M-H, Fixed, 95% CI)

0.77 [0.67, 0.87]

4

2458

Risk Ratio (M-H, Fixed, 95% CI)

0.80 [0.71, 0.91]

1
1

1724
1316

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

0.87 [0.75, 1.01]
0.81 [0.70, 0.92]

Statistical method

Effect size

Comparison 2. Death from any cause

Outcome or subgroup title
1 Death from any cause 2-3
months
2 Death from any cause between
randomisation and 1 year after
SAH
3 Death from any cause up to 5
years
4 Death from any cause up to 10
years

No. of
studies

No. of
participants

3

2257

Risk Ratio (M-H, Fixed, 95% CI)

0.88 [0.66, 1.18]

4

2429

Risk Ratio (M-H, Fixed, 95% CI)

0.80 [0.63, 1.02]

1

2087

Risk Ratio (M-H, Fixed, 95% CI)

0.77 [0.61, 0.98]

1

1644

Risk Ratio (M-H, Fixed, 95% CI)

0.78 [0.64, 0.96]

Statistical method

Effect size

Comparison 3. Delayed cerebral ischaemia (DCI)

Outcome or subgroup title
1 DCI at 2-3 months

No. of
studies

No. of
participants

4

2450

Statistical method
Risk Ratio (M-H, Fixed, 95% CI)
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Comparison 4. Rebleeding

Outcome or subgroup title
1 Rebleed before treatment
2 Rebleed postprocedure up to 1
year
3 Rebleed postprocedure up to 3
months
4 Rebleed postprocedure up to 5
years
5 Rebleed postprocedure up to 10
years

No. of
studies

No. of
participants

3
4

2272
2458

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

0.64 [0.37, 1.12]
1.83 [1.04, 3.23]

3

2272

Risk Ratio (M-H, Fixed, 95% CI)

2.66 [0.71, 10.00]

1

1448

Risk Ratio (M-H, Fixed, 95% CI)

2.75 [1.51, 5.02]

1

1323

Risk Ratio (M-H, Fixed, 95% CI)

2.69 [1.50, 4.81]

Statistical method

Effect size

Comparison 5. Complications from intervention

Outcome or subgroup title
1 Complications from intervention

No. of
studies

No. of
participants

2

129

Statistical method
Risk Ratio (M-H, Fixed, 95% CI)

Effect size
1.05 [0.44, 2.53]

Comparison 6. Degree of obliteration

Outcome or subgroup title
1 Non-complete obliteration after
1 year
2 < 90% occlusion after 1 year

No. of
studies

No. of
participants

3

1626

Risk Ratio (M-H, Fixed, 95% CI)

2.02 [1.65, 2.47]

2

1440

Risk Ratio (M-H, Fixed, 95% CI)

1.43 [0.93, 2.21]

Statistical method

Effect size

Comparison 7. Subgroup analysis: aneurysm location

Outcome or subgroup title
1 Poor outcome at 12 months:
posterior and anterior
circulation
1.1 Poor outcome at 12
months: posterior circulation
1.2 Poor outcome at 12
months: anterior circulation

No. of
studies

No. of
participants

2

2226

Risk Ratio (M-H, Fixed, 95% CI)

0.76 [0.66, 0.88]

2

69

Risk Ratio (M-H, Fixed, 95% CI)

0.41 [0.19, 0.92]

2

2157

Risk Ratio (M-H, Fixed, 95% CI)

0.78 [0.68, 0.90]

Statistical method
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ADDITIONAL TABLES
Table 1. Angiographic occlusion on follow-up angiography during first year post-treatment

Number of participants per Extent of occlusion
treatment
100%

90% to 100%

< 90%

ISAT 2002
Endovascular coiling: 881

584 (66%)

228 (26%)

69 (8%)

Neurosurgical clipping: 450

370 (82%)

55 (12%)

25 (6%)

Endovascular coiling: 52

40 (77%)

10 (19%)

2 (4%)

Neurosurgical clipping: 57

49 (86%)

7 (12%)

1 (2%)

Endovascular coiling: 933

624 (67%)

238 (26%)

71 (8%)

Neurosurgical clipping: 507

419 (83%)

62 (12%)

26 (5%)

Koivisto 2000

Total

WHAT’S NEW
Last assessed as up-to-date: 26 March 2018.

Date

Event

Description

26 March 2018

New citation required and conclusions have changed

We included new data; conclusions revised

26 March 2018

New search has been performed

We included one additional trial (186 participants): the
review now has four included studies involving 2458 participants; we updated the searches, the review text and references, and added a ’Summary of findings’ table
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HISTORY
Protocol first published: Issue 2, 2001
Review first published: Issue 4, 2005

Date

Event

Description

19 August 2008

Amended

Converted to new review format.
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