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Aneurysms: AMeta-Analysis of Prospective Controlled

Published Studies
G. Lanzino, M.H. Murad, P.I. d’Urso, and A.A. Rabinstein
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ABSTRACT

BACKGROUND AND PURPOSE: Coil embolization is an alternative to clipping for intracranial aneurysms. However, controversy exists
regarding the best therapeutic strategy in patients with ruptured aneurysms, and there is great center- and country-related variability in
the rates of clipping versus coiling. We performed a meta-analysis of prospective controlled trials of clipping versus coil embolization for
ruptured aneurysms.

MATERIALS AND METHODS: We performed a search of the English literature for published prospective controlled trials comparing
surgical clipping with endovascular coil embolization for ruptured intracranial aneurysms. Data were abstracted from the identified
references.Outcomes of interestwere the proportion of patientswith a poor outcome at 1 year and episodes of rebleeding from the index
treated aneurysm after the allocated treatment.

RESULTS: There were 3 prospective controlled trials eligible for inclusion. These studies enrolled 2723 patients. Meta-analysis of these
studies showed that the rate of poor outcome at 1 year was significantly lower in patients allocated to coil embolization (risk ratio, 0.75;
95% confidence interval, 0.65–0.87). This relative effect is consistent with an absolute risk reduction of 7.8% and a number needed to treat
of 13. The effect on mortality was not statistically different across the 2 treatments. Rebleeding rates within the first month were higher
in patients allocated to endovascular coil embolization.

CONCLUSIONS: On the basis of the analysis of the 3 high-quality prospective controlled trials available, there is strong evidence to
indicate that endovascular coil embolization is associated with better outcomes compared with surgical clipping in patients amenable to
either therapeutic strategy.

ABBREVIATIONS: RCT � randomized clinical trials; GDC � Guglielmi detachable coil; GOS � Glasgow Outcome Scale; ISAT � International Subarachnoid
Aneurysm Trial; BRAT� Barrow Ruptured Aneurysm Trial

Rebleeding from a ruptured aneurysm is a deadly complica-

tion. Early treatment of the ruptured aneurysm has been

proved to reduce the risk of early rebleeding1 and has been the

standard strategy for the treatment of patients with subarachnoid

hemorrhage over the past 3 decades.2 With the development of

neuroendovascular techniques, endovascular coil embolization

has become a valid and increasingly used alternative to surgical

clip obliteration in patients with ruptured intracranial aneu-

rysms.3 However, the best therapeutic approach in a patient with

a ruptured aneurysm continues to be debated, and rates of clip-

ping versus coiling vary greatly across countries and single

centers.

Since the approval by the FDA of the GDC in 1995, endovas-

cular coil embolization has been compared with surgical clip oc-

clusion in high-quality prospective controlled studies.4-7 We per-

formed a meta-analysis of published prospective controlled

studies to evaluate the comparative efficacy of both treatment

modalities.

MATERIALS AND METHODS
We searched Medline, Embase, and the Cochrane Library for ran-

domized trials and prospective controlled studies comparing sur-

gical clipping and endovascular coil embolization for ruptured

intracranial aneurysms. The electronic databases were searched

by use of the OVID interface for trials on human subjects pub-

lished in English between 2004 –2011. A high-quality systematic
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review previously published provided references before 2004.8

Only studies in which patients had been either randomly assigned

or prospectively alternatively allocated to surgery and to endovas-

cular treatment were considered. Noncontrolled or retrospective

studies comparing clinical results with surgical clipping or endo-

vascular coiling and studies evaluating the effect of drugs or other

therapeutic procedures on surgical or endovascular patients were

excluded. The key words used, singly or in combination, included

aneurysmal subarachnoid hemorrhage, cerebral aneurysm, cere-

bral aneurysms, clip/clips, coil/coils, clipping, coiling, endovascu-

lar, coil embolization, embolization, endovascular coil emboliza-

tion, endovascular treatment, intracranial aneurysm, intracranial

aneurysms, neurosurgical clipping, ruptured aneurysm, ruptured

aneurysms, ruptured intracranial aneurysm, ruptured intracra-

nial aneurysms, subarachnoid hemorrhage, and subarachnoid

haemorrhage.

One hundred five potentially relevant references were identi-

fied on the basis of their titles; 88 were excluded after screening the

abstract, and an additional 16 were excluded after reading the full

text. The search yielded 1 new prospective controlled study with

alternate prospective allocation since 2004.7 Eventually, 3 studies

were included in the present analysis.

The primary outcome of interest was the percentage of pa-

tients with poor outcome at 1 year. The secondary outcome was

rebleeding in the first year after treatment.

Data Collection
With the use of a standardized collection data form, data were

extracted from all of the eligible trials. These data included:

Descriptive Data. Interval period during which the study was

conducted, maximum time allowed from the index SAH, number

of patients screened, study size, number of patients in each arm,

patient mean age, and completeness of follow-up at 1 year.

Methodologic Data. Single-center or multicenter study, method

for outcome assessment at 1 year, and definition of poor outcome.

Outcome Data. Proportion of patients with a poor outcome at 1

year and episodes of rebleeding from the index treated aneurysm

during the first year after treatment.

Statistical Analysis. Random effects

model was used to pool relative risks

(risk ratios) and 95% confidence inter-

vals across studies.9 Heterogeneity was

evaluated by using the I2 statistic.10

RESULTS
Three prospective controlled studies

were eligible for inclusion in this analy-

sis. Table 1 summarizes the main study

characteristics, methodology, and en-

rollment. These studies enrolled 2723

patients. Only patients with aneurysms

amenable to either surgical or endovas-

cular treatment were enrolled in 2 of the

trials,4,6 whereas in the remaining trial,

all consecutive patients with SAH (in-

cluding nonaneurysmal SAH) who

agreed to participate in the study were randomly assigned to 1 of

the 2 treatment modalities in an alternating fashion.7 Functional

outcome at 1 year was reported in the 3 studies.

This was performed by use of the GOS (poor outcome defined

by GOS 1–3) rated by 1 of the investigators in 1 study4,5; by use of

modified Rankin Scale (poor outcome defined by modified

Rankin Scale score 3– 6) assessed by the patients in a mailed ques-

tionnaire (or a caretaker if the patient was unable to complete it)

in 1 study6; and by use of modified Rankin Scale rated by a re-

search nurse in 1 study.7 Methods of assessment of outcome at 1

year, rates of poor outcome according to treatment allocation,

and episodes of rebleeding are summarized in Table 2.

Meta-analysis of these studies showed that the rate of poor

outcome at 1 year was significantly lower in patients allocated to

coil embolization (risk ratio, 0.75; 95% confidence interval, 0.65–

0.87) (Fig 1). This difference represents an absolute risk reduction

of 7.8% and translates into a number needed to treat of 13 (ie, 13

patients treated by coiling to prevent poor outcome in 1 patient).

The effect on mortality was not statistically different across the 2

treatments. Rebleeding rates within the first month were higher in

patients allocated to endovascular coil embolization, but the dif-

ference was not significant at 1 year (Fig 2). Heterogeneity across

studies was minimal (�25%).

DISCUSSION
Since the introduction of GDCs into clinical practice in 1992, 2 ran-

domized trials and 1 prospective controlled clinical trial have been

published comparing functional outcome at 1 year after coil embo-

lization versus surgical clip ligation for ruptured intracranial aneu-

rysms. Our meta-analysis of these published trials shows that the

odds of poor outcome are higher after surgical treatment than after

endovascular treatment, despite a higher early risk of rebleeding from

the target aneurysm after coil embolization. Furthermore, subgroup

analyses from these clinical trials have indicated that the risks of sei-

zures,11 delayed cerebral ischemia,12ischemic lesions on MR imag-

ing,13 and in-hospital complications14 are lower after coil emboliza-

tion than after surgical clip ligation. A subgroup analysis of patients

enrolled in the ISAT also showed improved cognitive outcome after

coilingcompared with surgery.15 These observations provide con-

vincing evidence that endovascular coil embolization should be

Table 1: Summary of published randomized clinical trials of surgery versus coiling for
ruptured aneurysms

Kuopio ISAT BRAT
Period February 1995 to

August 1997
1997 to September
2002

March 2003 to
January 2007

Single-center/multicenter Single Multicenter Single
Enrollment �72 hours �28 days �14 days
Total patients screened 242 9559 725
Patients enrolled 109 2143 471
Mean age (years)
Endovascular 49 52 54
Surgery 50 52 53

No. of patients allocated endovascular 52 1073 233
No. of patients allocated surgery 57 1070 238
Good grade, n (% of total) 93 (85.3) 2018 (94.2) 380 (80.7)
Poor grade, n (% of total) 16 (13.7) 94 (5.8) 91 (19.3)
Crossovers
From endovascular to surgery 12 9 75
From surgery to endovascular 4 38 4
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strongly considered as the preferred treatment technique for a rup-

tured aneurysm amenable to either therapeutic technique (surgery or

endovascular coiling).

The “Kuopio” study was the first of the 3 published prospec-

tive controlled studies of coil embolization versus clip ligation for

ruptured intracranial aneurysms.4,5

This trial was a single-center study con-

ducted in Kuopio, Finland, between

1995–1997 shortly after the introduc-

tion of endovascular treatment in that

center. The study enrolled patients with

aneurysms amenable to either surgical

or endovascular treatment; patients re-

quiring urgent hematoma evacuation or

with a geometry not amenable to coil

embolization were excluded.5 Overall,

109 patients were randomly assigned to

surgery (57 patients) or endovascular

treatment (52 patients).4,5 Primary clin-

ical outcome at 1 year (measured by the

GOS) was not significantly different be-

tween the 2 groups (intent-to-treat anal-

ysis), though there was a trend toward a

lower rate of poor outcome in patients

undergoing endovascular treatment

(23% versus 33% in those allocated to

surgery).5 There was 1 episode of early

rebleeding after incomplete coil emboli-

zation, but no episodes of rebleeding

were observed after discharge during a

mean follow-up of �4 years.5

ISAT was a large, multicenter, ran-

domized trial to assess the effectiveness

of coil embolization compared with sur-

gical clip ligation. The study was con-

ducted between 1997–2002, and it was

halted prematurely after enrollment of

2143 patients because of a significant

outcome difference between the 2

groups favoring endovascular coil em-

bolization.6 In ISAT, the proportion of

patients with a poor outcome at 1 year

(defined as a modified Rankin Scale

score of �2) was 23.5% among patients

assigned to coil embolization versus

30.9% in those allocated to clip ligation

(P � .0019). Intrinsic to the ISAT study

was the concept of “equipoise”: to be en-

rolled into the trial, the ruptured aneu-

rysm had to be judged amenable to ei-

ther surgical or endovascular treatment

by specialists in the 2 disciplines. There-

fore, of more than 9000 patients

screened at the participating centers

during the interval of the study, only

2143 were eventually enrolled in the

trial. As a result of the selection criteria,

most patients in ISAT were patients in good clinical grade (94%

World Federation of Neurosurgical Societies grades 1–3) with

small anterior circulation aneurysms (�90%). The high represen-

tation of patients with good grade aneurysmal SAH and anterior

circulation aneurysms in ISAT may have been the result of pa-

FIG 1. Meta-analysis of death and rate of poor functional outcome at 1 year.

FIG 2. Meta-analysis of rebleeding from the treated aneurysm during the first month after
treatment.

Table 2: Clinical outcome at 1 year (intent-to-treat analysis)
Kuopio ISAT BRAT

Outcome assessment 1 year Single neurosurgeon Postal questionnaire
filled out by patients

Research nurse

Definition poor outcome GOS mRS 3–6 mRS 3–6
Poor outcome
Endovascular 12/52 (23%) 250/1063 (23.5%) 46/198 (23%)
Surgery 19/57 (33%) 326/1055 (30.9%) 69/205 (34%)
Death
Endovascular 7/52 (13%) 85/1063 (8.0%) NA
Surgery 9/57 (16%) 105/1055 (9.9%) NA

Rebleeding
Endovascular
Day 1–30 1 20 1a

Day 31–365 0 6 0
�1 year 0 10 0
Surgery
Day 1–30 0 6 1
Day 31–365 0 4 0
�1 year 0 3* 0

One-year follow-up complete
Endovascular 100%b 1063/1073 (99%) 198/233 (85%)
Surgery 1055/1070 (98.6%) 205/238 (86%)

Note:—mRS indicates modified Rankin scale; NA, not available.
a Intent-to-treat analysis;
b 2 patients excluded after random assignment.
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tients with poor grade SAH and posterior circulation aneurysms

being treated preferentially by coil embolization in ISAT centers.

Publication of the results of ISAT changed practice patterns

for the treatment of ruptured aneurysms. However, several ques-

tions remained unanswered. Given the relatively high number of

screened patients who were not considered candidates to partici-

pate in ISAT, some questioned the applicability of the ISAT results

to patients with aneurysmal SAH at large. Moreover, questions

were raised whether the ISAT results could apply to North Amer-

ican centers, where a supposedly higher degree of subspecializa-

tion exists among cerebrovascular surgeons dedicated to the care

of patients with ruptured intracranial aneurysms.

In response to these concerns, investigators at the Barrow

Neurological Institute in Phoenix, Arizona, launched BRAT in

2002.7 To assess results in a “real-world” situation, the BRAT

investigators randomly assigned in an alternate fashion every pa-

tient with SAH admitted to their center during the period of the

study who agreed to participate. As a consequence of this design,

many patients with nonaneurysmal SAH were entered in the trial.

Similarly, a large number of patients allocated to endovascular

treatment crossed over to surgical treatment because patients

could be enrolled regardless of whether the aneurysm was ame-

nable to both treatment modalities. As a consequence, aneurysms

that could not safely be treated with coiling because of technical

reasons (ie, very small aneurysms) or clinical considerations (ie,

aneurysms associated with intraparenchymal hematomas neces-

sitating surgical evacuation) were originally assigned to emboli-

zation. Despite this high rate of crossover, the BRAT study con-

firmed the ISAT conclusions: outcomes at 1 year were better after

coil embolization than after surgical clipping. The proportion of

patients with a poor outcome (defined by modified Rankin Scale

score�2) was 33.7% in the surgical group versus 23.2% (P � .02,

intention-to-treat analysis) in the endovascular group. As-treated

analysis yielded similar results, with 33.9% of patients in the sur-

gical group and 20.4% in the endovascular group with a poor

outcome at 1 year (P � .01).

Endovascular coil embolization of ruptured intracranial aneu-

rysms is associated with better outcomes, but the risk of aneurysm

recurrence, the need for retreatment, and the risk of rebleeding

from the index aneurysm are higher after coil embolization.6,7,16

Among patients enrolled in ISAT, 17.4% of those undergoing

endovascular treatment required re-treatment because of recur-

rence/residual aneurysm.16 Likewise, the risk of rebleeding was

higher after endovascular coil embolization. Rates of rebleeding

were 3.0% during the first year6 and 0.3% per year between post-

treatment years 2 and 6, with no episodes of rebleeding after year

6.17 Despite the higher risk of rebleeding, the initial beneficial

effect on functional outcome remained present up to 7 years after

treatment,17 except in the subgroup of very young patients (�40

years).18

It is possible that the clinical results from endovascular treat-

ment and the degree of long-term protection afforded by coil

embolization have improved over the last decade, (ie, since the

completion of ISAT) because of increasing operator experience

and development of better devices. This argument is supported by

the fact that there were no episodes of rebleeding reported in

BRAT for up to 2 years after endovascular therapy.7 Similarly,

results of prospective studies comparing different coil designs

have recently reported better outcomes after coil embolization

than those reported in ISAT.19

Although this meta-analysis of the 3 published randomized

clinical trials unequivocally indicates that outcomes at 1 year are

better with endovascular treatment, there continue to be patients

who are better candidates for surgical clip ligation. Very small

aneurysms are often challenging to treat with an endovascular

approach.20 Similarly, many middle cerebral artery aneurysms

have an unfavorable geometry for primary coiling, and they are

often better treated with surgical clipping.21 Moreover, very

young patients with ruptured anterior circulation aneurysms (es-

pecially those who may be noncompliant with follow-up imag-

ing) may also be better candidates for surgical treatment rather

than endovascular coil embolization.18 Despite the evidence from

randomized clinical trials, the decision on what is the best treat-

ment for a ruptured aneurysm in a given patient should be indi-

vidualized by taking into consideration aneurysm-related and

patient-specific factors.21,22

We acknowledge that our meta-analysis has limitations. The

methodologic quality of the trials included was variable. Only

ISAT fulfilled all the criteria of a high-quality randomized con-

trolled trial. Entry criteria and outcome assessment differed

across studies. Yet, the finding that all trials produced consistent

results favoring the endovascular arm reassures us that these

methodologic differences do not negate the validity of the

meta-analysis.

CONCLUSIONS
This meta-analysis of published prospective controlled trials of

surgical clipping versus endovascular coil embolization for pa-

tients with ruptured intracranial aneurysms provides convincing

evidence that functional outcome at 1 year is better after endovas-

cular treatment despite a higher risk of rebleeding from the index

aneurysm after coil embolization. Hence, when technically feasi-

ble, endovascular coil embolization should be the preferred tech-

nique for the treatment of ruptured intracranial aneurysms.
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