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Abstract

Background and Purpose: Stent-assisted coiling was initially invented for wide-neck aneurysms, but is now used for smaller
berry aneurysms. The aim of this study was to compare the safety and efficiency of stent-assisted coiling with conventional
coiling in treatment of intracranial aneurysms.

Methods: A meta-analysis of studies that compared stent-assisted coiling with coiling only was conducted by searching
English literatures via Pubmed, Medline and Cochrane Library databases without restricting the publication year. The
primary outcomes in this study were immediate occlusion, progressive thrombosis rate, all-complication rate and
angiographic recurrence. The secondary outcomes examined were packing density, mortality, permanent complication and
thromboembolic complication rate.

Results: Ten retrospective cohort studies were included. There is currently only one unfinished randomized study. Although
the stent-assisted coiling group tended to show a lower initial occlusion rate than that of the coiling-only group (57.6%
versus 68.7%; OR, 0.66; 95% CI, 0.30–1.44; P = 0.30), it achieved a significantly higher progressive thrombosis rate during
follow up compared to that of the coiling only group (37.5% versus 19.4%; OR, 2.75; 95% CI, 1.95–3.86; P,0.00001) and a
significantly lower recurrence rate (16.2% versus 34.4%; OR, 0.35; 95% CI, 0.25–0.49; P,0.00001). With respect to safety
concerns, the all-complication rate (17.6% versus 15.9%; OR, 1.12; 95% CI, 0.77–1.62; P = 0.56), mortality rate (9.1% versus
2.6%; OR, 2.31; 95% CI, 0.68–7.82; P = 0.18), permanent complication rate (5.6% versus 3.9%; OR, 1.52; 95% CI, 0.96–2.41;
P = 0.08) and thromboembolic complication rate (4.2% versus 4.9%; OR, 0.99; 95% CI, 0.41–2.38; P = 0.97) did not show
significant difference between the two groups.

Conclusions: Stent-assisted coiling has a lower recurrence rate than conventional coiling. Analysis of complication events
did not show any significant difference between the two methods. Despite the findings reported herein, further validation
by well-designed prospective studies is needed.
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Introduction

Since the first introduction of detachable coiling in 1990, it has

been widely applied for the treatment of intracranial aneurysms

[1]. However, recanalization is a problem of aneurysmal coiling,

limiting its use to wide-neck aneurysms [2]. Alternatively, stent-

assisted coiling was invented, initially for wide-neck aneurysms,

based on the hypothesis that a stent can provide the scaffold to

hold the coils in the aneurysmal cavity [3,4,5]. More recently,

stent-assisted coiling has been used to treat smaller berry

aneurysms [6]. Future technological developments will likely focus

on improving the durability of endovascular treatment by

delivering bioactive agents that promote aneurysm thrombosis

rather than only the coil [7].

Until now, the safety issues and efficiency of stent assisted

coiling have not been fully evaluated. Several cohort studies

comparing the stent-assisted coiling and coiling only techniques

have been published, however the results were controversial

[6,8,9,10,11,12,13,14,15,16]. Two systematic reviews concluded

that stent-assisted coiling seemed to have more adverse events than

traditional coiling [17,18], but these studies were limited since only

data on stent-assisted coiling was used. Here, we present the results

of a systematic review and meta-analysis to evaluate the

aneurysmal occlusion, recurrence and complication occurrence

between two different endovascular techniques: stent-assisted

coiling and conventional coiling.

PLOS ONE | www.plosone.org 1 January 2014 | Volume 9 | Issue 1 | e82311



Methods

Systematic literature search
English publications comparing stent-assisted coiling and coiling

only for patients with cerebral aneurysm were searched using

Pubmed, Medline and Cochrane Library databases without

restricting the year of publication. Title, abstract, keywords and

free text were searched using combinations of the following

keywords: intracranial or cerebral or carotid or basilar, aneurysm

or aneurysms, stent, coil, patient. The identified articles were

reviewed by two authors (Yuan Hong and Yongjie Wang)

independently. In addition, identified articles were also reviewed

for other studies. For those studies that generated multiple

publications, the most relevant data was extracted for analysis.

Inclusion and exclusion criteria
The criteria for inclusion of a study were those that: (1)

compared stent-assisted coiling and coil-ing only; (2) reported

patients who had definite intracranial aneurysms, whether

ruptured or not, verified by computed tomography, magnetic

resonance imaging or angiography; (3) reported occlusion rate,

complications, clinical outcomes or angiographic recurrence re-

ported for both groups; (4) included treatment of at least 5

aneurysms for each group. Since it’s difficult to randomly assign

the patients to stent-assisted coiling or coiling only groups,

regardless of the morphological features and rupture status of

aneurysms [9], cohort studies with substantial imbalance of related

clinical characteristics were still included.

The exclusion criteria were the studies that: (1) reported patients

who had dissecting aneurysms; (2) reported patients who received

treatment other than stent-assisted coiling and coiling only; (3) had

insufficient baseline information; (4) had insufficient data or made

no comparison between the two target groups. In addition, all

editorials, letters, review ar-ticles, case reports, and animal

experimental studies were excluded.

Selection and data extraction
The decision on whether a study should be included was made

in-dependently by two authors (Yuan Hong and Yongjie Wang),

with disagreements settled by the senior authors (Qun Wu and

JianMin Zhang).

The primary outcomes were immediate occlusion and progres-

sive thrombosis rate, all-complication rate and angiographic

recurrence. In calculating occlusion rate, most articles adopted

either the Raymond-Roy classification, defined as no filling,

residual filling of the neck or residual filling of the neck and dome

[19], or the modified quantitative scheme described by Kole et al.,

defined as complete obliteration with 100% occlusion, near-

complete with greater than 95% occlusion and incomplete

obliteration with less than 95% occlusion [20]. It is well known

that partial occlusion below 95% may lead to more unfavorable

results [20]. In order to include as many useful data as possible,

both no residual filling and occlusion rate .95% were counted for

occlusion rate. Progressive thrombosis was defined as any increase

of packing density on follow up angiography. While recurrence

was defined as a decreasing extent of occlusion on follow up

angiography. The secondary outcomes included packing density,

mortality, permanent complication and thromboembolic compli-

cation.

Quality assessment and statistical analysis
The bias of cohort studies was evaluated with the Newcastle-

Ottawa scale. Meta-analysis was performed using the soft-ware

package RevMan5.0. Dichotomous variables were presented as

odds ratios (OR; stent-assisted coiling versus coiling only) with a

95% confidence interval (CI). Continuous variables were present-

ed as mean values. Statistical heterogeneity was assessed using the

I2. In cases of I2 larger than 50%, a random-effect model was used.

Otherwise a fixed-effect model was used. Significance was set at

P = 0.05. Funnel plots were used to screen for potential publication

bias. Although the prognosis of ruptured and unruptured

intracranial aneurysms was different, subgroup analysis was not

conducted because, except for one report that presented data

solely on ruptured aneurysms [15] and one on unruptured

aneurysms [11], no data could be extracted separately from other

included studies.

Results

Our search strategy revealed a total number of 567 different

articles, 538 of which were excluded by title and abstract

screening. Of the 29 articles left, full texts were accessed and 10

articles fulfilling the inclusion criteria were included

[6,8,9,10,11,12,13,14,15,16]. 19 of 29 articles were excluded

because of either no baseline patient data (n = 8), no intervention

comparison was made between stent-assisted coiling and coiling

only (n = 4), less than 5 patients within interventional groups

(n = 4) or no extractable data (n = 3). Figure 1 shows a flow chart

illustrating the above searching process.

Baseline characteristics of included studies
All the 10 articles included were retrospective cohort studies.

Until now, only one randomized study of endovascular treatment

of unruptured intracranial aneurysms with or without stents is still

an ongoing clinical trial and no data is extractable [21]. The study

by Ogilvy et al. was a subgroup analysis of the study by Jahshan et

al., but it was still included because it contained extra data on

aneurysm size and thromboembolic complications. The baseline

characteristics of the included studies are summarized in table 1.

In total, these studies included 2566 patients of whom 753

underwent stent-assisted coiling, and 1813 underwent endo-

vascular coiling only. The size of aneurysms receiving stent-

assisted coiling ranged from 6.6 mm to 11.5 mm, with a mean

value of 8.6 mm, compared to the coiling only group range from

7.0 mm to 9.7 mm, with a mean value of 7.3 mm. The baseline

characteristics of 2 studies showed significantly larger aneurysm

size in the stent-assisted group [6,13]. The percentage of ruptured

aneurysms was 51.4% in the coiling only group compared with

24.0% in the stent-assisted group. 3 studies had significantly higher

rate of aneurysm rupture in the coiling only group compared to

that in the stent-assisted coiling group [6,9,13].

Technical approaches
For stenting in unruptured aneurysms, systemic anticoagulation

with heparin was used to achieve an activated clotting time at

more than twice or 250s, and dual antiplatelet therapy was

administrated preoperatively for several days, and continued for at

least 3 weeks in all the included studies. Chalouhi et al. and

Jahshan et al. tested patients’ responses to both aspirin and

clopidogrel, and, for non-responders, other effective drugs, such as

prasugrel or ticlopidine, were applied [9,13].

For stenting in ruptured aneurysms, a preoperative loading dose

of antiplatelet medication was regularly administrated, and

heparin was used after deployment of the coil [9,10,12].

A number of different stents were included in this meta-analysis;

Neuroform (402 of 598 patients, 67.2%) and Enterprise self-

expanding stents (130 of 598 patients, 21.7%) were the most

commonly used stents, while 9 patients received both types

Meta-Analysis of Stent-Assisted Coiling vs Coiling
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Figure 1. Flowchart of studies to final number of eligible studies.
doi:10.1371/journal.pone.0082311.g001

Table 1. Design and baseline characteristics of included trials.

First Author Aneurysm Age Male Size Ruptured Hunt & Hess Follow up

No. y % mm % I-III mo

stent-assisted/coiling without a stent

Albuquerque [8] 2011 8/9 52/57 27/25 NA 0/44 NA 12/7

Chalouhi[9] 2012 88/147 57/54 22/26 8.0/7.9 40/60 65.7/67.4 17/27

Colby[10] 2013 30/60 53/52 10/8 7.0/8.8 7/20 100.0/83.3 14/38

Gordhan[11] 2011 25/12 61/64 20/42 11.5/8.1 0/0 0/0 17/16

Izar[12]
2011

84/84 56/56 11/11 7.5/7.5 8/14 NA 19/NA

Jahshan[13] 2013 225/264 categorya 23/31 categorya 20/62 78.3/70.9 18

Kim[14] 2010 37/37 59/55 19/35 6.6/7.0 22/22 NA 14/18

Kung[15] 2011 40/91 62/61 52/29 NA 100/100 62.5/60.4 NA

Ogilvy[16] 2011 70/24 54/56 14/0 10.4/9.7 11/8 NA 30/29

Piotin[6] 2010 216/1109 51/50 24/33 9.3/7.1 16/50 NA 14/22

No., number; y, year; mm, millimeter; mo, month; NA, not available.
a, the data were presented in a categorized manner.
doi:10.1371/journal.pone.0082311.t001
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[6,8,9,10,11,12,14,15,16]. Various stent techniques were conduct-

ed, including balloon remodeling, stent after coiling, stent before

coiling, bail-out stent, stent-jack, jailed catheter and Y-configura-

tion stent [6,9,11].

Quality assessment
We evaluated the risk of bias for all 10 included studies using a

Newcastle-Ottawa scale as displayed in table 2. In evaluating the

quality of outcomes for each study, the follow up period was set at

1 year and follow up rate was selected to be 80%. The subjects lost

to follow up were not adequately described in a majority of studies.

Analysis of primary outcomes
5 studies [6,8,9,10,11,13] with a total number of 2174 patients

reported the immediate occlusion rate after interventional

treatment (582 patients received stent-assisted coiling and 1592

coiling only). In a fixed-effect model, the immediate occlusion rate

of stent-assisted group was significantly lower than that of coiling

only group (57.6% versus 68.7%; OR, 0.45; 95% CI, 0.36–0.56;

P,0.00001) (Figure S1). When I2 was larger than 50%, a random-

effect model was used, which only displayed tendency towards

higher occlusion rate after treatment with conventional coiling

compared to stent-assisted coiling (57.6% versus 68.7%; OR, 0.66;

95% CI, 0.30–1.44; P = 0.30) (Figure 2). 4 studies [6,9,11,14], with

a total number of 1171 patients, further analyzed the progressive

thrombosis during follow up (240 patients received stent-assisted

coiling and 931 coiling only). In contrast to the immediate

occlusion rate, the stent-assisted coiling group showed a significant

angiographic improvement during follow up compared to coiling

only (37.5% versus 19.4%; OR, 2.75; 95% CI, 1.95–3.86;

P,0.00001) (Figure 3). The heterogeneity analysis was insignifi-

cant (I2 = 0%).

4 studies [9,10,11,13] including a total number of 852 patients

assessed the all-complication rate (369 patients received stent-

assisted coiling and 483 coiling only). A large study conducted by

Piotin et al. [6] only summarized the permanent complication rate

and was excluded from this analysis. Documented complications

included thromboembolism, transient ischemic attack, recanaliza-

tion, aneurysm rupture, coil protrusion, coil fracture, dissection

and sent migration. The pooling data revealed no significant

difference in the occurrence of complications during and after

either intervention (17.6% versus 15.9%; OR, 1.12; 95% CI,

0.77–1.62; P = 0.56) (Figure 4) nor did it indicate any heteroge-

neity (I2 = 0%).

6 studies [6,9,10,11,12,14] with a total of 1345 patients

evaluated recurrence rate via angiography during follow up (315

patients received stent-assisted coiling and 1030 coiling only). The

stent-assisted coiling significantly reduced the recurrence rate

compared with embolization via coiling alone (16.2% versus

34.4%; OR, 0.35; 95% CI, 0.25–0.49; P,0.00001) (Figure 5). The

recurrence rate demonstrated no heterogeneity (I2 = 0%).

Analysis of secondary outcomes
Immediate packing density, mortality rate, permanent compli-

cation rate and thromboembolic complication rate were classified

as secondary outcomes. 3 studies [6,11,12] (1474 patients) revealed

a mean packing density of 27.4% in the stent-assisted coiling group

compared to 28.2% in the coiling only group. 3 studies [6,8,15]

(1473 patients) that reported mortality rate revealed no significant

difference between the stent-assisted coiling and coiling only

groups (9.1% versus 2.6%; OR, 2.31; 95% CI, 0.68–7.82;

P = 0.18) (Figure S2). In particular, patients recruited in the study

by Kung et al. [15] were all diagnosed with subarachnoid

aneurysmal hemorrhage. Pooling the data of 4 studies [6,8,9,13]

(1123 patients) concerning permanent complications revealed no

significant difference between the two groups (5.6% versus 3.9%;

OR, 1.52; 95% CI, 0.96–2.41; P = 0.08) (Figure S3). Analysis on

thromboembolic complications of 4studies [9,10,11,16] (457

patients) did find one intervention better than the other (4.2%

versus 4.9%; OR, 0.99; 95% CI, 0.41–2.38; P = 0.97) (Figure S4).

Sensitivity analysis and publication bias
Funnel plot analysis on all outcomes are shown in Figure S5,

which indicated significant publication bias in immediate occlu-

sion rate and mortality rate.

Discussion

Until now, this is the first meta-analysis comparing the two most

popular interventional techniques in the treatment of intracranial

aneurysms. The results of this meta-analysis show that stent-

assisted coiling significantly reduces the recurrence rate while not

increasing the occurrence of procedural related complications

compared with coiling only technique. Moreover, although the

delivery of the stent tends to reduce the immediate occlusion rate

and initial packing density, it promotes the thrombosis within the

aneurysm, which may be linked to the lower recurrence rate

[6,9,22,23].

The results of this meta-analysis should be cautiously interpret-

ed. The data were all pooled from observational studies since no

randomized control studies are available yet. As a result, the

baseline characteristics vary among the included studies. Colby et

al. and Ogilvy et al. focused on aneurysms located in the

paraclinoid region [10,16], while Chalouhi et al. studied patients

with basilar tip aneurysms [9]. Kung et al. recruited a subset of

patients with acutely ruptured aneurysms [15], while Gordhan et

al. compared different interventions on non-ruptured aneurysms

[11]. The results of this meta-analysis, however, are meaningful in

a broad sense, but further subgroup analysis is still necessary to

compare the effectiveness and safety of the two treatment

modalities in aneurysms with different locations and status.

Since in most studies the treatment strategy used for each

patient was largely based on the personal experience of the

clinician, intergroup mismatch could not be avoided. As summa-

rized in table 1, the aneurysm size and status were the most

prominent discriminations between the two groups. A well-

Table 2. Risk of bias in the observational studies using
Ottawa-Newcastle rules.

Selection Comparability Outcome

Albuquerque[8] 2011 www ww

Chalouhi[9] 2012 www ww ww

Colby[10] 2013 www ww ww

Gordhan[11] 2011 www ww ww

Izar[12] 2011 www ww ww

Jahshan[13] 2013 wwww ww www

Kim[14] 2010 ww ww www

Kung[15] 2011 wwww ww ww

Ogilvy[16] 2011 www ww www

Piotin[6] 2010 wwww ww www

Follow up period set as 1 year. Follow up rate set as 80%.
doi:10.1371/journal.pone.0082311.t002
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designed randomized study would be ideal in eliminating these

biases. Such studies, however, are difficult to be carried out since

large and wide-neck aneurysms are not suitable candidates for

traditional coiling embolization [3,4,24] and the administration of

dual anti-platelet treatment hinders the application of stent in

subarachnoid aneurysmal hemorrhage [15,18,25]. Instead, a well-

designed prospective cohort study could be a more feasible

approach.

Our study found that compared with the coiling only technique,

aneurysms treated with stent-assisted coiling tend to advance

through continuous thrombosis towards a more complete occlu-

sion after the operation. The advantage of stent-assisted coiling

over coiling only in terms of occlusion rate was not prominent on

the immediate angiography after the surgery. Jahshan et al. and

Piotin et al. obtained significantly lower initial occlusion rate by

stent-assisted coiling [6,13]. The result from pooling data leaned

insignificantly towards a higher occlusion rate without stent

placement (57.6% versus 68.7%; OR, 0.66; 95% CI, 0.30–1.44;

P = 0.30) (Figure 2), which correlated with a trivial higher packing

density in the coiling only group. Yet angiography several months

later showed significantly more progressive thrombosis by stent-

assisted coiling (37.5% versus 19.4%; OR, 2.75; 95% CI, 1.95–

3.86; P,0.00001) (Figure 3). In the study by Jahshan et al., the

total occlusion rate dropped from 89.4% to 48.9% in the coiling

only group, while that of the stent-assisted coiling group increased

from 59.6% to 62.7% during follow up [13]. Another study by

Fiorella et al. determined a progressive thrombosis rate of 52% by

stent-assisted coiling during a median follow up of 4.6 months

[23]. A meta-analysis showed that approximately 45% of

aneurysms were completely occluded by stent-assisted coiling at

immediate angiography and this rate rose to 61% during follow up

[17]. The less initial package dense possibly results from the

difficulty in manipulating coil catheter with stent implanted at first

place [6]. Due to the flow diversion effect and facilitation of

endotheliazation by stent, the stent-assisted coiling might induce

changes in intra-aneurysmal hemodynamics that are thought to

promote delayed thrombosis and offer more stable occlusion in the

long-term [10,22].

In agreement with other studies [26,27], this meta-analysis

strongly supported that aneurysms treated with stent-assisted

coiling are less prone to recurrence (Figure 5). Data from coiling

embolization demonstrated that incomplete and loose packing are

the direct and primary causes for aneurysmal recurrence [28].

Other studies by Kawanabe et al. and Sluzewski et al., have

showed that packing densities of at least 20 to 25% are needed to

protect against recurrence [29,30]. Although the stent-assisted

coiling does not have advantage over coiling in terms of initial

packing density according to our data, progressive thrombosis and

the better arterial wall reconstruction might lead to the better

outcome [6,9,22,23]. Moreover, stent-assisted coiling has also

been shown to significantly reduce the intra-aneurysmal flow

velocity, which might be another contributing factor [31].

However, the follow up duration of stented aneurysm, which also

influences the recurrence rate, are shorter in four out of six studies,

as displayed in table 1. This is an inevitable drawback of

observational study since most of the stents were implanted during

the recent years. On the other hand, the larger aneurysm size in

the stent-assisted coiling group, which is also a risk factor for

aneurysmal recurrence, confers more robust advantage of stent

assistance technique in reducing recurrence.

The all-complication rate (Figure 4), permanent complication

rate (Figure S3) and mortality rate (Figure S2) of stent-assisted

Figure 2. Forest plot of immediate occlusion rate comparing stent-assisted coiling versus coiling only. Random-effect model was
applied.
doi:10.1371/journal.pone.0082311.g002

Figure 3. Forest plot of progressive thrombosis comparing stent-assisted coiling versus coiling only. Fixed-effect model was applied.
doi:10.1371/journal.pone.0082311.g003

Meta-Analysis of Stent-Assisted Coiling vs Coiling
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coiling were comparable to the conventional coiling embolization,

implying its relatively safe application in the treatment of complex

aneurysms. The study by Piotin et al. showed significantly higher

permanent complication rate in stent-assisted coiling group [6],

but the results were distorted because of the inclusion of balloon-

expandable stents, which were responsible for increased morbidity,

and the error introduced by imbalanced subjects between two

groups. When it comes to the ruptured aneurysm, a systematic

review demonstrated only 81% had good clinical outcome after

stent-assisted coiling treatment of aneurysms with Hunt-Hess score

I-III, which was unfavorable compared with data for conventional

coiling without a stent [18].

However, for ruptured wide-neck intracranial aneurysms

Tahtinen et al. found 69% had a good clinical outcome, which

was superior to that of conventional coiling, and the authors

suggested that stent-assisted coiling could also be a possibility in

treating SAH with complex morphology [32]. Since none of these

studies had control groups, controlled studies are needed to

generate more robust conclusions in guiding the appropriate

treatment choice (stent-assisted coiling or coiling only) of ruptured

aneurysms.

For unruptured aneurysm, dual antiplatelet therapy is routinely

administrated to prevent the occurrence of thrombotic events

[9,33,34]. Traditional remedy includes aspirin and clopidogrel.

Unfortunately, Prabhakaran et al. found that clopidogrel resis-

tance occurred in half of the patients undergoing cerebrovascular

stent placement [35], and Reavey-Cantwell et al. showed that 21%

of patients receiving endovascular neurological procedures were

nonresponders to aspirin [36]. Thromboembolic events were also

shown to be associated with anti-platelet resistance [37,38].

Preoperational screening for the nonresponders, as well as the

use of other effective drugs, such as prasugrel or ticlopidine, were

applied by Chalouhi et al. and Jahshan et al. aiming to decrease

the thrombotic events [9,13]. The result from our meta-analysis,

showed that the stent-assisted coiling did not have a tendency

towards higher thromboembolic complication, largely influenced

by the new treatment strategy of Chalouhi which accounted for

nearly 70% (Figure S4). Research exploring the safety of the new

therapy showed that aspirin/prasugrel may predispose to a higher

risk of hemorrhage during neurointerventional surgery compared

with aspirin/clopidogrel (19.4 vs. 3.6%, P = 0.02) [25]. Therefore

the safety and efficacy of new anti-platelet therapy needs to be

further evaluated.

Conclusion

Here we are the first to present the Meta-analysis comparing the

stent-assisted coiling and coiling only techniques in treatment of

intracranial aneurysms. Although heterogeneity exists among the

recruited reports, current published data suggests that aneurysms

treated with stent-assisted coiling has a lower recurrence rate,

possibly due to a continuous thrombosis process towards a more

complete occlusion after the operation. Furthermore, there is no

significant difference in terms of all-complication rate, permanent

complication rate, mortality rate and thromboembolic events

between the stent-assisted coiling and the conventional coiling

techniques. This study emphasizes the safety and effectiveness of

Figure 4. Forest plot of all-complication rate comparing stent-assisted coiling versus coiling only. Fixed-effect model was applied.
doi:10.1371/journal.pone.0082311.g004

Figure 5. Forest plot of recurrence rate comparing stent-assisted coiling versus coiling only. Fixed-effect model was applied.
doi:10.1371/journal.pone.0082311.g005

Meta-Analysis of Stent-Assisted Coiling vs Coiling
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stent-assisted techniques. Further validation by well-designed

randomized or prospective cohort studies are still needed.

Supporting Information

Figure S1 Forest plot of immediate occlusion rate
comparing stent-assisted coiling versus coiling only.

Fixed-effect model was applied.

(TIF)

Figure S2 Forest plot of mortality rate comparing stent-
assisted coiling versus coiling only. Random-effect model

was applied.

(TIF)

Figure S3 Forest plot of permanent complication rate
comparing stent-assisted coiling versus coiling only.
Fixed-effect model was applied.

(TIF)

Figure S4 Forest plot of thromboembolic complication
rate comparing stent-assisted coiling versus coiling
only. Fixed-effect model was applied.

(TIF)

Figure S5 Funnel plots. Immediate occlusion rate (A),

progressive thrombosis (B), all-complication rate (C), recurrence

rate (D), mortality rate (E), permanent complication rate (F),

thromboembolic complication rate (G).

(TIF)

Checklist S1 The PRISMA 2009 Checklist.
(DOC)

Author Contributions

Conceived and designed the experiments: YH YJW. Performed the

experiments: YH YJW ZD. Analyzed the data: YH YJW QW JMZ.

Contributed reagents/materials/analysis tools: YH YJW ZD. Wrote the

paper: YH YJW.

References

1. Li H, Pan R, Wang H, Rong X, Yin Z, et al. (2013) Clipping versus coiling for

ruptured intracranial aneurysms: a systematic review and meta-analysis. Stroke

44: 29–37.

2. Raymond J, Guilbert F, Weill A, Georganos SA, Juravsky L, et al. (2003) Long-

term angiographic recurrences after selective endovascular treatment of
aneurysms with detachable coils. Stroke 34: 1398–1403.

3. Benitez RP, Silva MT, Klem J, Veznedaroglu E, Rosenwasser RH (2004)

Endovascular occlusion of wide-necked aneurysms with a new intracranial
microstent (Neuroform) and detachable coils. Neurosurgery 54: 1359–1367;

discussion 1368.

4. Biondi A, Janardhan V, Katz JM, Salvaggio K, Riina HA, et al. (2007)
Neuroform stent-assisted coil embolization of wide-neck intracranial aneurysms:

strategies in stent deployment and midterm follow-up. Neurosurgery 61: 460–
468; discussion 468–469.

5. Higashida RT, Smith W, Gress D, Urwin R, Dowd CF, et al. (1997)

Intravascular stent and endovascular coil placement for a ruptured fusiform
aneurysm of the basilar artery. Case report and review of the literature. J

Neurosurg 87: 944–949.

6. Piotin M, Blanc R, Spelle L, Mounayer C, Piantino R, et al. (2010) Stent-assisted
coiling of intracranial aneurysms: clinical and angiographic results in 216

consecutive aneurysms. Stroke; a journal of cerebral circulation 41: 110–115.

7. Koebbe CJ, Veznedaroglu E, Jabbour P, Rosenwasser RH (2006) Endovascular
management of intracranial aneurysms: current experience and future advances.

Neurosurgery 59: S93–102; discussion S103–113.

8. Albuquerque FC, Gonzalez LF, Hu YC, Newman CB, McDougall CG (2011)

Transcirculation endovascular treatment of complex cerebral aneurysms:

technical considerations and preliminary results. Neurosurgery 68: 820–829;
discussion 829–830.

9. Chalouhi N, Jabbour P, Gonzalez LF, Dumont AS, Rosenwasser R, et al. (2012)

Safety and efficacy of endovascular treatment of basilar tip aneurysms by coiling
with and without stent assistance: a review of 235 cases. Neurosurgery 71: 785–

794.

10. Colby GP, Paul AR, Radvany MG, Gandhi D, Gailloud P, et al. (2012) A single

center comparison of coiling versus stent assisted coiling in 90 consecutive

paraophthalmic region aneurysms. J Neurointerv Surg 4: 116–120.

11. Gordhan A, Invergo D (2011) Stent-assisted aneurysm coil embolization: safety

and efficacy at a low-volume center. Neurol Res 33: 942–946.

12. Izar B, Rai A, Raghuram K, Rotruck J, Carpenter J (2011) Comparison of
devices used for stent-assisted coiling of intracranial aneurysms. PLoS One 6:

e24875.

13. Jahshan S, Abla AA, Natarajan SK, Drummond PS, Kan P, et al. (2013) Results
of Stent-Assisted vs Non-Stent-Assisted Endovascular Therapies in 489 Cerebral

Aneurysms: Single-Center Experience. Neurosurgery 72: 232–239.

14. Kim DJ, Suh SH, Lee JW, Kim BM, Huh SK, et al. (2010) Influences of stents
on the outcome of coil embolized intracranial aneurysms: comparison between a

stent-remodeled and non-remodeled treatment. Acta Neurochir (Wien) 152:
423–429.

15. Kung DK, Policeni BA, Capuano AW, Rossen JD, Jabbour PM, et al. (2011)

Risk of ventriculostomy-related hemorrhage in patients with acutely ruptured
aneurysms treated using stent-assisted coiling. Journal of neurosurgery 114:

1021–1027.

16. Ogilvy CS, Natarajan SK, Jahshan S, Karmon Y, Yang X, et al. (2011) Stent-

assisted coiling of paraclinoid aneurysms: risks and effectiveness. Journal of

neurointerventional surgery 3: 14–20.

17. Shapiro M, Becske T, Sahlein D, Babb J, Nelson PK (2012) Stent-supported

aneurysm coiling: a literature survey of treatment and follow-up. AJNR

American journal of neuroradiology 33: 159–163.

18. Bodily KD, Cloft HJ, Lanzino G, Fiorella DJ, White PM, et al. (2011) Stent-

assisted coiling in acutely ruptured intracranial aneurysms: a qualitative,
systematic review of the literature. AJNR Am J Neuroradiol 32: 1232–1236.

19. Raymond J, Roy D, Leblanc P, Roorda S, Janicki C, et al. (2003) Endovascular

treatment of intracranial aneurysms with radioactive coils: initial clinical
experience. Stroke 34: 2801–2806.

20. Kole MK, Pelz DM, Kalapos P, Lee DH, Gulka IB, et al. (2005) Endovascular
coil embolization of intracranial aneurysms: important factors related to rates

and outcomes of incomplete occlusion. J Neurosurg 102: 607–615.

21. Darsaut TE, Raymond J (2012) The design of the STenting in Aneurysm

Treatments (STAT) trial. J Neurointerv Surg 4: 178–181.

22. Lawson MF, Newman WC, Chi YY, Mocco JD, Hoh BL (2011) Stent-associated

flow remodeling causes further occlusion of incompletely coiled aneurysms.

Neurosurgery 69: 598–603; discussion 603–594.

23. Fiorella D, Albuquerque FC, Deshmukh VR, McDougall CG (2005) Usefulness

of the Neuroform stent for the treatment of cerebral aneurysms: results at initial
(3-6-mo) follow-up. Neurosurgery 56: 1191–1201; discussion 1201–1192.

24. Lanzino G, Kanaan Y, Perrini P, Dayoub H, Fraser K (2005) Emerging
concepts in the treatment of intracranial aneurysms: stents, coated coils, and

liquid embolic agents. Neurosurgery 57: 449–459; discussion 449–459.

25. Akbari SH, Reynolds MR, Kadkhodayan Y, Cross DT 3rd, Moran CJ (2012)

Hemorrhagic complications after prasugrel (Effient) therapy for vascular

neurointerventional procedures. J Neurointerv Surg.

26. Zhu YQ, Li MH, Fang C, Tan HQ, Wang W, et al. (2010) Application of the

Willis covered stent in the treatment of aneurysm in the cisternal segment of the
internal carotid artery: a pilot comparative study with midterm follow-up. J

Endovasc Ther 17: 55–65.

27. Raymond J, Darsaut TE, Bing F, Makoyeva A, Kotowski M, et al. (2013) Stent-

assisted coiling of bifurcation aneurysms may improve endovascular treatment: a
critical evaluation in an experimental model. AJNR Am J Neuroradiol 34: 570–

576.

28. Li MH, Gao BL, Fang C, Gu BX, Cheng YS, et al. (2006) Angiographic follow-
up of cerebral aneurysms treated with Guglielmi detachable coils: an analysis of

162 cases with 173 aneurysms. AJNR Am J Neuroradiol 27: 1107–1112.

29. Kawanabe Y, Sadato A, Taki W, Hashimoto N (2001) Endovascular occlusion

of intracranial aneurysms with Guglielmi detachable coils: correlation between
coil packing density and coil compaction. Acta Neurochir (Wien) 143: 451–455.

30. Sluzewski M, van Rooij WJ, Slob MJ, Bescos JO, Slump CH, et al. (2004)
Relation between aneurysm volume, packing, and compaction in 145 cerebral

aneurysms treated with coils. Radiology 231: 653–658.

31. Tateshima S, Tanishita K, Hakata Y, Tanoue SY, Vinuela F (2009) Alteration of
intraaneurysmal hemodynamics by placement of a self-expandable stent.

Laboratory investigation. J Neurosurg 111: 22–27.

32. Tahtinen OI, Vanninen RL, Manninen HI, Rautio R, Haapanen A, et al. (2009)

Wide-necked intracranial aneurysms: treatment with stent-assisted coil embo-
lization during acute (,72 hours) subarachnoid hemorrhage--experience in 61

consecutive patients. Radiology 253: 199–208.

33. Mocco J, Fargen KM, Albuquerque FC, Bendok BR, Boulos AS, et al. (2011)

Delayed thrombosis or stenosis following enterprise-assisted stent-coiling: is it

safe? Midterm results of the interstate collaboration of enterprise stent coiling.
Neurosurgery 69: 908–913; discussion 913–904.

34. Yahia AM, Gordon V, Whapham J, Malek A, Steel J, et al. (2008)
Complications of Neuroform stent in endovascular treatment of intracranial

aneurysms. Neurocrit Care 8: 19–30.

35. Prabhakaran S, Wells KR, Lee VH, Flaherty CA, Lopes DK (2008) Prevalence

and risk factors for aspirin and clopidogrel resistance in cerebrovascular stenting.

AJNR Am J Neuroradiol 29: 281–285.

Meta-Analysis of Stent-Assisted Coiling vs Coiling

PLOS ONE | www.plosone.org 7 January 2014 | Volume 9 | Issue 1 | e82311



36. Reavey-Cantwell JF, Fox WC, Reichwage BD, Fautheree GL, Velat GJ, et al.

(2009) Factors associated with aspirin resistance in patients premedicated with
aspirin and clopidogrel for endovascular neurosurgery. Neurosurgery 64: 890–

895; discussion 895–896.

37. Yahia AM, Latorre J, Gordon V, Whapham J, Malek A, et al. (2010)
Thromboembolic events associated with Neuroform stent in endovascular

treatment of intracranial aneurysms. J Neuroimaging 20: 113–117.

38. Lee DH, Arat A, Morsi H, Shaltoni H, Harris JR, et al. (2008) Dual antiplatelet

therapy monitoring for neurointerventional procedures using a point-of-care

platelet function test: a single-center experience. AJNR Am J Neuroradiol 29:

1389–1394.

Meta-Analysis of Stent-Assisted Coiling vs Coiling

PLOS ONE | www.plosone.org 8 January 2014 | Volume 9 | Issue 1 | e82311


