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ABSTRACT

BACKGROUND AND PURPOSE: Despite the increasing use of stent-assisted coiling for ruptured intracranial aneurysms, there is little
consensus regarding the appropriate antiplatelet administration for this. The objectives of this systematic review were to provide an
overview of complications and their association with the method of antiplatelet administration in stent-assisted coiling for ruptured
intracranial aneurysms.

MATERIALS AND METHODS: A comprehensive search of the literature in the data bases was conducted to identify studies reporting
complications of stent-assisted coiling for ruptured intracranial aneurysms. The pooled event rate of preprocedural thromboembolisms,
hemorrhages, and mortality was estimated from the selected studies. Subgroup analyses were performed by the method of antiplatelet
administration (pre-, postprocedural, and modified). Meta-analysis was conducted to compare periprocedural complications and mortality
between ruptured intracranial aneurysms and unruptured intracranial aneurysms.

RESULTS: Of the 8476 studies identified, 33 with 1090 patients were included. The event rates of thromboembolism and intra- and
postprocedural hemorrhage were 11.2% (95% CI, 9.2%–13.6%), 5.4% (95% CI, 4.1%–7.2%), and 3.6% (95% CI, 2.6%–5.1%), respectively. Subgroup
analyses of thromboembolism showed a statistically significant difference between groups (P � .05). In the preprocedural and modified
antiplatelet groups, the risk for thromboembolism in stent-assisted coiling for ruptured intracranial aneurysm was not significantly
different from that for unruptured intracranial aneurysm, though this risk of the postprocedural antiplatelet group was significantly higher
in ruptured intracranial aneurysms than in unruptured intracranial aneurysms.

CONCLUSIONS: On the basis of current evidence, complications of stent-assisted coiling for ruptured intracranial aneurysm may be
affected by the method of antiplatelet administration.

ABBREVIATIONS: RIA � ruptured intracranial aneurysm; RR � risk ratio; TEC � thromboembolic complication; UIA � unruptured intracranial aneurysm

Aneurysmal neck remodeling with stents has recently emerged

as an effective treatment option. This method is beneficial for

treating aneurysms with wide necks or for situations in which

coils unexpectedly herniate into the parent vessel, requiring res-

cue with a device that can reconstrain the coil within the lesion.1

Currently, various stents specialized for aneurysmal neck remod-

eling are used during endovascular treatment of intracranial an-

eurysms. However, physicians are often reluctant to apply stents

to acutely ruptured aneurysms due to the necessity of antiplatelet

medications. During implantation of stents within an intracranial

artery, antiplatelet agents should be administrated and main-

tained postoperatively to prevent in-stent thrombosis and subse-

quent ischemic events.2 In the setting of acutely ruptured aneu-

rysms, antiplatelet medications may lead to complications such as

intraprocedural rebleeding, the need for a ventriculostomy, co-

occurrence of an intraparenchymal hematoma, and a high likeli-

hood of future invasive procedures.3-7

Despite the chance of complications, administration of anti-

platelet agents is an important element of management when us-

ing an intracranial stent, regardless of the presence of an acute

aneurysm rupture. The type and/or method of antiplatelet agent

might affect the periprocedural complication rate of endovascular

aneurysm treatment.8,9 Despite many previous studies of stent-

assisted aneurysm management, no published recommendations
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or large randomized clinical trials provide a consensus as to the

appropriate method of antiplatelet medication in stent-assisted

endovascular treatment for ruptured intracranial aneurysms

(RIAs). The medication method usually varied depending on the

institution or the rationales of clinicians in most published case

series. Some review articles suggested a higher risk of complica-

tions in endovascular therapy for acutely ruptured aneu-

rysms.3,10,11 However, these reviews did not analyze independent

factors affecting the risk of complications in stent-assisted coiling

for RIA, including the application of antiplatelet agents.

The purposes of this systematic review were to calculate the

accumulated complication risk during stent-assisted coiling for

RIA and to assess whether the risk of complications would be

affected by the method of antiplatelet administration. This infor-

mation will guide selection of safer antiplatelet administration for

stent-assisted coiling of RIA.

MATERIALS AND METHODS
Search Strategy
We searched the PubMed, EMBASE, and Cochrane data bases

from January 2000 to November 2014 to find all studies involving

stent-assisted coiling for acute RIA. The following key words and

alternative terms analogous to these were used for searching rel-

evant combinations by using the Boolean operators OR and AND:

“Intracranial Aneurysm,” “Subarachnoid Hemorrhage,” “Endo-

vascular Procedures,” “Stents,” and “Embolization, Therapeu-

tic.” In addition, the names of merchandized stent devices, such as

“Neuroform,” “Enterprise,” “Leo� stent” and “Solitaire” were

used as text words to extract relevant studies. We also searched the

references of all included articles for potentially relevant trials.

The search was restricted to human studies in English.

Two reviewers (C.-W.R., S.P.) independently evaluated the

articles in the librarian’s primary list and selected any articles that

fulfilled the inclusion criteria as follows: 1) reported �5 cases

of RIA treated with stent-assisted coiling; 2) were published as

full articles, including clinical trials, retrospective or prospec-

tive case series, or retrospective observational studies; 3) had

well-described protocols for endovascular treatment of RIA,

including a precise report on each antiplatelet regimen and

endovascular device; and 4) accurately described periproce-

dural complications, procedure-induced mortality, and/or

mortality within 30 days.

When the same cases were duplicated in multiple publications,

data were extracted from the publication that provided the most

comprehensive information. Reports including only dissecting

aneurysms and/or blood blister–like aneurysms were excluded. A

PRISMA flow diagram was used to show the decision-making

process regarding the studies.

Data Extraction
Basic characteristics of articles including publication type (pro-

spective or retrospective, registry, or randomized trials), number

of subjects, and publication year were extracted from each article.

We extracted data relating to characteristics of enrolling patients,

such as the total number of patients with RIA and unruptured

intracranial aneurysm (UIA) and the initial clinical status, which

was presented as Hunt and Hess grade or World Federation of

Neurological Surgeons SAH grade.

We collected information about the method of administration

and regimen of antiplatelets and administration of anticoagula-

tion agents and procedural complications, including periproce-

dural thromboembolic complications (TECs), intraprocedural

hemorrhage, postprocedural hemorrhage, clinical outcome, and

periprocedural mortality (within 30 days or discharge).

For studies that did not provide the prevalence of complica-

tions in RIAs separately from those in UIAs, we e-mailed the au-

thor to obtain this information, which is included here as data.

Statistical Analysis

Pooled Event Rate of Complications. The pooled event rate of

each periprocedural complication, morbidity, and mortality was

estimated with a random-effects-weighting meta-analysis. Be-

cause the definition of “morbidity” varied in each study, it was

defined as mRS 3–5 or Glasgow Outcome Score 2–3 at discharge

or follow-up of �3 months. The corresponding 95% CIs for sin-

gle proportions were determined with the binomial theorem.

Heterogeneity across studies in the meta-analysis was assessed by

using the I2 test, in which �40% is considered substantial hetero-

geneity. Sources of heterogeneity were appraised by subgroup

stratification analysis based on the method of antiplatelet therapy.

Between-group heterogeneity values were calculated to assess the

variance of the distribution of the true effect sizes among sub-

groups, and a P value of � .05 was considered statistically

significant.

Risk Ratio of Periprocedural Complications of Stent-Assisted
Coiling in RIA Relative to UIA. To evaluate the difference in com-

plication rates of stent-assisted coiling between RIA and UIA, we

selected studies containing data from both RIAs and UIAs from

studies including previous event-rate analyses. Studies containing

�10 cases in each group or studies in which antiplatelets were

administered after the procedure in stent-assisted coiling for UIA

were excluded from the review.

Meta-analysis was conducted to compare periprocedural

complications and procedure-induced mortality between RIA

and UIA groups. Meta-analysis was performed by using

Review Manager (Version 5.3; http://review-manager.software.

informer.com/5.3/). Complications and mortality were reported

with a risk ratio (RR) and forest plot by using Mantel Haenszel

random-effects models. Heterogeneity across studies in the meta-

analysis was assessed by using the I2 test. Subgroup analyses also

were performed by the method of antiplatelet administration.

RESULTS
Study Characteristics
A total of 8476 studies were identified during the initial search. Of

these, 33 studies with 1090 participants were pertinent.7,9,12-42

Figure 1 is the flow diagram summarizing the literature search

results. There were no randomized clinical trials in the selected

studies. Three studies were prospective registry studies, and 30

were retrospective observational studies. Nineteen studies in-

cluded subjects who received stent-assisted coiling for both UIA
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and RIA, while 14 studies included only RIA cases (On-line

Table).

Characteristics of Cohorts, Antiplatelet Method, and
Endovascular Procedures
Initial clinical status could be extracted from 726 patients in 22

studies. Five hundred fifty-one patients (75.9%) had good initial

clinical grades (Hunt and Hess or World Federation of Neurolog-

ical Surgeons grades 1–3), and 175 patients (24.1%) had bad ini-

tial clinical grades (Hunt and Hess or World Federation of Neu-

rological Surgeons grades 4 and 5).

In all 33 studies, antiplatelet therapy for stent-assisted coiling

of RIA followed the preset protocol identified in each study.

Eleven studies (331 patients) administrated a loading dose of clas-

sic dual antiplatelet agents (aspirin and clopidogrel) at least 2

hours before the start of the procedure. Seventeen studies (560

patients) administered a loading dose of dual antiplatelet agents

after completion of the endovascular procedure or postproce-

dural dual antiplatelet agents with intraprocedural administra-

tion of a kind of antiplatelet agent. The other 5 studies (199

patients) used the modified method by using intravenous admin-

istration of glycoprotein IIb/IIIa inhibitor (eptifibatide in 3 and

tirofiban in 2 studies) after stent deployment. In all studies, anti-

coagulation treatments with heparin were maintained during the

endovascular procedure, except the cases with extravasation on

the intraprocedural angiogram. We classified the enrolled studies

into 3 groups based on different methods of antiplatelet adminis-

tration: the preprocedural, postprocedural, and modified anti-

platelet administration group.

Pooled Incidence of Periprocedural Complications
TEC and intra- and postprocedural hemorrhage rates were avail-

able in all 33 enrolled studies. Periprocedural TECs occurred in

108 patients (event rate: 11.2%; 95% CI, 9.2%–13.6%; I2 � 1%).

In the subgroup analysis, the event rates of TEC in preprocedural,

postprocedural, and modified antiplatelet groups were 7.4%

(95% CI, 5.0%–11.0%; I2 � 0%), 12.3.0% (95% CI, 9.2%–16.4%;

I2 � 21%), and 13.9% (95% CI, 9.7%–19.5%; I2 � 0%), respec-

tively. The between-group heterogeneity was significant (P �

.046). An intraprocedural hemorrhage occurred in 46 patients

(event rate: 5.4%; 95% CI, 4.1%–7.2%; I2 � 0%), and event rates

in the preprocedural, postprocedural, and modified antiplatelet

groups were 5.3% (95% CI, 3.3%– 8.5%; I2 � 0%), 4.9% (95% CI,

3.3%–7.4%; I2 � 0%), and 8.8% (5.2%–14.4%; I2 � 29%). The

overall event rate of postprocedural hemorrhage was 3.6% (95%

CI, 2.6%–5.1%; I2 � 0%), and subgroup event rates of preproce-

dural, postprocedural, and modified antiplatelet groups were

2.9% (95% CI, 1.4%–5.9%; I2 � 0%), 3.9% (95% CI, 2.5%– 6.3%;

I2 � 0%), and 3.7% (1.7%–7.9%; I2 � 0%). There was no signif-

icant difference between groups in these 2 hemorrhagic

complications.

Morbidity was extracted from 22 studies, and it was mea-

sured at 3– 6 months in 5 studies, at discharge in 11 studies, and

at an unspecified time (such as “last follow-up”) in 6 studies.

Mortality was extracted from 28 studies. Pooling of morbidity

and mortality yielded substantial heterogeneity (I2 � 54% and

56%). In the subgroup analysis, substantial heterogeneity was

shown only in the preprocedural antiplatelet groups, and the

event rate of morbidity in this subgroup was 9.3% (95% CI,

6.2%–13.7%; I2 � 0%). Ranges of incidences of morbidity in

the postprocedural and modified antiplatelet group were

3.1%– 49.2% and 2.9%–20.0%. The pooling mortality rates of

pre- and postprocedural antiplatelet groups were 9.8% (95%

CI, 5.7%–16.4%; I2 � 37%) and 13.4% (95% CI, 9.3%–19.0%;

I2 � 38%). The mortality range of the modified antiplatelet

group was 4.3%–36.0%. Although significant between-group

heterogeneity was present in both morbidity and mortality,

these findings were ignored due to the heterogeneity within

each subgroup.

Risk Ratio of Periprocedural Complications of Stent-
Assisted Coiling in RIA Relative to UIA
Thirteen studies were enrolled in this analysis to assess the risk

ratio of periprocedural complications of stent-assisted coiling

in RIA compared with UIA. There were 505 patients in the RIA

group and 1790 patients in the UIA group. These studies were

composed of 5 preprocedural, 5 postprocedural, and 3 modi-

fied antiplatelet groups. We did not address the meta-analysis

regarding postprocedural hemorrhage and morbidity because

of too many inestimable studies.

TEC occurred more frequently in patients with RIAs with

stent-assisted coiling than in patients with UIAs with stent-

assisted coiling (RR, 2.25; 95% CI, 1.43–3.55; I2 � 33%). The

risk of intraprocedural hemorrhage (RR, 5.03; 2.42–10.45; I2 �

0%) and mortality (RR, 7.39; 95% CI, 3.40 –16.03; I2 � 39%)

was also higher in the RIA than in the UIA group (Fig 2).

In the preprocedural and modified antiplatelet groups, the

TEC risk in RIA was not significantly different from that in UIA

(RR, 1.34; 95% CI, 0.59 –3.06; I2 � 0%; and RR, 1.65; 95% CI,

0.96 –2.85; I2 � 0%). However, TEC occurred more frequently in

FIG 1. PRISMA flow diagram summarizing the search and selection of
articles.
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RIA than in UIA in the postprocedural antiplatelet group (RR,

4.54; 95% CI, 2.61–7.89; I2 � 5%) (Fig 2A). Subgroup analysis for

intraprocedural hemorrhage showed that the postprocedural an-

tiplatelet group had significantly higher rates (RR, 6.68; 95% CI,

2.31–19.36; I2 � 0%) in RIA compared with UIA (Fig 2B). Sub-

group analysis for intraprocedural hemorrhage of the preproce-

dural antiplatelet group yielded substantial heterogeneity (I2 �

54%). Subgroup analysis for mortality showed that it was signifi-

cant higher in RIA relative to UIA in both pre- and postproce-

dural antiplatelet groups (RR, 7.64; 95% CI, 1.95–29.94; I2 �

28%; and RR, 13.44; 95% CI, 5.14 –35.17; I2 � 0%) (Fig 2C).

Because results of the meta-analyses for modified-antiplatelet

groups showed heterogeneity (I2 � 76%) in intraprocedural hem-

orrhage and mortality, we did not present these with forest

plots.

DISCUSSION
In terms of endovascular treatment of RIA, many clinicians

were concerned about the potential risk of the neck-remodel-

ing technique, such as the complexity of the procedure, throm-

botic risk, and antithrombotic drugs. Several studies such as

CLARITY (Clinical and Anatomic Results in the Treatment of

Ruptured Intracranial Aneurysms) reported that in treatment

of ruptured aneurysms, the remodeling technique was as safe

as conventional coil embolization and had higher rates of ad-

FIG 2. Forest plots showing the risk ratio for complications and the
mortality of stent-assisted coiling comparing RIA and UIA. Effect sizes
are plotted with 95% CIs. A, Forest plots for TEC. From uppermost to
lowest, plots for the pooled studies and preprocedural, postproce-
dural, and modified antiplatelet subgroups. B, Forest plots for intra-
procedural hemorrhage. The upper plot is for pooled studies, and
lower one is for the postprocedural antiplatelet subgroup. C (next
page), Forest plots for mortality. Starting with the uppermost, plots
for the pooled studies and pre- and postprocedural antiplatelet
subgroups.
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equate postoperative occlusion.43 However, this assertion did

not have enough evidence to end the concern about the risk of

stent-assisted coiling in ruptured aneurysms. In this systematic

review, the pooled incidence of TEC and periprocedural hem-

orrhages in stent-assisted coiling of RIA varied from 3.6% to

11.3%, which was higher than the complication rates that have

been previously reported in large randomized trials of the coil

embolization of RIA.44,45

Despite the present review, stent-assisted coiling for UIA is

now accepted as a safe treatment option. Several studies demon-

strated that the complication risk of stent-assisted coiling was not

significantly higher than that in coil-alone treatment, though

stented aneurysms usually have more difficult morphology than

coil-alone aneurysms.46-49 Most important, the stent-assisted

coiling has a high rate of adequate occlusion, leading to a decrease

in the recanalization rate in mid- or long-term follow-up.48,50 The

situation of acutely ruptured aneurysms makes it difficult to guar-

antee that the safety of stent-assisted coiling is the same as that for

coiling alone, and research should be focused on finding more

safe ways to implement stent-assisted coiling in RIA. In this re-

gard, antiplatelet medication use during endovascular RIA man-

agement is of considerable interest to clinicians because it can

elevate the risk of hemorrhagic complications while preventing

TEC. Nevertheless, this review showed that there was little con-

sensus about the safe timing of antiplatelet administration that

minimizes the complications in stent-assisted coiling of RIA. The

methods of antiplatelet therapy varied depending on the institu-

tions, and no high-quality evidence supports the various

methods.

The result of subgroup analysis showed that the event rate

of TEC varied among the different methods of antiplatelet ad-

ministration. These findings support the presumption that the

complications in stent-assisted RIA can be affected by the

method of antiplatelet administration. That stent-assisted

coiling for RIA has higher complication and mortality rates

than for UIA is easily predictable. This meta-analysis also

showed that the pooled risk of complication and mortality

rates was significantly higher in RIA than UIA. However, in the

preprocedural antiplatelet subgroup, the risk of TEC was not

different between RIA and UIA. These results were contrary to

the higher prevalence of RIA compared with UIA in the post-

procedural antiplatelet analysis and suggested that preproce-

dural administration of antiplatelets might reduce the risk of

TECs during stent-assisted coiling of RIA. Unfortunately, this

study could not reveal which antiplatelet method could reduce

the risk of hemorrhagic complications.

The present study has several limitations. First, this review was

unable to include a well-designed case-control prospective study; we

could not find enough studies that compared different antiplatelet

therapies or complication risks between stent-assisted coiling and

simple coiling for RIA to get statistically significant results. Therefore,

our inferences were indirectly suggested from comparisons between

the stent-assisted coiling of RIA and UIA. Second, although the se-

verity of morbidity can vary depending on the type of complications,

this analysis did not address the impact of the associated surgical

procedures that complicate the risk of hemorrhage and hemorrhage-

related morbidity that may result from antiplatelet use. Finally, this

review also has the common limitations that threaten the validity of

systematic reviews, such as publication bias and the generalization of

results from different reviews. The retrospective nature of most in-

cluded studies affected the availability of some variables in some

studies and resulted in the absence of standardized definitions for

available variables.

CONCLUSIONS
Although various methods of antiplatelet administration have been

used in published articles, there is little consensus regarding the ap-

propriate and safe timing for the administration of antiplatelet

agents. However, this study revealed that the clinical results of stent-

assisted coiling for RIA would be affected by antiplatelet administra-

tion. Therefore, reliable guidelines for antiplatelet therapy in stent-

assisted coiling for RIA should be determined by the results of future

research. The results of this systematic review can guide future pro-

spective case-control study design to identify more appropriate anti-

platelet therapy in stent-assisted coiling of RIA.

FIG 2. Continued
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