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sus coil embolization for
unruptured intracranial aneurysm
A meta-analysis
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Abstract
Background: Both coil embolization (CE) and flow-diverting device (FDD) placement are widely used for treatment of intracranial
aneurysms (IAs). The aim of this meta-analysis is to compare the relative clinical safety and efficacy of FDD and CE for the treatment of
unruptured IAs.

Methods: The PubMed, Embase, and Cochrane Library databases were searched for relevant studies from the date of inception
through April 2020. The primary endpoint for this meta-analysis was the 6-month rate of complete occlusion, while secondary
endpoints included rates of retreatment, complications, and parental arterial patency.

Results:Thismeta-analysis includes 8 studies, which included 839 total patients that underwent FDD and 2734 that underwent CE.
FDD group exhibited a significantly higher pooled 6-month complete occlusion rate (P= .02). The subgroup analysis demonstrated
that FDD treatment was associated with significantly higher pooled 6-month complete occlusion rates in patients with large or giant
IAs (P< .00001), whereas no differences in 6-month complete occlusion rates were observed between the FDD and CE groups of
patients with non-large/giant IAs (P= .83). The pooled retreatment (P= .16) and complication (P= .15) rates were comparable
between 2 groups. The CE group exhibited significantly higher pooled parent artery patency rate (P= .01). The funnel plots did not
reveal any evidence of publication bias.

Conclusions: FDDs can be used to effectively and safely treat large and giant IAs, achieving higher rates of complete occlusion
than CE treatment. For non-large/giant IAs, we observed comparable efficacy between FDD and CE treatments.

Abbreviations: CE = coil embolization, CI = confidence intervals, FDD = flow-diverting device, HR = hazard ratios, IA =
intracranial aneurysm, OR = odds ratio.
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1. Introduction

Intracranial aneurysms (IAs) are disorders that result in vascular
abnormalities within the brain, affecting upwards of 2% to 3%of
the general population.[1–4] IA rupture can lead to potentially
lethal subarachnoid hemorrhage, with IAs>10mm in diameter
being at an elevated risk of rupture.[5]
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IAs are now routinely treated via well-established endovas-
cular treatment strategies,[6,7] with coil embolization (CE)
strategies including normal CE, balloon-assisted CE, and stent-
assisted CE having been utilized in this therapeutic context for
roughly 3 decades.[8–10] Despite their widespread use, CE
approaches exhibit relatively low rates of complete occlusion,
and are additionally associated with high rates of recurrence,
particularly when used to treat large and giant IAs.[11] While
stent-assisted CE can help achieve more durable treatment
outcomes, high recurrence rates (20–57%) nonetheless persist in
treated patients.[12–14]

The flow-diverting device (FDD) approach is a novel strategy
that has revolutionized IA treatment, shifting the interventional
approach from an endovascular approach to an endoluminal
strategy.[15] FDDs facilitate parental artery endoluminal
reconstruction while directing blood flow away from the IA
sac, thereby facilitating endoluminal reconstruction.[16] A
meta-analysis conducted in 2016 compared the relative efficacy
of CE and FDDs for IA treatment and determined that FDD
treatment was associated with a satisfactory rate of complete
occlusion.[1] However, some of the studies included in that prior
meta-analysis exhibited an imbalance in IA patient status
(ruptured vs unruptured), potentially impacting observed
results.[1] There have additionally been multiple studies
published comparing CE and FDD approaches for the
treatment of IAs since the publication of this previous meta-
analysis.[17–19]
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As such, we herein conducted a new meta-analysis aimed at
comparing the relative clinical safety and efficacy of FDD and CE
for the treatment of unruptured IAs.
2. Materials and methods

2.1. Study selection

This meta-analysis was approved by the Institutional Review
Board of Binzhou People’s Hospital. The PubMed, Embase, and
Cochrane Library databases were searched for relevant studies
from the date of inception throughApril 2020 using the following
search terms: flow diverting, flow diverter, covered stent, stent-
graft, coil, intracranial aneurysm, and cerebral aneurysm.
Study inclusion criteria included: studies were either non-

randomized comparative analyses or were randomized controlled
trials (RCTs) that compared FDD and CE for the treatment of
unruptured IAs; and studies were published in English.
Studies were excluded if they were: non-comparative studies;

animal or other preclinical studies; and review articles.
2.2. Data extraction

Two investigators independently extracted data from all
identified articles, with the corresponding author helping to
resolve any inconsistencies in the extracted data. Extracted items
included: study baseline data, patient baseline data, and
treatment-associated data.
2.3. Quality assessment

The 8-point revised Jadad composite scale was used to gauge the
quality of all included RCTs.[20] High-quality RCTs were those
with scores ≥4 points.[20] The 9-point Newcastle–Ottawa scale
was used to evaluate all non-RCTs, with studies being deemed of
high quality if they were associated with scores ≥5.[21]
2.4. Endpoints

The primary endpoint for this meta-analysis was the 6-month
rate of complete occlusion, while secondary endpoints included
rates of re-treatment, complications, and parental arterial
patency. Complete occlusion and arterial patency were confirmed
via 3D rotational angiography.

2.5. Statistical analyses

RevMan v5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration) and Stata v12.0 (StataCorp, College Station, TX,
USA) were used for all data analyses. The Mantel–Haenszel
method was used to measure pooled odds ratios (ORs) and 95%
confidence intervals (CIs) for dichotomous variables, whereas
continuous variables were analyzed based upon mean difference
(MD) and 95%CIs. Study heterogeneity was assessed viaX2 and
I2 tests, with I2>50% being indicative of significant heterogene-
ity. Fixed-effects models were used for analyses when significant
heterogeneity was not detected, whereas random-effects models
were used in the presence of significant heterogeneity. Causes of
heterogeneity were evaluated via sensitivity and subgroup
analyses. Sensitivity analysis was carried out to investigate the
cause of inter-trial heterogeneity by removing each included
study sequentially. Subgroup analysis was performed based on
the size of IAs. Funnel plots and Egger bias test were used to assess
2

the risk of bias. The Egger bias test was performed using Stata
v12.0. P< .05 was considered as a significant publication bias.
3. Results

3.1. Study characteristics

Our initial search strategy identified 103 potentially relevant
studies, of which 8 were ultimately included in our final meta-
analysis (Fig. 1). These included 7 retrospective studies[16,17,19,22–
25] and 1 RCT,[18] all of which were considered to be of high
quality (Table 1).
These 8 studies included 839 total patients that had undergone

FDD treatment and 2734 that had undergone CE treatment
(Table 2). Three studies were specifically focused on patients
exhibiting large or giant (≥10mm) IAs.[16–18]
3.2. Treatment-associated rates of 6-month complete
occlusion

We were able to extract data pertaining to the rate of 6-month
complete occlusion from 5 studies.[16–18,22,24] We found that the
FDD treatment group exhibited a significantly higher pooled 6-
month complete occlusion rate (OR: 0.28; 95% CI: 0.09–0.85;
P= .02, Fig. 2A). Significant heterogeneity was detected among
the included studies (I2=82%; P= .0002), whereas no significant
risk of publication bias was detected (Egger test, P= .477).
A sensitivity analysis did not exhibit any significant changes in

overall heterogeneity following the omission of any individual
study from our overall analysis. We additionally conducted
subgroup analyses based upon the size of IAs in treated patients
(Fig. 2B). FDD treatment was associated with significantly higher
pooled 6-month complete occlusion rates in patients with large or
giant IAs (OR: 0.12; 95%CI: 0.07–0.21; P< .00001), whereas no
differences in 6-month complete occlusion rates were observed
between the FDD and CE groups of patients with non-large/giant
IAs (OR:1.10;95%CI: 0.46–2.60;P= .83). Inaddition,wedidnot
detect significant heterogeneity within either of these subgroups
(I2=0% and 18%, respectively). However, the significant
subgroup heterogeneity was found in the test of subgroup
differences. Therefore, the significant heterogeneity of 6-month
complete occlusion rates might be caused by the different IA size.
3.3. Retreatment

Wewere able to extract data pertaining to retreatment rates from
5 of the included studies.[16,19,22,24,25] We observed comparable
pooled retreatment rates between the 2 groups (OR: 0.46; 95%
CI: 0.15–1.38; P= .16, Fig. 3). We also observed significant
heterogeneity among the included studies (I2=72%; P= .0007),
although no evidence of publication bias was detected through
funnel plot and Egger test analyses (Egger test, P= .080).
When the study conducted by Chalouhi et al[16] in 2013 was

omitted, this significant heterogeneity was no longer evident (I2=
43%; P= .15). Even when this study was omitted, however, we
did not observe any significant differences in retreatment rates
between these 2 patient groups (OR: 0.77; 95% CI: 0.35–1.69;
P= .52).

3.4. Complications

Wewere able to extract data pertaining to complication rates from
7 included studies.[16–18,22–25] Pooled complication rates were



Figure 1. The flowchart of this study.
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similar before these 2 treatment groups (OR: 1.44; 95%CI: 0.88–
2.37; P= .15, Fig. 4), with no evidence of significant heterogeneity
(I2=0%;P= .49).Therewasalsonoevidenceofpublicationbias in
funnel plot and Egger test analyses (Egger test, P= .263).

3.5. Parent artery patency

Wewere able to extract data pertaining to parental artery patency
for 3 of the included studies.[17,18,25] We found that patients in the
CE group exhibited significantly higher pooled parent artery
patency rate (OR: 4.96; 95% CI: 1.48–16.69; P= .01, Fig. 5).
There was no significant heterogeneity among these studies (I2=
46%; P= .16). The funnel plot and Egger test did not reveal any
evidence of publication bias (Egger test, P= .507).

4. Discussion

In the present meta-analysis, we assessed differences in the clinical
safety and efficacy of FDD and CE for the treatment of
3

unruptured IAs. We found that FDD treatment was associated
with significantly higher 6-month complete occlusion rates.
However, the significant heterogeneity made this result is not very
reliable. The sources of heterogeneity might be from many
aspects, which include size of IAs, methodology used, follow-up
time, and geographical locations. The size of IAs and
methodology used may be the important factors which caused
the heterogeneity of 6-month complete occlusion rates. For
technique of the CE, 4 included studies used stent-assist
CE,[16,17,22,24] while only 1 study did not show the details of
technique of the CE.[18] Therefore, the technique of the CE may
not be the factor of heterogeneity. Furthermore, we made the
subgroup analysis based on the size of IAs and the subgroup
analysis suggested that significantly higher pooled 6-month
complete occlusion rate was only found in patients with large or
giant IAs. Indeed, IA size was a major source of heterogeneity in
the 6-month complete occlusion rate data set.
While there have been a number of technical improvements to

the procedure, there are still limitations to the use of CE for the
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Table 1

Baseline data of the 8 studies.

Quality assessments

Study Year Design Country Focused on giant aneurysm Revised Jade score Newcastle–Ottawa score

Chalouhi[16] 2013 Retrospective America Yes – 8
Chalouhi[22] 2014 Retrospective America No – 7
Kim[23] 2014 Retrospective Korea No – 8
Di Maria[24] 2015 Retrospective France No – 8
Durst[25] 2016 Retrospective America No – 7
Zhang [17] 2016 Retrospective China Yes – 6
Liu[18] 2018 RCT China Yes 5 –

Fukuda[19] 2019 Retrospective Japan No – 6

RCT= randomized controlled trial.
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treatment of IAs. For one, CE approaches are not well-suited to
use for the treatment of fusiform or very large IAs.[1] In addition,
even in cases where complex IAs can be feasibly treated via CE,
long-term occlusion cannot be guaranteed. Furthermore, the use
of a large number of coils in IAs can perpetuate a mass effect and
thereby result in thromboembolic complications and high
treatment costs.[1] Lastly, CE approaches are not able to avoid
direct contact with aneurysms, thereby significantly increasing
the potential for intraprocedural rupture.
FDDs are generally designed in an effort to provide ameshwith

small cells that exhibits high coverage and longitudinal flexibility,
with the goal of redirecting blood flow along the longitudinal axis
of the target vessel and thereby decreasing outflow and inflow of
the IA, thereby leading to eventual thrombosis and obliteration of
the aneurysm. FDDs also allows for the maintenance of
appropriate blood flow in jailed branches and perforators.[1]

We detected comparable pooled retreatment rates when
comparing the FDD and CE groups in the present meta-analysis.
This is in contrast to the results of Chalouhi et al,[16] who
observed higher retreatment rate in the CE group (37% vs 2.8%,
P< .001). This study thus represented a source of significant
heterogeneity in our meta-analysis, as it focused specifically on
patients with large or giant IAs. When we removed the Chalouhi
et al[16] study, we still did not observe any significant differences
Table 2

Characteristics of the included studies.

Study Groups Patients Mean age, y Mean lesi

Chalouhi[16] FDD 40 60.7 1
Coil 120 60.3 1

Chalouhi[22] FDD 40 52.1
Coil 160 52.6

Di Maria[24] FDD 77 49.2
Coil 61 49.7

Kim[23] FDD 24 53.2 1
Coil 38 55.9

Durst[25] FDD 19 53.2 1
Coil 38 57.4

Zhang[17] FDD 45 Not given All
Coil 45 Not given All

Liu[18] FDD 82 52.1 All
Coil 62 55.7 All

Fukuda[19] FDD 512 62.8 Not
Coil 2210 63.6 Not

FDD= flow-diverting device.
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in retreatment rates between these 2 patient groups (P= .52).
Therefore, we can believe that FDD and CE provide similar
clinical effectiveness for non-large/giant IAs. Furthermore, these
findings may suggest that FDDs are capable of improving
angiographic outcomes in those patients exhibiting large
unruptured IAs. However, for the endpoint of retreatment, only
1 study focused on the large IAs. Additional studies are still
required.
In studies not focused on large or giant IAs,[19,22,24,25] we

observed comparable rates of pooled 6-month complete occlu-
sion (P= .83) and retreatment (P= .52) when comparing the CE
and FDD groups. This may suggest that FDDs do not offer any
significant advantages of CE when used to treat non-large/giant
IAs.
Our results suggest that FDD and CE treatment approaches

offer similar safety profiles when used to treat IAs. In one prior
meta-analysis of 29 studies,[26] FDDs were associated with
respective procedure-related morbidity and mortality rates of 5%
and 4%, while limited CE case series results indicated that this
treatment approach was associated with an 11% overall
complication rate.[13] In this study, however, we found that
pooled parent artery patency rates were significantly higher
among patients in the CE group. The primary cause of occlusion
of the parent artery is in-stent thrombosis.[17] One systematic
on size, mm Mean follow-up Coil techniques

4.9 8 months Stent/balloon-assist coil; Normal coil
4.9 15 months
6.2 Not given Stent-assist coil
6.0 Not given
6.7 >12 months Stent-assist coil; normal coil
8.7 >12 months
0.2 6 month Stent-assist coil
8.9 23 month
0.5 Not given Not mentioned in details
9.6 Not given
>10 Not given Stent-assist coil
>10 Not given
>10 Not given Not mentioned in details
>10 Not given
given Not given Stent-assist coil; normal coil
given Not given



Figure 2. (A) The pooled 6-month complete occlusion rate was significant higher in the FDD group. (B) The subgroup analysis demonstrated that the pooled 6-
month complete occlusion rate was significant higher in the FDD group based on the large or giant IAs. FDD=flow-diverting device, IA= intracranial aneurysm.
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review of SILK stent devices found a 10.2% rate of occlusion of
stented parent arteries.[27] The use of FDDs to manage IAs is
dependent on the appropriate administration of preoperative
medications, given that patients are at risk of competing
thromboembolic complications such as delayed IA rupture and
in-stent thrombosis.[28] Risk factors associated with delayed
rupture following FDD placement must be assessed in order to
definitively establish the indications of this technique, which
perioperative medications are most therapeutically appropriate,
Figure 3. The pooled retreatment rates w
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and what methodological approaches are employed (with or
without additional coils).
There are certain limitations to the present meta-analysis. For

one, the majority of the included studies were retrospective in
nature, potentially resulting in selective bias. As additional high-
quality RCTs become available, we will conduct a specific and
more focused analysis of these results. Second, we observed
significant heterogeneity for many of the outcomes in the present
study. While we conducted sensitivity and subgroup analyses in
ere comparable between the 2 groups.

http://www.md-journal.com


Figure 4. The pooled complication rates were comparable between the 2 groups.

Figure 5. Significantly higher pooled parent artery patency rate was found in the CE group. CE=coil embolization.

Xia et al. Medicine (2021) 100:24 Medicine
an effort to identify the causes of such heterogeneity, further high-
quality studies are essential. Third, many of the included studies
employed a range of CE approaches (normal, stent-assisted, or
balloon-assisted CE), thus potentially limiting the applicability of
our conclusions.
In summary, FDDs can be used to effectively and safely treat

large and giant IAs, achieving higher rates of complete occlusion
than CE treatment. For non-large/giant IAs, we observed
comparable efficacy between FDD and CE treatments, with
the latter potentially being associated with better long-term
parent artery patency.
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