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Abstract: Intracranial aneurysms (IA) can induce increased intracranial pressure, headache, and the development
of nausea and vomiting if not treated in time, and failure to receive timely diagnosis and treatment can lead to dis-
ability or death. However, the efficacy and prognostic value of craniotomy and endovascular embolization in patients
with 1A remains a controversial topic. This meta-analysis systematically evaluated the efficacy of endovascular coil-
ing versus cranial aneurysm clamping on the immediate postoperative outcome and prognosis of patients with IA.
PubMed, EMBASE, and the Cochrane Library databases were searched for retrieval of relevant references. Litera-
ture was screened according to pre-defined inclusion and exclusion criteria, and data were extracted and assessed
for quality. A total of 10 studies, including 2,654 cases, were included in the analysis. Among them, 1,313 cases
underwent craniotomy clipping surgery (clip group), and 1,341 cases underwent endovascular coiling (coil group).
The quality of the studies in 8 articles evaluated using the Newcastle-Ottawa Scale (NOS) was >6. Meta-analysis was
conducted using Rev Man 5.3 and Stata 17 software. The results of meta-analysis showed that no significant differ-
ence in complete occlusion rate [OR=1.76, 95% CI (0.78, 3.96), P=0.17] when comparing the clip and coil group.
Compared to the clip group, the coil group had a better clinical short-term outcome [OR=1.55, 95% CI (1.05, 2.27),
P=0.03], but an increased rate of postoperative residual or recurrence [OR=0.40, 95% CI (0.17, 0.91), P=0.03]. In
addition, there were no significance differences identified in terms of complications, including the rates of postoper-
ative rebleeding [OR=1.60, 95% CI (0.97, 2.63), P=0.07], ischemic stroke [OR=1.12, 95% CI (0.45, 2.79), P=0.81],
and cerebral vasospasm [OR=0.90, 95% CI (0.13, 6.03), P=0.91]. Subsequently, we conducted experimental se-
quence analysis for each indicator, and the results were consistent with the results of meta-analysis. According to
the recent clinical prognosis, a funnel plot was constructed, showing significant asymmetry on both sides, indicating
some publication bias. However, the results of Begg’s test with P=0.734 and Egger’s test with P=0.633 suggest no
significant publication bias. In general, endovascular coiling and microsurgical clipping appear to be equally effec-
tive in achieving vascular occlusion. Endovascular coiling may be more effective in improving the short-term clinical
outcomes for patients. However, this approach may increase the rate of postoperative residual issue or recurrence.
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Introduction cerebral blood supply, where these areas grad-
ually expand under the pressure of blood flow,
forming a sac-like structure resembling a berry.

Another cause is related to arteriosclerosis,

Intracranial aneurysm (lA) refers to a local
abnormal bulging and pathological dilation

caused by a reduction in the structural inte-
grity of the arterial wall [1]. In fact, IA is not a
tumor but a cerebrovascular disease. It typical-
ly occurs in vulnerable areas of the arteries for

trauma, and infection. It is akin to a “time
bomb” inside the brain, which could “explode”
at any time. Once it “explodes”, the arterial
blood pressure will immediately surge into the
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cranial cavity, causing subarachnoid hemor-
rhage, which can lead to severe disability or
death [2]. Therefore, timely prevention and
treatment are crucial to avoid the “explosion”
of this “bomb”.

Craniotomy for clipping of IA, a long-standing
surgical method, has always held a place in the
field of aneurysm treatment. By directly remov-
ing and clipping the aneurysm, it achieves thor-
ough treatment of the lesion, ensuring the
completeness of the treatment [3]. However, a
significant drawback of this surgical approach
is its substantial trauma [3, 4]. This trauma may
not only delay the patient’s recovery process
but also may be mentally challenging for
patients due to the invasiveness. In contrast,
endovascular coiling, as a relatively new treat-
ment modality, employs precise catheter tech-
niques to achieve embolization by filling the
aneurysm with coils, thereby blocking blood
flow and preventing aneurysm rupture [5]. The
advantage of this method lies in its minimally
invasive nature, which not only reduces direct
damage to the patient’s cerebral vasculature
but also causes relatively less damage to sur-
rounding tissues. This smaller trauma helps
reduce the risk of postoperative complications,
such as cerebral hemorrhage and brain edema,
thereby creating favorable conditions for rapid
recovery [6].

The implementation of endovascular interven-
tional coiling in patients with IA is theoreti-
cally suitable for clinical promotion and imple-
mentation. However, the debate on the efficacy
and prognostic value of craniotomy clipping ver-
sus endovascular coiling remains unresolved.
This study aims to evaluate the impact of
endovascular coiling on short-term outcomes
and prognosis in patients with IA, a topic that
continues to be a subject of discussion in the
field of neurosurgery. The novelty of this study
lies in its ability to synthesize a large body of
evidence to provide clearer guidance for clinical
practice. Unlike previous studies that may have
been limited by smaller sample sizes (106) or
less rigorous methodology [7], this meta-analy-
sis leverages a large dataset and high-quality
studies to draw more definitive conclusions
about the relative benefits and risks associat-
ed with endovascular coiling versus craniotomy

clipping.
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Methods
Eligibility criteria

We conducted a search using the terms
“Intracranial Aneurysm”, “endovascular coil-
ing”, and “craniotomy clipping” with a strategy
of combining subject terms and free-text words
in databases (such as the Cochrane Library,
EMBASE, and PubMed). The search was set to
cover the period from the inception of the data-
bases up to January 2024, collecting studies
published to date on endovascular coiling and
craniotomy clipping for the treatment of IA. The
language limit is English, and with complete
clinical data. Manual retrieval of relevant refer-
ences supplemented the search.

In pursuit of high-quality research outcomes,
the PICOS principle is often followed to com-
plete the research design and to clarify the
search questions and information needs. This
study adheres to the PICOS principle and has
set strict requirements for the research sub-
jects and treatment measures when establish-
ing inclusion and exclusion criteria.

The studies included met the following criteria:
(1) the study population consists of patients
with a confirmed diagnosis of IA; (2) the study
results are reported with detailed and clear
data; (3) use of endovascular embolization to
treat aneurysms; (4) the language of the study
is English. Literature that meets the following
criteria was excluded: (1) reviews, guidelines,
conference proceedings, letters, and consen-
sus documents; (2) case reports, traumatic
aneurysms, iatrogenic aneurysms; (3) studies
with overlapping research subjects and popula-
tions; (4) incomplete literature data or inability
to obtain raw data; (5) the observed indicators
in the literature do not match the observed indi-
cators studied in this paper.

Literature screening

Initially, a preliminary review of the titles and
abstracts of the literature was conducted to
exclude articles that were clearly not relevant
to the research topic by two evaluators. Sub-
sequently, a thorough reading of the remain-
ing abstracts and full texts was carried out to
ensure that only highly relevant articles were
included. After the screening process was com-
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pleted, a cross-checking step was performed,
and in case of any discrepancies, consensus
was reached through discussion and negotia-
tion with a third party.

Data collection

Data were collected from the included stu-
dies, including general information (author,
year, country), study characteristics (baseline
data of study subjects, sample size, group-
ing), and outcomes (embolization rate/com-
plete occlusion rate, short-term prognosis,
postoperative residual or recurrence rate, and
related complications).

Outcome measures

Primary outcomes include occlusion rate/com-
plete closure rate and short-term prognosis.

Secondary outcomes comprise postoperative
residual or recurrence rate and associated
complications (postoperative rebleeding rate,
postoperative ischemic stroke incidence, post-
operative cerebral vasospasm occurrence
rate).

Literature quality evaluation

Two evaluators used the Newcastle-Ottawa
Scale (NOS) to evaluate the quality of the
included literature. The NOS consists of three
main modules: study population selection,
comparability, and exposure/outcome, and a
total of 8 entries. Each entry is rated on a star
system where the comparability component is
awarded a maximum of two stars, and each
other is awarded a maximum of one star for an
overall maximum of nine stars. A total score of
>6 was considered to be high-quality literature.
When using NOS for quality evaluation, two
authors independently performed the scoring
and cross-checked after completion. Any dis-
agreements in the scoring were resolved th-
rough third-party negotiation.

Statistical analysis

Meta-analysis was conducted using Rev Man
5.3 and Stata 17 software. The odds ratio (OR)
and 95% confidence interval (Cl) were used as
the representation method for count data.
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I? test was employed to assess heterogeneity.
If the I? value was >50% or the P value was
<0.10, heterogeneity was considered, and a
random-effects model was used for analysis.
If the 12 value was <50% or the P value was
>0.10, no heterogeneity was assumed, and
fixed-effects model was applied. In cases of
significant heterogeneity, sensitivity analyses
were conducted by changing the analysis mo-
del or using exclusion criteria. Funnel plots
were used to test for potential publication bias.
In addition, trial sequential analysis (TSA) is
used for sample size estimation in meta-analy-
sis. When the number of cases included in the
meta-analysis does not reach a sufficient sam-
ple size, TSA was applied to minimize false
positive results due to random error [8]. A P
value of <0.05 was considered statistically
significant.

Results
Literature search results

After excluding the non-randomized controlled
trials, non-observational studies and replicat-
ed studies, we obtained 248 studies in the
preliminary screening. After further reading the
abstract and full text, we then excluded 213
reviews, guidelines, conferences, case reports,
and 25 studies that did not meet the criteria for
inclusion of patients or with incomplete data.
Ultimately, 10 eligible studies were incorporat-
ed into the analysis [7, 9-17]. The procedure for
sifting through the literature is depicted in
Figure 1.

Characteristics of studies

Among the 10 studies included, the cumulative
sample size was 2,654 cases, including 1,313
and 1,341 cases in the coil and clip group,
respectively (Table 1). The quality of studies
were assessed by NOS, with 7 studies scoring
>6 points and 3 studies scoring 5 points (Table
2).

Meta-analysis results

(1) Complete occlusion rate: 3 studies [12, 14,
17] with a total of 228 patients reported the
complete occlusion rate, and the study data
were not statistically heterogeneous (I>=0%,
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326 literatures were obtained through
database search and manual search

248 literatures were obtained after
removing duplicate literatures

Read abstract and exclude 213 literatures
such as reviews, case reports, animal
experiments

35 literatures were initially included

Read the full text and exclude 25
literatures such as insufficient data and
incomplete content

Finally, 10 literatures were included

Figure 1. The procedure for sifting through the litera-
ture.

P=0.62), so a fixed-effects model was used.
No significant difference was found in the
complete occlusion rate when comparing the
clip and coil groups [OR=1.76, 95% CI (0.78,
3.96), P=0.17] (Figure 2). TSA results showed
that the accumulated Z value neither crossed
the traditional threshold nor the TSA threshold,
and the accumulated information did not reach
the expected information, so there may be no
statistical difference between the efficacy of
the two groups (Figure 3).

(2) Short-term clinical prognosis: 9 studies [7,
9, 11-17] with a total of 2,251 patients report-
ed short-term clinical prognosis, and the study
data were statistically heterogeneous (I?=67%,
P=0.002), so we used random-effects model.
No significant difference was found in the short-
term clinical prognosis when comparing the clip
and coil groups [OR=1.09, 95% CI (0.67, 1.80),
P=0.72] (Figure 4).

We used itemized exclusion method to exclude
studies one by one and found the study of Li et
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al. [7] was the source of the heterogeneity.
After exclusion of their study, endovascular coil-
ing for cerebral aneurysms demonstrated a
better clinical near-term prognosis compared
with cranial clamping [OR=1.55, 95% CI (1.05,
2.27), P=0.03] (Figure 5). The TSA results
showed that the cumulative Z-value crossed
the conventional boundary, as well as the TSA
boundary and the required information size,
indicating a positive conclusion that endovas-
cular coiling treatment for brain aneurysms has
a better clinical short-term prognosis (Figure
6).

(3) Postoperative residual or recurrence rate: 8
studies [9, 11-17], which included a total of
1,860 patients, showed statistical heterogene-
ity in the data (*=61%, P=0.01), so a random-
effects model was used. Compared to micro-
surgical clipping, endovascular coiling increas-
ed the rate of postoperative residual or recur-
rence [OR=0.40, 95% CI (0.17, 0.91), P=0.03]
(Figure 7).

We used itemized exclusion method to exclude
studies one by one and found the study of Luo
et al. [16] was the source of its heterogeneity.
After exclusion of this study, the result did not
change [OR=0.30, 95% CI (0.15, 0.59), P=
0.0005] (Figure 8). The results of TSA showed
that the cumulative Z-value crossed the con-
ventional boundary, as well as the TSA bound-
ary, indicating that the initial analysis suggests
that endovascular coiling treatment increases
the postoperative residual or recurrence rates
(Figure 9).

(4) Postoperative rebleeding rate: 7 studies
[9-11, 13, 15-17] with a total of 2,453 patients
reported postoperative rebleeding rate, and
the study data were not statistically heteroge-
neous (*=26%, P=0.23), so we used fixed-
effects model. The postoperative rebleeding
rate did not show a difference between the
clip group and the coil group [OR=1.60, 95% CI
(0.97, 2.63), P=0.07] (Figure 10). Further TSA
results revealed that while the cumulative
Z-curve crossed the traditional significance
boundary, it did not cross the TSA-defined
boundary (Figure 11).

(5) Incidence of postoperative ischemic stroke:
7 studies [7, 9, 11-14, 17], which included a
total of 1,705 patients, reported incidence of
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Table 1. Characteristics of studies

Coil group Clip group

Author Year Country Age Sample Gender Age Sample Gender Outcome
size (Male/female) size (Male/Female)

LiGetal. [7] 2023 China 59.52+10.18 55 19/36 58.07+10.34 51 24/27 O G ®
Chen Cetal. [9] 2023 China 56.9+10.5 405 137/268 58.4+10.3 362 115/247 ONCORONG)
Qureshi Al et al. [10] 2014 America 70.945.1 398 318/80 70.0+£3.9 290 223/67 @
Zhang L et al. [11] 2019 China 54+11 225 98/127 55+10 257 114/143 ONORONE)
Song Zetal. [12] 2018 China 58.3+9.3 20 9/11 57.5+8.9 25 10/15 ® B G
Schwartz C et al. [13] 2018 Austria 52 (25.0-71.0) 38 11/27 54 (36.0-79.0) 54 16/38 Oe®6 G
Ghorbani M et al. [14] 2020 Iran 58 38 13/25 58.6 42 18/24 @ ® 6
Darsaut TE et al. [15] 2021 Canada NA 81 23/57 NA 80 20/61 OB ®
Luo J et al. [16] 2022 China 48.93+8.91 65 9/46 48.89+8.45 65 8/47 ® @ ®
Dammann P et al. [17] 2014 Germany 54 (27-78) 16 6/10 53.7 (29-73) 87 22/65 ® 6B @ 6

Note: (D Short-term clinical prognosis, @ Complete occlusion rate, (3) Postoperative residual or recurrence rate, @ Postoperative rebleeding rate, ® Incidence of postoperative
ischemic stroke, ®) Incidence of postoperative cerebral vasospasm.
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Table 2. Risk assessment of bias in NOS cohort studies

Study Selection Comparability Exposure/Outcome Scores
LiGetal.[7] PAQA QA DA PAGS 7
Chen C et al. [9] PAGA @A e PAG PAGAGAe 7
Qureshi Al et al. [10] PAQAe PAq PAQAe 5
Zhang L et al. [11] PAQAGAS e PAG ¢ 5
Song Z et al. [12] PAGAGAY PAGAY PAGAGAY 8
Schwartz C et al. [13] PAGAQAQA¢ PA¢ PAGA @AY 8
Ghorbani M et al. [14] PAGAGAS DA¢ PAQAGAS 7
Darsaut TE et al. [15] PAQAe PAG PAQAe 5
Luo J et al. [16] AR QA @Ae PAG PAGAGAe 8
Dammann P et al. [17] AQAGAG A ASA¢ AOAe 8
Note: NOS means the Newcastle-Ottawa Scale.
Clip Coil 0dds Ratio 0Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI

Dammann P etal. 2014 67 87 3 16 411%  2.61[0.86,7.88]

Ghorbani M et al. 2020 e 42 34 38 400%  1.12[0.26,4.82)

Song Zetal 2018 23 25 18 20 18.8% 1.28[0.16,8.87) e —

Total (95% Cl) 154 74 100.0%  1.76[0.78, 3.96] -~

Total events 128 61

Heterogeneity: Chi*= 0.95, df= 2 (P = 0.62); F= 0% lu o1 u=1 ] 1’0 m’

Testfor averall effect Z=1.36 (P=017)

Favours [Clip] Favours [ Coil ]

Figure 2. Forest chart of complete occlusion rate of cerebral aneurysm treated by endovascular coiling.

Cumulative
Z-Score

P=0.009), so a random-effects

model was used. The inciden-
. ce of postoperative ischemic
stroke did not show a differ-
ence when comparing the clip
and coil groups [OR=1.12, 95%
Cl(0.45, 2.79), P=0.81] (Figure
12).

RIS=2526

We used itemized exclusion
method to exclude studies one
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Figure 3. Trial Sequential Analysis (TSA) results (complete occlusion rate).
Note: TSA means alpha-spending boundaries, RIS means Required Informa-

tion Size.

postoperative ischemic stroke and showed
statistical heterogeneity in the data (I’=65%,
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by one and found that the
study of Chen et al. [9] was the
source of the heterogeneity.
After exclusion of this study,
the result did not change
[OR=0.79, 95% CI (0.40, 1.56),
P=0.50] (Figure 13). The TSA
analysis results showed that
the cumulative Z-curve did not
cross the conventional bound-
ary or the TSA boundary, and
the cumulative information si-
ze did not reach the required
information size. Therefore, the difference in
the incidence of ischemic stroke between the

Am J Transl Res 2024;16(5):1845-1858
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Study or Subgrou|
Chen C etal. 2023
Dammann P etal. 2014
Darsaut TE et al. 2021
Ghorbani M et al. 2020
LiGetal 2023
LuoJetal 2022
Schwarlz C etal. 2018
Song Zetal. 2018
Zhang Letal. 2019

Total (95% CI)
Total events

Heterogeneity: Tau®= 0.24; Chi®= 24.20,df= 8 (P=0.002); F=67%
Test for overall effect Z=0.36 (P=0.72)

Study or Subgroup

Chen C etal. 2023
Dammann P etal. 2014
Darsaut TE et al. 2021
Ghorbani M et al. 2020
Li G etal 2023

LuoJ et al. 2022
Schwarz C etal. 2018
Song Zetal 2018
Zhang Letal. 2019

Total (95% CI)
Total events

Clip Coil Odds Ratio 0dds Ratio
Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
209 362 164 405 24.4% 2.01 [1.51, 2.68] -
80 87 14 16 B.6% 1.63[0.21, 8.68] —
69 80 68 81 146% 1.20[0.50, 2.86) -
40 42 37 38 36% 0.54 [0.05, 6.21]
28 51 41 55 15.4% 0.42 [0.18, 0.94] —
59 65 65 B5  2.6% 0.07 [0.00,1.27] *
50 54 38 38 26% 015[0.01,2.79] ¢
21 25 18 20 59% 0.58 [0.10, 3.57) I E—
208 362 164 405 24.4% 2.01 [1.51, 2.68] -
1128 1123 100.0% 1.09 [0.67, 1.80] S 4
765 609 ) ) . .
0.01 0.1 10 100
Favours [Clip] Favours [Coil]
Figure 4. Forest map of short-term clinical prognosis of cerebral aneurysm treated with endovascular coiling.
Clip Coil Odds Ratio Odds Ratio
Events Total Events Total Weight M-H. Random.95% Cl M-H, Random, 95% CI
209 362 164 405 36.0% 2.01 [1.51, 2.68) -+
80 g7 14 16 47% 1.63[0.21, 8.68) —
69 80 68 81 13.6% 1.20 [0.50, 2.86)
40 42 37 38 23% 0.54 [0.05, 6.21]
28 51 41 55 0.0% 0.42[0.18, 0.94]
59 65 65 65 1.7% 0.07[0.00,1.27] *
50 54 38 38 16% 015[0.01, 279 *
21 25 18 20 41% 0.58[0.10, 3.57] e
209 362 164 405 36.0% 2.01 [1.51, 2.68] -
1077 1068 100.0% 1.55[1.05, 2.27] L g
737 568 . . . .
0.01 0.1 10 100

Heterogeneity: Tau®= 0.08; Chi*=12.05, df=7(P=0.10); F=42%
Testfor overall effect: Z=2.23 (P =0.03)

Favours [Clip] Favours [Coil]

Figure 5. Forest map of short-term clinical prognosis of cerebral aneurysms treated with endovascular coiling (ex-

cluding heterogeneity).

Cumulative
Z-Score RIS=1636
] TSA
£ _
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zC 1
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Figure 6. TSA results (short-term clinical prognosis).
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two groups may not be statisti-
cally significant, and further tri-
als are needed to confirm this
(Figure 14).

(6) Incidence of postoperative
cerebral vasospasm: 3 studies
[7, 13, 16] involving a total of
328 patients were included in
the analysis. There was statis-
tical heterogeneity in the study
data (I’=68%, P=0.04), so we
used random-effects model.
The incidence of postoperative
cerebral vasospasm did not
show a difference when com-
paring the clip and coil groups
[OR=0.90, 95% CI (0.13, 6.03),
P=0.91] (Figure 15).

Using a sequential exclusion
method to exclude studies one

Am J Transl Res 2024;16(5):1845-1858
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Clip Coil Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random. 95% CI M-H. Random, 95% CI
Chen C etal. 2023 2 362 16 405 13.4% 0.14[0.03,0.64]
Dammann P et al. 2014 3 a7 4 16 12.4% 0.11 [0.02,0.54]
Darsaut TE et al. 2021 19 80 40 81 201% 0.32[0.16,0.63] —_—
Ghorbani M et al. 2020 4 42 4 38 13.6% 0.89[0.21, 3.86] e
LuoJ et al. 2022 10 65 5 65 16.3% 218[0.70,6.78) T
Schwartz C etal. 2018 0 54 2 38 56% 013[0.01,287 *
Song Zetal 2018 4 25 3 20 12.3% 1.08[0.21, 5.50] -
Zhang Letal. 2019 0 257 B 225 B.2% 0.07[0.00,1.17] *
Total (95% CI) 972 888 100.0% 0.40[0.17, 0.91] il
Total events 42 78
Heterogeneity: Tau®= 0.79; Chi*= 17.97, df= 7 (P = 0.01); F= 61% n o nl'1 1‘0 100:

Test for overall effect 2= 217 (P =0.03)

Favours [Clip] Favours [Coil )

Figure 7. Forest plot of residual or recurrence rates after endovascular coiling for cerebral aneurysm.

Clip Coil Odds Ratio 0dds Ratio
Stucdy or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen C etal. 2023 2 362 16 405 148% 0.14[0.03, 0.64]
Darnmann P et al. 2014 3 87 4 18 131% 0.11 [0.02, 0.54]
Darsaut TE etal. 2021 19 80 40 81 343% 0.32[0.16, 0.63] —a—
Ghorbani M et al. 2020 4 42 438 152% 0.89[0.21, 3.86) e E—
Luo J et al. 2022 10 65 5 65 0.0% 2.18[0.70, 6.78)
Schwartz C et al. 2018 0 54 738 45% 0.13[0.01,2387] *
Song Z etal. 2018 4 25 320 13.0% 1.08[0.21, 5.50] S
Zhang L etal. 2019 0 257 6 225 50% 0.07[0.00,1.17] *
Total (95% CI) 907 823 100.0% 0.30 [0.15, 0.59] <l
Total events 32 74
Heterogeneity: Tau?= 0.23; Chi*= 8.43, df= 6 (P = 0.21); F= 29% 50 o 051 1:0 100‘
Test for overall effect: Z= 3.49 (P = 0.0005) : Falvours (Clip] Favours [ Coil]

Figure 8. Forest plot of residual or recurrence rates after

heterogeneity).

Cumulative
Z-Score

TSA

Favours
Coil
T

endovascular coiling for cerebral aneurysm (excluding

by one, it was found that the
study of Schwartz et al. [13]
was the source of heterogene-
ity. After excluding this study,
the direction of the meta-anal-
ysis results remained unchan-
ged [OR=1.92, 95% CI (0.67,
5.50), P=0.22]. The TSA an-

RIS=2734

= alysis results showed that the

cumulative Z-curve did not

Favours
Clip

TSA

Figure 9. TSA results (postoperative residual or recurrence rate).
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Z-curve

cross the conventional bound-
ary or the TSA boundary, and
the cumulative information si-
ze did not reach the requir-
ed information size. Therefore,
the difference in the incidence
of postoperative cerebral vaso-
spasm between the two groups
may not be statistically signifi-
cant, and more trials are need-
ed to confirm this (Figure 16).
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Clip Coil Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI
Chen C et al. 2023 4 382 3 405 11.4%  1.50([0.33,6.73] r—
Dammann P et al. 2014 187 0 16 34% 057(0.02, 14.66]
Darsaut TE et al. 2021 0 80 4 81 182%  0.11[0.01,202 *
LuoJ etal. 2022 0 85 1 B5 B1%  033[0.01,821]
Qureshi Al et al. 2014 28 290 16 398 49.8%  2.55[1.35 4.81) ——
Schwartz C etal. 2018 0 54 138 74%  0.23[0.01,579 *
Zhang L etal. 2019 2 257 1255 41% 1.99[0.18,22.11]
Total (95% Cl) 1195 1258 100.0%  1.60[0.97,2.63] n
Total events 35 26
Heterageneity: Chi*= 8.09, df= 6 (P = 0.23); F= 26% =n 01 n=1 1=0 1nn=

Testfor overall effect Z=1.84 (P = 0.07)

Favours [Clip] Favours [ Coil ]

Figure 10. Forest chart of rebleeding rate after endovascular coiling for cerebral aneurysm.

data from 312 patients (864
aneurysms) by van der Kamp
et al. [19] showed an IA rupture
rate of 7.6%, of which 2.9%,
4.3% and 6.0% were found at 6
months, 1 year and 2 years,
respectively. Although the risk
of IA rupture is relatively low,
the overall mortality rate once
ruptured ranges from 25% to
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Figure 11. TSA results (postoperative rebleeding rate).

Funnel plot

A funnel plot was depicted based on the recent
clinical prognosis (Figure 17). The literature
scatter is distributed to the left and right of the
null line, but the left and right sides are obvi-
ously asymmetric, with some publication bias.
However, the results of Begg's test P=0.734
and Egger’s test P=0.633 suggest no signifi-
cant publication bias. This may be related to
the limited quality, small sample size, and the
heterogeneity of some studies.

Discussion

The global prevalence of IA in adults (average
age 50) is approximately 3.2% [18]. Follow-up
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50%, and another 50% of sur-
vivors exhibit varying degrees
of neurologic functional im-
pairment and disability [20].
Currently, with the rise of mini-
mally invasive surgery, endo-
vascular coiling has become
increasingly popular due to its
minimal invasiveness and rela-
tively low risk of complications.
Despite the advocacy for inter-
ventional treatment due to its
minimal invasiveness and rapid recovery [5, 6],
whether it can completely replace traditional
craniotomy surgery is still a matter of debate.

Our study shows that the two treatment meth-
ods have similar effects in achieving vascular
occlusion. This is consistent with the findings
reported by Ruan et al. [21]. This suggests that
from a technical perspective, both occluding
the aneurysm directly through surgical inter-
vention and using endovascular coiling to block
the aneurysm from within the blood vessel, can
effectively halt blood flow within the aneurysm
and reduce the risk of rupture. With advance-
ments in medical technology, the materials and
techniques used in endovascular embolization
procedures (such as coils, flow-diverting devic-
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Figure 12. Forest chart of incidence of ischemic stroke after cerebral aneurysm treated by endovascular coiling.
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Figure 13. Forest chart of incidence of ischemic stroke after cerebral aneurysm treated by endovascular coiling

(excluding heterogeneity).
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plex aneurysms can be more
reliably and durably treated
through endovascular coiling.
Doctors can select the most
suitable embolization materi-
als and strategies based on
the specific characteristics of
the aneurysm (such as size,
shape, and location) to achie-
ve occlusion effects similar to

Favours
Clip

Figure 14. TSA results (incidence of postoperative ischemic stroke).

es, 3D rotational angiography, and stent assis-
tance) have significantly improved. Even com-

1854

open surgery. In a meta-an-
alysis, although endovascular
treatment has been continu-
ously improving in terms of effi-
cacy and safety, microsurgical
clipping has a higher rate of
complete occlusion (97.9% vs.
94.2%) [22]. Another retro-
spective study also supports
that microsurgical clipping has
a higher rate of complete oc-
clusion (89.2% vs. 75.9%) [23].

Therefore, further research is needed to vali-
date the complete occlusion rates.
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Figure 15. Forest map of incidence of cerebral vasospasm after endovascular coiling for cerebral aneurysm.
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Figure 16. TSA results (Incidence of postoperative cerebral vasospasm).
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Figure 17. Funnel chart of clinical short-term prognosis.
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Our study also revealed that
endovascular coiling had a bet-
ter short-term clinical outcome,
but increased rate of residual
issue or recurrence after sur-
gery. This supports the results
of another meta-analysis [24].
Interventional surgery, due to
its minimally invasive nature,
typically allows for a quicker
recovery and better short-term
outcomes for patients. How-
ever, over time, endovascular
coiling may lead to a higher
risk of aneurysm reperfusion,
recurrence, or rebleeding due
to technical limitations. Studi-
es have reported that the re-
currence rate after coiling for
unruptured IA could be as high
as 28.8% [25]. This higher
recurrence rate may increase
the risk of long-term adverse
outcomes for patients. In con-
trast, although craniotomy sur-
gery is a more invasive proce-
dure requiring a longer reco-
very period, patients’ neurolog-
ic function tends to improve
over time, and the risk of long-
term adverse outcomes gra-
dually decreases. Additionally,
there are clinical cases where
endovascular coiling fails and
craniotomy clipping is perfor-
med for IA [26]. Study of Krag
et al. [27] found that the rate
of retreatment for unruptured
IA was higher in patients who
underwent endovascular coil-
ing alone compared to those
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who had microsurgical clipping (IRR=1.70, 95%
Cl: 1.50-1.93). Endovascular coiling involves
placing coils into the aneurysm sac, which in-
duces thrombus formation to fill and seal the
aneurysm. However, the thrombus induced by
the coils may sometimes naturally dissolve,
leading to a higher risk of aneurysm reperfu-
sion or recurrence after treatment [11]. In this
study, we evaluated the postoperative residual
or recurrence rates of brain aneurysms treated
with endovascular coiling or surgical clipping
through TSA. The results of TSA showed that
the cumulative Z-curve crossed the significance
boundary before reaching the predetermined
information size, suggesting that endovascular
coiling treatment increases the postoperative
residual or recurrence rates. However, these
results should be interpreted with caution. The
finding of heterogeneity suggests that there
may be important clinical or methodological
differences between different studies. Addi-
tionally, our sample size is small and did not
reach the required information size, so this
conclusion may not be robust. Future studies
should consider conducting larger-scale multi-
center trials and using standardized outcome
measurement methods to enhance the univer-
sality and comparability of results.

In addition, the rate of postoperative rebleed-
ing is slightly higher in microsurgical clipping,
although this rise did not show statistical sig-
nificance. Further TSA results revealed that the
meta-analysis may have yielded a false-posi-
tive conclusion. In other words, to confirm the
therapeutic effect, more trial data are needed
to support this conclusion. Therefore, the cur-
rent evidence is insufficient to prove the sig-
nificance of the treatment effect, and future
research should continue to accumulate data
for a more accurate assessment of efficacy.
The incidence of complications (ischemic st-
roke and cerebral vasospasm) did not show a
difference. The slightly higher risk of postopera-
tive rebleeding in microsurgical clipping may be
due to the complexity of the surgical procedure
or the challenging anatomical location. The lack
of significant differences in the incidence of
ischemic stroke and cerebral vasospasm bet-
ween the two treatment methods may indicate
that these complications are not strongly relat-
ed to the choice of treatment method, or they
may be influenced by patient’s baseline health
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condition, surgical techniques, postoperative
management, etc.

While the meta-analysis of endovascular em-
bolization for the treatment of IA provides valu-
able insights, there are several limitations with-
in the study that may challenge the interpreta-
tion of the results. Firstly, the included studies
were primarily retrospective, which means they
may be subject to a higher risk of bias, poten-
tially affecting the accuracy of the outcomes.
Secondly, the variability between studies due to
differences in the operators’ skills, nursing care
protocols, and methods of internal fixation
could impact the results. Additionally, the use
of different scoring systems, such as the
Modified Rankin Scale and the Glasgow Out-
come Scale, to assess patients’ short-term
outcomes may lead to inconsistent evaluation
standards. Lastly, the meta-analysis may be
affected by publication bias, where studies with
negative results may not have been included in
the analysis. Therefore, we should approach
the conclusions of these studies with caution.

In summary, endovascular coiling for cerebral
aneurysms has the advantages of minimal
invasiveness and rapid recovery, and is ideal in
achieving complete occlusion and improving
the immediate clinical prognosis. However,
endovascular coiling also has some risks, am-
ong which postoperative aneurysm remnants
or recurrence is a major problem. Due to the
diversity and complexity of aneurysms, as well
as considerations of individual patient differ-
ences, the choice of therapeutic options still
needs to be considered on a case-by-case
basis.
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