
ORIGINAL RESEARCH
published: 04 January 2022

doi: 10.3389/fneur.2021.767649

Frontiers in Neurology | www.frontiersin.org 1 January 2022 | Volume 12 | Article 767649

Edited by:

Thanh N. Nguyen,

Boston University, United States

Reviewed by:

Waldo Rigoberto Guerrero,

University of South Florida,

United States

Rui Zhao,

Changhai Hospital, China

*Correspondence:

Zihuan Zhang

zhang_zihuan@hotmail.com

Zhenbao Li

lizhenbao86@hotmail.com

Specialty section:

This article was submitted to

Endovascular and Interventional

Neurology,

a section of the journal

Frontiers in Neurology

Received: 31 August 2021

Accepted: 03 December 2021

Published: 04 January 2022

Citation:

Qin F, Liu J, Zhao X, Wu D, Lai N,

Zhang Z and Li Z (2022) Endovascular

Treatment of Ruptured Very Small

Intracranial Aneurysms:

Complications, Recurrence Rate, and

Clinical Outcomes.

Front. Neurol. 12:767649.

doi: 10.3389/fneur.2021.767649

Endovascular Treatment of Ruptured
Very Small Intracranial Aneurysms:
Complications, Recurrence Rate, and
Clinical Outcomes
Feiyun Qin, Jiaqiang Liu, Xintong Zhao, Degang Wu, Niansheng Lai, Zihuan Zhang* and

Zhenbao Li*

Department of Neurosurgery, The First Affiliated Hospital of Wannan Medical College (Yijishan Hospital), Wuhu, China

Objective: The aim of this study was to evaluate the safety and efficacy of endovascular

treatment for ruptured very small (≤3mm) intracranial aneurysms (VSIAs).

Methods: The clinical data and imaging results for 152 patients with VSIAs treated with

coil embolization from August 2014 to June 2020 were retrospectively reviewed. The

influential factors related to the preoperative complications, aneurysm recurrence, and

clinical outcomes for these patients were analyzed.

Results: Among 152 patients with ruptured VSIAs, 90 were treated with coil

embolization alone, while 62 were treated with stent-assisted coil embolization.

Eighteen patients experienced intra and/or postoperative complications (overall

incidence = 11.8%). One person died of intraoperative aneurysm re-rupture and

postoperative rebleeding (mortality rate = 0.65%). Twenty patients had various degrees

of neurological dysfunction (morbidity rate = 13.1%). Statistical analysis showed that

there was no independent risk factor associated with perioperative complications.

The rate of complete aneurysm occlusion at discharge and follow-up was 76.3 and

86.2%, respectively. A total of 105 patients underwent digital subtraction angiography

during follow-up, and 18 of them experienced postoperative recurrence (recurrence

rate = 17.1%). Seven patients were retreated (retreatment rate = 6.7%). The use of

stents was the only factor that affected the postoperative recurrence of aneurysm.

The incidence of favorable clinical outcomes (Glasgow Outcome Scale score ≥ 4) at

discharge and follow-up was 86.2 and 97.1%, respectively. Univariate analysis showed

that the preoperative Hunt-Hess grade, CT Fisher grade, and perioperative complications

were risk factors for poor clinical outcomes. Multiple logistic regression analysis showed

that perioperative complication was the most significant risk factor for the clinical

prognosis of patients with ruptured VSIAs.

Conclusion: Endovascular treatment is a safe and efficient approach for ruptured

VSIAs. Stent-assisted coiling reduced the recurrence rate of aneurysmwithout increasing
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the incidence of perioperative complications. The Hunt-Hess grade, CT Fisher grade,

and perioperative complications were independent factors associated with the clinical

outcomes of patients with ruptured VSIAs, and perioperative complication was the most

significant risk factor for poor prognosis in patients.

Keywords: very small intracranial aneurysms, ruptured, endovascular treatment, complications, recurrence,

clinical outcomes

INTRODUCTION

Rupture of intracranial aneurysm is the most common cause of
spontaneous subarachnoid hemorrhage with high mortality and
mobility. With the advances in imaging technologies, especially
the widespread use of three-dimensional (3D) digital subtraction
angiography (DSA), more very small intracranial aneurysms
(VSIAs) have been detected in clinical practice. Approximately
13.2–15.1% of intracranial aneurysms are VSIAs and ruptured
VSIAs account for 6–7% of ruptured intracranial aneurysms (1–
3). The prophylactic treatment for unruptured VSIAs is still
controversial due to the low annual spontaneous rupture rate (4).
On-demand treatment for ruptured VSIAs, however, is necessary.

Surgical clipping is a conventional treatment for intracranial
aneurysm, but not an ideal approach for VSIAs because these
aneurysms are small and often associated with a high incidence
of complications, such as clip slippage, intraoperative rupture,
intracranial infection, postoperative epilepsy, etc. (5, 6).

With the development of interventional materials and
technologies, endovascular embolization has become the first-
line treatment method for intracranial aneurysms. However,
it is still challenging to place the coils into VSIAs, which
are associated with a higher complication rate than larger
aneurysms (7). In the present study, we evaluated the safety
and efficacy of endovascular treatment for ruptured VSIAs by
retrospectively analyzing the clinical data and imaging results of
152 patients with ruptured VSIAs treated with coil embolization.
We further analyzed the influential factors associated with
the perioperative complications, recurrence rate, and clinical
outcomes for these patients.

METHODS

Study Design
In this retrospective study, data for 152 patients who were
hospitalized for ruptured VSIAs and treated with coil
embolization were analyzed. The study protocol was approved
by the Ethics Committee of the Yijishan Hospital Affiliated to
Wannan Medical College. Written informed consent was waived
due to the retrospective nature of the study.

The inclusion criteria were as follows: (1) patients with
subarachnoid hemorrhage caused by ruptured aneurysms
(maximal diameter ≤ 3mm); (2) treated with coil embolization;
and (3) had complete clinical data and imaging results. Patients
who met the following criteria were excluded: (1) multiple
intracranial aneurysms; (2) complicated with arteriovenous
malformation, moyamoya disease, or arteriovenous fistula; and

(3) infectious aneurysm, fusiform aneurysm, or blood blister-
like aneurysm.

There were 1,070 patients with ruptured intracranial
aneurysms treated with coil embolization in our department
from August 2014 to June 2020. These patients comprised 152
with ruptured VSIAs and 918 with other ruptured aneurysms
with a maximum diameter of >3mm. The following clinical
data were collected: age, sex, hypertension, diabetes, smoking
history, aneurysm location, Hunt-Hess grade, CT Fisher grade
before coiling, immediate and follow-up aneurysm occlusion,
perioperative complication, and clinical outcomes at discharge
and follow-up.

Endovascular Procedure
All procedures were performed under general anesthesia and
all patients were systemically heparinized. The femoral artery
was punctured using the modified Seldinger technique. After
successful sheath placement, cerebral angiography and 3D
reconstruction were performed. A guiding catheter (5F or 6F
guiding catheter or DA catheter) was placed in the bone segment
of the internal carotid artery or in the V2 segment of the vertebral
artery according to the vascular tortuosity of the vessels. The
microcatheter was shaped according to the shape of the aneurysm
and its relationship with the parent artery and inserted into the
aneurysm cavity under the guidance of a guide wire. The coils
were then filled. For patients who underwent stent-assisted coil
embolization, the microcatheter and stent catheter were inserted
into the aneurysm cavity and the distal end of the parent artery
under the guidance of a guide wire, respectively. After the coil was
partially filled, the stent was half released to cover the aneurysm
neck, and the stent was completely released after the aneurysm
was completely occluded.

If the aneurysm re-ruptured during the surgery, the coils were
rapidly filled in until no further bleeding was observed. If the
patient experienced acute thrombosis formation, tirofiban was
given until the thrombosis dissolved or the artery recanalized.

For patients treated with stent-assisted coiling (SAC), a
loading dose of 300mg clopidogrel and 300mg aspirin was
administered orally or by a nasogastric tube before the procedure.
After coiling, 75mg of clopidogrel and 100mg of aspirin were
given daily for 6 weeks, followed by 100mg of aspirin daily for
at least 12 months. The response of each patient to antiplatelet
agents was recorded and the medication regimen was adjusted
according to the results of thromboelastography.

Outcome Measures
The following outcomes were measured: immediate and follow-
up angiographic results, perioperative complications, and clinical
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outcomes at discharge and follow-up. The degree of aneurysm
occlusion was evaluated with the Raymond-Roy grade (8): grade
I indicated complete occlusion (no contrast agents observed in
the aneurysm), grade II indicated neck remnant (contrast agents
observed in the aneurysmal neck), and grade III indicated partial
occlusion (contrast agents observed in the aneurysmal cavity).
Perioperative complications included intraprocedural rupture
(IPR), acute thrombosis formation, coil migration, postoperative
cerebral infarction, and aneurysm rebleeding. Clinical outcomes
were assessed as follows using the Glasgow Outcome Scale
(GOS): 1, death; 2, no response, unable to respond to the
external environment; 3, able to move as ordered, but unable
to live independently; 4, able to live independently, but unable
to return to work or go to school; 5, able to return to work
or go to school. A GOS score of ≥4 was defined as a good
clinical outcome.

Statistical Analysis
Statistical analysis was performed using the SPSS V.19.0 (IBM
SPSS; Armonk, New York, USA). Data are presented as means±
standard deviation for quantitative parameters and as frequencies
for categorical parameters. The risk factors for procedure-related
complications, postoperative recurrence, and clinical outcomes
were assessed by independent samples t-test, χ2 test, or Fisher’s
exact test. Factors with a P-value of <0.1 in univariate analysis
were analyzed by multivariate logistic regression analysis. The
OR and 95% CI were calculated. A P-value of <0.05 was
considered statistically significant.

RESULTS

Characteristics of Patients at Baseline
A total of 152 patients with 152 ruptured VSIAs were included
in this study. There were 98 (64.5%) women. The mean age of
these patients was 56.2 ± 11.2 years (range 23–84) and the mean
size of the aneurysms was 2.6 ± 0.4mm (range 1.5–3.0). Of 152
patients, 62 (40.8%) were treated with SAC, while 90 (59.2%) were
treated with coiling alone (CA, Figure 1), including one treated
with balloon-assisted coiling. The baseline characteristics of the
patients are shown in Table 1.

Perioperative Complications
Among the patients, 18 (11.8%) experienced intra and/or
postoperative complications. Intraprocedural re-rupture of the
aneurysms occurred in two patients and was treated with rapid
coiling. However, one of these patients suffered postoperative
rebleeding and died, while the other showed no significant
neurological deficit. Acute intraoperative thrombosis occurred
in seven patients. All of them were treated with tirofiban
thrombolysis and five of them were recanalized. In the other
two patients, the thrombus did not dissolve and eventually led
to postoperative cerebral infarction.

Intraprocedural coil migration occurred in two patients
(1.3%) treated with CA and was managed conservatively
without retrieval. The blood flow was not compromised at
the end of the procedure. Neither of these patients showed
neurological deficits at discharge. Four patients presented with

FIGURE 1 | A ruptured very small middle cerebral artery (MCA) intracranial

aneurysm treated with stent-assisted coiling (SAC). (A) The patient was

admitted with spontaneous subarachnoid hemorrhage. (B,C) Cerebral

angiography and 3D reconstruction revealed a tiny MCA aneurysm with a bleb

at the tip. (D,E) The aneurysm was treated with stent-assisted coiling

embolization using a Leo baby stent (2.5 × 18mm). Immediate angiography

showed that the aneurysm was completely occluded. (F) A year later,

angiographic images showed complete occlusion of the aneurysm without

in-stent artery stenosis.

postoperative rebleeding. In addition to the patient who suffered
intraoperative and postoperative rebleeding, two patients were
treated with extra-ventricular drainage and eventually discharged
due to severe conditions. One patient was treated conservatively
due to low bleeding and discharged with good recovery.
Postoperative cerebral infarction occurred in six patients. One
of them underwent bone flap decompressive craniectomy
for a large cerebral infarction and was eventually lost to
follow-up. The other five were treated with conservative
medication and hyperbaric oxygen. Three of them recovered
well, while the other two developed aphasia and hemiparesis in
one limb.

A univariate analysis showed that there was no independent
risk factor for the occurrence of perioperative complications. The
incidence of perioperative complications in patients treated with
SAC was higher than the incidence in those treated with CA,
but the difference was not statistically significant (7.8 vs. 17.7%,
P = 0.062; Table 2).

Angiographic Results and Clinical
Outcomes at Discharge and Follow-Up
The immediate angiographic results showed that complete
occlusion (Raymond-Roy grade 1) was achieved in 116 (76.3%)
patients, neck remnant (grade 2) was achieved in 27 (17.7%)
patients, and partial occlusion (grade 3) was achieved in nine
(6.0%) patients. A total of 105 patients were followed for
7.5 ± 6.8 months and evaluated with DSA. Among them,
complete occlusion (grade 1) was achieved in 73, 23 had neck
remnant (grade 2), and nine had partial occlusion (grade 3)
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TABLE 1 | Characteristics of patients at baseline.

Characteristics

Age, mean ± SD, years 56.1 ± 11.2

Female, n (%) 98 (64.5)

Hypertension, n (%) 73 (48.0)

Diabetes, n (%) 7 (4.6)

Smoking history, n (%) 11 (7.2)

Hunt-Hess grade 1-2, n (%) 106 (69.7)

CT Fisher grade 1-2, n (%) 89 (58.5)

Location, n (%)

AcomA 64 (42.1)

PcomA 27 (17.8)

MCA 15 (9.9)

A1 segment 9 (5.9)

Pericallosal artery 6 (3.9)

ICA 16 (10.5)

AchA 8 (5.3)

BA 2 (1.3)

Pca 2 (1.3)

Pica 3 (2.0)

Neck size, mean ± SD, mm 1.9 ± 0.5

Aneurysm size, mean ± SD, mm 2.5 ± 0.4

Neck-dome ratio, mean ± SD 0.90 ± 0.27

Treatment method, n (%)

Coiling alone 90 (59.2)

Stent-assisted coiling 62 (40.8)

SD, standard deviation; PcomA, posterior communicating artery; AcomA, anterior

communicating artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; PICA,

posterior inferior cerebellar artery; AchA, anterior choroidal artery; BA, basilar artery; ICA,

internal carotid artery.

(Table 3). Eighteen patients experienced postoperative aneurysm
recurrence (Figure 2) and seven of them received retreatment
with recurrence and retreatment rates of 17.1 and 6.7%,
respectively. Of the 18 recurrent aneurysms, 17 were treated
initially with CA and one was treated with SAC. The use of
SAC embolization significantly reduced the recurrence rate of
postoperative aneurysm. Univariate analysis showed that the
use of stents was the only significant factor that affected the
postoperative recurrence of aneurysms (18.8 vs. 1.6%, P < 0.001;
Table 4).

At discharge, 131 (86.2%) patients recovered well (GOS
scores: 4–5) and 20 patients were left with various degrees
of neurological deficits (morbidity rate = 13.1%). One patient
died of intraoperative aneurysm rupture and postoperative
rebleeding (mortality rate = 0.65%). A total of 105 patients
were followed and 97.1% of them had good clinical outcomes
(GOS scores ≥ 4) (Table 3). Univariate analysis showed that
the preoperative Hunt-Hess grade, CT Fisher grade, and
perioperative complications were independent risk factors for
the clinical outcomes. Multivariate logistic regression analysis
revealed that perioperative complication was the most significant
influential factor on the clinical outcomes (P < 0.001;
Table 5).

TABLE 2 | Risk factors for procedure-related complications.

Characteristics Complications

(n = 18)

No

complications

(n = 134)

Univariate

P-value

Age, mean ± SD, years 55.7 ± 12.7 56.2 ± 11.1 0.512

Female, n (%) 9 (50.0) 89 (66.4) 0.172

Hypertension, n (%) 9 (50.0) 64 (47.8) 0.858

Diabetes mellitus, n (%) 1 (5.6) 6 (4.5) 0.594

Smoking, n (%) 1 (5.6) 10 (7.5) 1.000

Hunt-Hess grade 1-2, n (%) 11 (61.1) 95 (70.9) 0.543

CT Fisher grade 1-2, n (%) 10 (55.6) 79 (59.0) 0.454

Aneurysm size, mean ± SD, mm 2.5 ± 0.42 2.5 ± 0.44 0.392

Neck size, mean ± SD, mm 2.1 ± 0.47 1.9 ± 0.54 0.344

Neck-dome ratio, mean ± SD 0.99 ± 0.27 0.89 ± 0.27 0.342

Anterior circulation, n (%) 16 (88.8) 129 (96.2) 0.852

Treatment modality 0.062

Coiling alone 7 (38.9) 83 (61.9)

Stent-assisted coiling 11 (61.1) 51 (38.1)

TABLE 3 | Aneurysm occlusion and clinical outcomes at discharge and follow-up.

Outcomes At discharge, n (%) At follow-up, n (%)

Aneurysm occlusion (RR grade)

1 116 (76.3) 73 (69.5)

2 27 (17.7) 23 (21.9)

3 9 (6.0) 9 (6.0)

Clinical outcomes (GOS score)

4-5 131 (86.2) 102 (97.1)

1-3 21 (13.8) 3 (2.9)

RR, Raymond-Roy; GOS, Glasgow Outcome Scale.

DISCUSSION

In the present study, we retrospectively analyzed the clinical
data and imaging results for 152 ruptured VSIAs treated with
coil embolization and found that endovascular treatment
was a safe and efficient approach for ruptured VSIAs. SAC
embolization reduced the recurrence rate of postoperative
aneurysm without increasing the incidence of perioperative
complications. The preoperative Hunt-Hess grade, CT Fisher
grade, and perioperative complications were significantly
associated with the prognosis of patients with ruptured VSIAs.
Perioperative complication was the most significant influential
factor on the prognosis of these patients.

Treatments for VSIAs are often associated with increased
preoperative complications, including IPR, due to the small
cavity and frail wall of VSIAs (9). Rahmanian et al. (6) treated
32 VSIAs with the double-clip technique and the IPR rate was
30.8%. A meta-analysis of 1,295 aneurysms treated with coil
embolization showed that the IPR rate in VSIAs was twice as
high as that in larger aneurysms (7.7 vs. 3.6%; P = 0.018) (1).
In a study by Nguyen et al. (10), the IPR rate in ruptured
VSIAs during endovascular treatment was five times higher than
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FIGURE 2 | A ruptured very small posterior inferior cerebellar artery (PICA)

intracranial aneurysm treated with coiling alone (CA). (A) The patient was

admitted with spontaneous subarachnoid hemorrhage. (B,C) Cerebral

angiography and 3D reconstruction revealed a tiny PICA aneurysm. (D) The

aneurysm was treated with coiling embolization only. Immediate angiography

showed that the aneurysm was completely occluded. (E,F) Six months later,

angiographic images showed postoperative recurrence of the aneurysm.

TABLE 4 | Risk factors for aneurysm recurrence.

Characteristics Recurrent

aneurysms

(n = 18)

Stable

aneurysms

(n = 87)

Univariate

P-value

Age, mean ± SD, years 53.6 ± 7.6 55.5 ± 10.5 0.076

Female, n (%) 13 (72.2) 59 (68.6) 0.762

Hypertension, n (%) 9 (50.0) 45 (52.3) 0.857

Diabetes mellitus, n (%) 0 4 (4.7) 1.000

Smoking, n (%) 1 (5.5) 7 (8.1) 0.602

Hunt-Hess grade1-2, n (%) 11 (61.1) 67 (77.9) 0.145

CT Fisher grade 1-2, n (%) 9 (50.0) 56 (65.1) 0.411

Aneurysm size, mean ± SD, mm 2.7 ± 0.36 2.6 ± 0.45 0.067

Neck size, mean ± SD, mm 1.8 ± 0.41 1.9 ± 0.58 0.075

Neck-dome ratio, mean ± SD 0.78 ± 0.18 0.93 ± 0.29 0.155

Anterior circulation, n (%) 16 (88.8) 83 (95.4) 0.477

Immediate aneurysm occlusion (mRS) 0.555

1 14 (77.8) 67 (77.9)

2 3 (16.6) 13 (15.1)

3 1 (5.6) 6 (7.0)

Treatment modality 0.000

Coiling alone 17 (94.4) 42 (47.8)

Stent-assisted coiling 1 (5.6) 45 (52.2)

that of other ruptured aneurysms. With the development of
interventional materials and operation techniques, the IPR rate
of endovascular treatment for VSIAs has decreased. A recent
meta-analysis by Yamaki et al. (11) reported the IPR rate of

TABLE 5 | Risk factors for clinical outcomes.

Characteristics GOS 4-5

(n = 132)

GOS 1-3

(n = 20)

Univariate

P-value

Multivariate

P-value

Age, mean ± SD,

years

55.6 ± 10.7 59.9 ± 14.1 0.051 -

Female, n (%) 86 (65.2) 12 (60.0) 0.654 -

Hypertension, n (%) 62 (47.0) 11 (55.0) 0.503 -

Diabetes mellitus, n (%) 7 (5.3) 0 0.595 -

Smoking, n (%) 10 (7.6) 1 (5.0) 1.000 -

Hunt-Hess grade 1-2,

n (%)

97 (73.5) 9 (45.0) 0.019 0.169

CT Fisher grade 1-2,

n (%)

83 (62.9) 6 (30.0) 0.038 0.353

Aneurysm size, mean

± SD, mm

2.58 ± 0.43 2.58 ± 0.46 0.751 -

Neck size, mean ± SD,

mm

1.9 ± 0.54 2.0 ± 0.57 0.438 -

Neck-dome ratio,

mean ± SD

0.89 ± 0.27 0.98 ± 0.25 0.563 -

Anterior circulation,

n (%)

126 (95.4) 19 (95.0) 0.628 -

Treatment modality 0.165 -

Coiling alone 81 (61.4) 9 (45.0)

Stent-assisted coiling 51 (38.6) 11 (55.0)

Complications 9 (6.8) 9 (45.0) 0.000 0.000

endovascular treatment for VSIAs was 7%, which was lower
than they had previously reported (8.3%) (7). In the study by
Pop et al. (12), 97 patients with VSIAs were treated by coil
embolization and only one patient experienced IPR (1%). In our
cohort, perioperative aneurysm re-rupture occurred in only two
patients (IPR rate = 1.3%), which was consistent with previous
studies. For patients with IPR, protamine should be immediately
administered to neutralize heparin, and the coils should be
quickly filled to stop the bleeding. In addition, balloon placement
has been shown to improve the prognosis of patients. Nguyen
et al. found that when IPR of an aneurysm occurred, the clinical
outcomes for patients who received balloon placement before
embolization were significantly better than those for patients
without balloon placement. When the aneurysm ruptures, filling
the balloon can quickly stop the bleeding and prevent further
increases in intracranial pressure. Surgeons may also have more
time for coil packing or extra-ventricular drainage, which can
improve the prognosis of the patient.

Since the majority of VSIAs are wide-necked aneurysms, SAC
is often needed. However, in the acute stage of subarachnoid
hemorrhage, the body is in a hypercoagulable state and,
therefore, the use of stents may increase the risk of ischemic
events. In addition, the use of dual-antiplatelet drugs after
surgery may increase the risk of re-hemorrhage, especially for
patients who need external ventricular drainage. Roh et al.
(13) reported that the rate of thromboembolic complications
in stent-assisted coil embolization of ruptured intracranial
aneurysms was approximately twice as high as that in non-stent
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coil embolization, and external ventricular drainage-related re-
hemorrhage was approximately five times higher than that of
non-stent coil embolization. However, Xue et al. (14) compared
the outcomes of acute ruptured intracranial aneurysms treated
with low-profile visualized intraluminal support SAC or CA
and found no significant difference in the overall incidence of
complications between the two groups (7.2 vs. 4.3%, P = 0.207).
In our study, univariate analysis showed that there was no
significant risk factor for the overall perioperative procedure-
related complications, including hemorrhagic complications and
ischemic complications. Zuo et al. (15) also compared the
incidence of procedure-related complications in patients treated
with SAC or CA and found no significant difference between
the two groups (8.3 vs. 4.5%, P = 0.120). Thus, they concluded
that SAC was a safe, feasible, and promising treatment option
for ruptured intracranial aneurysms. In the present study,
the incidence of overall complications in the SAC group was
higher than that in the CA group, but the difference was not
significant (17.7 vs. 7.7%, P = 0.062). Univariate analysis showed
that there was no significant risk factor for total perioperative
procedure-related complications, which was consistent with
previous studies.

Postoperative recurrence of aneurysms is a common
complication that affects the long-term prognosis of patients.
Zheng et al. (16) treated 501 wide-neck intracranial aneurysms
with SAC embolization. The postoperative recurrence rate was
13.9% and the retreatment rate of aneurysms was 3.5%. Logistic
analysis showed that larger aneurysm size and initial incomplete
aneurysm occlusion were predictors of recanalization. Zhang
et al. (17) treated 92 patients with ruptured VSIAs using
CA or SAC, and the postoperative recurrence rate was
7.5%. Multivariate regression analysis showed that coiling
without stents was the only factor significantly associated
with aneurysm recurrence. Other studies also reported that
SAC embolization significantly reduced the recurrence and
retreatment rates of aneurysms (14, 18, 19). In this study, a
total of 105 patients who received DSA were followed. Eighteen
of them experienced postoperative recurrence (recurrence
rate = 17.1%). Among them, seven received retreatment
(retreatment rate = 6.7%). Univariate analysis showed that
the use of stents was an independent factor that affected the
postoperative recurrence of aneurysms, which was consistent
with previous studies. Stents prevent the coil from protruding
into the parent vessel. In addition, stent wires across the
aneurysm neck reduce the impact of blood flow on the
aneurysm and provide a structural basis for endothelialization,
which may promote complete aneurysm occlusion and reduce
aneurysm recurrence.

Safety evaluation is crucial for determining the therapeutic
approach for ruptured intracranial aneurysms. Previous studies
have identified the factors that affect the clinical prognosis of
patients with ruptured intracranial aneurysms. Peng et al. (20)
treated 272 ruptured small aneurysms (<5mm in diameter)
with coiling or SAC embolization, and found that preoperative
Hunt-Hess grade, CT Fisher grade, and acute intraoperative
thrombosis were independent factors affecting the clinical

outcomes of patients. Li et al. (5) treated 162 ruptured VSIAs
with coil embolization or microsurgical clipping. Multiple
regression analysis showed that age, Hunt-Hess grade, cerebral
vasospasm, and perioperative complications were significantly
associated with the clinical outcomes of patients no matter the
treatment method adopted. In the present study, univariate
analysis revealed that the preoperative Hunt-Hess grade, CT
Fisher grade, and perioperative complications were independent
risk factors for the clinical prognosis of patients. Further
multiple logistic regression analysis showed that perioperative
complication was the most significant factor, which was in line
with previous studies.

There were several limitations to the present study. Firstly,
there may be some selection bias due to the retrospective nature
of the study. Secondly, the sample size was small, and the
duration of follow-up was short. A prospective study with a larger
sample size and longer follow-up is needed to further explore the
safety and efficiency of CA and stent-assisted coil embolization
for the treatment of ruptured VSIAs.

Endovascular treatment is a safe and efficient approach for
ruptured VSIAs. SAC reduces the recurrence rate of aneurysms
without increasing the incidence of perioperative complications.
The Hunt-Hess grade, CT Fisher grade, and perioperative
complications are independent factors that affect the clinical
outcomes of patients with ruptured VSIAs, and perioperative
complication is the most significant influential factor.
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