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Abstract
Background: Patients undergoing endovascular treatment by Stent-Assisted Coiling (SAC) require 
dual antiplatelet therapy, which may increase the risk of intracranial hemorrhage. Therefore, SAC is 
controversial in Intracranial Ruptured Aneurysms (IRA).

Objective: To evaluate the effectiveness and safety of treating IRA with SAC versus single coiling.

Methods: We retrospectively analyzed the data from 151 patients with spontaneous subarachnoid 
hemorrhage resulting from IRA confirmed by digital subtraction angiography who underwent SAC 
or single coiling therapy in our hospital from January 2017 to December 2017.

Results: There were 152 aneurysms in 151 patients; 64 aneurysms were treated with SAC, while 88 
were treated with single coiling. Follow-up angiography showed that the complete occlusion rate in 
the SAC group was similar to that in the single coiling group (89.7% vs. 78.2%, respectively; P=0.08). 
In addition, the total perioperative complication rate in the SAC group was similar to that in the 
single coiling group (23.4% vs. 19.5%, respectively; P=0.56). During follow-up, the SAC group had 
a similar incidence of favorable outcomes (modified Rankin Scale score, 0-2) compared with the 
single coiling group (88.3% vs. 83.3%, respectively; P=0.41).

Conclusion: SAC may be as effective and safe as single coiling for IRA.
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Introduction
The overall prevalence of aneurysms in Chinese adults aged 37 years to 75 years is as high as 7% 

[1]. An untreated ruptured aneurysm is at high risk of rebleeding, with a cumulative risk at 4 weeks 
of 40% without intervention, and re-rupture is associated with a poor prognosis [2]. Therefore, 
ruptured aneurysms should be treated as quickly as possible.

Endovascular therapy for intracranial aneurysms is a recent development that is gradually 
replacing surgery because of the advantages of minimal invasiveness and lower rates of morbidity 
and mortality [3]. However, a lack of permanent support for the coil mass inside the aneurysm may 
allow the coil to prolapse or migrate. In Stent-Assisted Coiling (SAC), the stent acts as a scaffold 
across the aneurismal neck, keeping the coils inside the aneurysm [4]. However, SAC is controversial 
in Intracranial Ruptured Aneurysms (IRA) because of the increased intracranial rebleeding rate 
secondary to Dual Antiplatelet Therapy (DAT). A retrospective study reported that hemorrhage was 
3.4 times more likely to occur in patients with Subarachnoid Hemorrhage (SAH) treated with SAC 
compared with coiling alone [5]. Thus, the safety of SAC for the treatment of SAH still needs further 
research. The purpose of the present study was to evaluate the safety and effectiveness of SAC in the 
treatment of IRA.

Materials and Methods
Study design

This was a retrospective review of our experience treating IRA using SAC or single coiling. This 
study was approved by the ethics committee of our hospital and was performed in accordance with 
the guidelines of the Helsinki Declaration.
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Patient characteristics
A retrospective review of our institutional clinical database 

identified 279 patients who presented with a diagnosis of SAH 
resulting from IRA from January 2017 to December 2017. Among this 
group, 15 patients were not treated due to poor clinical conditions, 
91 patients underwent microsurgical clipping, and 173 patients 
underwent endovascular treatment. Among the 173 patients who 
underwent endovascular treatment, two underwent pipeline flow 
diverter therapy, while 171 underwent SAC or single coiling therapy. 
However, 20 of these 171 patients had dissecting aneurysms and were 
excluded from the present study. Thus, we retrospectively analyzed 
the data from 151 patients who underwent endovascular treatment 
(SAC or single coiling); the cohort comprised 93 women and 58 men 
(female: male ratio, 1.6:1) with a median age of 54.0 ± 12.2 years 
(range: 23 years to 86 years). All patients were diagnosed with SAH 
caused by IRA confirmed by preoperative Computed Tomography 
(CT) and Digital Subtraction Angiography (DSA). Sixty-four patients 
with 64 aneurysms were treated with SAC (SAC group), while 87 
patients with 88 aneurysms were treated with single coiling (single 
coiling group). Patient demographic data and clinical characteristics 
were collected from the medical records and are shown in Table 1.

Imaging diagnosis
SAH was confirmed by CT, and the amount of hemorrhage 

was evaluated by the modified fisher grade. The detailed aneurysm 
location was confirmed by DSA; 152 aneurysms were confirmed in 
151 patients (one patient had two aneurysms). In the SAC group, 64 
aneurysms were confirmed in 64 patients; 52 (81.3%) aneurysms were 
located in the anterior circulation, while 12 (18.8%) were located in 
the posterior circulation. In the single coiling group, 88 aneurysms 
were confirmed in 87 patients; 72 (81.8%) aneurysms were located in 
the anterior circulation, while 16 (18.2%) were located in the posterior 

circulation. Wide-necked aneurysms were defined as aneurysms with 
a dome-to-neck ratio of ≤ 2 or a neck diameter of ≥ 4 mm. There 
were 91 wide-necked aneurysms; 53 (82.8%) in the SAC group and 38 
(43.2%) in the single coiling group. Table 1 and 2 show the details of 
the aneurysms undergoing endovascular treatment and the amount 
of hemorrhage.

Endovascular procedure
Endovascular treatment was selected after comprehensive 

discussion with a multidisciplinary team including neurologists and 
neurosurgeons. Treatment with SAC or single coiling was decided by 
the group in accordance with the size, location, and morphology of 
the aneurysm. All endovascular treatments were performed under 
general anesthesia by experienced neurointerventionalists. The 
appropriate stent was chosen in accordance with the sizes of the parent 
artery and aneurysm; the stents used were Neuroform® (Stryker, 
Kalamazoo, MI), Solitaire®  (ev3, Irvine, CA), Enterprise® (Codman, 
Raynham, MA), and LVIS® (Microvention, Tustin, CA). In the SAC 
group, the aneurysms were coiled using the coil-through technique 
(i.e., the stent was released before the microcatheter was inserted into 
the aneurysmal sac and passed through the stent interstices) or the 
jailing technique (i.e., the stent was released after the microcatheter 
was inserted into the aneurysmal sac). In the single coiling group, 
the femoral artery was canalized with a suitable sheath before the 
microcatheter was delivered to the aneurysm using a microguidewire, 
and the coil was transferred to the aneurysm. The aneurysm was 
occluded with decreasing sizes of coils with the aim of occluding 
the aneurysm completely. Angiographic results were classified into 
three categories in accordance with the immediate postprocedural 
angiographic findings: 1) complete occlusion, defined as no contrast 
filling the aneurysmal sac (Figure 1); 2) near-complete occlusion, 
defined as contrast filling the aneurysmal neck (Figure 2); and 3) 
incomplete occlusion, defined as contrast filling the aneurysmal sac.

Characteristics SAC (n=64) SC (n=87) P Value

Age (SD) 55.1 (12.5) 53.2 (12.1) 0.35

Range 27-86 23-85  

Male 25(39.1%) 33(37.9%) 0.89

Symptoms of the patient  

Headache 58 (90.6%) 85 (97.7%) 0.07

Nausea and (or) vomiting 56 (87.5%)  70 (80.5%) 0.25

Disturbance of consciousness 24 (37.5%) 32 (36.8%) 0.93

Epilepsy 6 (9.4%) 11 (12.6%) 0.53

Limb weakness 0 (0%) 2 (2.3%) 0.51

Cranial nerve palsy 3 (4.7%) 4 (4.6%) 1

Aneurysm location   0.93

Anterior circulation 52 (81.3%) 72 (81.8%)  

Posterior circulation 12 (18.8%) 16 (18.2%)  

Aneurysm size (mm)(SD) 5.16 (2.68) 5.19 (2.83)  

 Range 1.54 - 17.50 1.59 -13.00  

Aneurysmal morphology   <0.01

Regular shape 24 (37.5%) 58 (65.9%)  

Irregular shape 40 (62.5%) 30 (34.1%)  

Wide-necked aneurysms 53 (82.8%) 38 (43.2%) <0.01

Table 1: Patients' baseline characteristics.

SD: Standard Deviation; wide-necked aneurysm: dome-to-neck ratio ≤ 2 or a 
neck diameter ≥ 4 mm; SAC: Stent-Assisted Coiling; SC: Single Coiling

 SAC (n=64) SC (n=87) P Value

mRS grade  0.9

1 5 (7.8%) 9 (10.3%)

 
2 47 (73.4%) 65 (74.7%)

3 2 (3.1%) 2 (2.3%)

4 10 (15.6%) 11 (12.6%)

HH grade  0.18

I 20 (31.1%) 23 (26.4%)

 
II 33 (51.6%) 37 (42.5%)

III 6 (9.4%) 20 (23.0%)

IV 5 (7.8%) 7 (8.0%)

Modified Fisher grade  0.48

I 17 (26.6%) 19 (21.8%)

 II 21 (32.8%) 24 (27.6%)

III 26 (40.6%) 44 (50.6%)

GCS grade  0.79

3-5 7 (10.9%) 8 (9.2%)

 6-10 6 (9.4%) 11 (12.6%)

11-15 51 (79.7%) 68 (78.2%)

Table 2: Preoperative classifications.
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Antiplatelet treatment and anticoagulation 
All patients in the SAC group received a loading dose of DAT 

drugs (300 mg aspirin and 300 mg clopidogrel) at least 2 h before 
the procedure. The single coiling group did not receive antiplatelet 
therapy. During the procedure, both the SAC and single coiling 
groups received intravenous heparin to maintain an activated clotting 
time of approximately 250 s to 300 s throughout the procedure. For 
the SAC group, DAT (100 mg of aspirin and 75 mg of clopidogrel 
daily) was continued for 3 months postoperatively, and aspirin will be 
continued for life to prevent thrombus formation in the stents.

Statistical analyses
SPSS 25.0 software (IBM Corp., Armonk, NY) was used for all 

statistical analyses. The Mann-Whitney U test was performed for 
non-normally distributed continuous variables, while Pearson's 
correlation or Fisher’s exact test was used to compare proportions. 
All tests were two-sided, and P<0.05 was considered statistically 
significant.

Results
Patient baseline characteristics

Of the 151 patients, 64 patients with a mean age of 55.1 ± 12.5 
years underwent SAC, while 87 patients with a mean age of 53.2 ± 12.1 
years underwent single coiling. Most patients were women in both the 
SAC and single coiling groups (60.9% vs. 62.1%, respectively). Mean 
aneurysm size was 5.16 ± 2.68 mm in the SAC group and 5.19 ± 2.83 
mm in the single coiling group. Patient and aneurysm characteristics 
are summarized in Table 1.

The severity of SAH was classified by the modified Fisher grade. 
The distribution of the modified Fisher grade did not significantly 
differ between the SAC and SC groups. The severity of clinical 
symptoms was classified by the Hunt and Hess grade, modified 

Rankin Scale (mRS) score, and Glasgow coma scale grade. The 
distributions of the Hunt and Hess grade, mRS score, and Glasgow 
coma scale grade did not significantly differ between the SAC and 
single coiling groups (Table 2).

Adverse events and embolization results
The total perioperative complication rate in the SAC group 

(23.4%; 15 patients) was similar to that in the single-coiling group 
(19.5%; 17 patients) (P=0.56). Intraoperative rupture occurred in 
one patient (1.6%) in the SAC group and four patients (4.6%) in the 
single coiling group. Two patients (3.1%) died perioperatively in the 
SAC group, while no patients died in the single coiling group. The 
frequency of complications was similar in the SAC and single coiling 
groups. The respective postoperative hemorrhagic rate and ischemic 
rate were 12.5% (eight patients) and 18.8% (12 patients) in the SAC 
group, and 6.9% (six patients) and 13.8% (12 patients) in the single 
coiling group. The postprocedural complete occlusion rate in the SAC 
group (81.3%) was similar to that in the single coiling group (79.3%; 
P=0.70) (Table 3).

Clinical and imaging follow-up
Clinical follow-up results were assessed by the mRS score, while 

imaging follow-up was evaluated by DSA. A total of 138 patients 
(82.8%) underwent clinical follow-up, with a median follow-up time 
of 17.1 ± 3.39 months (range: 12 months to 23 months). The follow-
up rate was 93.8% (60/64) in the SAC group and 90.0% (78/87) in 
the single coiling group. There was no significant difference in the 
incidence of favorable outcomes (defined as mRS ≤ 2) in the SAC 
group (88.3%) vs. the single coiling group (83.3%; P=0.41). Imaging 
follow-up data were obtained for 136 patients (90.1%), with a median 
imaging follow-up period of 9.2 ± 3.8 months (range: 3 months to 
21 months). The imaging follow-up rate was 90.6% (58/64) in the 
SAC group and 89.7% (78/87) in the single coiling group, and four 

Figure 1: Images from a 49-year-old woman in the stent-assisted coiling group with a saccular aneurysm located in the Anterior Cerebral Artery (ACA). (A-B) 
Preoperative computed tomographic images showing subarachnoid hemorrhage and intraventricular hemorrhage; modified Fisher grade 3. (C–F) Preoperative 
angiograms (C and D) and three-dimensional reconstruction (E and F) confirming the saccular aneurysm located in the ACA. (G) Intraoperative road map showing 
complete release of the Solitaire® stents. (H) Intraoperative road map showing that the coil fills the aneurysm. (I and J) Immediately postoperative angiograms 
showing a patent parent artery and a completely occluded aneurysm. (K and L) Three-month postprocedural angiograms showing a patent parent artery and a 
completely occluded aneurysm.
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patients experienced recurrence (defined as increased contrast filling 
of the aneurysmal sac compared with immediate postprocedural 
angiographic findings). The recurrence rate was 1.7% (one patient) in 
the SAC group and 3.8% (three patients) in the single coiling group. 
The complete occlusion rate in the SAC group (89.7%) was similar to 
that in the single coiling group (78.2%; P=0.08) (Table 4).

Discussion
Spontaneous SAH from ruptured aneurysms often leads to a 

variety of complications, such as cerebral infarction, vasospasm, 
hydrocephalus, and even death [3,6]. Untreated ruptured aneurysms 
have a high rate of re-rupture, and the mortality rate due to re-
ruptured aneurysms and the associated hemorrhage is as high as 59% 
[7]. The treatment of intracranial aneurysms has progressed over time 
from craniotomy and clipping to the current endovascular treatment. 
Endovascular therapy developed from electrothrombosis to occlude 
saccular aneurysms, which was followed by single coiling therapy, 
balloon-assisted coiling, and SAC [8]. The advantages of endovascular 
therapy, such as minimal trauma, have made endovascular therapy 
the first-line choice for treating intracranial aneurysms. The use of 

controlled-detachment coils to occlude the aneurysm originated in 
1991 [8,9]. Compared with surgery, single coiling has a significantly 
lower incidence of complications such as angiographic vasospasm and 
delayed ischemic neurological deficits [10-16]. A recent study found 
that most IRAs are treated with single coiling and balloon-assisted 
coiling [17]. However, incomplete occlusion is still a major limitation 
of single coiling therapy [18]. SAC is a feasible endovascular treatment 
option for IRAs, but SAC is associated with a mild increase in the 
postprocedural complication rate [19-21]. Additionally, patients 
undergoing endovascular treatment by SAC require DAT, which may 
increase the risk of intracranial hemorrhage. A recent study reported 
that the early complication rate of SAC in patients with ruptured 
aneurysms is 10 times higher than that in patients with unruptured 
aneurysms, with early rebleeding accounting for most mortality [22].

Complications
According to a recent study, coil migration during endovascular 

treatment of an intracranial aneurysm occurs in 2% to 6% of patients 
[23]. In the present study, coil displacement during endovascular 
treatment occurred in one patient in the single coiling group (Figure 

Figure 2: Images from a 48-year-old man who underwent single coiling treatment for a saccular aneurysm located in the anterior cerebral artery (ACA). (A and B) 
Preoperative computed tomographic images showing subarachnoid hemorrhage and intraventricular hemorrhage; modified Fisher grade 3. (C–E) Preoperative 
angiograms (C) and three-dimensional reconstruction (D and E) confirming an irregular saccular aneurysm located in the ACA. (F) Immediately postoperative 
angiograms showing a near-completely occluded aneurysm. (G) Three-month postprocedural angiograms showing contrast media filling the aneurysmal neck. (H) 
Eight-month postprocedural angiograms showing contrast media filling the aneurysm neck, and no substantial change compared with 3 months postoperatively.

Figure 3: Images from a 63-year-old woman in the single coiling group with two saccular aneurysms located in the posterior communicating artery (PcomA). (A 
and B) Preoperative computed tomographic images showing subarachnoid hemorrhage; modified Fisher grade 2. (C) Preoperative angiograms confirming two 
saccular aneurysms located in the PcomA. (D) Intraoperative road map showing coil displacement to the parent artery. (E) After retrieving the two coils with a 
Solitaire® stent, one coil escaped to the distal middle cerebral artery (MCA). (F) Angiography showing that the branches of the MCA are well-developed without 
retention of contrast agent, and that the blood supply is not affected. (G and H) Immediately postoperative angiograms showing an unobstructed parent artery and 
distal MCA and a completely occluded aneurysm.
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3), while no coil displacement occurred in the SAC group. This 
further verified that the stent acts as a scaffold and helps to maintain 
the coil placement. One study reported an intraprocedural rupture 
rate of 0% to 16.1% during endovascular treatment of IRA [24]. 
The rate of intraoperative aneurysmal rupture in the present study 
was significantly higher in the single coiling group (4.6%) than in 
the SAC group (1.6%), while the overall incidence of complications 
was similar in both groups. Hemorrhagic complications reportedly 
occur in 8% of patients with ruptured aneurysms treated with SAC 
[19]. The postoperative hemorrhagic complication rate in the present 
SAC group (12.5%) was significantly higher than that in the single 
coiling group (6.9%). Our results showed a relatively high incidence 
of bleeding events in the SAC group, which confirms that DAT 
increases the risk of bleeding. Thromboembolic events are the most 
common adverse events in endovascular treatment, with a reported 
incidence of 2% to 61% [25,26]. In the present study, the incidence of 
intraoperative thrombosis in the SAC group (6.3%) was significantly 
higher than that in the single coiling group (1.1%), and the SAC 
group (18.8%) had a significantly higher incidence of postoperative 
ischemic events than the single coiling group (13.8%), consistent 
with the thrombogenicity of stents. Recent studies have reported 
that regular administration of aspirin has a positive impact on the 
delayed cerebral ischemia risk and outcome of patients with SAH, 
without increasing the risk of bleeding [27-29]. Patients with SAC 
treated endovascularly are routinely prescribed aspirin, which helps 
to prevent the development of delayed cerebral ischemia.

 SAC (n=64) SC (n=87) P Value 

Time (hours)*  0.15

Less than 24 40 (62.5%) 64 (73.6%)  

24 – 72 24 (37.5%) 23 (26.4%)  

Total perioperative complication 15 (23.4%) 17 (19.5%) 0.56

Intraoperative coil migration 0 (0%) 1 (1.1%) 1

Intraoperative rupture 1 (1.6%) 4 (4.6%) 0.4

Intraoperative thrombosis 4 (6.3%) 1 (1.1%) 0.16

Postoperative* hemorrhagic 8 (12.5%) 6 (6.9%) 0.24

Rebleeding 3 (4.7%) 2 (2.3%) 0.65

 mRS score*  

1 0 1  

2 1 1  

6 2 0  

Postoperative ischemic * 12 (18.8%) 12 (13.8%) 0.41

Perioperative mortality 2 (3.1%) 0 (0%) 0.19

Acute hydrocephalus 14(21.9%) 17 (19.5%) 0.73

Shunt operation 10(15.6%) 15 (17.2%) 0.79

Immediate angiographic results  0.7

Complete 52 (81.3%) 69 (79.3%)  

Near complete 7 (10.9%) 13 (14.9%)  

Incomplete 5 (7.8%) 5 (5.7%)  

Table 3: Comparison of SAC and SC.

*Time refers to the time from the onset of symptoms to the start of the 
endovascular procedure.
*Postoperative refers to the time from the completion of the endovascular 
procedure to patient discharge from the hospital.
*mRS Score refers to the outcome of rebleeding patients at the time of discharge 
from the hospital.

 SAC SC P value 

Clinical follow-up n=52 n=73  

mRS  0.51

0-2 45 (86.5%) 60 (82.2%)

 
3-6 7 (13.5%) 13 (17.8%)

ventriculostomy 1 (1.9%) 0 (0%)

Imaging follow-up n=50 n=69

Follow-up angiographic results  

Complete 44 (88.0%) 55 (79.7%) 0.23

Aneurysm recurrence 1 (2.0%) 3 (4.3%) 0.64

Table 4: Clinical and imaging follow-up results.

SAC: Stent-Assisted Coiling; SC: Single-Coil; mRS: Modified Rankin Scale

Medication
Because of the thrombogenicity of stents, SAC is associated with a 

high risk of ischemia [30]. Furthermore, SAH triggers the coagulation 
cascade, leading to a hypercoagulable state with a high tendency for 
clotting or thrombosis. This is normally a protective mechanism, 
but is countered by preoperative medication. Antiplatelet drugs are 
administered to prevent stent thrombosis, but this increases the risk 
of aneurysmal bleeding, which may increase the risk of aneurysm 
rupture. The clinical outcomes of SAC for IRA are reportedly affected 
by antiplatelet administration, but there is little consensus regarding 
the appropriate and safe timing of the administration of antiplatelet 
agents [31]. Standardized guidelines for antiplatelet therapy for IRA 
require further study. A recent study reported that the administration 
of antiplatelet therapy significantly improves the outcome of patients 
younger than 60 years, but worsens the outcome of patients older 
than 60 years [32]. However, some studies report that antiplatelet 
therapy has a positive impact on patients with SAH [33,34]. Thus, the 
benefits and risks of antiplatelet drugs remain unclarified, and need to 
be confirmed by further research. Furthermore, patients need to take 
antiplatelet drugs for life after SAC therapy, and clinicians should 
consider this when selecting the treatment plan.

Occlusion rate and follow-up results
The aim of the treatment of ruptured aneurysms is to achieve 

complete embolization to reduce the occurrence of re-rupture. One 
study found that patients presenting with ruptured aneurysms had a 
relatively high incidence of re-rupture from a neck remnant (3.4%), 
which highlights the importance of achieving complete occlusion of 
ruptured aneurysms [35]. The complete embolization rate immediately 
after treatment in the present SAC group (81.3%) was similar to 
that in the single coiling group (79.3%). Additionally, the follow-up 
complete embolization rate in the SAC group (89.7%) was similar to 
that in the single coiling group (78.2%). Previous studies report that 
the incidence of complete embolization is 20.2% to 89.2% in patients 
undergoing SAC, and 31.7% to 89.2% in patients undergoing single 
coiling therapy; however, these results included both ruptured and 
unruptured aneurysms [36-38]. One study reported that the initial 
incomplete occlusion rate is higher in the SAC group (64.3%) than 
in the single coiling group (51.7%) [37]. Our results showed a non-
significant tendency for the complete occlusion rate to be higher in the 
SAC group than the single coiling group. A recent study reported that 
SAC achieves a significantly higher progressive complete occlusion 
rate at follow-up and a lower recurrence rate than single coiling 
[39]. In the present study, the recurrence rate was similar in the SAC 
group (1.7%) and the single coiling group (3.8%), and the incidence 
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of favorable outcomes was similar in the SAC group (88.3%) and the 
single coiling group (83.3%) during clinical follow-up. Our results 
confirm the effectiveness of SAC in the treatment of IRA.

Limitations
The present study had some limitations. First, this was a single-

center retrospective study without treatment randomization. The 
second limitation was the small number of patients and the high 
lost-to-follow-up rate. The present findings need to be confirmed in 
a prospective, multicenter, randomized controlled clinical trial with 
a large sample size.

Conclusion
Stent-assisted coiling may be as effective and safe as single coiling 

for IRAs.

References
1. Li MH, Chen SW, Li YD, Chen YC, Cheng YS, Hu DJ, et al. Prevalence of 

unruptured cerebral aneurysms in Chinese adults aged 35 to 75 years: a 
cross-sectional study. Ann Intern Med. 2013;159(8):514-21. 

2. Choi HH, Ha EJ, Lee JJ, Yoo DH, Cho WS, Kim JE, et al. Comparison 
of clinical outcomes of intracranial aneurysms: procedural rupture versus 
spontaneous rupture. AJNR Am J Neuroradiol. 2017;38(11):2126-30.

3. Anxionnat R, Tonnelet R, Derelle AL, Liao L, Barbier C, Bracard S. 
Endovascular treatment of ruptured intracranial aneurysms: Indications, 
techniques and results. Diagnostic and interventional imaging. 2015;96(7-
8):667-75.

4. Lee YJ, Kim DJ, Suh SH, Lee SK, Kim J, Kim DI. Stent-assisted coil 
embolization of intracranial wide-necked aneurysms. Neuroradiology. 
2005;47(9):680-9

5. Kung DK, Policeni BA, Capuano AW, Rossen JD, Jabbour PM, Torner JC, 
et al. Risk of ventriculostomy-related hemorrhage in patients with acutely 
ruptured aneurysms treated using stent-assisted coiling. J Neurosurg. 
2011;114(4):1021-7. 

6. Zhang F, Li P, Zhang C, Wang L, Jing SQ. The prognosis factors for 
endovascular coiling of aneurysm in patients with ruptured intracranial 
aneurysm. J Craniofac Surg. 2017;28(6):e535-e539.

7. Van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage. 
Lancet.2007;369(9558):306-18.

8. Guglielmi G, Viñuela F, Sepetka I, Macellari V. Electrothrombosis of 
saccular aneurysms via endovascular approach. Part 1: Electrochemical 
basis, technique, and experimental results. J Neurosurg. 1991;75(1):1-7. 

9. Guglielmi G, Viñuela F, Dion J, Duckwiler G. Electrothrombosis of 
saccular aneurysms via endovascular approach. Part 2: Preliminary clinical 
experience. J Neurosurg. 1991;75(1):8-14.

10. Brinjikji W, White PM, Nahser H, Wardlaw J, Sellar R, Cloft HJ, et al. 
HydroCoils reduce recurrence rates in recently ruptured medium-sized 
intracranial aneurysms: a subgroup analysis of the HELPS trial. Am J 
Neuroradiol. 2015;36(6):1136-41. 

11. Dumont AS, Crowley RW, Monteith SJ, Ilodigwe D, Kassell NF, Mayer 
S, et al. Endovascular treatment or neurosurgical clipping of ruptured 
intracranial aneurysms: effect on angiographic vasospasm, delayed 
ischemic neurological deficit, cerebral infarction, and clinical outcome. 
Stroke. 2010;41(11):2519-24.

12. Molyneux AJ, Kerr RS, Stratton I, Sandercock P, Clarke M, Shrimpton J, 
et al. International Subarachnoid Aneurysm Trial (ISAT) of neurosurgical 
clipping versus endovascular coiling in 2143 patients with ruptured 
intracranial aneurysms: a randomized trial. J Stroke Cerebrovasc Dis. 
2002;11(6:)304-14.

13. Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA, et al. 

International subarachnoid aneurysm trial (ISAT) of neurosurgical 
clipping versus endovascular coiling in 2143 patients with ruptured 
intracranial aneurysms: a randomised comparison of effects on survival, 
dependency, seizures, rebleeding, subgroups, and aneurysm occlusion. 
Lancet. 2005;366(9488):809-17.

14. Serafin Z, Di Leo G, Pałys A, Nowaczewska M, Beuth W, Sardanelli 
F. Follow-up of cerebral aneurysm embolization with hydrogel 
embolic system: Systematic review and meta-analysis. Eur J Radiol. 
2015;84(10):1954-63.

15. Taschner C, Chapot R, Costalat V, Courthéoux P, Barreau X, Berge J, 
et al. GREAT-a randomized aneurysm trial. Design of a randomized 
controlled multicenter study comparing HydroSoft/HydroFrame and bare 
platinum coils for endovascular aneurysm treatment. Neuroradiology. 
2015;57(6):599-604. 

16. White PM, Lewis SC, Gholkar A, Sellar RJ, Nahser H, Cognard C, et al. 
Hydrogel-coated coils versus bare platinum coils for the endovascular 
treatment of intracranial aneurysms (HELPS): a randomised controlled 
trial. Lancet. 2011;377(9778):1655-62.

17. Gawlitza M, Soize S, Barbe C, le Clainche A, White P, Spelle L, et al. 
Aneurysm characteristics, study population, and endovascular techniques 
for the treatment of intracranial aneurysms in a large, prospective, 
multicenter cohort: results of the analysis of recanalization after 
endovascular treatment of intracranial aneurysm study. Am J Neuroradiol. 
2019;40(3):517-23. 

18. Biondi A, Janardhan V, Katz JM, Salvaggio K, Riina HA, Gobin YP. 
Neuroform stent-assisted coil embolization of wide-neck intracranial 
aneurysms: strategies in stent deployment and midterm follow-up. 
Neurosurgery. 2007;61(3):460-8. 

19. Bodily KD, Cloft HJ, Lanzino G, Fiorella DJ, White PM, Kallmes DF. Stent-
assisted coiling in acutely ruptured intracranial aneurysms: a qualitative, 
systematic review of the literature. Am J Neuroradiol. 2011;32(7):1232-6 

20. Chalouhi N, Jabbour P, Singhal S, Drueding R, Starke RM, Dalyai 
RT, et al. Stent-assisted coiling of intracranial aneurysms: predictors 
of complications, recanalization, and outcome in 508 cases. Stroke. 
2013;44(5):1348-53. 

21. Muto M, Giurazza F, Ambrosanio G, Vassallo P, Briganti F, Tecame M, 
et al. Stent-assisted coiling in ruptured cerebral aneurysms: multi-center 
experience in acute phase. Radiol Med. 2017;122(1):43-52.

22. Bechan RS, Sprengers ME, Majoie CB, Peluso JP, Sluzewski M, van 
Rooij WJ. Stent-assisted coil embolization of intracranial aneurysms: 
complications in acutely ruptured versus unruptured aneurysms. AJNR 
Am J Neuroradiol. 2016;37(3):502-7.

23. Maeda K, Motoie R, Karashima S, Otsuji R, Ren N, Nagaoka S, et al. A case 
of delayed distal coil migration after coil embolization of an unruptured 
distal azygos anterior cerebral artery aneurysm: A case report and literature 
review. Interv Neuroradiol. 2018;24(6):643-9. 

24. Park YK, Yi HJ, Choi KS, Lee YJ, Chun HJ. Intraprocedural rupture during 
endovascular treatment of intracranial aneurysm: clinical results and 
literature review. World Neurosurg. 2018;114:e605-e615.

25. Wong JM, Ziewacz JE, Panchmatia JR, Bader AM, Pandey AS, Thompson 
BG, et al. Patterns in neurosurgical adverse events: endovascular 
neurosurgery. Neurosurg Focus. 2012;33(5):E14.

26. Ravindra VM, Mazur MD, Park MS, Kilburg C, Moran CJ, Hardman RL, 
et al. Complications in endovascular neurosurgery: critical analysis and 
classification. World Neurosurg. 2016;95:1-8. 

27. Darkwah Oppong M, Gembruch O, Pierscianek D, Köhrmann M, 
Kleinschnitz C, Deuschl C, et al. Post-treatment antiplatelet therapy 
reduces risk for delayed cerebral ischemia due to aneurysmal subarachnoid 
hemorrhage. Neurosurgery. 2018.

28. Nagahama Y, Allan L, Nakagawa D, Zanaty M, Starke RM, Chalouhi N, 

https://www.ncbi.nlm.nih.gov/pubmed/24126645
https://www.ncbi.nlm.nih.gov/pubmed/24126645
https://www.ncbi.nlm.nih.gov/pubmed/24126645
http://www.ncbi.nlm.nih.gov/pubmed/28860217
http://www.ncbi.nlm.nih.gov/pubmed/28860217
http://www.ncbi.nlm.nih.gov/pubmed/28860217
https://www.sciencedirect.com/science/article/pii/S2211568415002090
https://www.sciencedirect.com/science/article/pii/S2211568415002090
https://www.sciencedirect.com/science/article/pii/S2211568415002090
https://www.sciencedirect.com/science/article/pii/S2211568415002090
https://www.ncbi.nlm.nih.gov/pubmed/16028036
https://www.ncbi.nlm.nih.gov/pubmed/16028036
https://www.ncbi.nlm.nih.gov/pubmed/16028036
https://www.ncbi.nlm.nih.gov/pubmed/20950080
https://www.ncbi.nlm.nih.gov/pubmed/20950080
https://www.ncbi.nlm.nih.gov/pubmed/20950080
https://www.ncbi.nlm.nih.gov/pubmed/20950080
https://www.ncbi.nlm.nih.gov/pubmed/28692523
https://www.ncbi.nlm.nih.gov/pubmed/28692523
https://www.ncbi.nlm.nih.gov/pubmed/28692523
https://www.ncbi.nlm.nih.gov/pubmed/17258671
https://www.ncbi.nlm.nih.gov/pubmed/17258671
https://www.ncbi.nlm.nih.gov/pubmed/2045891
https://www.ncbi.nlm.nih.gov/pubmed/2045891
https://www.ncbi.nlm.nih.gov/pubmed/2045891
https://www.ncbi.nlm.nih.gov/pubmed/2045924
https://www.ncbi.nlm.nih.gov/pubmed/2045924
https://www.ncbi.nlm.nih.gov/pubmed/2045924
https://www.ncbi.nlm.nih.gov/pubmed/25767183
https://www.ncbi.nlm.nih.gov/pubmed/25767183
https://www.ncbi.nlm.nih.gov/pubmed/25767183
https://www.ncbi.nlm.nih.gov/pubmed/25767183
http://www.ncbi.nlm.nih.gov/pubmed/20813994
http://www.ncbi.nlm.nih.gov/pubmed/20813994
http://www.ncbi.nlm.nih.gov/pubmed/20813994
http://www.ncbi.nlm.nih.gov/pubmed/20813994
http://www.ncbi.nlm.nih.gov/pubmed/20813994
https://www.sciencedirect.com/science/article/abs/pii/S1052305702000630
https://www.sciencedirect.com/science/article/abs/pii/S1052305702000630
https://www.sciencedirect.com/science/article/abs/pii/S1052305702000630
https://www.sciencedirect.com/science/article/abs/pii/S1052305702000630
https://www.sciencedirect.com/science/article/abs/pii/S1052305702000630
https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/16139655
https://www.ncbi.nlm.nih.gov/pubmed/26163427
https://www.ncbi.nlm.nih.gov/pubmed/26163427
https://www.ncbi.nlm.nih.gov/pubmed/26163427
https://www.ncbi.nlm.nih.gov/pubmed/26163427
https://www.ncbi.nlm.nih.gov/pubmed/25724881
https://www.ncbi.nlm.nih.gov/pubmed/25724881
https://www.ncbi.nlm.nih.gov/pubmed/25724881
https://www.ncbi.nlm.nih.gov/pubmed/25724881
https://www.ncbi.nlm.nih.gov/pubmed/25724881
https://www.ncbi.nlm.nih.gov/pubmed/21571149
https://www.ncbi.nlm.nih.gov/pubmed/21571149
https://www.ncbi.nlm.nih.gov/pubmed/21571149
https://www.ncbi.nlm.nih.gov/pubmed/21571149
https://www.ncbi.nlm.nih.gov/pubmed/30819769
https://www.ncbi.nlm.nih.gov/pubmed/30819769
https://www.ncbi.nlm.nih.gov/pubmed/30819769
https://www.ncbi.nlm.nih.gov/pubmed/30819769
https://www.ncbi.nlm.nih.gov/pubmed/30819769
https://www.ncbi.nlm.nih.gov/pubmed/30819769
https://www.ncbi.nlm.nih.gov/pubmed/17881956
https://www.ncbi.nlm.nih.gov/pubmed/17881956
https://www.ncbi.nlm.nih.gov/pubmed/17881956
https://www.ncbi.nlm.nih.gov/pubmed/17881956
https://www.ncbi.nlm.nih.gov/pubmed/21546464
https://www.ncbi.nlm.nih.gov/pubmed/21546464
https://www.ncbi.nlm.nih.gov/pubmed/21546464
https://www.ncbi.nlm.nih.gov/pubmed/23512976
https://www.ncbi.nlm.nih.gov/pubmed/23512976
https://www.ncbi.nlm.nih.gov/pubmed/23512976
https://www.ncbi.nlm.nih.gov/pubmed/23512976
https://www.ncbi.nlm.nih.gov/pubmed/27631680
https://www.ncbi.nlm.nih.gov/pubmed/27631680
https://www.ncbi.nlm.nih.gov/pubmed/27631680
http://www.ncbi.nlm.nih.gov/pubmed/26405089
http://www.ncbi.nlm.nih.gov/pubmed/26405089
http://www.ncbi.nlm.nih.gov/pubmed/26405089
http://www.ncbi.nlm.nih.gov/pubmed/26405089
https://www.ncbi.nlm.nih.gov/pubmed/29871560
https://www.ncbi.nlm.nih.gov/pubmed/29871560
https://www.ncbi.nlm.nih.gov/pubmed/29871560
https://www.ncbi.nlm.nih.gov/pubmed/29871560
https://www.ncbi.nlm.nih.gov/pubmed/29548958
https://www.ncbi.nlm.nih.gov/pubmed/29548958
https://www.ncbi.nlm.nih.gov/pubmed/29548958
https://www.ncbi.nlm.nih.gov/pubmed/23116094
https://www.ncbi.nlm.nih.gov/pubmed/23116094
https://www.ncbi.nlm.nih.gov/pubmed/23116094
https://www.ncbi.nlm.nih.gov/pubmed/27495841
https://www.ncbi.nlm.nih.gov/pubmed/27495841
https://www.ncbi.nlm.nih.gov/pubmed/27495841
https://www.ncbi.nlm.nih.gov/pubmed/30544176
https://www.ncbi.nlm.nih.gov/pubmed/30544176
https://www.ncbi.nlm.nih.gov/pubmed/30544176
https://www.ncbi.nlm.nih.gov/pubmed/30544176
https://www.ncbi.nlm.nih.gov/pubmed/29099296


Ming LV and Yang X, et al., Clinics in Surgery - Neurosurgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2019 | Volume 4 | Article 26587

et al. Dual antiplatelet therapy in aneurysmal subarachnoid hemorrhage: 
association with reduced risk of clinical vasospasm and delayed cerebral 
ischemia. J Neurosurg. 2018;129(3):702-10. 

29. Dorhout Mees SM, Rinkel GJ, Hop JW, Algra A, van Gijn J. Antiplatelet 
therapy in aneurysmal subarachnoid hemorrhage: a systematic review. 
Stroke. 2003;34(9):2285-9. 

30. Liu Y, Wang F, Wang M, Zhang G. Comparison of Stent-Assisted Coil 
Placement and Coiling-Only for the Treatment of Ruptured Intracranial 
Aneurysms. Med Sci Monit. 2017;23:5697-704. 

31. Ryu CW, Park S, Shin HS, Koh JS. Complications in Stent-Assisted 
Endovascular Therapy of Ruptured Intracranial Aneurysms and Relevance 
to Antiplatelet Administration: A Systematic Review. Am J Neuroradiol. 
2015;36(9):1682-8.

32. Kato Y, Hayashi T, Tanahashi N, Kobayashi S. Influence of antiplatelet 
drugs on the outcome of subarachnoid hemorrhage differs with age. J 
Stroke Cerebrovasc Dis. 2015;24(10):2252-5.

33. Shimamura N, Naraoka M, Matsuda N, Ohkuma H. Safety of preprocedural 
antiplatelet medication in coil embolization of ruptured cerebral 
aneurysms at the acute stage. Interv Neuroradiol. 2014;20(4):413-7.

34. Van den Bergh WM, Kerr RS, Algra A, Rinkel GJ, Molyneux AJ. Effect of 
antiplatelet therapy for endovascular coiling in aneurysmal subarachnoid 
hemorrhage. Stroke. 2009;40(6)1969-72.

35. Munich SA, Cress MC, Rangel-Castilla L, Sonig A, Ogilvy CS, Lanzino G, 
et al. Neck remnants and the risk of aneurysm rupture after endovascular 
treatment with coiling or stent-assisted coiling: much ado about nothing? 
Neurosurgery. 2019;84(2):421-27.

36. Phan K, Huo YR, Jia F, Phan S, Rao PJ, Mobbs RJ, et al. Meta-analysis of 
stent-assisted coiling versus coiling-only for the treatment of intracranial 
aneurysms. J Clin Neurosci. 2016;31:15-22.

37. Yang H, Sun Y, Jiang Y, Lv X, Zhao Y, Li Y, et al. Comparison of stent-
assisted coiling vs coiling alone in 563 intracranial aneurysms: safety and 
efficacy at a high-volume center. Neurosurgery. 2015;77(2):241-7 

38. Santillan A, Schwarz J, Boddu S, Gobin YP, Knopman J, Patsalides A. Stent-
assisted coil embolization of anterior communicating artery aneurysms 
using the LVIS Jr stent. Interv Neuroradiol. 2019;25(1):12-20. 

39. Zhang X, Zuo Q, Tang H, Xue G, Yang P, Zhao R, et al. Stent assisted 
coiling versus non-stent assisted coiling for the management of ruptured 
intracranial aneurysms: a meta-analysis and systematic review. J 
Neurointerv Surg. 2019;11(5):489-96.

https://www.ncbi.nlm.nih.gov/pubmed/29099296
https://www.ncbi.nlm.nih.gov/pubmed/29099296
https://www.ncbi.nlm.nih.gov/pubmed/29099296
https://www.ncbi.nlm.nih.gov/pubmed/12881605
https://www.ncbi.nlm.nih.gov/pubmed/12881605
https://www.ncbi.nlm.nih.gov/pubmed/12881605
https://www.ncbi.nlm.nih.gov/pubmed/29190261
https://www.ncbi.nlm.nih.gov/pubmed/29190261
https://www.ncbi.nlm.nih.gov/pubmed/29190261
http://www.ncbi.nlm.nih.gov/pubmed/26138136
http://www.ncbi.nlm.nih.gov/pubmed/26138136
http://www.ncbi.nlm.nih.gov/pubmed/26138136
http://www.ncbi.nlm.nih.gov/pubmed/26138136
https://www.ncbi.nlm.nih.gov/pubmed/26205516
https://www.ncbi.nlm.nih.gov/pubmed/26205516
https://www.ncbi.nlm.nih.gov/pubmed/26205516
https://www.ncbi.nlm.nih.gov/pubmed/25207902
https://www.ncbi.nlm.nih.gov/pubmed/25207902
https://www.ncbi.nlm.nih.gov/pubmed/25207902
https://www.ncbi.nlm.nih.gov/pubmed/19390079
https://www.ncbi.nlm.nih.gov/pubmed/19390079
https://www.ncbi.nlm.nih.gov/pubmed/19390079
http://www.ncbi.nlm.nih.gov/pubmed/29528449
http://www.ncbi.nlm.nih.gov/pubmed/29528449
http://www.ncbi.nlm.nih.gov/pubmed/29528449
http://www.ncbi.nlm.nih.gov/pubmed/29528449
https://www.ncbi.nlm.nih.gov/pubmed/27344091
https://www.ncbi.nlm.nih.gov/pubmed/27344091
https://www.ncbi.nlm.nih.gov/pubmed/27344091
https://www.ncbi.nlm.nih.gov/pubmed/25856112
https://www.ncbi.nlm.nih.gov/pubmed/25856112
https://www.ncbi.nlm.nih.gov/pubmed/25856112
https://www.ncbi.nlm.nih.gov/pubmed/30180758
https://www.ncbi.nlm.nih.gov/pubmed/30180758
https://www.ncbi.nlm.nih.gov/pubmed/30180758
https://www.ncbi.nlm.nih.gov/pubmed/30842307
https://www.ncbi.nlm.nih.gov/pubmed/30842307
https://www.ncbi.nlm.nih.gov/pubmed/30842307
https://www.ncbi.nlm.nih.gov/pubmed/30842307

	Title
	Abstract
	Introduction
	Materials and Methods
	Study design
	Patient characteristics
	Imaging diagnosis
	Endovascular procedure
	Antiplatelet treatment and anticoagulation 
	Statistical analyses

	Results
	Patient baseline characteristics
	Adverse events and embolization results
	Clinical and imaging follow-up

	Discussion
	Complications
	Medication
	Occlusion rate and follow-up results
	Limitations

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

