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Objective : Endovascular treatment of intracranial aneurysms is challenging in case of wide-necked aneurysms because coils are 
prone to herniate into the parent artery, causing thromboembolic events or vessel occlusion. This study aims to compare long-term 
angiographic results of wide-necked aneurysms treated by stent-assisted, double-microcatheter, or single-microcatheter groups.
Methods : Between January 2003 and October 2016, 108 aneurysms that were treated with endovascular coil embolization with a 
neck size wider than 4 mm and a follow-up period of more than 3 years were selected. We performed coil embolization with single-
microcatheter, double-microcatheter, and stent-assisted techniques. Angiographic results were evaluated using the Raymond-Roy 
occlusion classification (RROC). All medical and angiographic records were reviewed retrospectively.
Results : Clinical and angiographic analyses were conducted in 108 wide-necked aneurysms. The immediate post-procedural 
results revealed RROC class I (complete occlusion) in 66 cases (61.1%), class II (residual neck) in 36 cases (33.3%), and class III (residual 
sac) in six cases (5.6%). The final follow-up results revealed class I in 48 cases (44.4%), class II in 49 cases (45.4%), and class III in 11 
cases (10.2%). Of a total of 45 (41.6%) radiologic recurrences, there were 21 cases (19.4%) of major recurrence that required additional 
treatment, and 24 cases (22.2%) of minor recurrence. The final follow-up angiographic results showed statistically significant 
differences between the stent-assisted group and the others (p<0.01).
Conclusion : Long-term follow-up angiography demonstrated that the stent-assisted technique had a better complete occlusion 
rate than the other two techniques.
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INTRODUCTION

Since the US Food and Drug Administration approved the 

use of detachable coils for the endovascular occlusion of intra-

cranial aneurysms in 1995, endovascular treatment of intra-

cranial aneurysms using a platinum coil has become wide-

spread. Recently, remarkable developments in endovascular 

devices and techniques have extended the range of treatments 

for complex intracranial aneurysms, resulting in better angio-

graphic and clinical outcomes. In spite of these developments, 

complete obliteration of the aneurysm using a single micro-

catheter remains challenging in cases of large or wide-necked 

aneurysms (≥4 mm).

The possibility of herniation of the deployed coils into the 

parent vessel in wide-necked aneurysms is relatively high, and 

herniation precludes total obliteration of the aneurysms14). In-

complete obliteration is prone to coil compaction and recur-

rence, leading to additional treatment. To complement imper-

fect occlusion, double-microcatheter coiling (DMC), stent-

assisted coiling (SAC), and balloon-assisted coiling (BAC) are 

used in these cases to prevent herniation of coils or coil com-

paction11,19). Some studies reported a complete occlusion rate 

of 71% in BAC26) at 6 months follow-up, and 57–60% in 

SAC10,16) at 6 and 12 months follow-up. Another study com-

pared immediate post-procedural angiographic results of 207 

patients for SAC, BAC, and DMC and found no differences 

among the three groups (complete occlusion rate of 63.8%, 

62.9%, and 46.7%, respectively)4). They also found no differ-

ences in recurrence rates among three groups (7.1%, 8.6%, and 

11.1%, respectively).

Although many studies have reported various results re-

garding the treatment of wide-necked aneurysms, their fol-

low-up evaluation periods ranged from 6 months to 1 year, 

which is not long enough to identify changes on angiography. 

Therefore, we decided to investigate cases with long-term fol-

low-up of at least 3 years, and aimed to compare the radio-

graphic results of coil embolization of wide-necked aneurysms 

according to treatment techniques.

MATERIALS AND METHODS

All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of the 

Institutional and/or National Research Committee of Hallym 

University Sacred Heart Hospital (Hallym 2019-10-026-001) 

and with the 1964 Helsinki declaration and its later amend-

ments or comparable ethical standards. The need for in-

formed consent was waived due to the retrospective nature of 

this study.

Patient characteristics
We chose patients, with wide-necked aneurysm and long-

term follow-up periods after initial coil embolization, from 

four hospitals regardless of age and sex between January 2003 

and October 2016. As our previous report in 201527), aneu-

rysms were considered wide-necked if the neck was larger 

than 4 mm or the dome-to-neck ratio was less than 2, and the 

Table 1. Characteristics of 108 aneurysms

Characteristic Value

Sex

Male 26 (24.1)

Female 82 (75.9)

Age (years) 55.64±10.04 (27–87)

Follow up period (months) 58.36±25.08 (36–131)

Ruptured 58 (53.7)

Hunt-Hess grade

Grade I–II 28 (48.3)

Grade III–V 30 (51.7)

Fisher grade

Grade I–II 24 (41.4)

Grade III–V 34 (58.6)

Clinical outcome, mRS

0–2 52 (89.7)

3–5 6 (10.3)

Unruptured 50 (46.3)

Technique

Single-microcatheter 39 (36.1)

Double-microcatheter 34 (31.5)

Stent-assisted 35 (32.4)

Aneurysm size

Small, <10 mm 84 (77.8)

Large, 10–25 mm 24 (22.2)

Giant, >25 mm 0 (0.0)

Values are presented as mean±standard deviation (range) or number (%). 
mRS : modified Rankin Scale
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follow-up period was considered long-term if it was longer 

than 3 years after the initial embolization. Aneurysms less 

than 4 mm in neck size and patients with a follow-up period 

of less than 3 years were excluded. There were 2480 cases of 

endovascular coil embolization in total, between January 2003 

and October 2016. Of these, 521 were wide-necked aneurysm 

cases and 108 cases had a more than 3-year follow-up. Of these 

108 patients, 26 (24.1%) were men, and 82 (75.9%) were wom-

en. Their mean age±standard deviation (SD) was 55.64±10.05 

years, ranging from 27 to 87 years. Fifty-eight cases (53.7%) 

were ruptured aneurysms, and 50 cases (46.3%) were unrup-

tured aneurysms. Single-microcatheter coiling (SMC) was per-

formed in 39 cases (36.1%), DMC was performed in 34 (31.5%), 

and SAC was performed in 35 cases (32.4%). The reviewed 

characteristics included sex, age, follow-up period, aneurysm 

size, aneurysm nature (ruptured or unruptured), Hunt-Hess 

grade, Fisher grade, and clinical outcome. The characteristics of 

the 108 aneurysms are described in Table 1.

Procedures
A biplane digital subtraction angiographic device (Philips 

Allura Xper; Philips, Amsterdam, The Netherlands) has been 

used for cerebral angiography and coil embolization in our 

hospital since 2007. Prior to 2007, a monoplane angiographic 

unit was used. All the patients undergoing coil embolization 

were under general anesthesia.

Before about 2010, we first performed coil embolization 

with a single-microcatheter, and if the first frame coil steadily 

formed a stable basket in the aneurysmal sac, we perform 

SMC (Fig. 1). In the case of unstable basket formation with the 

first frame coil, we selected the aneurysm with an additional 

microcatheter (Fig. 2). If the basket was not steadily main-

Fig. 2. Double-microcatheter technique of coil embolization. A : An aneurysm of right posterior communicating artery is shown (arrow). B : The 
aneurysm is selected with two microcatheters and distal tips of microcatheters are marked with arrows. C : Coil embolization was done and proximal 
markers of two microcatheters are shown (arrow).

A B C

Fig. 1. Single-microcatheter technique of coil embolization. A : A left paraclinoid segment aneurysm was selected with a microcatheter (arrow). B : A 
frame coil formed stable bascket in the aneurysmal sac (arrow). C : Coil embolization with single-microcatheter was done successfully (arrow).

A B C
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tained even when a double-microcatheter was used, SAC was 

chosen in the next step (Fig. 3). After we’ve gained experience 

and become accustomed to using the stent, after about 2010, 

administration of dual antiplatelet agents and SAC was per-

formed if SAC was considered appropriate, especially in case 

of dome-to-neck ration <1.5. Ten series of microcatheters, in-

cluding Prowler-10 (Cordis, Miami, FL, USA) and Excelsior 

SL-10 (Boston Scientific, Fremont, CA, USA) were used. Of 

108 aneurysms, SMC was performed in 39 cases and DMC 

was performed in 34 cases.

Enterprise (Codman, Raynham, MA, USA), Solitaire (EV3, 

Irvine, CA, USA), and Neuroform (Boston Scientific) stents 

were used in this study. When the use of a stent was anticipat-

ed, 1 tablet of 100 mg of aspirin and 1 tablet of 75 mg of clopi-

dogrel were administered, for 5 days prior to the procedure, to 

the elective patients. Patients with ruptured aneurysms sched-

uled to undergo SAC were administered 300 mg of aspirin 

and 300 mg of clopidogrel through a Levin tube after general 

anesthesia. We performed SAC in 35 cases. Systemic heparin-

ization was performed for all patients during the procedure. 

Patients were administered daily doses of 100 mg aspirin and 

75 mg clopidogrel for at least 3 months after embolization. 

Immediate post-coil embolization results were evaluated us-

ing the Raymond-Roy occlusion classification (RROC)24).

Angiographic results and follow-up
The first follow-up angiography after coil embolization was 

scheduled at 6 months or 12 months, and the second follow-

up evaluation was scheduled at 1–2 years after the first follow-

up angiography. The RROC was used on follow-up angio-

graphic results, similar to the immediate post-procedural 

evaluation; class I represents complete obliteration of both the 

aneurysmal neck and sac; class II represents partial oblitera-

tion of the aneurysm with a residual neck; and class III de-

notes incomplete obliteration of the aneurysm with a residual 

sac. Angiographic recurrence was defined as new contrast fill-

Fig. 3. Stent-assisted coil embolization of ophthalmic segment of left internal carotid artery. A : An ophthalmic segment aneurysm of left internal 
carotid artery is shown (arrow). B : A first frame coil is partially deployed and distal marker (long arrow) and proximal marker (short arrow) of deployed 
stent is shown. C : Additional coils were deployed in the aneurysm. D : Coil embolization is done and distal marker (long arrow) and proximal marker 
(short arrow) of deployed stent is shown.

A

C

B

D
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ing, or any enlarged contrast filling area of the aneurysmal 

neck or sac in follow-up angiographies27). To assess the dura-

bility and stability of the coil embolization, we subdivided re-

currence into minor and major groups. A minor recurrence 

was defined as a new contrast filling of the aneurysmal neck, 

which was previously completely obliterated (Fig. 4). A major 

recurrence was defined as a new contrast filling of the aneu-

rysmal sac, which was previously completely occluded, or an 

Fig. 5. Cerebral angiography of a 54-year-old man showing major recurrence. A : An immediate angiogram after coil embolization of anterior 
communicating artery aneurysm (arrow). B : A 10 months follow-up angiography shows contrast filling of the aneurysmal neck (arrow). C : A 24 months 
follow-up angiography shows enlarged contrast filling area (arrow) and coil compaction. D : A 10 years follow-up angiography shows severe coil 
compaction and major recurrence of the aneurysm (arrow).

A

C

B

D

Fig. 4. Cerebral angiography of a 65-year-old woman showing minor recurrence. A : An immediate angiogram after coil embolization of left vertebral 
artery aneurysm (arrow). B : A 10 months follow-up angiography shows mild coil compaction (arrow). C : A 42 months follow-up angiography shows 
contrast filling of the aneurysmal neck but no more severe compaction (arrow).

A B C
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increase in the filling of the sac (Fig. 5)27). The mean follow-up 

period was 58.36±25.08 months, ranging from 36 to 131 

months.

Clinical outcomes and procedure-related compli-
cations

Clinical outcomes were assessed using the modified Rankin 

Scale (mRS)7) at the point of discharge. Procedure-related 

complications were documented, including thromboembolic 

events, intraoperative rupture, branching artery occlusion, 

and coil herniation.

Statistical analysis
Statistical Package for the Social Sciences software version 

26 (SPSS Inc., Chicago, IL, USA) was used for statistical analy-

sis. A Cox proportional hazard model was used to identify the 

risk factors that may be associated with recurrence, including 

immediate angiographic results, age, sex, aneurysm size, and 

location. Cross-tabulation was performed to compare the re-

currence rate, immediate radiologic results, and follow-up ra-

diologic results among the three groups. A p-value less than 

0.05 was considered statistically significant.

RESULTS

A total of 108 wide-necked aneurysms were evaluated. The 

mean neck size was 5.22±1.22 mm and mean aneurysm size 

was 7.99±3.35 mm. Fifty (46.3%) were unruptured, and 58 

(53.7%) were ruptured. The ruptured aneurysms were graded 

according the Hunt-Hess13) and Fisher scales9) at the point of 

hospital admission. For the Hunt-Hess scale, seven cases were 

grade I, 21 cases were grade II, 22 cases were grade III, eight 

cases were grade IV, and 0 cases were grade V. For the Fisher 

scale, 0 cases were grade I, 24 cases were grade II, 25 cases were 

grade III, and nine cases were grade IV (Table 1).

SMC was performed in 39 cases (36.1%), DMC in 34 cases 

(31.5%), and SAC in 35 cases (32.4%). The most frequent loca-

tion of aneurysm was the anterior communicating artery 

(n=25, 24.3%), followed by the posterior communicating ar-

tery (n=20, 19.4%), paraclinoid segment (n=12, 11.7%), oph-

thalmic segment (n=11, 10.7%), middle cerebral artery bifur-

cation (n=10, 9.7%), basilar artery (n=10, 9.7%), and others 

(n=15, 14.6%).

Immediate post-procedural angiographic out-
comes

Of the 108 aneurysms, the initial angiographic results 

showed a RROC of class I in 66 cases (61.1%), class II in 36 

cases (33.3%), and class III in six cases (5.6%) (Table 2). Imme-

diate post procedural angiographic results of SMC showed 

class I in 21 cases (53.9%), class II in 16 cases (41.0%), and class 

III in two cases (5.1%). In the 34 aneurysms treated with 

DMC, class I was seen in 20 cases (58.8%), class II in 12 cases 

(35.3%), and class III in two cases (5.9%). For SAC, class I was 

seen in 25 cases (71.5%), class II in eight cases (22.8%), and 

Table 2. Endovascular treatment techniques and angiographic results

Characteristic
Value  

(108 aneurysms)
p-value

Immediate post procedural 
angiographic results

0.578

Single-microcatheter 39

Raymond I 21 (53.9)

Raymond II 16 (41.0)

Raymond III 2 (5.1)

Double-microcatheter 34

Raymond I 20 (58.8)

Raymond II 12 (35.3)

Raymond III 2 (5.9)

Stent-assisted 35

Raymond I 25 (71.5)

Raymond II 8 (22.8)

Raymond III 2 (5.7)

The last follow up angiographic results 0.001

Single-microcatheter 39

Raymond I 14 (35.9)

Raymond II 19 (48.7)

Raymond III 6 (15.4)

Double-microcatheter 34

Raymond I 10 (29.4)

Raymond II 19 (55.9)

Raymond III 5 (14.7)

Stent-assisted 35

Raymond I 24 (68.6)

Raymond II 11 (31.4)

Raymond III 0 (0.0)

Values are presented as number (%)



 Endovascular Treatment Techniques | Kim HS, et al.

757J Korean Neurosurg Soc 64 (5) : 751-762

class III in two cases (5.7%). Cross-tabulation was performed 

to compare the immediate radiological results, and there were 

no statistically significant differences among the three groups 

in terms of RROC (p=0.578).

Final follow-up angiographic outcomes
All 108 aneurysms had a follow-up period of at least 36 

months, and the mean follow-up term was 58.36±25.08 

months, ranging from 36 months to 131 months. The final 

angiographic results of SMC showed RROC class I in 14 cases 

(35.9%), class II in 19 cases (48.7%), and class III in six cases 

(15.4%) (Table 2). In the 34 aneurysms treated with the DMC, 

class I was seen in 10 cases (29.4%), class II in 19 cases (55.9%), 

and class III in five cases (14.7%). For SAC, class I was seen in 

24 cases (68.6%), class II in 11 cases (31.4%), and there were no 

class III cases. Cross-tabulation was performed to compare 

the final follow-up radiological results, and there were statisti-

cally significant differences among the three groups in terms 

of RROC (p<0.01).

Radiological recurrence was found in 45 patients (41.7%). 

Recurrence was defined based on the degeneration of the 

RROC. There were 35.5% (16/45) recurrent cases among an-

eurysms treated using SMC, 46.7% (21/45) recurrent cases of 

aneurysms treated using DMC, and 17.8% (8/45) recurrent 

cases of aneurysms treated using SAC. There was a statistically 

significant difference according to the treatment techniques 

(p<0.01). There were 27 cases in which the change was from 

RROC class I to II, seven cases from class I to III, and 11 cases 

from class II to III.

Recurrent aneurysms were retreated with additional coil 

embolization or surgical aneurysmal neck clipping if a >30% 

increase in coil compaction area was found (major recur-

rence). Of the 45 recurrent aneurysms, 19 cases had additional 

coil embolization, one case had surgical neck clipping, and 25 

cases with minor recurrence were observed (Table 3). Initial 

angiographic results (p=0.015) were significantly associated 

with major recurrence using Cox’s proportional hazard model 

analysis (Table 4).

At the point of discharge, we determined the mRS score. 

There were nine patients with a score of 0, 40 patients with a 

score of 1, three patients with a score of 2, two patients with a 

score of 3, three patients with a score of 4, one patient with a 

score of 5, and there were no patients with a score of 6 because 

we evaluated more than 3 years of follow-up data.

Table 3. Minor and major angiographic recurrence according to initial angiographic results

Initial angiographic result
Recurrence (45/108; 41.7%)

Minor recurrence Major recurrence

Complete occlusion (n=66) 25 (37.9) 8 (12.1)

Residual neck (n=36) 0 (0.0) 11 (30.6)

Residual sac (n=6) 0 (0.0) 1 (16.7)

Total (n=108) 25 (23.1) 20 (18.5)

First recurrent time (months) 15.76±5.83 (1–71) 22.65±8.54 (4–73)

Values are presented as mean±standard deviation (range) or number (%)

Table 4. Variables associated with major recurrence

Variable
Cox’s proportional Hazard model

Parameter estimate SE OR (95% CI) p-value

Rupture status (ruptured or unruptured) 0.324 0.534 1.382 (0.485–3.939) 0.545

Treatment technique 1.450 0.747 4.265 (0.987–18.429) 0.052

Aneurysmal sac size (small or large) 0.509 0.504 1.664 (0.619–4.472) 0.313

Initial angiographic results (complete or incomplete) 0.851 0.349 2.341 (1.181–4.641) 0.015

Adjusted by age, sex, and Hunt-Hess grade. SE : standard error, OR : odds ratio, CI : confidence interval
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DISCUSSION

Comparison of techniques in wide-necked aneu-
rysms

Technological developments in the neuroendovascular field 

has expanded the indication for endovascular treatment of 

aneurysms, which were previously deemed uncoilable. How-

ever, in the case of wide-necked aneurysms, providing suitable 

coil density is difficult without any assistance device or tech-

nique. Fernandez Zubillaga et al.8) reported complete oblitera-

tion in only 15% of broad-necked aneurysms, as compared 

with 85% of aneurysms with a narrow neck. Raymond and Roy 

reported that they treated 75 patients with an endovascular ap-

proach and 12 recurrences were observed, 6 to 36 months after 

treatment23). The recurrences were observed mainly in aneu-

rysms with a wide neck (eight patients), as compared to aneu-

rysms with a small neck (four patients).

Stent-assisted technique
SAC provides neck support and serves as a barrier preclud-

ing coil herniation into the parent artery (Fig. 3)29). Some stud-

ies reported that the complete occlusion rate in SAC of intra-

cranial aneurysm was seen in 57–61% of cases10,16,25). However, 

SAC requires dual antiplatelet therapy to prevent in-stent 

thrombosis, which increases hemorrhagic complications relat-

ed to extraventricular drainage catheter placement, or other 

possible surgical procedures for additional management17,21). 

Overall morbidity ranges from 1.5% to 3% with SAC3,15). Sev-

eral studies compared SAC and BAC in treating wide-necked 

aneurysm. Cai et al.2) compared 65 cases treated with SAC and 

32 with BAC in the treatment of ruptured wide-necked aneu-

rysms and concluded that occlusion rates, periprocedural 

complications, and favorable outcomes are not statistically 

different between the two techniques. Consoli et al.5) com-

pared 122 cases treated with SAC and 164 with BAC in the 

treatment of ruptured wide-necked aneurysms and reported 

that the complete occlusion rate at the end of the procedure 

was higher with SAC than with BAC (86.8% vs. 78%), and the 

same results were observed after 6 months (92.1% vs. 77.6%; 

p=0.05).

Double-microcatheter technique
One alternative method to BAC or SAC is to use a dual mi-

crocatheter. In 1998, Baxter et al.1) first reported the use of 

DMC. Two microcatheters are positioned in the aneurysmal 

sac simultaneously in this technique, which allows coils to re-

main in place, interweaving each other to reduce the chance of 

coil herniation (Fig. 4). There is no need to use additional de-

vices to deliver a balloon or stent in this technique. Especially 

in cases of subarachnoid hemorrhages, DMC has the obvious 

benefit of no need for routine antiplatelet drugs, which in-

creases the risk of bleeding. Durst et al.6) performed coil em-

bolization of 100 wide-necked aneurysms using a dual micro-

catheter. They reported a 91% technical success rate; 1% and 

2% treatment-related morbidity and mortality rates, respec-

tively; 75% total obliteration rate (57 cases of initial oblitera-

tion and 18 cases of progressive occlusion on follow-up stud-

ies); and 18% retreatment rates. We reported 22 aneurysms 

treated with multiple microcatheter systems in our previous 

study; nine cases (40.9%) showed total obliteration and six 

cases (27%) had recurred at the final follow-up evaluation27).

Recent studies on coiling techniques have demonstrated the 

differences in angiographic results among several groups. One 

study compared the differences among SAC, DMC, and BAC 

of wide-necked aneurysms4). They selected 207 wide-necked 

aneurysms and evaluated initial occlusion rates, recanaliza-

tion rates, and procedural complications for a mean follow-up 

period of 16.2 months. They concluded that there were no sta-

tistically significant differences in the recurrence rate, peri-

procedural complications, and occlusion rates among the 

three groups. Starke et al.28) compared DMC and SAC in treat-

ing unruptured wide-necked intracranial aneurysms. They 

evaluated 100 patients treated with DMC and 160 patients 

with SAC, and their mean follow-up period was 27.0±18.9 

months. Obliteration rates were not significantly different in 

those treated with SAC (63.7%) versus double-microcatheter 

technique (64.2%). The overall rate of major complications 

that resulted in permanent morbidity in the DMC group was 

1.7% and 8.3% in the SAC group, and these rates were not sta-

tistically different. The mean follow-up periods of both stud-

ies were less than 3 years.

In our study, immediate postprocedural angiographic re-

sults using the RROC showed no statistically significant dif-

ferences among the three groups (p=0.57). However, the final 

follow-up angiographic results demonstrated that there were 

statistically significant differences among the three groups 

(p=0.001). When we divided the three groups into two groups, 

the stent-assisted group versus the non-stent group, there was 
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a significant difference in the final follow-up angiographic re-

sults between these two groups (p=0.003). We believe that two 

main factors caused these results. First, we could insert more 

coils in SAC cases because the stent acts as a barrier to prevent 

coils from protruding into the parent artery. Second, the stent 

could act as a scaffold that promotes neointima formation 

and, at the same time, interrupts normal blood flow creating 

favorable for blood clot formation. In total, there were 11 cases 

of spontaneous thrombosis, seven in the SAC group and four 

in the non-stent group. We also compared the SMC and DMC 

groups, and there were no statistically significant differences 

between these two groups (p=0.276). This means that the 

stent-assisted technique is a better method in terms of obliter-

ation.

Risk factors for recurrence
Recurrence is defined as contrast filling of the aneurysmal 

neck or sac after treatment27). The rate of complete occlusion 

coil embolization is between 27–79% (median, 55%). Incom-

plete obliterated aneurysms have a high recurrence rate of 

7–39%18). In 2003, Raymond and Roy reported long-term an-

giographic recurrences after endovascular treatment of aneu-

rysms (mean±SD follow-up was 31.32±24.96 months) and im-

portant predictors of a recurrence included aneurysm size >10 

mm, treatment during the acute phase of rupture, incomplete 

initial occlusions, and duration of follow-up22). Another study 

evaluated 83 patients who experienced recurrence after endo-

vascular treatment12). They concluded that aneurysm size >10 

mm, volume embolization ratio less than 20%, and wide-

necked aneurysms are risk factors for postoperative recur-

rence of an aneurysm. Another study evaluated 818 patients 

harboring 916 aneurysms treated with coil embolization, and 

the overall recurrence rate was 20.9% (angiographic follow-

ups were obtained in 480 of 916 aneurysms, and recurrence 

was observed in 102 of 489 aneurysms, with a mean follow-up 

of 11 months)20). Recanalization occurred more frequently in 

the wide-necked group and in large or giant aneurysms. In 

our previous study in 2015, we evaluated 53 wide-necked an-

eurysms treated with coil embolization, and only the subopti-

mal initial angiographic result was a significant predictor of 

recurrence (p=0.03)27).

In this study, there were 45 (41.7%) recurrent radiologic cas-

es. Sixteen recurrences were found in the SMC group, 21 in 

the DMC group, and eight in the SAC group. There were sta-

tistically significant differences among the three groups 

(p=0.002). When we divided the three groups into two groups 

of stent-assisted versus non-stent, there was a 22.8% (8/35) re-

currence in the stent-assisted group and a 50.7% (37/73) recur-

rence in the non-stent using group. This result was also statis-

tically significant (p=0.01). Taken together, SAC has the 

highest durability in that there is less recurrence using this 

method.

We investigated the risk factors related to recurrence (Table 

4). Cox’s proportional hazard model was evaluated, and only 

initial incomplete angiographic results met statistical signifi-

cance (odds ratio, 2.341; 95% confidence interval, 1.181–4.641; 

p=0.015). There were statistically significant differences 

among the SMC, DMC, and SAC groups in the angiographic 

results when we used cross-tabulation. However, multivariate 

analysis showed that treatment technique was not a risk factor 

associated with major recurrence (p=0.052), although SAC 

showed less recurrence than non-stent use groups. This is be-

cause multiple factors were adjusted for, and these affect each 

other in multivariate analysis. Although treatment technique 

was not a risk factor in this study, the stent-using technique 

would be likely show statistically meaningful results associat-

ed with recurrence in a future large-scale study.

Recurrence time and spontaneous thrombosis
We also evaluated the recurrence time after embolization. 

There was 48.9% (22/45) recurrence within 1 year after embo-

lization, 20% (9/45) recurrence between 1 and 2 years, 8.9% 

(4/45) recurrence between 2 to 3 years, and 22.2% (10/45) re-

currence over 3 years. Most changes occurred within 1 year 

(48.9%) from the initial procedure, and many changes oc-

curred after 3 years (22.2%). Minor recurrence occurred at 

15.76 months after first coiling (range, 1–71 months) and ma-

jor recurrence occurred at 22.65 months (range, 4–73 months) 

(Table 3). These results show that the aneurysm embolization 

state should be followed-up for at least 3 years to detect any 

changes, including recanalization, which need retreatment. 

Therefore, we suggest that radiologic evaluation should be 

conducted every year for at least 3 years. In the many studies 

mentioned above that reported on different embolization 

techniques, the results might have changed if cases had been 

followed-up for more than 3 years.

Spontaneous thrombosis was also observed, as opposed to 

recurrence. Spontaneous thrombosis is defined based on the 
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improvement of the RROC. There were 11 cases (10.2%) of 

spontaneous thrombosis in this study. Seven cases improved 

within 1 year, three cases between 1 and 2 years, and one case 

over 3 years. Most cases of spontaneous thrombosis occurred 

within 2 years after embolization. Considering both recur-

rence and spontaneous thrombosis time, we can conclude that 

one should follow-up the results for at least 3 years after the 

procedure to detect any changes.

Limitations
This study included wide-necked aneurysm >4 mm and 

long-term follow-up results over 3 years. Therefore, there were 

few severely ill patients with mRS scores ranging from 3 to 5, 

and patients with scores of 6 were excluded because there were 

no follow-up data of more than 3 years for deceased patients. 

Almost all the results in this study are based on relatively 

healthy patients. Therefore, we could not calculate the exact 

mortality and morbidity.

We did not divide the patient group into rupture and un-

rupture when comparing SMC, DMC, and SAC. There may 

be differences between the rupture group and the unruptured 

group, but the focus of this paper is on the change of angio-

graphic results and recurrence of wide-necked aneurysms, so 

the two groups are compared without distinguishing. If the 

two groups were analyzed separately, there is a possibility that 

the results are different from now.

We used the RROC to describe the embolization state of 

aneurysms in this study, which could be scored differently de-

pending on the doctor. Angiographic images were cross-

checked by three different interventional neuroradiologists to 

minimise the differences in opinion between examiners, but 

there is still room for controversy regarding scoring.

We evaluated long-term follow-up results for more than 3 

years, and this is a longer follow-up period than that of other 

published reports. However, no one can anticipate what 

changes will occur after a longer period. Therefore, longer fol-

low-up results of more than 3 years are needed. Recently, 

many studies have used flow-diverter devices, but this study 

did not. It would be better to use the latest devices, such as 

flow-diverter stents, in future studies.

CONCLUSION

Initial post-procedural angiographic results demonstrated 

no differences among the SMC, DMC, and SAC groups, but 

long-term follow-up angiographic results were statistically sig-

nificantly different among the three groups. The SAC group 

showed the highest complete occlusion rate and lowest recur-

rence rate. Initial angiographic result was the only risk factor 

associated with major recurrence. We suggest that follow-up 

evaluation should be performed at least 3 years after endovas-

cular treatment of an aneurysm.
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