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Intracranial Wide-Necked Small Aneurysms Using Soli-
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Objective : Stent-assisted coil embolization of intracranial wide-necked aneurysm requires long-term postoperative antiplatelet 
therapy to prevent in-stent thrombosis. This study aimed to demonstrate results of temporary stent placement for coiling wide 
necked small intracranial aneurysms, which eliminated need for antiplatelet agents, and to discuss its feasibility and safety.
Methods : Data of 156 patients who underwent stent-assisted coil embolization between 2011 and 2014 were retrospectively 
analyzed. Thirteen cases of temporary stent-assisted coil embolization were included, and their clinical and radiological results were 
evaluated.
Results : The aneurysms treated were all unruptured except one case. All of them had wide neck with mean dome-to-neck ratio 
of 0.96 and were small-sized aneurysms with mean maximal diameter of 4.2 mm. There was no technical failure in retrieval of 
stent after completion of embolization of the target aneurysm. Immediate angiography revealed 11 complete and two partial 
embolization (one residual neck and one residual aneurysm). Two cases encountered thrombosis complication, and they were 
managed without neurological sequelae. The mean follow-up period was 43 months, angiographic follow-up revealed two cases 
with minor recurrence, and clinical outcome was good with modified Rankin scale score of 0.
Conclusion : Temporary stent-assisted coil embolization of small wide-necked intracranial aneurysm using fully retrievable 
stent appears safe and effective. Further application and evaluation of this technique in more cases with larger size aneurysm is 
warranted. 
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INTRODUCTION

Endovascular treatment of intracranial aneurysms is a well-

established treatment option for majority of patients13). Treat-

ment of wide-necked aneurysm is challenging and requires 

various endovascular techniques, such as neck remodeling 

with stent or balloon, multi-catheter technique, neck bridging 

with Comaneci (Rapid Medical, Yokneam, Israel) or Woven 
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EndoBridge (Sequent Medical, Aliso Viejo, CA, USA) device7). 

Specifically, the stent-assisted coil embolization technique is 

commonly used3). However, after deployment of the stent for 

neck remodeling, antiplatelet agents should be initiated and 

continued, which can be beneficial for prevention of ischemic 

stroke but also can be a risk factor for hemorrhagic complica-

tion3,5). To reduce the chance of using antiplatelet agents after 

the procedure, balloon-assisted coil embolization would be an 

alternative. However, temporary f low arrest during balloon 

inflation can induce ischemic insult and affect brain function. 

Sometimes, we encounter some serious complications such as 

rupture of the aneurysm or parent artery caused by the wall 

pressure of the aneurysm or parent artery4). Considering the 

risk and benefit in treating the small aneurysms enables us to 

treat them using simple and less risky methods. For this pur-

pose, we employed temporary stent-assisted coil embolization 

of intracranial aneurysms using fully retrievable and detach-

able Solitaire AB stent in selected cases. Here, we describe the 

technique and clinical and radiological results and discuss the 

feasibility of this technique.

MATERIALS AND METHODS

After obtaining approval from Institutional Review Board 

of St. Paul's Hospital (IRB No. Pc17Resi0075), we retrospec-

tively searched for all the medical records of patients whose 

aneurysms were treated with the stent-assisted technique from 

January 2011 to January 2015. During this time period, we 

treated 156 cases of aneurysm with the stent-assisted tech-

nique. From March 2011 to June 2013, we treated 13 cases of 

small intracranial aneurysms with temporary stent-assisted 

coil embolization technique (TemSAT) and followed them. 

TemSAT is indicated for saccular, wide-necked, small intra-

cranial aneurysms. The exclusion criteria were aneurysms 

with very low aspect ratio, which causes the funnel shape of 

the aneurysm; extremely wide neck encompassing half of the 

circumference of the parent artery; and large aneurysms with 

diameter over 10 mm. Patient demographic data are shown in 

Table 1. Analysis and evaluation were focused on the possibili-

ty of stent recapture after coiling, occlusion rate, recurrence of 

aneurysm, and procedure-related complication rate. Aneu-

rysm occlusion was determined by using the modified Ray-

mond-Roy classification11). Clinical pre- and post-interven-

tional status of each patient was graded according to the 

modified Rankin scale (mRS). 

Endovascular procedure 
Doses of 100 mg of acetyl salicylic acid and 75 mg of clopido-

grel were administered orally at least 7 days prior to the procedure 

for unruptured aneurysms. For ruptured aneurysms, preopera-

tive antiplatelet agents were not used. All procedures were per-

formed via the transfemoral access route under general anesthe-

sia. Heparin sulfate was injected intravenously to maintain 2 to 

2.5 times of the baseline activated clotting time for unruptured 

aneurysms. For ruptured cases, 3000 IU of intravenous heparin 

was injected after the second coil was deployed. A large-bore (over 

6 French [Fr]) guiding catheter was placed in the cervical internal 

carotid artery (ICA), and a microcatheter was introduced into the 

aneurysm sac. For stent delivery, a Prowler select plus microcath-

eter (Codman Neurovascular, Raynham, MA, USA) was inserted 

into the parent artery beyond the lesion.

Coiling was initiated without deployment of the neck re-

modeling stent. After attempting to frame the first coil within 

the aneurysm, stent deployment was determined according to 

the stability of the frame. If the first framing coil protruded to 

the parent artery or appeared unstable during deployment, a 

Solitaire AB stent (Covidien, Irvine, CA, USA) was inserted 

and deployed to cover the aneurysm neck. Subsequent coiling 

was performed until complete obliteration of the aneurysm 

was confirmed. After slight withdrawal of the coiling micro-

catheter and keeping it just proximal to the coil mass still 

jailed by the stent and the vessel wall, the deployed stent was 

recaptured. By pushing the stent delivery catheter and pulling 

the stent wire, the stent was recaptured without moving it. 

Once the coil mass was stable after partial recapture of the 

stent, thereby exposing the aneurysm neck, the coiling cathe-

ter was removed completely. This maneuver confirmed 

whether the coil mass was stable or not. The stent was recov-

ered, and the delivery catheter was removed completely after 

final confirmation of the stability of the coil mass. Rotational 

angiography was performed to check any intracranial vascular 

complication. The femoral artery access site was sealed, and 

hemostasis was completed.
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RESULTS

The aneurysms were all unruptured except for one case of 

subarachnoid hemorrhage (SAH). The posterior communicat-

ing artery aneurysm was the most frequent with five cases, 

followed by the paraclinoid aneurysm with four cases. All an-

eurysms were wide necked with aspect ratio below 1.5 (mean, 

0.96; range, 0.63 to 1.34). The mean size of the aneurysms was 

4.2 mm (2.3–6.6 mm). They were all treated with TemSAT. 

All cases that were indicated for this technique were success-

fully treated. Any failure to recapture the stent due to wedged 

coil in the stent or movement of the coil mass after retrieval of 

the stent did not occur.

The packing density by 3D volumetric calculation with the 

angiography workstation was 32.75%. The immediate angio-

graphic results were as follows : 11 complete (84.6%) and two 

partial embolizations (residual neck as class II and residual 

aneurysm as class IIIa, respectively) (Fig. 1)11). Periprocedural 

complications with thromboembolism were encountered in 

two cases, which were treated successfully without any neuro-

logical sequelae. All cases were followed up clinically and ra-

diologically for at least 1 year (range, 12 to 63 months; mean, 

43 months). The clinical outcome was excellent without any 

mortality or morbidity (mRS 0). Angiographic follow-up re-

sults showed two cases of minor recurrence. The latter two 

cases with partial embolization were found to be improved 

and stable. 

Illustrated case 
A 63-year-old woman, whose unruptured paraclinoid ICA 

aneurysm was incidentally found, visited our institute. Angi-

ography revealed a wide-necked small aneurysm with aspect 

ratio of 1.22 and height of 4.5 mm. A 6-Fr guiding catheter 

was placed in the cervical ICA, and a steam shaped as a pig 

tail to the right side of the Excelsior SL-10 (Stryker, Fremont, 

CA, USA) microcatheter was introduced into the aneurysm 

sac. A target soft 360 4.0 mm by 6 cm coil (Stryker) was de-

ployed into the aneurysm for framing. However, the coil de-

livery catheter appeared unstable to escape from the aneu-

rysm. To stabilize the microcatheter, a Solitaire AB stent of 

5×20 mm was deployed, covering the neck of the aneurysm 

using Prowler select plus 45 degree preshaped microcatheter 

(Codman Neurovascular). Subsequently, four more coils were 

packed into the aneurysm safely, isolating the aneurysm out of Ta
bl
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the blood f low. Before withdrawal of the aneurysm micro-

catheter, the stent-delivery microcatheter was re-introduced 

slowly to recapture the stent. During this recapture, the coil 

mass did not show any movement or instability. The micro-

catheter harboring the stent was left in-situ before the aneu-

rysm microcatheter was withdrawn gently and removed safely 

without any change in the coil mass. Then, the stent-delivery 

microcatheter was removed. Final angiography demonstrated 

complete coil embolization of the aneurysm without any 

complication. The patient recovered without any neurological 

deficit and was discharged the next day. Her 4-year follow-up 

angiogram showed stable coil without recurrence (Fig. 2).

DISCUSSION

With technological evolution at present, endovascular treat-

ment of intracranial aneurysm has become popular and easier 

than in the past. As revealed in the International Subarach-

noid Aneurysm Trial, endovascular management is a safe mo-

dality for the treatment of intracranial aneurysms13). For wide-

necked aneurysms, various techniques and materials have 

been developed in the endovascular arena. Specifically, given 

the ease of deployment, maintenance of the parent artery pa-

tency during procedure, and future endothelialization that 

helps in the externalization of the aneurysm from the blood 

circulation, stents are widely used and become more popular 

than the balloon-assisted technique2,3,8,10,12). However, it har-

bors some drawbacks : risks of periprocedural in-stent throm-

boembolism, in-stent stenosis by excessive endothelialization, 

Fig. 1. Examples of immediate complete embolization with temporary stent-assisted coil embolization. A and B : A case of posterior communicating 
artery unruptured aneurysm. A : Stent-assisted coil embolization is performed with jail technique on a posterior communicating artery unruptured 
aneurysm with wide neck. B : Immediate post-procedure angiography shows completely embolized aneurysm with removed stent without any 
complicated features. C and D : A case of vertebral artery unruptured aneurysm. C : An unruptured left vertebral artery wide-necked aneurysm is 
treated with jailed stent-assisted technique. The stent is fully deployed. D : After removal of the stent, the aneurysm is completely embolized and the 
parent artery is patent. 

A B C D

Fig. 2. Illustrated case of a paraclinoid aneurysm. A : To stabilize the catheter, a Solitaire AB 5×20 mm stent is deployed covering the neck of the 
aneurysm. Subsequent coil deployment is performed easily. B : After completion of coil packing in the aneurysm, the stent is recaptured and removed. 
C : First angiographic follow-up at 2 years shows complete and stable packing of the aneurysm. D : Second angiographic follow-up at 4 years 
demonstrates complete exclusion of the aneurysm out of the blood circulation.

A B C D
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and the need for life-long antiplatelet agent administra-

tion3,5,8,15). Considering the pursuit of minimalism and less in-

vasiveness of procedure and efforts to reduce periprocedural 

complication, permanent deployment of the stent appears ex-

cessive, especially when treating small unruptured aneurysms 

with wide neck. This is our reason of employing the Temp-

SAT. For ruptured cases, we used this technique in case 13 to 

reduce risk of periprocedural complication induced by per-

manent placement of stent during the acute hemorrhagic 

phase. No specific technical feature is available in this particu-

lar case. Müller et al.14) reported their experience of this tech-

nique with 20 cases of ruptured aneurysms. They pointed out 

the merit that platelet inhibition is not needed after the proce-

dure on patients with SAH14).

All procedures were performed with technical success. Stent 

retrieval was easy and safe, and the coil mass did not move at 

all. Coil engagement into the stent did not occur. The packing 

density and completeness of coil embolization was compara-

ble to typical stent-assisted coil embolization3,8,10,12). Tempo-

rary neck remodeling was successfully performed with Tem-

SAT, with the following advantages. First, in the stent-assisted 

technique, the patency of the parent artery was maintained 

throughout the procedure. Unlike the balloon-assisted tech-

nique, stents do not block blood f low during the procedure, 

which reduced possible ischemic insult to the affected 

brain3,4,8). Second, TemSAT stabilized the microcatheter and 

enhanced coil stabilization3,8,12). Because of the wide neck of 

the aneurysm or geometrical relationship of the aneurysm 

and parent artery, the catheter or coil mass would become un-

stable during embolization. However, the stent stabilized the 

microcatheter by abutting it to the vessel wall and prevented 

the so-called kick-back phenomenon. Moreover, the saccular, 

wide-necked aneurysm could be coiled safely because the 

stent kept the coil in the aneurysm until it could become sta-

ble by subsequent packing. And third, any antiplatelet agents 

were not necessary after the procedure to reduce risk of future 

in-stent thromboembolism or stenosis. Because the stent was 

removed from the cerebral artery by recapturing, the stent it-

self did not increase the risk of thromboembolism after the 

procedure. This was helpful in ruptured case. If further surgi-

cal procedures such as extraventricular drainage were antici-

pated, antiplatelet agents would become a very potential risk 

factor for hemorrhagic complication1,15,16).

However, this technique showed some drawbacks as well. 

Technically, if a coil loop became lodged in the strut of the 

stent, it cannot be recaptured and removed. It should be left as 

it is. By using the jail technique, this risk can be reduced, but it 

is not eliminated completely. Hence, it is crucial to confirm 

that any coil loop is not engaged in the stent strut. 

Stent is known to reduce aneurysm recurrence rate by in-

stent endothelialization, possible f low diversion effect, and 

eventual isolation of the aneurysm from the circulation17,18). 

TemSAT does not provide this theoretical chance. However, 

with this low profile and low metal-covered stent, f low diver-

sion effect or rapid and full endothelialization is not expected 

very positively. In spite of this hypothetical drawback, 11 of 13 

(85%) cases showed stable features in relatively long-term fol-

low-up angiography.

Furthermore, this technique may not be applied on every 

wide-necked aneurysm. If the aneurysm has very low aspect 

ratio, wide with low funnel shape, or very wide neck encom-

passing almost half the circumference of the parent artery, us-

ing the usual or combined stent-assisted coil embolization 

technique is advisable2,6).

We applied this technique only to small aneurysms, and its 

immediate and follow-up radiological outcomes were excel-

lent. Given that there are only several reports with small num-

bers of cases on this technique1,7,14,16,19), we cannot conclude 

that this technique could be used on any size of aneurysms. 

Fischer et al.7) described their success in 18 cases of temporary 

neck bridging with Comaneci device, and the mean size of the 

aneurysm was 6.0 mm (2.0–12 mm). The largest case series 

described by Müller et al.14) demonstrated small to large aneu-

rysms with mean maximal size of 7 mm. Signorelli et al.16) re-

ported eight cases of treatment with this technique on rup-

tured aneurysms with various and relatively larger sizes than 

the previous studies (mean, 10.8 mm; range, 3 to 22 mm). 

However, the clinical and radiological follow-up period was 

very short on these eight patients, so recurrence was not evalu-

ated in their study16). Considering the angiographic results of 

the current study and other studies, aneurysm of any size can 

be treated using this technique with excellent immediate re-

sults, but the durability on large-sized aneurysm should be left 

open for discussion and research.

The complications encountered in this case series were two 

cases of thromboembolism. In those cases, the stents were re-

moved, and subsequent chemical thrombolysis achieved full 

recanalization without any neurological sequelae. In case 1 
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(Fig. 3A-D), during coiling of the anterior communicating ar-

tery aneurysm after stent deployment in the parent artery, 

f low limitation with wrinkling of proximal A1 and geometric 

angle change from the ICA to the anterior cerebral artery oc-

curred, and eventual in-stent thrombosis developed9). Then, 

50000 IU of intra-arterial urokinase was administered, but it 

failed to recanalize the occluded stent. The stent was removed 

after complete packing of the aneurysm, and the thrombus 

dissolved. Postoperative diffusion magnetic resonance imag-

ing did not show any meaningful signal restriction. In case 2 

(Fig. 3E-H), the inferior trunk of the middle cerebral artery 

bifurcation was occluded during the procedure. Finally, after 

confirming the stability of the coil mass, the stent was recap-

tured and removed. And subsequent intra-arterial chemical 

thrombolysis using 160000 IU of urokinase and 2.375 mg of 

tirofiban successfully lysed the thrombus in the inferior 

trunk. This patient did not show any neurological deficit. 

These two complications did not leave any sequelae during the 

follow-up period. And they occurred due to the stent assis-

tance itself not the stent retrieval. 

For safety concern, we cautiously suggest indication and 

contraindication on the retrieval of stent. This technique 

might be applied on the cases with relatively wide-necked 

small saccular aneurysm without funnel shape, using a fully 

retrievable stent. A funnel shaped or too low height wide-

necked aneurysm, suspicion of coil loop engagement on the 

stent, any slight movement of coil mass during recapture, poor 

pathological condition in the stented segment parent artery or 

technical difficulty that hinders recapture of stent without to-

and-fro movement of stent should be considered as contrain-

dication of this technique. And as shown on our cases of 

thromboembolic complication, this technique should be ap-

plied with caution in the cases of distal aneurysm with small 

caliber parent artery.

Fig. 3. Cases of thromboembolic complication. A-D : A case of anterior communicating artery aneurysm. A : The anterior communicating artery 
aneurysm has a wide neck. B : Change in vascular geometry and wrinkling of proximal A1 segment with distal flow stagnation by stent deployment is 
observed. The angle between A1 and A2 is changed compared to that in Fig. 3A. C : Note the restored vascular geometry and patent arteries after stent 
removal. D : Follow-up angiography at 3 years shows stable and complete embolization and patent parent arteries. E-H : A case of middle cerebral 
artery aneurysm. E : A wide-necked middle cerebral artery bifurcation aneurysm incorporating inferior trunk. F : At the final stage of stent-assisted coil 
embolization of the aneurysm, thrombosis occurrs in the origin of inferior trunk. G : The stent is removed safely and chemical thrombolysis is performed 
to achieve full recanalization. H : Follow-up angiogram at 5 years shows completely embolized aneurysm with patent inferior trunk.

A

E

B

F

C

G

D

H
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Limitation of the current study
The nature of the retrospective study gives a big selection 

bias. The small number of cases limits the universal applica-

tion of this technique to all intracranial aneurysms. Specifi-

cally for SAH, we implied this technique in one case only. 

Even though there are previous reports about the application 

of this technique on ruptured aneurysms, we cannot conclude 

that this technique can be safely introduced to the ruptured 

cases. 

Although there are several reports about this technique, the 

number of cases is very small1,7,14,16,19). The largest one is that by 

Müller et al.14) with 33 cases. We believe that this technique is 

valuable to be researched with safe indications.

CONCLUSION

TemSAT was used successfully in several cases of wide-

necked small aneurysms. Its clinical and radiologic follow-up 

results were acceptable in mid-term period. Thromboembolic 

complications were treated successfully by stent removal and 

chemical thrombolysis. We discussed the advantages and dis-

advantages of this technique in terms of safety, and this pro-

vides impression of the feasibility and safety of this technique 

on selected small wide-necked saccular aneurysm.
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