
Vol.:(0123456789)1 3

https://doi.org/10.1007/s10143-021-01666-3

ORIGINAL ARTICLE

Application of the Willis covered stent in the treatment of internal 
carotid artery blood blister‑like aneurysms

Yi Qi1 · Tao Xu2 · Chuhan Jiang3 · Yang Wang1 · He Liu1 

Received: 29 June 2021 / Revised: 16 September 2021 / Accepted: 3 October 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
The optimal treatment for blood blister-like aneurysm (BBA) has not yet been determined, and BBA has a high recurrence 
rate after stent-assisted embolization. The purpose of the present study was to evaluate the safety and feasibility of patients 
with BBA rupture in the acute phase or patients with BBA who have recurrence after stent-assisted coil embolization. Eight 
patients (8 women, mean age 50.3 ± 3.7 years) who presented with ruptured BBA or recurrence BBA that had been treated by 
stent-assisted embolization (5 patients after primary treatment of stent-assisted embolization) were retrospectively reviewed. 
Clinical follow-up was performed at 1 year after endovascular treatment. All patients were successfully treated with the WCS, 
and immediate postoperative angiography showed that the aneurysms were completely isolated. The ophthalmic artery was 
covered by WCS in one patient; however, this patient did not show any clinical visual field or vision symptoms. Procedure-
related complications such as aneurysm rupture, vasospasm, acute thrombosis, or thromboembolism did not occur in any case. 
All patients were followed up for 1 year after endovascular treatment, and they were in good condition without recurrence. 
One patient developed delayed bleeding at the right temporal lobe. All patients had good clinical prognosis (modified Rankin 
Scale score ≤ 2). WCS implantation may be a safe and feasible strategy for patients with BBA rupture in the acute phase and 
patients with BBA who have recurrence after stent-assisted coil embolization and is a promising option worth exploring.
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Introduction

The concept of blood blister-like aneurysm (BBA) was first 
proposed by Takahashi et al. in 1988. He used the Japanese 
term “chimame,” meaning “blister,” to describe the shape 
of this type of aneurysm [24]. Among operatively treated 
intracranial aneurysms, BBA accounts for 0.3–1.7%; of rup-
tured intracranial aneurysms, BBA accounts for 0.9–6.6% [1, 
16–18]. The typical BBA is located on the dorsal or anterior 

wall of the nonbranch site of the internal carotid artery 
(ICA) and is often accompanied by subarachnoid hemor-
rhage (SAH) [16, 18, 20, 23]. Pathologically, the lesion is 
covered with thinner fibrous tissue and adventitia and lacks 
the collagen layer commonly found in typical aneurysms; 
thus, it is actually a “pseudoaneurysm” [10]. Due to the 
diverse shape, small size, irregular neck, and weak wall, 
BBA has a high risk of early recurrence and rebleeding after 
surgery, which poses great challenges for surgical and endo-
vascular treatment [3].

BBA surgical treatment includes direct clipping, wrap-
ping, clipping + wrapping, surgical trapping, trapping with 
or without bypass, and suturing [12, 13, 19]. Currently, in 
the background of continuous breakthrough innovations in 
endovascular treatment techniques and materials, the method 
of treating BBA is shifting from open surgical treatment to 
endovascular treatment. Endovascular treatment includes 
conventional stents, stent-within-stent, stent-assisted coil-
ing, stent-assisted Onyx embolization, and endovascular 
trapping [5–7, 9, 15, 26]. In recent years, methods such 
as flow diverter devices and covered stent treatment have 
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emerged [3, 4, 21]. Covered stents have shown clear safety 
and effectiveness in the treatment of distal internal carotid 
artery aneurysms and giant aneurysms [14, 25]. However, 
their therapeutic effect and prognosis for BBA have not 
been clarified; furthermore, there are few reports on the 
therapeutic effect of BBA recurrence after treatment with 
stent-assisted embolization. Here, we report our experiences 
in the treatment of BBAs by Willis covered stent (WCS) 
(MicroPort, Shanghai, China) implantation in 8 patients, 3 of 
whom were primarily treated with WCS and 5 with recurrent 
BBA after treatment with stent-assisted embolization treated 
later with WCS.

Materials and methods

Patients

We retrospectively reviewed the records of 8 patients with 
BBA arising from the C6 segment of the supraclinoidal ICA 
who were treated by WCS implantation in our hospital from 
December 2016 to October 2019. Head CT showed SAH and 
was used to assess the patients’ initial clinical status with the 
Hunt & Hess grading system. The diagnosis was confirmed 
by digital subtraction angiography (DSA), and all patients 
had type I BBA [2]. Eight patients were women, with a mean 
age of 50.3 ± 3.7 years (range 46–58 years). Among them, 
3 were treated with WCS for the first time, with head CT 
scan showing SAH and initial clinical status assessed with 
the Hunt and Hess grading system; 5 patients were treated 
with WCS as secondary treatment after recurrence of stent-
assisted embolism, with a recurrence time of 1–3 months 
and an average of 1.9 ± 0.6 months. This retrospective study 
was approved by the ethics committee of Beijing Chaoyang 
Hospital according to the principles expressed in the Dec-
laration of Helsinki.

Inclusion criteria

The inclusion criteria were as follows: (1) diagnosed with 
BBA; (2) primary disease or recurrence and indications for 
WCS treatment; and (3) treated by implantation of the WCS 
in our hospital from December 2016 to October 2019. The 
diagnostic criteria of BBA were similar to those in previ-
ous studies [5]: (1) aneurysms located at nonbranching sites 
of supraclinoidal ICA; (2) typical aneurysm features such 
as a wide neck and a typical blister-like shape; (3) initially 
small (maximum diameter < 10 mm); (4) diagnosed after 
rupture, presenting with SAH; (5) rapid growth (< 2 weeks) 
on repeated angiograms; and (6) irregular wall of the aneu-
rysm or the parent artery. An aneurysm was diagnosed as a 
BBA when criteria 1–4 were fulfilled and either criterion 5 
or 6 was met.

Treatment procedure

All patients were treated by intravascular WCS implanta-
tion under general anesthesia via a right femoral approach. 
First, an 8-F guiding catheter (Envoy, Codman Neurovascu-
lar, USA) was positioned into the C1 segment of the ICA. 
Then, the size of the WCS and Navien support catheter 
(Medtronic, Minneapolis, MN, USA) was chosen accord-
ing to the actual situation. Both sides of the stent should 
extend at least 2 mm into the neck of the aneurysm. The 
diameter of the stent needs to be wider than the diameter 
of the parent artery by approximately 0.5 mm. The WCS 
was advanced along the microguidewire and covered the 
aneurysm orifice. At the same time, multiangle angiog-
raphy was performed to confirm the position of the stent 
and avoid covering any important side branches. Finally, 
the balloon was slowly inflated, and the stent was released; 
angiography was performed immediately after the opera-
tion. Intraoperative complications such as aneurysm rupture, 
vasospasm, stent displacement or collapse, acute thrombo-
sis, or thromboembolism were evaluated. We also checked 
whether the aneurysm was completely blocked, whether it 
was an endoleak or whether important branch arteries were 
well preserved. Unenhanced head CT and nervous system 
examinations were routinely performed after the operation 
to exclude intracranial ischemia or hemorrhage.

Antithrombotic treatment

For emergency cases, tirofiban was given intravenously 
before the stent was released. The initial dose was 10 μg/
kg, the intravenous bolus was completed within 3 min and 
then the drip was maintained at a rate of 0.15 μg/kg/min. 
After the operation, tirofiban was instilled at a maintenance 
dose for 24 h and then subcutaneously injected with low 
molecular weight heparin at a dose of 5000 U/12 h for 48 h. 
For nonemergency cases, clopidogrel 75 mg/day and aspirin 
100 mg/day were given 5 days before the operation. After 
the operation, low molecular weight heparin was routinely 
injected at a dosage of 5000 U/12 h for 72 h subcutane-
ously. During the procedure, all patients received systemic 
intravenous heparin to obtain an activated clotting time of 
250–300 s. All patients continued to receive dual antiplatelet 
therapy (clopidogrel 75 mg/day and aspirin 100 mg/day) 
for at least 6 months after the operation. We detected the 
metabolic genes of aspirin and clopidogrel in all patients 
before WCS implantation using digital fluorescence molecu-
lar hybridization (DFMH) technique. No mutation was found 
in aspirin GP IIIA PL and Pear1, and the results of clopi-
dogrel were poor metabolism (in 3 cases) and intermediate 
metabolism (in the other 5 cases).
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Follow‑up

DSA or CT angiography (CTA) was performed for all 
patients within 6 months after the operation to check residual 
endoleaks, aneurysm regrowth, and important branches. The 
follow-up was performed by telephone calls or outpatient 
visits every 3 months for 1 year. Postoperative neurologi-
cal recovery was recorded, and the modified Rankin Scale 
(mRS) score was used to evaluate the clinical status of the 
patients postoperatively. Scores of 0 to 2 indicated a good 
prognosis, 3 to 5 a poor prognosis, and 6 death.

Results

We retrospectively reviewed the basic information, intraop-
erative conditions, and postoperative follow-up results of the 
8 BBA patients, as shown in Table 1. Among the patients, 
3 underwent implantation of WCS for the first time; 5 who 
had recurrence after stent-assisted embolization with low-
profile visualized intraluminal support (LVIS) (MicroVen-
tion-Terumo, Tustin, CA, USA) underwent implantation of 
WCS as secondary treatment. Only one WCS was implanted 
in each patient. The eight patients were all females, with a 
mean age of 50.3 ± 3.7 years (range 46–58 years). Hunt and 
Hess grades were II in 5 patients and III in 3 patients. During 
the WCS implantation, 2 patients experienced stent detach-
ment from the dilating balloon at the ophthalmic segment of 
the ICA, and the detached WCS was retrieved successfully. 
Then, a new WCS was successfully implanted. The remain-
ing 6 patients had successful operations, and no procedure-
related complications, such as aneurysm rupture, vasos-
pasm, stent displacement or collapse, or acute thrombosis 
or thromboembolism, occurred during the operation. Imme-
diate postoperative angiography showed that the aneurysm 
was completely blocked, with no endoleak, and revealed an 
occlusion of the ophthalmic artery in one patient. However, 
due to good compensation by the external carotid artery, 
the patient had no visual loss. The important branch arter-
ies, including the ophthalmic artery and anterior choroidal 
artery, of the remaining 7 patients were well preserved. 
After discharge, 8 patients were followed up by DSA or 
CTA. The mean follow-up time was 4.3 ± 1.9 months (range 
1–6 months). No residual endoleak, aneurysm regrowth, etc., 
was found. The BBA was completely blocked, and the par-
ent artery was unobstructed. One patient developed delayed 
remote region bleeding at the right temporal lobe, which was 
considered a procedure-related complication, and the mRS 
score was 2 during follow-up. The remaining 7 patients had 
mRS scores of 0. The 8 patients were followed up for 1 year 
after the operation, and they were in good condition without 
recurrence.

Illustrative cases

Case 1

A 52-year-old female experienced a sudden severe headache 
and vomiting and was referred to the hospital. Brain CT plain 
showed an SAH; her Fisher score was III, and her Hunt-Hess 
score was III. DSA showed a BBA arising from the dorsal 
wall of the ophthalmic segment of the left ICA. BBA was 
suspected, and endovascular treatment was proposed. We 
inserted a Headway 21 microcatheter, an Echelon-10 cath-
eter (Medtronic, Minneapolis, MN, USA) with “S” shap-
ing. The aneurysm was coiled with an LVIS 4.5 × 20 mm 
stent using the “Semi-Jailing” technique [22]. The BBA was 
embolized successfully. However, recurrence was confirmed 
by follow-up DSA 3 months later. We planned to use a Willis 
covered stent inside the LVIS stent to isolate the blood flow. 
We first performed a balloon occlusion test using Hyper-
form 4 × 7 mm (Medtronic, Minneapolis, MN, USA) because 
the covered stent was suspected to cover the initial part of 
the ophthalmic artery. Collateral circulation compensation 
from the external carotid artery branch was confirmed, and 
we began the second endovascular treatment. Because the 
CCA proximal part was meandering, we set the tip of the 
8-F guide at the initial part of the CCA and inserted the 
6-F Navien support catheter (Medtronic, Minneapolis, MN, 
USA). We planned to cross the LVIS stent first and then 
insert the Willis covered stent. However, because the tail of 
the LVIS stent did not open adequately, the Navien catheter 
could not enter it. Therefore, we inserted the remodeling 
balloon (Hyperform 4 × 7 mm) and entered the LVIS stent 
via a microwire, after which the balloon was inflated and the 
Navien catheter was guided across through to the distal part 
of the LVIS. We inserted the Willis stent inside the Navien 
after reaching the lesion, pulled back the Navien, and then 
released the Willis covered stent. The disappearance of the 
BBA was confirmed by repeated DSA; ophthalmic artery 
perfusion was poor, but the patient did not show any clinical 
symptoms due to good compensation by the external carotid 
artery (Fig. 1). DSA reexamination after discharge showed 
no endoleak, aneurysm growth, etc. In addition, the BBA 
was completely blocked, and the parent artery was unob-
structed. Follow-up was planned for 1 year.

Discussion

Currently, the best treatment options for BBA have not 
been identified, which poses challenges for both surgical 
and endovascular treatment. Studies have shown that surgi-
cal treatment may have a good immediate occlusion effect, 
but with more intraoperative bleeding and postoperative 
complications [7]. Endovascular approach has emerged as 
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less invasive and more efficient in the therapy of BBA. In 
the case of BBAs, aneurysms are usually wick-neck and not 
large enough to hold coils without compromising the par-
ent vessel. Intraluminal reconstruction is another treatment 
option with high degree of concern. Ryan A. Grant et al. 
once used single over-sized, open-celled self-expanding 
Neuroform 3 stents (Boston Scientific, Natick, MA, USA) 
in the parent vessel to treat five BBAs. The rational to upsiz-
ing Neuroform stent is to increase the surface metal area 
coverage over the aneurysm to promote blood flow stag-
nation and promote aneurysmal thrombosis as the author 
explained. And in one patient, a stent-in-stent technical was 
attempted; however, the second stent became entangled with 
the microwire [8]. Also, it is essential to be alert to the pos-
sibility of regrowth of the aneurysm or rebleeding which 
was found in Gaughen et al.’s study. Stent-assisted coiling 
is another choice to treat BBA with a certain effect, such 
as Neuroform, Enterprise, and LVIS stents-assisted coiling. 
But with fragile walls and an indistinct neck compared with 
saccular aneurysms, operators are more likely to choose a 
conservative strategy to prevent fatal intraprocedural aneu-
rysm rupture and result in low coil packing density. Studies 

have shown high level of aneurysm rupture, recurrence, and 
rebleeding risk with stent-assisted coiling treatment [27]. 
Flow diverters (FDs), with low porosity which is believed 
to promote healing of aneurysms by changing the blood flow 
parameters, avoiding the risk of using telescoping stents 
technique, are currently being used to treat BBAs in many 
clinical centers which. Based on flow-diverter alone without 
the use of additional embolic material, progressive aneurysm 
thrombosis and reverse remodeling of the aneurysm and the 
vessel wall are expected. However, the time course of this 
process is uncertainly which may relate with individuals, 
such as FD type, parent vessel geometry, aneurysm size and 
morphology, and blood coagulation. During this time, there 
may be some fatal adverse events for some BBAs. Zhu DY 
[29] once made a meta-analysis including 165 patients with 
BBA; complete occlusion after flow-diverter stent treatment 
rate was 72%. Recurrence and rebleeding occurred respec-
tively in 3% of patients. Operators changed their direction 
to place some coils in the aneurysm but have to be caution 
with the fragile aneurysm wall [28].

WCS is such a kind of intracranial covered stent that 
can immediately isolate aneurysms from parent arteries. 

Fig. 1  Illustrative case of a 52-year-old woman. A DSA showed a 
BBA arising from the dorsal wall of the ophthalmic segment of the 
left ICA. B The BBA was embolized successfully by a stent-assisted 
coil. C Three months later, the recurrence was confirmed by follow-

up DSA. D The Navien catheter (6F) was placed distal to the LVIS 
stent, and the Willis covered stent (3.5 × 10 mm) was inserted inside 
the Navien and reached the lesion. E Repeated DSA confirmed that 
the BBA had disappeared after the WCS was successfully released

1517Neurosurgical Review (2022) 45:1513–1519



1 3

Previous attempts to treat BBA with WCS have been shown 
to be feasible [4]. Among the 8 patients treated with WCS, 
no acute procedure-related complications occurred during 
the operation, and continuous follow-up for 1 year after 
the operation showed that the aneurysms were completely 
isolated without recurrence. Moreover, the patients were in 
good condition. In this series, all BBA patients were female, 
which is in line with previous research results [11].

Although BBA has a high recurrence rate after stent-
assisted coiling embolization, there are few reports on the 
treatment strategy of BBA after such recurrences. Of our 8 
patients, 5 had BBA recurrence after LVIS stent-assisted 
embolization. We used WCS for secondary treatment. The 
success rate was 100%. No stent detachment, removal posi-
tion, collapse, or thrombosis occurred during the operation. 
Immediate postoperative angiography showed that the aneu-
rysm was completely isolated, and no recurrence occurred 
during follow-up. The WCS was used to treat recurring BBA 
and achieved satisfactory results.

When using WCS to treat BBA, WCS may cover impor-
tant side branches. Therefore, the possibility of covering 
important branches should be considered before the opera-
tion, and a balloon occlusion test can be performed to evalu-
ate the safety of WCS implantation. In one of the patients 
in our series, it was considered that the ophthalmic artery 
may be covered after WCS implantation. Therefore, before 
stent implantation, an ophthalmic artery compensatory test 
was performed on this patient using a balloon. Although the 
ophthalmic artery of this patient was covered by the WCS, 
no additional clinical symptoms were observed due to good 
blood supply compensation by the external carotid artery. 
During the procedure, the WCS needs to be advanced in the 
original LVIS stent, but there is friction between the original 
LVIS stent and the biofilm of WCS, and such friction may 
cause the biofilm to fall off and form serious thrombosis, 
especially at the corners. There is a large tortuous angle at 
the siphon carotid artery, which causes resistance and dif-
ficulty in advancing the WCS into the original LVIS stent. 
In this regard, we adopted the following methods during the 
procedure. First, the Navien support catheter was guided into 
the original LVIS stent by a Hyperform balloon and suc-
cessfully reached the distal of the original LVIS stent. Next, 
the WCS was advanced in the Navien support catheter and 
reached the aneurysm orifice. Finally, the Navien support 
catheter was withdrawn slowly, and the balloon was inflated 
to release the WCS in the original LVIS stent. In this way, 
WCS can be safely and successfully advanced into the origi-
nal LVIS stent and cover the aneurysm orifice, effectively 
reducing friction between the WCS and the original LVIS 
stent and avoiding intraoperative complications.

In summary, 8 patients, including ruptured BBA cases 
and BBA cases with recurrence after stent-assisted coil 
embolization, achieved ideal treatment results with WCS, 

which has relatively high safety and effectiveness. Therefore, 
for this type of aneurysm, endovascular treatment with WCS 
is a strategy worth exploring. The results of short-term and 
medium-term follow-ups are good, and long-term follow-up 
is necessary.

Author contributions Yi Qi: Conceptualization, methodology, writ-
ing—original draft. Tao Xu: Data curation, methodology, visualization. 
Chuhan Jiang and Yang Wang: Resources, investigation. He Liu: Con-
ceptualization, methodology, resources, writing—Review and editing, 
supervision.

Funding The authors did not receive support from any organization 
for the submitted work.

Data availability The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Code availability Not applicable.

Declarations 

Ethics approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

References

 1. Abe M, Tabuchi K, Yokoyama H, Uchino A (1998) Blood blister 
like aneurysms of the internal carotid artery. J Neurosurg 89:419–
424. https:// doi. org/ 10. 3171/ jns. 1998. 89.3. 0419

 2. Bojanowski MW, Weil AG, Mclaughlin N, Chaalala C, Magro E, 
Fournier JY (2015) Morphological aspects of blister aneurysms 
and nuances for surgical treatment. J Neurosurg 123:1156–1165. 
https:// doi. org/ 10. 3171/ 2014. 11. JNS14 1004

 3. Çinar C, Oran İ, Bozkaya H, Ozgiray E (2013) Endovascular treat-
ment of ruptured blister-like aneurysms with special reference to 
the flow-diverting strategy. Neuroradiol 55:441–447. https:// doi. 
org/ 10. 1007/ s00234- 013- 1136-y

 4. Fang C, Tan HQ, Han HJ, Feng H, Xu JC, Yan S, Nie ZY, Jin LJ, 
Teng F (2017) Endovascular isolation of intracranial blood blis-
ter-like aneurysms with Willis covered stent. J Neurointerv Surg 
9:963–968. https:// doi. org/ 10. 1136/ neuri ntsurg- 2016- 012662

 5. Fang Y-B, Li Q, Yang P-F, Huang Q-H, Zhao W-Y, Xu Y, Hong 
B, Liu J-M (2013) Treatment of blood blister-like aneurysms of 
the internal carotid artery with stent-assisted coil embolization. 
Clin Neurol Neurosurg 115:920–925. https:// doi. org/ 10. 1016/j. 
cline uro. 2012. 09. 022

 6. Fang YB, Li Q, Wu YN, Zhang Q, Yang PF, Zhao WY, Huang 
QH, Hong B, Xu Y, Liu JM (2014) Overlapping stents for blood 
blister-like aneurysms of the internal carotid artery. Clin Neurol 
Neurosurg 123:34–39. https:// doi. org/ 10. 1016/j. cline uro. 2014. 04. 
023

1518 Neurosurgical Review (2022) 45:1513–1519

https://doi.org/10.3171/jns.1998.89.3.0419
https://doi.org/10.3171/2014.11.JNS141004
https://doi.org/10.1007/s00234-013-1136-y
https://doi.org/10.1007/s00234-013-1136-y
https://doi.org/10.1136/neurintsurg-2016-012662
https://doi.org/10.1016/j.clineuro.2012.09.022
https://doi.org/10.1016/j.clineuro.2012.09.022
https://doi.org/10.1016/j.clineuro.2014.04.023
https://doi.org/10.1016/j.clineuro.2014.04.023


1 3

 7. Gonzalez AM, Narata AP, Yilmaz H, Bijlenga P, Radovanovic 
I, Schaller K, Lovblad K-O, Pereira VM (2014) Blood blister-
like aneurysms: single center experience and systematic literature 
review. Eur J Radiol 83:197–205. https:// doi. org/ 10. 1016/j. ejrad. 
2013. 09. 017

 8. Grant RA, Quon JL, Bulsara KR (2014) Oversized self-expanding 
stents as an alternative to flow-diverters for blister-like aneurysms. 
Neurol Res 36:351–355. https:// doi. org/ 10. 1179/ 17431 32814Y. 
00000 00321

 9. Ihn YK, Kim SH, Sung JH, Kim T-G (2012) The efficacy of endo-
vascular treatment of ruptured blood blister-like aneurysms using 
stent-assisted coil embolization. Interv Neuroradiol 18:432–441. 
https:// doi. org/ 10. 1177/ 15910 19912 01800 409

 10. Ishikawa T, Nakamura N, Houkin K, Nomura M (1997) Pathologi-
cal consideration of a “Blister-like” aneurysm at the superior wall 
of the internal carotid artery: case report. Neurosurg 40:403–406. 
https:// doi. org/ 10. 1097/ 00061 23- 19970 2000- 00038

 11. Ji T, Guo Y, Huang X, Xu B, Xu K, Yu J (2017) Current status of 
the treatment of blood blister-like aneurysms of the supraclinoid 
internal carotid artery: a review. Int J Med Sci 14:390–402. https:// 
doi. org/ 10. 7150/ ijms. 17979

 12. Kazumata K, Nakayama N, Nakamura T, Kamiyama H, Terasaka 
S, Houkin K (2014) Changing treatment strategy from clipping 
to radial artery graft bypass and parent artery sacrifice in patients 
with ruptured blister-like internal carotid artery aneurysms. 
Neurosurg 10:66–73. https:// doi. org/ 10. 1227/ NEU. 00000 00000 
000076

 13. Kubo Y, Koji T, Yoshida K, Saito H, Ogawa A, Ogasawara K 
(2015) High-flow bypass and wrap-clipping for ruptured blood 
blister-like aneurysm of the internal carotid artery using intraop-
erative monitoring of cerebral hemodynamics. Vasc Health Risk 
Manag 11:297–302. https:// doi. org/ 10. 2147/ VHRM. S73779

 14. Li M-H, Li Y-D, Tan H-Q, Luo Q-Y, Cheng Y-S (2009) Treatment 
of distal internal carotid artery aneurysm with the Willis covered 
stent: a prospective pilot study. Radiol 253:470–477. https:// doi. 
org/ 10. 1148/ radiol. 25320 90037

 15. Lim YC, Kim BM, Suh SH, Jeon P, Kim SH, Ihn Y-K, Lee Y-J, 
Sim SY, Chung J, Kim DJ, Kim DI (2013) Reconstructive treat-
ment of ruptured blood blister-like aneurysms with stent and coil. 
Neurosurg 73:480–488. https:// doi. org/ 10. 1227/ NEU. 00000 00000 
000005

 16. Meling TR, Sorteberg A, Bakke SJ, Slettebo H, Hernesniemi J, 
Sorteberg W (2008) Blood blister-like aneurysms of the internal 
carotid artery trunk causing subarachnoid hemorrhage: treatment 
and outcome. J Neurosurg 108:662–671. https:// doi. org/ 10. 3171/ 
JNS/ 2008/ 108/4/ 0662

 17. Nakagawa F, Kobayashi S, Takemae T, Sugita K (1986) Aneu-
rysms protruding from the dorsal wall of the internal carotid 
artery. J Neurosurg 65:303–308. https:// doi. org/ 10. 3171/ jns. 1986. 
65.3. 0303

 18. Ogawa A, Suzuki M, Ogasawara K (2000) Aneurysms at non-
branching sites in the supraclinoid portion of the internal carotid 
artery: internal carotid artery trunk aneurysms. Neurosurg 
47:578–586. https:// doi. org/ 10. 1097/ 00006 123- 20000 9000- 00008

 19. Park J (2014) Blood blister-like aneurysm with rupture point close 
to origin of anterior choroidal artery. J Korean Neurosurg Soc 
56:500–503. https:// doi. org/ 10. 3340/ jkns. 2014. 56.6. 500

 20. Park JH, Park IS, Kim SH, Han DH, Oh CW, Kim J-E, Kim HJ, 
Han MH, Kwon O-K (2007) Endovascular treatment of blood 
blister–like aneurysms of the internal carotid artery. J Neurosurg 
106:812–819. https:// doi. org/ 10. 3171/ jns. 2007. 106.5. 812

 21. Peitz GW, Sy CA, Grandhi R (2017) Endovascular treatment of 
blister aneurysms. Neurosurg Focus 42:E12. https:// doi. org/ 10. 
3171/ 2017.3. FOCUS 1751

 22. Shirakawa M, Yoshimura S, Uchida K, Yamada K, Sakamoto 
D, Iida T, Takada Y, Ishikura R (2019) Coil embolization for 
cerebral aneurysms using a semi-jailing technique and open-cell 
stent. World neurosurg 125:e16–e21. https:// doi. org/ 10. 1016/j. 
wneu. 2018. 12. 065

 23. Sim SY, Shin YS, Cho KG, Kim SY, Kim SH, Ahn YH, Yoon 
SH, Cho KH (2006) Blood blister–like aneurysms at nonbranch-
ing sites of the internal carotid artery. J Neurosurg 105:400–405. 
https:// doi. org/ 10. 3171/ jns. 2006. 105.3. 400

 24. Takahashi A, Suzuki J, Fujiwara S, Mizoi K, Yoshimoto T (1988) 
Surgical treatment of chimame (blood blister) like aneurysm at C2 
portion of internal carotid artery. Surg Cereb Stroke 16:72–77. 
https:// doi. org/ 10. 2335/ scs19 87. 16.1_ 72

 25. Tan HQ, Li MH, Li YD, Fang C, Wang JB, Wang W, Wang J, 
Zhang PL, Zhu YQ (2011) Endovascular reconstruction with the 
Willis covered stent for the treatment of large or giant intracranial 
aneurysms. Cerebrovasc Dis 31:154–162. https:// doi. org/ 10. 1159/ 
00032 1735

 26. Walsh KM, Moskowitz SI, Hui FK, Spiotta AM (2014) Multiple 
overlapping stents as monotherapy in the treatment of ‘blister’ 
pseudoaneurysms arising from the supraclinoid internal carotid 
artery: a single institution series and review of the literature. J 
Neurointerv Surg 6:184–194. https:// doi. org/ 10. 1136/ neuri 
ntsurg- 2013- 010648

 27. Xu D, Zhang C, Wang T, Wang C, Kallmes DF, Lanzino G, You 
C, Xie X (2018) Evaluation of enterprise stent-assisted coiling 
and telescoping stent technique as treatment of supraclinoid 
blister aneurysms of the internal carotid artery. World neurosurg 
110:e890–e896. https:// doi. org/ 10. 1016/j. wneu. 2017. 11. 119

 28. Zhang P, Zhong W, Li T, Tan X, Chen C, Li M, Li Z, Li G, Wang 
Y (2020) Flow diverter-assisted coil embolization of blood blis-
ter-like aneurysm using semi-deploying technique. Front Neurol 
11:625203. https:// doi. org/ 10. 3389/ fneur. 2020. 625203

 29. Zhu D, Yan Y, Zhao P, Duan G, Zhao R, Liu J, Huang Q (2018) 
Safety and efficacy of flow diverter treatment for blood blister-like 
aneurysm: a systematic review and meta-analysis. World neuro-
surgery 118:e79–e86. https:// doi. org/ 10. 1016/j. wneu. 2018. 06. 123

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1519Neurosurgical Review (2022) 45:1513–1519

https://doi.org/10.1016/j.ejrad.2013.09.017
https://doi.org/10.1016/j.ejrad.2013.09.017
https://doi.org/10.1179/1743132814Y.0000000321
https://doi.org/10.1179/1743132814Y.0000000321
https://doi.org/10.1177/159101991201800409
https://doi.org/10.1097/0006123-199702000-00038
https://doi.org/10.7150/ijms.17979
https://doi.org/10.7150/ijms.17979
https://doi.org/10.1227/NEU.0000000000000076
https://doi.org/10.1227/NEU.0000000000000076
https://doi.org/10.2147/VHRM.S73779
https://doi.org/10.1148/radiol.2532090037
https://doi.org/10.1148/radiol.2532090037
https://doi.org/10.1227/NEU.0000000000000005
https://doi.org/10.1227/NEU.0000000000000005
https://doi.org/10.3171/JNS/2008/108/4/0662
https://doi.org/10.3171/JNS/2008/108/4/0662
https://doi.org/10.3171/jns.1986.65.3.0303
https://doi.org/10.3171/jns.1986.65.3.0303
https://doi.org/10.1097/00006123-200009000-00008
https://doi.org/10.3340/jkns.2014.56.6.500
https://doi.org/10.3171/jns.2007.106.5.812
https://doi.org/10.3171/2017.3.FOCUS1751
https://doi.org/10.3171/2017.3.FOCUS1751
https://doi.org/10.1016/j.wneu.2018.12.065
https://doi.org/10.1016/j.wneu.2018.12.065
https://doi.org/10.3171/jns.2006.105.3.400
https://doi.org/10.2335/scs1987.16.1_72
https://doi.org/10.1159/000321735
https://doi.org/10.1159/000321735
https://doi.org/10.1136/neurintsurg-2013-010648
https://doi.org/10.1136/neurintsurg-2013-010648
https://doi.org/10.1016/j.wneu.2017.11.119
https://doi.org/10.3389/fneur.2020.625203
https://doi.org/10.1016/j.wneu.2018.06.123

	Application of the Willis covered stent in the treatment of internal carotid artery blood blister-like aneurysms
	Abstract
	Introduction
	Materials and methods
	Patients
	Inclusion criteria
	Treatment procedure
	Antithrombotic treatment
	Follow-up

	Results
	Illustrative cases
	Case 1


	Discussion
	References


