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A Patient with a Ruptured Blood  
Blister-like Aneurysm of the Internal  
Carotid Artery in Whom Two LVIS  
Stents Were Inserted
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Objective:  We report a case in which multiple overlapping low-profile visualized intraluminal support (LVIS) stents were 
used as monotherapy for ruptured blood blister-like aneurysm (BBA) of the internal carotid artery (ICA).
Case Presentation:  A 48-year-old female presented to the emergency room with acute-onset headache. She was alert 
without  neurological  deficit  with  subarachnoid  hemorrhage  (SAH)  Hunt  and  Kosnik  grade  I.  Emergency  angiography 
revealed a BBA from the supraclinoid ICA. This aneurysm had a small diameter, which makes coil embolization difficult. 
Therefore, we planned to use multiple overlapping LVIS stents as monotherapy for the ruptured aneurysm. The postoperative 
course was uneventful without rebleeding. The patient exhibited no neurological deficits on the clinical follow-up at 1 year.
Conclusion:  Multiple overlapping LVIS stents as monotherapy is useful for ruptured BBAs of the ICA.

Keywords▶   subarachnoid hemorrhage, ruptured aneurysm, blood blister-like aneurysm, multiple overlapping stent, low-profile 
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Introduction

Blood blister-like aneurysms (BBAs) account for 0.5%–2% 
of all ruptured aneurysms. A previous study reported that 
the BBA-related mortality rate was particularly high.1) BBAs 
are small aneurysms that develop at bifurcation-free sites 
such as the middle cerebral artery and anterior communi-
cating artery. The most frequent site is the supraclinoid 
portion of the internal carotid artery (ICA).2,3) BBAs are 
characterized by a hemispherical shape, wide neck, difficulty 
in identifying the neck from a parent artery, shape changes 
in a short period, and fragility-related risk of rebleeding or 

enlargement,4) differing from saccular aneurysms, which 
are routinely observed.

In patients with BBAs, rebleeding in the early stage is 
common. To prevent rebleeding, BBAs should be treated 
as early as possible.5) Treatment methods include craniot-
omy, such as direct clipping, suturing, clipping after wrap-
ping, and encircling clipping, and endovascular treatment, 
such as endovascular or surgical trapping with/without 
bypass, coil embolization, stenting, that with a flow-diverting 
stent, and that with multiple overlapping stents. However, 
there is no consensus regarding optimal treatment.6)

We report a patient in whom a ruptured BBA of the ICA 
was treated using two low-profile visualized intraluminal 
support (LVIS) stents (Microvention-Terumo, Tustin, CA, 
USA) without combining them with a coil.

Case Presentation

The patient was a 48-year-old female. She suddenly devel-
oped headache, and was brought to our hospital by ambu-
lance. Her medical history was not contributory. Cephalic 
computed tomography (CT) did not reveal subarachnoid 
hemorrhage (SAH). Cephalic magnetic resonance imaging 
(MRI)-fluid-attenuated inversion recovery (FLAIR) 
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demonstrated SAH at the left Sylvian fissure (Fig. 1A). 
Consciousness was clear, and there was no symptom other 
than headache. There were no neurological abnormalities. 
A diagnosis of Hunt and Kosnik grade 1, World Federation 
of Neurosurgical Societies (WFNS) grade 1 SAH was 
made. On magnetic resonance angiography (MRA), the 
source of hemorrhage was unclear. Angiography revealed 
aneurysm of the supraclinoid portion of the ICA, with a 
maximum diameter of 2.4 mm (Fig. 1B). There was no 
other aneurysm, suggesting rupture at this site. However, 
SAH was mild (Hunt and Kosnik grade 1), and we selected 
surgical intervention through angiography after 1 week, 
considering the risks of all acute-phase treatments for the 
following reasons: the therapeutic risk of ICA trapping 
combined with high-flow bypass under craniotomy is high; 
ICA trapping as endovascular treatment may cause cere-
bral infarction because the collateral pathway cannot be 
evaluated; and coil embolization was impossible due to a 
small aneurysm. Sedation and hypotensive treatment were 
continued, and there was no rebleeding. Angiography 7 days 
after admission did not demonstrate any changes in the 
aneurysmal size or shape. Although hemorrhage was slight, 
treatment for the prevention of rebleeding was selected 
for the following reasons: there was no source of hemor-
rhage other than the hemorrhagic site, and rebleeding in the 
presence of a BBA may lead to a fatal course. Due to the 

small, wide-neck aneurysm, a coil-free procedure with two 
LVIS stents was adopted to obtain flow diverter effects.

To prevent ischemic complications, 100 mg of aspirin 
was administered immediately before surgery, and loading 
with 300 mg of clopidogrel was performed. Therapy with 
100 mg/day of aspirin and 75 mg/day of clopidogrel was 
continued from the following day. Treatment was performed 
8 days after admission. Under general anesthesia, a 6-Fr 
shuttle sheath (Cook Medical, Indianapolis, IN, USA) was 
inserted into the left common carotid artery after heparin-
ization, and a 6-Fr FUBUKI (Asahi Intecc, Aichi, Japan) 
was inserted into the left ICA. A Headway 21 (Microvention- 
Terumo, Tustin, CA, USA) was guided to the middle 
cerebral artery distal to the aneurysm using a CHIKAI 14 
(Asahi Intecc). An LVIS blue 3.5 mm × 12 mm was 
deployed/inserted to cover the entire aneurysm. In addition, 
an LVIS blue 3.5 mm × 17 mm (second stent) was similarly 
deployed/inserted to cover the entire first stent. There were 
no changes in the visualization of the aneurysm on angi-
ography immediately after insertion (Fig. 2A).

After surgery, there was no new appearance of neuro-
logical abnormalities. Postoperative diffusion-weighted 
MRI did not reveal acute cerebral infarction (Fig. 3). On 
MRA, there was no problem other than stent artifacts, 
and the visualization of peripheral arteries was favorable. 
On angiography 14 days after surgery, the visualization 

Fig. 1   (A) MRI-fluid-attenuated inversion recovery (FLAIR) on admission showed subarachnoid hemorrhage at the left Sylvian fissure. 
(B) Angiography. Left internal carotid angiography (3D reconstruction image) revealed a blood blister-like aneurysm in the supracli-
noid portion of the left internal carotid artery (white arrow).
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of the aneurysm was slightly attenuated, and slight 
intra-aneurysmal retention of contrast medium was noted 
(Fig. 2B). There was no vasospasm-related symptom or 
hydrocephalus. The course was favorable. The patient 
was discharged 37 days after admission with no new neu-
rological abnormalities.

Angiography was performed 4 months after surgery to 
confirm the disappearance of the aneurysm. Furthermore, 
the absence of intra-stent stenosis was confirmed (Fig. 2C). 
The administration of clopidogrel, as an antiplatelet drug, 
was completed 6 months after surgery. Subsequently, aspi-
rin alone was continuously administered for 1 year. There 
has been no rebleeding or new neurological abnormalities 
during the 1-year follow-up after treatment; the outcome 
has been favorable.

Discussion

Treatment of ruptured BBAs of the ICA is challenging.  
Ji et al. classified treatment methods into three types6): sur-
gical BBA occlusion with ICA preservation (direct clipping, 
suturing, clipping after wrapping, or clipping after sutur-
ing), BBA occlusion by endovascular treatment with ICA 
preservation (coil embolization, stenting, flow-diverting 

Fig. 2   (A) Angiography immediately after surgery. Left internal carotid angiography showed that the aneurysm remained (white arrow head). 
(B) Angiography 14 days after surgery. On left internal carotid angiography, visualization of the aneurysm was slightly attenuated and 
slight intra-aneurysmal retention of contrast medium was noted (white arrow head). (C) Angiography 4 months after surgery. Left inter-
nal carotid angiography confirmed the disappearance of the aneurysm and absence of intra-stent stenosis (white arrow head).

Fig. 3   Postoperative  diffusion-weighted  MRI  did 
not reveal acute-phase cerebral infarction.

stent insertion, or multiple overlapping stent insertion), 
and surgical or endovascular trapping of a parent artery 
combined with bypass. The incidence of complications is 
high regardless of the type of treatment, and no treatment 
method has been established.
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assist stent was used based on approval by the ethics review 
board of our hospital due to the necessity of treatment.

As alternative treatment in cases in which a flow diverter 
cannot be used, several studies examined the usefulness of 
coil-free treatment with multiple overlapping stents alone 
for ruptured BBAs.16–19) The background of the 18 patients, 
including our patient, is presented in Table 1. Rebleeding 
was noted in one patient and aneurysmal enlargement in 
three, with a mean follow-up of 7.9 months. In the other 
patients, favorable aneurysmal occlusion was achieved. In 
most patients, Enterprise (Johnson & Johnson Codman, 
Miami, FL, USA) or Neuroform (Boston Scientific/Target 
Therapeutics, Fremont, CA, USA) stents were used. An LVIS 
stent was used only in the present case. It was a nitinol, 
self-expandable, closed-cell-structure blade stent, with a 
metal coverage of approximately 23%. This percentage 
was higher than those of an Enterprise (10%) or Neuroform 
(11%), but it was lower than that of a Pipeline embolization 
device (PED; Medtronic Neurovascular, Irvine, CA, USA) 
(approximately 30%–35%). The number of stents to be used 
remains to be clarified. Wang et al. performed computa-
tional fluid dynamics (CFD) analysis, and compared the 
flow diverter effects of an LVIS, Enterprise, and Pipeline.20) 
As CFD parameters, they measured the velocity, wall share 
stress (WSS), and pressure, and found that double LVIS 
stents significantly reduced the WSS and velocity in 
comparison with a single Pipeline. As a result, the flow 

As endovascular treatment, coil embolization, stenting, 
flow-diverting stent insertion, or multiple overlapping 
stent insertion is performed. Regarding coil embolization, 
some studies reported that this procedure was useful for 
treating large, saccular aneurysms,7,8) but there are few 
patients with small, wide-neck BBAs for whom this proce-
dure is indicated.1)

Matsubara et al.7) reported that coil embolization was 
possible in 17 of 22 patients with BBAs. According to Lim 
et al.,8) it was possible in 30 of 33 patients with BBAs. Fur-
thermore, these studies indicated the usefulness of stent- 
assisted coil embolization. Another study reported the 
usefulness of coil embolization for the treatment of acute-
phase ruptured BBAs.9) However, the aneurysmal size may 
rapidly increase after stent-assisted coil embolization or 
rebleeding may occur in the early phase. Moreover, several 
studies reported a high recurrence rate.10,11) In the present 
case, coil embolization alone was considered to be impos-
sible due to the small (≤3 mm), wide-neck aneurysm.

Flow-diverting stents facilitate parent vessel wall endo-
thelial formation, providing an ideal treatment method for 
ruptured BBAs.12) Several studies reported a high aneurys-
mal occlusion rate and long-term favorable outcome after 
flow diverter treatment for ruptured BBAs.13–15) Although 
its usefulness was suggested, flow diverter treatment for 
ruptured or small aneurysms is not covered by health insur-
ance in Japan, and neither are assist stents. However, an 

Table 1   Review of multiple overlapping Stent as monotherapy for ruptured BBA of the ICA

Author Age Gender
Hunt and  
Kosnik  
grade

Stent
Angiographic  

follow-up  
(month)

Aneurysm 
occlusion

Outcome 
(mRS)

Fiorella D et al. 
Neurosurgery 
200616)

61 F NA N × 3  9 + 0
51 F NA N × 2 14 + 0
46 M NA N × 2  4 + 0

Gaughen et al.
Am J Neuroradiol 
201017)

66 F I E × 2  7 + 1
36 F III E × 2  4 + 1
47 F II E × 2 10 + 1
40 M II N × 2 12 + 1
42 M III E × 2  1 - 3 Rebleeding

Meckel et al. Am J 
Neuroradiol 201118)

41 M IV N × 2  1 - 2 Regrowth
52 F I W × 2  1 - 2 Regrowth

Walsh KM et al.  
J Neurointervent 
Surg 201419)

60 F NA N × 2 10 + 1
80 F II N + E  6 + 1
55 F III N + E  1 - 2 Regrowth
52 M III E × 2 12 + 1
53 M II E × 3  3 + 1
60 F II E × 2 24 + 1
71 M III E × 2 12 + 2

Present case 45 F I L × 2  4 + 0
BBA: blood blister-like aneurysm; E: Enterprise; ICA: internal carotid artery; L: LVIS; mRS: modified Rankin Scale; N: Neuroform; NA: not available;  
W: Wingspan
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diverter effects of double LVIS stents were similar to 
those of a Pipeline.

The limitations of multiple overlapping stent treatment 
include a long interval until the disappearance of the aneu-
rysm, during which rebleeding or enlargement may occur. 
To prevent ischemic complications during/after multiple 
overlapping stent treatment, the combination of two 
antiplatelet drugs is selected in accordance with treatment 
with a flow diverter; therefore, hemorrhagic complications 
may develop. According to previous studies, a mean inter-
val of 8.8 months was required until the disappearance of 
the aneurysm. In the present case, approximately 4 months 
were required until its disappearance. During this period, 
rebleeding is possible and careful follow-up is necessary. 
In the present case, careful follow-up by resting and hypo-
tensive therapy was conducted in the acute phase, and strict 
hypotensive therapy was also continued after this phase. 
We planned to perform ICA trapping combined with 
high-flow bypass under craniotomy or ICA trapping by 
endovascular treatment at the time of rebleeding. Further-
more, enlargement of an aneurysm after insertion is difficult 
to treat, and coil embolization, as an additional option, or 
additional stenting must be selected; the number of treat-
ment options is limited. We planned to perform additional 
stent insertion for an aneurysm remaining in the chronic 
phase. Combination therapy with two antiplatelet drugs 
may induce hemorrhagic complications; therefore, it should 
be switched to monotherapy if possible. However, a con-
sensus regarding the period of combination therapy with 
two antiplatelet drugs has not been reached. In the present 
case, this combination therapy was switched to monother-
apy 6 months after its start, and there have been no isch-
emic or hemorrhagic complications.

Conclusion

We reported a case of coil-free stenting for a ruptured BBA 
of the ICA. In patients with ruptured or small aneurysms, 
coil embolization is difficult, and the insertion of several 
LVIS stents in the subacute phase may be useful. However, 
this treatment has not been established, and ischemic com-
plications or hemorrhage related to the combination of two 
antiplatelet drugs may develop. In the future, its efficacy 
and safety should be further investigated.
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