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Abstract: To investigate the method and outcome from direct clipping of a blister-like aneurysm (BBA) of the internal 
carotid artery supraclinoid segment. This study featured nine BBA patients, including eight females and one male. 
The patients presented subarachnoid hemorrhage (SAH) as the initial symptom and were diagnosed with BBA in 
the supraclinoid segment through a vascular exam and imaging. During the exam, the internal carotid artery was 
pressed to block the blood flow, and a transcranial Doppler (TCD) was performed to examine the blood flow in the 
(BBA) ipsilateral middle cerebral artery. The results showed that the blood flow was reduced by less than 40% in all 
nine patients. During surgery, a pterional craniotomy was used to fully expose the aneurysm for clipping. While clip-
ping the aneurysm, the arterial wall at the root of the aneurysm was also clipped to improve stability. Intraoperative 
ultrasonography was performed before and after clipping to examine the blood flow in the parent artery, middle ce-
rebral artery and anterior cerebral artery. Moreover, a TCD was performed within one week after surgery to monitor 
intracranial blood flow. During BBA clipping, four patients exhibited stenosis of the parent artery, but intraoperative 
ultrasonography showed adequate blood flow in the anterior cerebral artery and middle cerebral artery. TCD was 
performed within one week after surgery to examine the blood flow in the middle cerebral artery on the operative 
side; the TCD showed adequate blood flow. The patients recovered well after surgery and were discharged. Digital 
subtraction angiography (DSA) or computed tomography angiography (CTA) was performed six to 12 months after 
the surgery and showed no aneurysm relapse. Moreover, six patients exhibited no stenosis of the parent artery, 20% 
stenosis was observed in one patient, 30% stenosis was observed in one patient, and 50% stenosis was observed 
in one patient; none of the patients showed clinical symptoms, and all patients exhibited good collateral circulation. 
Therefore, if a pre-operative TCD shows adequate compensatory contralateral blood flow in the (BBA) ipsilateral 
middle cerebral artery after the internal carotid artery is pressed to block the blood flow, then direct clipping of the 
BBA is a simple and feasible treatment strategy. However, when the aneurysm is clipped, the artery wall at the root 
of the aneurysm must also be clipped to improve stability. With adequate compensation, partial stenosis of the par-
ent artery is acceptable.
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Introduction

An intracranial blister-like aneurysm (BBA) is 
most common in the supraclinoid segment of 
the internal carotid artery and typically lacks a 
normal aneurysm wall structure. Thus, the BBA 
body is merely the thin arterial adventitia, and a 
hematoma typically forms around the ruptur- 
ed BBA [1, 2]. A BBA is difficult to treat due to 
its pathological anatomy. Currently, BBA treat-
ments primarily include direct clipping, aneu-
rysm wrapping, aneurysm trapping plus revas-
cularization and an interventional treatment 

with a flow-diverting device [3, 4]. Except for 
direct clipping, such methods are complex and 
difficult to perform. Direct clipping is advanta-
geous because it is a simple operation; howev-
er, it tends to induce stenosis or occlusion of 
the parent artery, thereby producing ischemic 
complications. However, with an adequate pre-
operative assessment of the collateral circula-
tion, direct clipping is practical and effective for 
cases with adequate blood flow compensation 
[5]. This study provides a retrospective analysis 
of clinical data from nine cases of a ruptured 
BBA in the supraclinoid segment treated with 
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Table 1. Summary of the clinical data 

No. Age Gender
Preop-
erative 

HH
Site

Arterial blood flow 
after the internal 
carotid artery was 

pressed*

Clipping method

Intraopera-
tive rupture 
and hemor-

rhage

Intraopera-
tive stenosis 
of the par-
ent artery

Intraoperative 
arterial ultraso-

nography**

Postoperative 
DSA or CTA of the 

parent artery
Prognosis

1 46 Female II Dorsal side of the supraclinoid segment Reduced by 30% A Single curved clip No No Adequate blood flow No vascular stenosis Good

2 51 Female II Internal and inferior side of the supraclinoid 
segment

Reduced by 20% A single cross-vascular clip No No Adequate blood flow No vascular stenosis Good

3 31 Male II Internal and inferior side of the supraclinoid 
segment

Reduced by 30% A single cross-vascular clip No Yes Adequate blood flow 30% stenosis Good

4 45 Female II Internal side of the supraclinoid segment Reduced by 30% A single straight clip No Yes Adequate blood flow 20% stenosis Good

5 48 Female III Dorsal side of the supraclinoid segment Reduced by 40% A single curved clip Yes No Adequate blood flow No vascular stenosis Good

6 52 Female II Dorsal side of the supraclinoid segment Reduced by 20% A single straight clip No No Adequate blood flow No vascular stenosis Good

7 50 Female III Dorsal side of the supraclinoid segment Reduced by 30% Two curved clips Yes Yes Adequate blood flow No vascular stenosis Good

8 57 Female II Internal side of the supraclinoid segment Reduced by 20% Two curved clips Yes No Adequate blood flow No vascular stenosis Good

9 41 Female III Dorsal and internal side of the supraclinoid 
segment

Reduced by 30% A single curved clip No Yes Adequate blood flow 50% stenosis Good

HH: Hunt-Hess classification; *The BBA side of the internal carotid artery was pressed to examine the decrease in blood flow at the BBA side of the middle cerebral artery; **Intraoperative arterial ultrasonography: the blood flow in the parent 
artery, middle cerebral artery and anterior cerebral artery was examined.
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direct clipping. A pre-operative transcranial Do- 
ppler (TCD) was conducted to assess the col-
lateral circulation before directly clipping the 
BBA with satisfactory treatment outcomes. The 
relevant clinical treatment experience is sum-
marized below.

Materials and methods

General data

This study features nine patients, including 
eight females and one male, ages 31-57 (mean: 
46.8 years). The patients presented subarach-
noid hemorrhage (SAH) as the initial symptom. 
A pre-operative Hunt-Hess classification sho- 
wed that six cases were grade II and three 
cases were grade III. Digital subtraction angiog-
raphy (DSA) or computed tomography angiogra-
phy (CTA) showed a BBA in the supraclinoid seg-
ment with four cases in the dorsal side of the 
internal carotid artery supraclinoid segment, 
two cases were in the internal side of the inter-
nal carotid artery supraclinoid segment, two 
cases were in the internal and inferior side of 
the carotid artery supraclinoid segment, and 
one case was in the internal and posterior side 
of the internal carotid artery supraclinoid seg-
ment. Before surgery, the internal carotid artery 
was pressed to block blood flow, and a TCD was 
performed to examine the blood flow in the 
(BBA) ipsilateral middle cerebral artery. The 
results show that the blood flow decreased by 
20% in three cases, 30% in five cases and 40% 
in one case.

Treatment

Surgical method: Ipsilateral pterional access 
was used for craniotomy. After part of the sphe-
noid wing was drilled and removed, the dura 
mater was cut to expose and separate the brain 
tissue along the lateral fissure. Next, the carot-
id cistern and optic cistern were exposed, and 
the arachnoid was opened to fully expose the 
internal carotid artery supraclinoid segment, 
the anterior cerebral artery A1 segment and 
the middle cerebral artery M1 segment. The 
BBA in the internal carotid artery supraclinoid 
segment was fully exposed followed by tempo-

rarily clipping the internal carotid artery on both 
sides of the BBA. The appropriate size aneu-
rysm clip for the BBA was selected based on 
the site and shape of the aneurysm, and the 
arterial wall at the root of the aneurysm was 
also clipped to improve stability after clipping 
and prevent the aneurysm clip from slipping. 
Intraoperative ultrasonography was performed 
before and after clipping to examine the blood 
flow in the internal carotid artery, middle cere-
bral artery and anterior cerebral artery. The 
skull was closed using the standard procedure 
after BBA clipping.

Post-operative treatment: The patients received 
the standard symptomatic treatment after sur-
gery. To prevent hypoperfusion, during surgery, 
patients with stenosis of the parent artery after 
clipping received a treatment to manage blood 
pressure after the surgery. TCD was performed 
one week after surgery to monitor intracranial 
blood flow and evaluate the blood flow in the 
ipsilateral middle cerebral artery. For severe 
SAH, continuous lumbar drainage was perfor- 
med to release bloody cerebrospinal fluid.

Follow-up: The patients visited our hospital for 
a follow-up CTA or DSA six to 12 months after 
surgery to check for relapse of aneurysm, pa- 
tency of the parent artery and compensatory 
collateral circulation. Moreover, the patients 
were followed up by telephone twice to check 
their status of daily activities and limb mo- 
vement.

Results

Surgery outcome

During surgery, a cross-vascular clip was used 
to clip the BBA at the internal and inferior side 
of the internal carotid artery supraclinoid seg-
ment (two cases). For the seven cases of BBA in 
the dorsal or internal sides of the internal carot-
id artery supraclinoid segment, a single straight 
or curved aneurysm clip was used to clip the 
aneurysm in five cases, and a combination of 
two aneurysm clips was used to clip the aneu-
rysm in two cases. During clipping, three pa- 
tients had BBA rupture and hemorrhage, and 

Figure 1. Imaging for Case 1: A. Head CT shows SAH concentrated in the right carotid cistern. B. Head DSA shows a 
BBA in the right internal carotid artery supraclinoid segment. C. DSA shows that, after the right internal carotid artery 
was pressed, the blood flow in the right internal carotid artery was compensated by the blood flow from the anterior 
communicating artery. D, E. Surgical clipping of the BBA with blood clots observed around the BBA. F. Follow-up CTA 
after clipping shows no relapse of the aneurysm.
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the clipping was secured and confirmed there-
after. After BBA clipping, four patients had ste-
nosis of the parent artery. In each patient, intra-
operative vascular ultrasonography performed 
after the BBA clipping showed adequate blood 
flow in the anterior cerebral artery and middle 
cerebral artery.

Post-operative treatment and follow-up

In each patient, a TCD performed within one 
week after surgery showed adequate blood 
flow in the ipsilateral middle cerebral artery. 
The patients recovered well after surgery and 
were discharged with no limb movement disor-
ders. A follow-up DSA or CTA six to 12 months 
after surgery showed no stenosis of the parent 
artery in six patients, 20% stenosis in one 
patient, 30% stenosis in one patient and 50% 
stenosis in one patient. The three patients with 
stenosis did not exhibit clinical symptoms. The 
detailed clinical data are shown in Table 1.

Discussion

BBA accounts for approximately 0.3-1% of all 
intracranial aneurysms and 0.9-6.6% of inter-
nal carotid artery aneurysms; the internal ca- 
rotid artery supraclinoid segment is the most 
common BBA site [6, 7]. Therefore, BBAs are 
not uncommon in clinical practice; however, 
nearly all BBA cases are difficult and tricky to 
treat, mainly due to the specific pathological 
anatomy of BBAs. Based on histological fea-
tures, a BBA is not a true cerebral aneurysm 
but rather a pseudoaneurysm formed following 
the tearing of an arterial wall dissection. A BBA 
does not have an internal elastic layer or tunica 
media and is merely composed of blood clots, 
fibrous tissue and arterial adventitia [4, 6]. Due 
to its pathological anatomy characteristics, a 
BBA is fragile. An unruptured BBA appears as a 
bloody blister or blister in the hand or foot [8]. 
Considering the typical Case 1, 8, 9 herein as 
examples (Figures 1-3), during surgery, the BBA 
exhibited a thin wall and was prone to rupture 
and hemorrhage with clearly visible blood flow 
inside the BBA. Among the nine BBA patients in 
this study, three patients had rupture and hem-
orrhage during clipping, and the clipping was 
secured and confirmed thereafter, which indi-

cates that the BBA is fragile. Morphologically, a 
BBA is similar to a bloody blister and thus lacks 
the cystic aneurysm imaging features; instead, 
it appears as a flat lesion sprawling on the arte-
rial wall, and certain BBAs may not be detected 
using CTA and may be missed in the DSA two-
dimensional lateral perspective. Therefore, an 
oblique view or three-dimensional reconstruc-
tion is required for examination. Hence, if SAH 
is concentrated in the carotid cistern, and a 
CTA scan shows a small protrusion on the inter-
nal carotid artery supraclinoid segment, espe-
cially without an arterial branch around the pro-
trusion, clinicians must consider the possibility 
of a BBA in the internal carotid artery supracli-
noid segment [9]. In this study, the patients 
exhibited these imaging features and exhibited 
a BBA through DSA following negative CTA find-
ings. Furthermore, the BBA detection rate is 
improving with the development of imaging 
techniques. For instance, in 2011, Horie et al. 
detected a BBA inside a hematoma using high-
resolution magnetic resonance imaging [10]. 
Therefore, more BBA cases may be detected 
and treated in the future.

Once diagnosed, most intracranial BBA cases 
require surgical treatment. In particular, once a 
BBA ruptures, the risk of re-rupture is high; 
thus, the current consensus is that a BBA must 
be treated [11]. At present, a BBA is mainly 
treated using surgical and interventional treat-
ments; the surgical methods include clipping, 
wrapping, arterial suture and trapping. In cer-
tain cases, trapping must be combined with a 
vascular bypass. Interventional methods inclu- 
de direct embolization, stent assisted emboli-
zation, coil or balloon occlusion of the aneu-
rysm and parent artery, conventional multilayer 
stents and blood flow-diverting device [12-14]. 
Recently, more BBA cases in the supraclinoid 
segment have been treated with bypass-assist-
ed BBA clipping or trapping and an intervention-
al treatment using a conventional multilayer 
stent or a blood flow-diverting device. In 2014, 
Kazumata et al. reported good outcomes for 20 
cases of a ruptured BBA in the internal carotid 
artery treated with a radial artery graft bypass 
and sacrificing the parent artery [15]. In addi-
tion to craniotomy and clipping, a conventional 
stent superposition is also an effective treat-

Figure 2. Imaging for Case 8: A. Head CT shows SAH concentrated in the right carotid cistern. B, C. Head CTA shows 
a BBA in the internal side of the right internal carotid artery supraclinoid segment. D, E. During surgery, the BBA 
exhibited a thin wall, and two aneurysm clips were used to clip the aneurysm. F. Follow-up CTA after clipping showed 
no relapse of the aneurysm or stenosis of the parent artery.
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ment. For instance, in 2014, Walsh et al. con-
ducted a retrospective analysis of clinical data 
from eight BBA cases treated with a conven-
tional stent superimposition and with good out-
comes [16]. A novel blood flow-diverting device 
provides an additional option for interventional 
treatment of BBA in the internal carotid artery 
supraclinoid segment. In 2015, Aydin et al. re- 
ported satisfactory outcomes for 11 BBA cases 
treated with a silk blood flow-diverting device 
[4]. Moreover, many studies have reported ot- 
her types of blood flow-diverting devices [2, 
17]. Although these complex techniques might 
effectively treat BBA, certain BBA cases can 
still be effectively treated with simple aneu-
rysm embolization and clipping if the cases are 
screened and indicated for such treatments.

In 2014, Kim et al. reported clinical data for 11 
BBA cases. After assessing the collateral circu-
lation, seven patients underwent direct occlu-
sion of the aneurysm and parent artery with 
satisfactory outcomes [18]. Because direct coil 
embolization and occlusion of BBA and the par-
ent artery can be adopted in cases with satis-
factory compensatory collateral circulation, a 
craniotomy with direct clipping should also be a 
safe and feasible treatment for BBA with more 
advantages and greater value mainly due to the 
potential for complete or partial preservation of 
the parent artery during BBA clipping. Thus, 
some blood flow can be provided even with 
arterial stenosis during clipping. As shown he- 
rein, the nine patients underwent a pre-opera-
tive assessment and exhibited adequate com-
pensatory collateral circulation; thus, the pa- 
tients were treated with craniotomy and direct 
clipping of the BBA. The BBA lacks an aneu-
rysm’s anatomical structure and is merely com-
posed of a layer of fibrous tissue and arterial 
adventitia, which leads to poor stability after 
clipping and a likelihood that the BBA will bre- 
ak during clipping and cause arterial leak and 
hemorrhage. Thus, herein, during direct clip-
ping of the BBA, the arterial wall at the root of 
the BBA was also clipped to improve stability 
after clipping and prevent the aneurysm clip 
from slipping, but this may also cause stenosis 
of the parent artery. In this study, three patients 
exhibited stenosis of the internal carotid artery 

supraclinoid segment after clipping, but they 
and the remaining patients (nine patients total) 
exhibited satisfactory outcomes due to ade-
quate compensatory collateral circulation. Dur- 
ing BBA clipping, it is important to select an 
appropriate size aneurysm clip based on the 
site and shape of the aneurysm. In this study, a 
cross-vascular clip was used in two BBA cases 
in the internal side of the internal carotid artery 
supraclinoid segment, and more than one 
aneurysm clip was used in two patients.

For BBA in the internal carotid artery supracli-
noid segment, compensatory collateral circula-
tion must be thoroughly assessed before se- 
lecting a complex treatment regimen. For pa- 
tients with adequate compensatory collateral 
circulation, a craniotomy with direct clipping  
is feasible. Currently, a balloon occlusion test 
(BOT) is the best method for evaluating collat-
eral circulation. If no clinical symptoms are 
observed during a BOT of the internal carotid 
artery, then the patient has adequate compen-
satory collateral circulation and is indicated for 
internal carotid artery occlusion. BBA clipping is 
safe, and concerns over potential stenosis of 
the parent artery are unnecessary [19]. How- 
ever, a BOT involves complex procedures, and 
repeat BOTs can be difficult to perform; in con-
trast, a TCD is simple and convenient to per-
form [20, 21]. When using a TCD to assess col-
lateral circulation, Hetzel et al. believed that a 
less than 60% decrease in blood flow in the 
middle cerebral artery is safe [20]. Herein, the 
nine patients underwent TCD to assess the 
blood flow in the middle cerebral artery before 
surgery. The results showed that after the inter-
nal carotid artery was pressed, the decrease in 
blood flow in the middle cerebral artery was 
less than 40%, and no clinical symptoms were 
observed. Thus, the patients were considered 
suitable for direct clipping of the BBA. During 
direct clipping of the BBA, the blood flow in the 
supraclinoid segment of the internal carotid 
artery, anterior cerebral artery and middle cere-
bral artery was monitored and adequate. The 
patients exhibited satisfactory outcomes after 
surgery. Therefore, if a pre-operative TCD sho- 
ws adequate compensatory contralateral blood 
flow in the (BBA) ipsilateral middle cerebral 

Figure 3. Imaging for Case 9: A. Head CT shows SAH concentrated in the left carotid cistern. B, C. Head CTA and 
DSA show BBA in the left internal carotid artery supraclinoid segment. D, E. Surgical clipping of the BBA with blood 
clots around the fragile BBA. F. Follow-up CTA after clipping shows no relapse of the aneurysm and 50% stenosis of 
the parent artery.
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artery after the internal carotid artery is pre- 
ssed to block the blood flow, then direct clip-
ping of the BBA is simple and feasible. However, 
during clipping of the aneurysm, the artery wall 
at the root of the aneurysm must also be 
clipped to improve stability. With adequate co- 
mpensation, partial stenosis of an parent artery 
is acceptable.
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