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Despite many therapeutic methods were utilized to treat blood blister-like aneurysms
(BBAs), the optimal treatment approach has not yet been defined. This study presents
the single center experience with BBAs treated with flow diverter-assisted coiling using
semi-deploying technique, and discusses the efficacy and safety of the method. The
patients with subarachnoid hemorrhages (SAH) due to BBAs and treated with Pipeline
Flex Embolization Device (PED) between November 2015 and February 2019 in our
hospital were retrospectively reviewed. Patient demographic data, timing of treatment,
angiographic details, treatment techniques, clinical outcomes and follow-up results were
recorded. Ten cases (6 women and 4 men) were enrolled. The mean age of patients
was 50.7 years (range 40-61 years). The aneurysm size ranged from 2 x 1.7 mm to
4.5 x 3.8mm. Seven patients were treated with PED assisted coil embolization using
semi-deploying technique, and all of the aneurysms were totally obliterated at the follow
up. One patient treated with PED assisted coil embolization suffered from parenchymal
hemorrhage 3 days after the treatment, and another one patient also treated with PED
and coil died of severe vasospasm 10 days after the treatment. There was no reruptured
cases during the follow-up. Here we showed that PED assisted coil embolization using
semi-deploying technique could be a technically safe and effective treatment for BBAs.

Keywords: blood blister aneurysm, flow diversion, semi-deploying technique, coil embolization, efficacy and safety

INTRODUCTION

Blood blister-like aneurysms (BBAs) are a rare subset of intracranial aneurysms which arise
from non-branching segments of the dorsal or anterior wall of the supraclinoidal internal
carotid artery (ICA) (1). BBAs account for 0.3-1.7% among all intracranial aneurysms and up
to 6.6% of ruptured cerebral aneurysms (2). Histologically, BBAs behave as pseudoaneurysms
and are made up of a broad base with adventitia and/or thrombus lacking both of the
intima and media (3). The high rates of mortality, recurrence and poor prognosis in patients
with BBAs are a testament to the unmet medical need presented by these aneurysms.
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A lot of techniques have been developed to treat BBAs,
such as surgical clipping, clipping after wrapping, suturing,
surgical trapping, stenting with or without the assist of coils.
Unfortunately, there is no optimal treatment for BBAs based on
the long-term follow-up (4). Due to their wide neck, small size,
and a fragile fibrous wall, BBAs are a therapeutic challenge for
both surgical and endovascular treatment (5).

Endoluminal reconstruction with flow diverter appears to
be a promising option for the treatment of BBAs, since it
offers better mid- to long-term outcome (6). With the aim to
achieve rapid aneurysm occlusion, flow diverter-assisted coiling
using “semi-deploying” technique was employed to embolize
BBAs at our center. This technique was found to be safe and
effective, and demonstrated encouraging results in the treatment
of ruptured BBAs.

METHODS

Patient Population
Data from all patients suffering from subarachnoid hemorrhage
(SAH) caused by BBAs and subsequently treated with Pipeline
Flex Embolization Device (PED) between November 2015 and
February 2019 in our hospital were retrospectively reviewed
under the approval of the local institutional review boards.
Digital subtraction angiography (DSA) was used to diagnose
patients with BBAs. Based on the angiographic studies, BBAs
were defined as small (<5 mm), shallow, broad-based aneurysms
originating from unbranched sites on the dorsal wall of
the supraclinoid ICA. We collected patient clinical data,
demographic data including aneurysm characteristics, Hunt and
Hess Grade, procedural details and outcomes. All enrolled
patients were treated with PED.

Embolization Using Semi-deploying
Technique Procedure

All patients undergoing PED therapy were administrated 300 mg
of aspirin and 300mg of clopidogrel 2h before endovascular
treatment. In hybrid operating room, all procedures were
performed under general endotracheal anesthesia. Heparin was
routinely administered during the procedure.

For the cases treated with PED assisted with coils using
semi-deploying technique, the right and left femoral arteries
were canalized by a 5-French (F) and an 8-F femoral artery
short sheaths, respectively. For the cases treated with PED only,
procedures were performed through an 8-F femoral artery access.
Through the left 8-F femoral artery short sheath, an 8-F Mach 1
guiding catheter (Boston scientific, California, USA) was placed
at the proximal ICA. 5-F Navein guiding catheter (Medtronic,
California, USA) was positioned at the petrosal segment of parent
ICA via the 8-F Mach 1 guiding catheter. Digital subtraction
angiography and 3D rotational angiograms were performed to
reassure the size, formation and location of the aneurysm and
the diameter of the parent artery, helping select and deploy PED.

Abbreviations: BBAs, blood blister-like aneurysms; DSA, Digital subtraction
angiography; E, French; ICA, internal carotid artery; mRS, modified Rankin Scale;
PED, Pipeline Flex Embolization Device; SAH, subarachnoid hemorrhages.

A Marksman microcatheter (Medtronic, California, USA) was
placed to the M2 segment of the middle cerebral artery through
the Navien guiding catheter. The coiling microcatheter (Echelon
10, Medtronic, Minnesota, USA) was brought up and positioned
into the aneurysm over 5F guiding catheter placed at the petrosal
segment of parent ICA through the right 5F femoral artery short
sheath. Via the Echelon 10 microcatheter 1 or 2 loops of coil
were advanced into the aneurysm first. Then the PED was gently
semi-deployed under fluoroscopic guidance, which means the
PED was partially expanded and covered part of the aneurysm
neck. The Echelon 10 microcatheter was partly jailed in the
aneurysm through the wedge-shaped space between the PED and
parent artery. The coil was carefully embolized within the BBA
while the PED was further deployed if the coil bulged into the
ICA. Following compact and complete embolization with the
aneurysm, the Echelon 10 microcatheter was slowly removed
and the PED was thoroughly deployed. The expansion of the
PED was confirmed by fluoroscopy and Dyna CT computed
tomography angiography.

Dual antiplatelet therapy (aspirin 100 mg/day and clopidogrel
75 mg/day) was started after the procedure. Four days after
the procedure, thromboela-stogram (TEG) was customarily
performed, by which arachidonic acid inhibition rate (AA%) and
ADP inhibition rate (ADP%) were recorded. An AA% <50%
and an ADP% <30% were defined as resistance to aspirin and
clopidogrel, respectively. If the AA% was <50%, aspirin dose was
increased up to 200 mg/d. If the ADP% was <30%, clopidogrel
was dosed up to 150 mg/d or switched to ticagrelor (90 mg twice
daily). If the inhibition rate was more than 90%, the risk for
hemorrhage is high. The dose was reduced for the safety of
patients. Three days after modifications to antiplatelet regimen, if
any, TEG was reassessed. Dual antiplatelet therapy was continued
for >6 months after the procedure.

Data Sources and Follow-Up

The information about patient age, gender, aneurysms,
complications, procedure details and outcomes was collected
from medical charts in our hospital. Follow-up was performed
at 3, 6, and 12 months after the embolization. The modified
Rankin Scale (mRS) scores were assessed on the follow-up. After
the procedure and at the 6-12 months follow-up, aneurysm
occlusion was elevated according to Raymond Roy Scale
with DSA.

RESULTS

In the study period, 10 patients (4 males) that experienced SAH
from BBAs and who were subsequently treated with PED were
identified. Unenhanced cranial CT and DSA was used to diagnose
patients with SAH and BBAs. The age of patients that suffered
from SAH ranged from 40 to 61 years (mean 50.7 years, SD 7.1).
The initial Hunt and Hess Grade was 1 in four patients, 2 in four
patients, 3 in one patient and 4 in one patient (mean 1.9, SD 0.99).
The mean of the number of days from occurrence of SAH to the
placement of PED was 6.8 days (range from 3 to 16 days, SD
3.9). Aneurysm size ranged from 2 x 1.7mm to 4.5 x 3.8 mm
(Table 1).
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In all cases the procedure was technically successful. Most
patients (7/10) were treated with PED assisted coil embolization
using semi-deploying technique, and 3 received PED only.
All the patients were treated with a single PED. Overall, the
immediate angiographic results showed that 6 of 10 BBAs were
totally obliterated and all these patients were treated with PED-
assisted coil embolization using semi-deploying technique. The
average of Raymond Roy Scale was 1.7 + 0.95. At discharge
the mean mRS Score was 1.8 & 1.7 (Table 2). Patient 3 suffered
from parenchymal hemorrhage 3 days after the procedure.
Fortunately, the patient had mRS Score of 1 at last follow-up.
Patient 5 had left lower limb deep venous thrombosis 3 days
after embolization. Patient 8 developed severe vasospasm on the
first day after the treatment, and died 10 days later in spite of
symptomatic treatment.

Only Patient 1 who was treat with PED alone had not
undergone DSA for follow-up imaging during the follow-up 6-12
months after the procedure. Among the patients with follow-
up DSA, the BBAs of all patients except Patient 9 were totally

TABLE 1 | Baseline clinical and radiographic data of patients with BBAs.

Patient Location Size (mm, Hunt-Hess Days to
Neck x Dome) grade treatment
1 Left ICA 33 x24 1 16
2 Right ICA 4.5 % 3.8 1 7
3 Left ICA 20x 1.7 2 8
4 Right ICA 4.2 x 3.7 2 4
5 Left ICA 2.3 x 2.1 1 9
6 Left ICA 4.3 x 3.2 2 4
7 Right ICA 1.8x29 3 3
8 Right ICA 22x19 4 5
9 Right ICA 4.3 x 21 1 4
10 Right ICA 4.0 x 3.8 2 8

BBAs, blood blister-like aneurysms; ICA, internal carotid artery.

obliterated. The mean Raymond Roy Scale was 1.1 £ 0.35.
No permanent deficit occurred. Patient 3 and 4 complained of
paroxysmal and mild headache, respectively. The mean mRS
Score was 0.8 = 1.9 including the dead case (Table 2).

Typical Cases

Patient 3: The patient presented with acute and severe headache
accompanied by nausea (Hunt and Hess Grade 2). A CT scan at
the local hospital demonstrated SAH. Five days later, the patient
was transferred to our hospital where DSA was performed,
exhibiting an aneurysm in the superior segment of the clinoid
process of the left ICA (Figure 1A). The size of the aneurysm was
2.0 x 1.7mm (neck x dome). Eight days post-SAH, the patient
underwent PED-assisted coil embolization using semi-deploying
technique in our hospital. One loop of coil (1.5 x 40 mm) was
placed into the BBA after the Marksman microcatheter was
positioned at the M2 segment of the left middle cerebral artery.
Then the PED (3.25 x 20mm) was gently semi-deployed, and
two more coils (1.5 x 20 mm) were advanced. Subsequently, the
PED was fully deployed. The aneurysm was completely occluded
post-treatment (Figure 1B). A DSA examination performed 6
months after the procedure showed patent ICA without stenosis
and no signs of BBA recurrence (Figure 1C).

Patient 7: This patient presented with sudden onset of severe
headache and vomiting (Hunt and Hess Grade 3), and a head
CT scan showed SAH in suprasellar cistern and hemorrhage in
lateral ventricles (Figure 2A). Digital subtraction angiography
revealed a BBA (1.8 x 2.9mm) of the supraclinoid right ICA
(Figure 2B) 3 days after the occurrence of SAH. Then one-
stage PED-assisted coil embolization was performed. First, the
PED (3.50 x 20 mm) was gently semi-deployed, and three coils
(1.5 x 40 mm, 1.0 x 40 mm, 1.5 x 40 mm) were delivered into
the BBA. After complete embolization was achieved, the PED
was fully deployed (Figure 2C). The aneurysm was completely
occluded post-treatment (Figures 2D,E). Seven months follow-
up DSA showed complete obliteration (Raymond Roy Scale 1)
(Figure 2F).

TABLE 2 | Results of the treatment of BBAs.

Patient PED size Adjunctive Raymond Roy scale Periprocedural mRS score Raymond Roy scale mRS score (6-12
(mm) coils post-treatment complications at discharge (6-12 months) months)
1 3.75 x 20 No 3 NO 0 Not available 0
2 4.0 x 18 No 3 NO 1 1 0
3 3.25 x 20 Yes 1 Parenchymal hemorrhage 3 1 1
4 4.0 x 20 Yes 1 NO 1 1 1
5 4.5 x 20 Yes 1 Lower limb deep venous 2 1 0
thrombosis
6 3.75 x 18 Yes 1 NO 1 1 0
7 3.5 x 20 Yes 2 NO 2 1 0
8 3.5 x 18 Yes 1 Death 6 Death 6
9 4.0 x 20 No 3 NO 1 2 0
10 4.0 x 20 Yes 1 NO 1 1 0

BBAs, blood blister-like aneurysms; mRS, modified Rankin Scale; PED, Pipeline Flex Embolization Device.

Frontiers in Neurology | www.frontiersin.org

January 2021 | Volume 11 | Article 625203


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhang et al.

Embolization of Blood Blister-Like Aneurysm

FIGURE 2 | Images of the typical cases. (A) CT scan showed symmetric suprasellar cistern SAH and hemorrhage in lateral ventricles. (B) Cerebral angiograms
obtained immediately pre-embolizaton. (C) PED semi-deployed coiling. (D) and (E) Post-treatment DSA. (F) DSA follow-up 6 months after treatment.

DISCUSSION

Despite multiple therapeutic approaches (such as endovascular,
microsurgical and hybrid therapy) are available to treat BBAs,
satisfactory treatment of BBAs remains a challenge. Due to the
rapid evolution of endovascular therapy within the last decade,
embolization of BBAs may gain increasing acceptance in the
future. Shah et al. systematically reviewed 36 papers involving
256 patients with BBAs treated with endovascular or surgical
methods and concluded that endovascular therapy could offer
lower morbidity and mortality (7).

Several endovascular approaches have been developed for
treating BBAs, including direct coil embolization, multiple
overlapping stents and flow diversion stents. Due to the thin
and fragile characters of BBAs, most studies employing direct
coil embolization of BBAs were performed with the assistance
of a stent or balloon, and coiling alone was rarely reported as
a sole treatment (8). Since direct coil embolization does not
need antiplatelet medication it may be an appropriate choice for
treatment of BBAs after the acute phase (9). The occlusion rates
of ruptured BBAs treated with stent-assisted coiling were not
encouraging: 33% initially post-procedure and about 70% at mid-
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to long-term follow-up (6). Fang et al. retrospectively reviewed
213 BBAs treated with stent-assisted coiling and reported that
64.6% of BBAs were completely obliterated and 22.9% recurred
(10). Therefore, traditional coil embolization with or without
stent is not the best alternative for treating BBAs.

Hao et al. declared endovascular patch embolization as an
improvement on stent-assisted coil embolization and concluded
that it could be an effective treatment for BBAs to facilitate
flow guidance and embolic material stabilization (8). However,
the study was limited by its small sample size (11). Multiple
overlapping stents may be another workable option for treating
ruptured BBAs. Theoretically, overlapping stents can improve
flow diversion and reconstruct the fragile neck of the BBAs,
reducing the risk of rerupture and recurrence (11). In the
retrospective study, Fang et al. reported that placement of > 2
stents resulted in higher complete obliteration rates and lower
recurrence rates (10). Song et al. used multiple overlapping stents
(> 3) with coiling in 10 patients with ruptured BBAs, presenting
that 4 of the patients required complementary treatment (12).
Gaughen et al. reported that 50% (3/6) of the patients treated
with overlapping stents required retreatment for recurrence or
residual (13). Some clinicians question whether overlapping
stents are optimal for treating BBAs. Besides the unstable rates of
aneurysm obliteration, dual antiplatelet administration which is
necessary for overlapping stents treatment may increase the risk
of post-operative rebleeding.

Flow diversion devices have the potential to be a standard
therapy for BBAs, as confirmed by multiple studies (6, 14, 15).
Through their dual-center experience, Linfante et al. concluded
repairing BBAs with PED may be a safe and durable option as 9
out of 10 patients with ruptured BBAs were adequately treated
with a single PED (15). Zhu et al. reviewed 165 patients with
BBAs, claiming that PED could be safe and effective for BBAs,
and a single PED offered higher rate of good outcomes compared
with overlapped PED (16). But Marcus D. Mazur thought a single
flow diverter might be incomplete for ruptured BBA because
of their rebleeding case after the treatment with a single flow
diverter (17).

In this study, we demonstrate flow diverter-assisted coil
embolization of BBAs using semi-deploying technique. First, flow
diversion with PED redirects blood flow away from the BBA,
thereby reducing the risk of rebleeding and recurrence. Secondly,
coils within the sac of BBAs could offer mechanical support
during and after deployment, reducing the possibility of stent
migration or foreshortening. Thirdly, semi-deployment of PED
increases the flexibility and sensibility of the coiling catheter
allowing improved control during the coiling procedure, thereby
achieving a compact embolization in the BBAs.

This study evaluated 10 cases of BBAs, 7 of which were
embolized with PED-assisted coil embolization using semi-
deploying technique, and the other 3 were embolized with
PED alone. Technical success was achieved in all cases with no
intraoperative accident. One patient died of severe vasospasm,
which may have been due to large amount of blood loss in the

subarachnoid cavity. Because of high incidence of vasospasm
of ICA and middle cerebral artery, intra-arterial infusion of
nimodipine was used routinely, and it is recommended that
balloon angioplasty should also be considered. Also due to
vasospasm of ICA, the diameter of ICA may be underestimated
on DSA imaging. So the diameter of flow diverter should be larger
than the measured diameter of ICA. Another patient suffered
from parenchymal hemorrhage which may have been caused
by sensitivity to dual antiplatelet therapy. During the follow-
up, except the dead case, 6 of 7 cases treated with PED assisted
coil were obliterated. It has been proven that the process of
PEDs healing aneurysms occurs progressively (18). Thereby, it
is possible that the remnant would be occluded during the long
term follow-up.

CONCLUSION

The treatment of patients with ruptured BBAs by flow diverter-
assisted coil embolization using semi-deploying technique
resulted in good clinical outcomes. This therapy is emerging as
a safe and effective alternative for the treatment of BBAs.
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