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Summary

We report our experience with endovascular 
treatment and follow-up results of a ruptured 
blood blister-like aneurysm (BBA) in the supra-
clinoid internal carotid artery. We performed a 
retrospective review of ruptured blood blister-
like aneurysm patients over a 30-month period. 
Seven patients (men/women, 2/5; mean age, 45.6 
years) with ruptured BBAs were included from 
two different institutions. The angiographic find-
ings, treatment strategies, and the clinical (modi-
fied Rankin Scale) and angiographic outcomes 
were retrospectively analyzed. 

All seven BBAs were located in the supracli-
noid internal carotid artery. Four of them were ≥ 
3 mm in largest diameter. Primary stent-assisted 
coiling was performed in six out of seven pa-
tients, and double stenting was done in one pa-
tient. In four patients, the coiling was augmented 
by overlapping stent insertion. Two patients ex-
perienced early re-hemorrhage, including one 
major fatal SAH. Complementary treatment was 
required in two patients, including coil emboli-
zation and covered-stent placement, respectively. 
Six of the seven BBAs showed complete or pro-
gressive occlusion at the time of late angiograph-
ic follow-up. The clinical midterm outcome was 
good (mRS scores, 0 -1) in five patients. 

Stent-assisted coiling of a ruptured BBA is 
technically challenging but can be done with 
good midterm results. However, as early re-
growth/re-rupture remains a problem, repeated, 

short-term angiographic follow-up is required 
so that additional treatment can be performed as 
needed.

Introduction

Blood blister-like aneurysm (BBA) is classi-
cally described as small, bleblike, very broad-
neck lesions developing at non-branching sites 
within the supraclinoid internal carotid artery 
(ICA). These lesions present with acute sub-
arachnoid hemorrhage (SAH) and generally 
have a malignant course 1-4.

The angiographic diagnosis of BBAs may be 
difficult because they are often tiny lesions 
which can be overlooked, mistaken for arti-
facts or focal atheromatous irregularities, or 
missed altogether due to an overlap of the ves-
sel curvature. As the literature indicates, rou-
tine microsurgical and endovascular treatment 
approaches carry the risk of a high morbidity 
and mortality 4, thus leading to attempts to de-
velop numerous, novel treatment techniques 1,5. 
Endovascular techniques usually use a combi-
nation of coil embolization and/or stent place-
ment, with definitive endovascular treatment 
limited to parent artery occlusion, with or 
without surgical bypass 3,6-8.

Since Kim et al. 7 reported a case of success-
ful BBA treatment using stent-assisted coil 
embolization followed by stent-in-stent de-
ployment, an increasing number of cases of re-
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Patients and Methods

Patients

This retrospective study was approved by 
our Institutional Review Board and informed 
consents were waived. Seven, consecutive pa-

constructive endovascular treatment using a 
stent have been reported as effective for dura-
ble occlusion of a BBA 9-11. The present study 
evaluated the clinical and angiographic out-
comes in seven consecutive patients with 
BBAs who underwent reconstructive endovas-
cular treatment.

A B

C D

Figure 1  A 39-year-old woman (patient No. 1) presenting with HH grade III SAH. A) Preprocedural DSA shows a blister 
aneurysm along the medial wall of the supraclinoid segment of the left ICA. B) Subsequent DSA shows enlargement of the 
blister aneurysm 4 days later. C) The patient was treated with stent-assisted coiling and followed by the stent-within-a-stent 
technique. D) Final DSA shows complete occlusion of BBA.
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Figure 2  A 43-year-old woman (patient No. 7) presenting with HH grade II SAH. A) Initial angiogram shows a broad-based, 
shallow outpouching arising from a non-branching site along the anterior wall of supraclinoid ICA. B) Stent-assisted coil 
embolization with a single coil and followed by the stent-within-a-stent technique was performed. The angiogram revealed 
residual aneurysmal filling. C) Follow-up right ICA angiogram obtained 15 days postoperatively revealed considerable BBA 
growth. D) After re-treatment using stent-assisted coiling with multiple coils, the angiogram reveals minimal residual aneu-
rysm filling of the aneurysm sac. E) At three months’ angiographic follow-up examination, complete occlusion with recon-
struction of the ICA was noted.
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time was maintained two to three times above 
the baseline during the procedure. After sys-
temic heparinization, a 6-French Envoy guiding 
catheter (Cordis Neurovascular, M iami L akes, 
FL, U SA) was placed into the distal internal 
carotid artery. U sing diagnostic angiography 
and 3D angiographic reconstruction, the mor-
phologic characteristics of the aneurysm were 
carefully evaluated, including its location and 
size, as well as all major branches originating 
from the distal ICA adjacent to the aneurysm. 
Stent placement or stent-assisted coiling (SAC) 
for treatment of the ruptured BBA was per-
formed using a self-expanding stent (Enter-
prise; Cordis Neurovascular, Miami Lakes, FL, 
USA). 

For stent placement, a delivering microcath-
eter (Prowler Select Plus; Cordis Neurovascu-
lar, M iami L akes, FL, U SA) was navigated to 
the distal branch of the middle cerebral artery 
using a guidewire. The Enterprise stent was 
then loaded into the microcatheter. The tip of 
another second microcatheter was placed near 
the aneurysm neck facing the dome of the an-
eurysm sac. After introducing the coil (not de-
tached) through the second microcatheter, the 
stent was deployed to push the pre-deployed 
coil loops into the sac, and the coil finally de-
tached 12. 

Subsequent coils were then introduced into 
the aneurysmal sac, after which, depending on 
the operator’s preference and each individual 
patient’s anatomical factors, e.g. (tortuosity and 
atherosclerotic changes in the ICA), a second 
stent was inserted using the stent-within-a-stent 
(SWS) technique 7. For the patients with a rup-
tured BBA, a loading dose of antiplatelet med-
ication, i.e. (aspirin plus clopidogrel) was given 
following completion of the treatment. 

Clinical and Angiographic Follow-up

Patients were clinically assessed at the time 
of their hospital admission, again when the pa-
tient’s neurological status deteriorated, and fi-
nally at discharge by neurosurgeons. For the 
patients with subarachnoid hemorrhage, their 
clinical status upon admission was evaluated 
according to the Hunt and Hess grading sys-
tem. Each patient’s clinical outcome was evalu-
ated and graded according to the modified 
Rankin Scale (mRS) score 13, and their clinical 
outcome at the latest clinical follow-up was de-
fined as the final outcome. Angiographic fol-

tients with confirmed ruptured BBAs under-
went treatment at two institutions between 
January 2009 and August 2011 and using recon-
structive endovascular methods. 

We reviewed all of the relevant imaging stud-
ies and records pertaining to the diagnosis and 
treatment of these aneurysms, including admis-
sion and discharge summaries, progress notes, 
initial diagnostic imaging studies, procedural im-
ages and reports, and follow-up imaging studies. 

Our patients included five women and two 
men, aged 37-54 years (mean 45.6 years). The 
BBAs were diagnosed if they had the following 
morphological features, i.e. a typical small, 
hemispheric bleb-like, very broad-neck bulge, 
which was classically described at non-branch-
ing sites of the supraclinoid ICA segments. Re-
constructive endovascular treatment using 
stents with or without coiling was primarily 
considered due to the poor collateral blood 
supply, extreme proximity of the BBA to the 
origin of the anterior choroidal artery, or both. 

Procedure for the Reconstructive Endovascular 
Treatment of BBA

All procedures were performed with the pa-
tients under general anesthesia using the trans-
femoral approach. The activated coagulation 

E
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results. Among the seven study patients, five 
were treated within one day following admis-
sion. The average interval between the diag-
nostic and initial treatment procedures was 1.3 
days (range, 0 – 4 days). SAC or SWS was ini-
tially attempted for all patients. In the six pa-
tients who underwent SAC embolization, a 
second stent insertion using the SWS proce-
dure was attempted during the same session 
and was successful in four patients. Therefore, 
two patients received initial treatment consist-
ing of only SAC embolization. On the other 
hand, one patient received stent monotherapy 
without coil embolization. There were no 
treatment-related complications or neurologic 
deterioration during or after treatment.

Of the four patients treated using SWS tech-
nique, excellent outcomes were achieved in 
two (mRS score of 1). These two patients also 
showed complete resolution of their BBA with 
reconstruction of the affected ICA segment. 
However, two patients showed BBA re-growth 
with bleeding 12 and 15 days, respectively, fol-
lowing their initial treatment. One of the two 
recurrent BBAs was re-treated by coil emboli-
zation (Figure 2), and the other by covered 
stent insertion (Figure 3). The first of these 
two patients was moderately disabled (mRS 
score of 4), while the latter patient died from 
early re-hemorrhage. The two patients who re-
ceived SAC embolization alone showed excel-
lent outcomes (mRS score of 1). These two 
patients also showed complete resolution of 
the BBA with smooth reconstruction of the af-
fected ICA segment. One patient who received 
SWS monotherapy without coiling also showed 
an excellent outcome. This patient showed re-

low-up was performed following treatment at 
one to four weeks, two to four months, and six 
to 12 months postoperatively.

Results

The demographics are summarized in Table 
1. A pre-morbid condition included arterial hy-
pertension found in five patients (patients 1, 2, 
4, 5, and 7). All seven patients presented with 
subarachnoid hemorrhage, diagnosed by unen-
hanced head CT. Four of the seven aneurysms 
were ≥ 3 mm in their largest diameter. The 
Hunt and Hess grade was II in four patients, III 
in two, and IV  in one. The average Hunt and 
Hess grade at the time of the patient’s admis-
sion was 2.7 (range 2 - 4), and the average Fish-
er grade was 2.9 (range 2 - 4). All patients sub-
sequently underwent diagnostic CT angiogra-
phy (CTA) prior to their digital subtraction 
angiography (DSA) evaluation. Of the seven 
patients diagnosed with BBA, six (85%) were 
prospectively identified on CTA, while the oth-
er patient (15%) not prospectively identified 
by CTA (false negative). All were identified on 
DSA. On retrospective review of the initial 
CTA images, all aneurysms could be identified 
including the one aneurysm which was initially 
missed on CTA and misinterpreted as a vascu-
lar irregularity caused by artherosclerosis of 
the carotid artery. An increase in aneurysm size 
was observed in one out of seven patients who 
underwent angiographic follow-up within four 
days after the initial study (Figure 1).

Table 2 summarizes the treatment options, 
as well as angiographic and clinical follow-up 

Table 1  Patient demographics.

Age Sex Aneurysm location Aneurysm
 size (mm)

HH
grade

Fisher
 grade Diagnosis

Diagnosis-
to-treatment

(days)

Follow-up 
(months)

1 39 F Left ICA: medial wall 3.5 × 4.0 3 3 DSA 4 24

2 37 M Left ICA: anterior wall 1.2 × 1.5 2 2 CTA 1 16

3 52 M Left ICA: lateral wall 2 × 1 4 4 CTA 1 NA

4 41 F Right ICA: anterior wall 2 × 2.5 2 2 CTA 2 10

5 53 F Left ICA: medial wall 2.7 × 4.5 2 2 CTA 1 18

6 54 F Left ICA: anterior wall 1.3 × 3.3 3 4 CTA 0 13

7 43 F Right ICA: anterior wall 2.5 × 5. 3 2 3 CTA 0 12

ICA, internal cerebral artery; HH, Hunt and Hess; CTA, computed tomographic angiography; DSA, digital subtraction angiography; 
NA, not applicable
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postoperative hemorrhage, thus resulting in 
significant disability and mortality caused by 
the surgical repair 1,3,14. 

All lesions in our study arose from non-
branching sites of the supraclinoid ICA, and 
were primarily located in the anterior and me-
dial walls of the ICA, where the ICA curves in 
lateral and superior directions and where he-
modynamic stress is thus thought to be high. In 
our study, five patients’ aneurysms demon-
strated a characteristic, shallow, triangular ap-
pearance with a broad-based attachment to 
the parent vessel, as seen on the initial CTA 
image. These aneurysms were diagnosed on 
CTA and closely resembled their DSA coun-
terparts. On the other hand, one patient 
showed a tiny hemispheric bulge at the medial 
wall of the parent artery and the other pa-
tient’s lesion was missed on CTA. Subsequent 
DSA images identified all aneurysms in all 
cases. Because CTA lacks the spatial resolu-
tion of DSA imaging, optimizing the CTA 
techniques used to identify BBAs is important 

15. In addition, timing of the image acquisition 
may be another important factor for identify-
ing the lesion, as BBAs tend to grow rapidly 
during a relatively short period of time. Fur-
thermore, repeated DSA, including 3D rota-
tional angiographic studies, is necessary to dis-
close the presence of BBAs, as they can be 
obscured by luminal irregularities related to 
atherosclerosis in adjacent arteries 11. 

Various surgical and endovascular tech-
niques have already been identified for the 
treatment of ruptured BBAs. Primary surgical 
clipping or wrapping is considered too danger-
ous due to the highly fragile BBA wall, as 
these surgical techniques are often associated 
with high surgical mortality and morbidity 

1,2,3,14. L ikewise, primary coiling may be very 
hazardous given the lesion’s shallow, wide-

sidual aneurysmal contrast stasis after comple-
tion of the procedure, but no delayed BBA 
recanalization or re-growth was found on fol-
low-up angiography. 

All of the six surviving patients were clini-
cally followed for a mean of 15.5 months 
(range, 10 - 24 months). Five of the seven pa-
tients who were treated using the endovascu-
lar method had a favorable outcome (mRS 
score of 0-1). 

Discussion

The term “blood blister-like aneurysm” has 
been used to describe aneurysms arising from 
non-branching sites of the wall of the supracli-
noid internal carotid artery (ICA). These le-
sions, with an estimated incidence of 0.9% - 
6.5% among all ruptured intracranial aneu-
rysms 2, represent a rare but potentially cata-
strophic cause of SAH. Due to their very unfa-
vorable morphology, small size, ill-defined 
necks, and friable walls, they pose a particu-
larly challenging problem for surgical as well 
as endovascular treatment 4. 

Pathology studies suggest that BBAs may 
not be saccular aneurysms but a specific type 
of pseudoaneurysm. BBAs have been shown 
to represent focal arterial wall lacerations with 
a gap in the internal elastic lamina and media 
at the border between the eccentrically scle-
rotic and normal carotid wall. The focal wall 
defects may be the result from laceration of 
the ICA wall caused by ulceration and pene-
tration into the internal elastic lamina, result-
ing from arteriosclerosis 1,14. This defect is cov-
ered with thin fibrous tissue and adventitia, 
lacking the usual collagen layer as in classic 
berry aneurysm. Therefore, these aneurysms 
have a high risk of intraoperative rupture and 

Table 2  Results.

Initial treatment Clinical course and re-treatment Status at last FU 
angiogram (months)

Clinical outcome
(mRS score)

1
2
3
4
5
6
7

SAC + SWS
SWS

 SAC + SWS
SAC + SWS

SAC 
SAC

SAC + SWS 

No recurrence
No recurrence

Regrowth & covered stent (12 days)
No recurrence
No recurrence
No recurrence

Regrowth & SAC (15 days)

CR (12 mos)
CR (12 mos)

NA
CR (3 mos)
CR (13 mos)
CR (11 mos)
CR (3 mos)

0
0
6
1
1
1
4

SAC, stent-assisted coil embolization; SWS, stent-within-a-stent; CR, complete resolution of BBA with ICA reconstruction; NA, not applicable; 
mRS, modified Rankin Scale
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Figure 3  A 52-year-old man (patient No. 3) presenting with HH grade IV SAH. A) Preprocedural DSA shows a blister an-
eurysm along the lateral wall of the supraclinoid segment of left ICA. B) A control angiogram obtained after stent-assisted 
coil embolization, revealed minimal residual aneurismal filling. C) Follow-up left ICA angiogram obtained 12 days postop-
eratively revealed considerable BBA growth. D) Immediately after re-treatment with a covered stent, the control angiogram 
revealed subtle contrast media leakage into the recurred sac (arrow).
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C D
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not feasible 10,17. Though our data are limited to 
a single case, double-stent monotherapy has 
shown complete occlusion of a BBA. 

Theoretically, overlapping double stents 
would create better flow diversion than a sin-
gle stent. The greater the strut density and 
stent thickness, the more easily neo-intima for-
mation is promoted. In our series, it was not 
always feasible to insert a second stent for the 
SWS procedure immediately following SAC 
embolization, and we failed in two of the six 
patients in whom we attempted to insert a sec-
ond stent immediately following embolization. 
However, these two patients showed excellent 
outcomes without recurrence. Contrary to the 
report of L ee et al. 9, occlusion of a BBA by 
SAC embolization and subsequent use of an 
overlapping stent were not sufficient to pre-
vent a BBA from reforming, as seen in our se-
ries and in the report of Gaughen et al. 10. Ac-
cording to our visual inspection on angiogram, 
overlapping stents markedly decrease the flow 
into aneurysms, although theoretically this 
method cannot be guaranteed to completely 
block the blood flow by sealing off the affect-
ed wall of the ICA around a BBA treated in 
the acute stage. 

Because BBA walls are very fragile and thin, 
coil embolization without stents carries the po-
tential associated risks of aneurysm neck dis-
ruption and distal coil migration. In addition, it 
is not generally advocated to perform double-
stent placement without coiling as a primary 
treatment option because the likelihood of a 
residual or a recurrent aneurysm requiring fur-
ther treatments was reported to be as high as 
50% 10. The principal indication for using stents 

necked morphology and very weak wall lack-
ing collagenous tissue 4,6. Deconstructive en-
dovascular trapping after a balloon occlusion 
test has been suggested as a definitive and safe 
approach for the treatment of BBAs in the 
ICA 8. However, this option may not be suita-
ble for lesions in which important branching 
arteries arise close to the BBA or if there is an 
insufficient collateral blood supply. Further-
more, parent artery occlusion may also inter-
fere with the endovascular access required for 
later vasospasm treatment. 

Recently, there have been some reports on 
the stent-assisted coil embolization of BBA 

9-11,17. Table 3 shows a summary of BBAs treat-
ed by stent-assisted embolization described in 
the literature. Gaughen et al. 10 reported that 
double-stent placement can prevent re-bleed-
ing and can heal ruptured BBAs. However, 
Meckel et al. 11 did not advocate double-stent 
placement without coiling as a primary treat-
ment option as the likelihood of a residual or 
recurrent aneurysm requiring further treat-
ment was reported to be high at 50% in the 
report of Gaughen et al. 10. Similarly, our treat-
ment strategy in the acute setting focused on 
stent-assisted coil embolization to diminish 
the hemodynamic stress placed on an aneu-
rysm rather than use of double-stent mono-
therapy alone. 

Stenting has been seen to promote neo-inti-
ma formation along the stent struts in experi-
mental models 16. As this may also prevent re-
bleeding in the acute stage by redirecting the 
flow and lowering the wall stress of BBAs, it 
may be another option for treating ruptured 
BBAs, especially when stent-assisted coiling is 

Table 3  Summary of previous studies involving SAC or SWS in blood blister-like aneurysms, previously described in the 
literature and our series.

Authors
& year

No. of
patients

Procedure FU duration Clinical outcome

Fiorella et al., 
2006

2 single stent / multiple SWS 9.8 mos (1-24 mos) good recovery

Lee et al., 
2009

6 1 SAC + covered stent
5 SAC + SWS

11 mos (4-26 mos) good recovery (GOS 5)

Gaughen et al., 
2010

6 3 SWS + SAC / 3 SWS 20 days-12 mos 5 (mRS1), 1 (mRS 3)

Meckel et al., 
2011

12 11 SAC / 1 SWS 12 mos (5-27 mos) 12 (mRS 0-2)

Our cases 7 4 SAC + SWS
2 SAC / 1 SWS

7.7 mos (3 -13 mos) 5 (mRS 0-1), 1 (mRS 4), 
1 (mRS 6), 

SAC, stent-assisted coil embolization; SWS, stent-within-a-stent; GOS, Glasgow Outcome Scale; mRS, modified Rankin Scale
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acute treatment is still controversial. Given the 
fragile nature of these aneurysms, it might be 
better to wait until the subacute or chronic 
phase when the wall of the lesion becomes 
more stable and when the aneurysm may also 
progress to a more saccular appearance which 
allows a more successful coil embolization, 
while not overlooking the risk of aneurysm re-
rupture. Thus, we strongly recommend vigor-
ous and repeated short-term angiographic fol-
low-up of all incompletely occluded BBAs. 

Parent artery occlusion of the ICA as a de-
finitive treatment for a ruptured blister aneu-
rysm, should be considered a salvage proce-
dure when initial treatments using endovascu-
lar stent placement with or without subsequent 
coiling, has failed. However, we would not rec-
ommend PAO as the primary therapy option 
for ruptured BBAs, unless the target BBA in-
volves a very long segment with associated 
dysplastic wall changes. PAO remains an op-
tion, although it should be avoided until there 
is no longer a risk of secondary SAH-induced 
vasospasm subsides 11. 

The limitations of our study should be not-
ed, including its retrospective evaluation, small 
study size, and lack of a control group for com-
parison. Further investigation with larger pa-
tient populations and prospective evaluation is 
clearly warranted in order to validate our re-
sults. 

Conclusions

Our study results suggest that ruptured 
BBAs have a high risk for re-growth and re-
bleeding, thus resulting in a potentially severe 
and unfavorable outcome. Other than fatal ear-
ly re-hemorrhage, the mid-term angiographic 
and clinical outcomes were favorable in our se-
ries. Stent placement with or without coiling 
thus become a viable treatment option and is 
technically feasible. However, we strongly rec-
ommend early angiographic follow-up of all in-
completely occluded BBAs, both initially and 
at very short time intervals, so that additional 
treatment can be performed as required. 

with coiling in our series was a combination of 
a shallow aneurysmal sac and a wide neck. 
When the BBA anatomy is even more unfavo-
rable (i.e. with a neck / dome ratio ranging 
from 1 to 2), a single stent may only help to 
hold the coils in place but not provide suffi-
cient additional flow-diversion to exclude an 
extremely wide aneurysm neck. If BBAs are 
presumed to be a specific type of dissection or 
pseudoaneurysm, treatment should not be fo-
cused only on the BBA sac, but also on the af-
fected wall of the ICA around the BBA. There-
fore, we would generally advocate stent-with-
in-a-stent placement after stent-assisted coil 
embolization.

In our series, two of seven aneurysms 
showed BBA re-growth with bleeding as seen 
on short-term follow-up. In one patient, subse-
quent coil embolization was achieved during 
one coiling session by the use of multiple coils. 
In another patient, covered stent (Jostent 
Graftmaster, Abbott V ascular devices) place-
ment was achieved. L ee et al. 9 reported a 
small, mixed series of endovascular reconstruc-
tive treatment including covered stent place-
ment. They showed durable occlusion of BBAs 
using a covered stent. However, ICA rupture 
occurred once during the procedure and a pa-
tient died. There are several limitations inher-
ent in the use of covered stents according to 
the current technology, and their application in 
the treatment of BBAs may put patients at ad-
ditional risk for vessel injury to the fragile na-
ture of BBAs and ICA wall 7. In addition, as 
BBAs are often located in close proximity to 
the origin of the anterior choroidal artery, and 
to the posterior communicating arteries, using 
a covered stent is less appropriate. Alterna-
tively, particularly in areas with important 
branching arteries, multiple overlapping stents 
or the recently introduced flow-diverting 
stents may be used. The benefits and potential 
drawbacks of using flow-diverting stents (e,g., 
Pipeline, Chestnut Medical Technologies, Men-
lo Park, CA, USA; or Silk devices, Balt Extru-
sion, Montmorency, France) in ruptured BBAs 
will need to be assessed in future studies 18-20. 

As for the timing of the treatment for BBA, 
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