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Objective : Blood-blister aneurysms (BBAs) of the internal carotid artery (ICA) are challenging lesions with high morbidity and
mortality rates. Although research on BBAs is well documented in different populations, the study of BBAs in the Tibetan popula-
tion is extremely rare. This study aimed to evaluate the characteristics of BBAs and analyze the treatment modalities and long-term
outcomes in the Tibetan population in comparison with the Han population.

Methods : The characteristics of patients with BBAs of the ICA from January 2009 to January 2021 at our institution were reviewed.
The features of aneurysms, treatment modalities, complications, and follow-up outcomes were retrospectively analyzed.

Results : A total of 130 patients (41 Tibetan and 89 Han patients) with BBAs of the ICA who underwent treatment were enrolled.
Compared with the Han group, the Tibetan group significantly demonstrated a high ratio of BBAs among ICAs (8.6%, 41/477 vs.
1.6%, 89/5563; p<0.05), a high ratio of vasospasm (34.1%, 14/41 vs. 6.7%, 6/89; p=0.001), a high risk of ischemic events (43.9%, 18/41
vs. 22.5%, 20/89; p<0.05), and a low ratio of good outcomes (modified Rankin scale, 0-2) at the 1-year follow-up (51.2%, 21/41 vs.
74.2%, 66/89; p<0.05). The multivariate regression model showed that ischemic events significantly contributed to the prediction of
outcomes at 1 year. Further analysis revealed that microsurgery and vasospasm were associated with ischemic events.

Conclusion : In comparison with Han patients, the Tibetan population had a high ratio of BBA occurrence, a high incidence of isch-
emic events, and a high ratio of poor outcomes. The endovascular approach showed more benefits in BBA patients.
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INTRODUCTION high morbidity and mortality and account for 0.9-6.5% of all

1,15,27

internal carotid artery (ICA) aneurysms"™>*”. BBAs are mostly

Blood-blister aneurysms (BBAs) are challenging lesions with located on the nonbranching sites of the supraclinoid ICA and
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commonly have a thin, fragile wall and a poorly defined neck,
with a tendency to increase and change in shape™>*".
Considering the characteristics of BBAs, the occurrence rates of
intraoperative and postoperative aneurysmal ruptures are
higher than those of other types of aneurysms™.

Many studies have documented intracranial BBAs in
different populations; however, studies on intracranial BBAs
in the Tibetan population remain limited. In western China,
the majority of the Tibetan population lives in the Tibetan
Plateau, Garzé, and Aba regions, with an average elevation of
>3000 m above sea level. These regions are characterized by
low barometric pressure and oxygen-thin air. Tibetans belong
to an ethnic group that is characterized by a unique lifestyle of
special high salt and high fat and cholesterol diets. These are
considered risk factors for hemorrhagic stroke”.

Although our previous study reported that Tibetan BBA
patients are associated with a high risk of occurrence in atypical
locations and a high incidence of cerebral infarction with poor
prognoses, data on BBAs of the ICA are still lacking”.
Therefore, the present retrospective study was conducted
regarding the treatment of BBAs of the ICA at our institution to
compare the characteristics of Tibetan and Han populations
and analyze the clinical outcomes and prognostic factors. To
the best of our knowledge, this is the largest single-center BBA
cohort study with respect to different ethnic groups to date.

MATERIALS AND METHODS

This study was approved by the West China Hospital Ethics
Committee. Written informed consent was obtained from all

patients or their families.

Patients

This study included patients with BBAs who were admitted
to West China Hospital from January 2009 to January 2021.
The diagnosis of BBA was defined as aneurysms that arose
from the nonbranching site of the supraclinoid ICA based on
computed tomography angiography (CTA) and digital sub-
traction angiography (DSA). Patient data, including patient
characteristics, blood testing, Hunt-Hess grades, Fisher grades,
treatment methods, initial results, complications, and follow-

up outcomes, were collected and analyzed retrospectively.
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Preoperative examination and management

All patients were sent to the emergency unit to initiate stan-
dard medical treatment and care. Routine blood tests, bio-
chemical examinations, preoperative DSA and 3-dimensional
images were performed. The medical history (hypertension,
diabetes mellitus, and hypercholesterolemia) and neurologic
physical examination were also recorded. Their vital signs
were monitored, and supportive treatments were given ac-
cordingly. Adequate analgesia, antiemetics, and sedation were
given for rapid pain relief. Systolic blood pressure (SBP) was
controlled at less than 160 mmHg. Patients with hypertension
might benefit from an SBP of 160 mmHg, so relaxed blood
pressure control was achieved in these patients (SBP <170
mmHg). Otherwise, if intracranial pressure monitoring is
available, then cerebral perfusion pressure greater than 60

mmHg should be maintained.

Treatment

Based on the interdisciplinary consensus, endovascular or
surgical treatment modality for the aneurysms was selected.
In craniotomy, we often choose delayed elective surgery. Sur-
gery was performed by senior authors under general anesthe-
sia. The pterional approach was used for all patients with
BBAs of the ICA. Depending on the operating surgeon’s deci-
sion, various surgical techniques were applied, including di-
rect clipping with parallel clipping to the ICA, clipping after
wrapping, and trapping with or without bypass. All endovas-
cular procedures were performed under general anesthesia,
and the patients were systemically heparinized during the
procedure. Neuroform (Stryker, Kalamazoo, M1, USA) and
Enterprise stents (Codman, Raynham, MA, USA) and coils
were used for endovascular treatment. Subsequently, angiog-
raphy was repeated to evaluate the outcomes of embolization.
Postoperatively, dual antiplatelet medication was given regu-
larly. Triple-H (hypertension, hypervolemia, and hemodilu-

tion) therapy was used for all patients.

Follow-up and definitions

Procedure-related complications were documented, and the
results of all subsequent angiographies were recorded. The
modified Rankin scale (mRS) was used to assess the clinical
outcomes during discharge and at the 1-year follow-up. Favor-
able outcomes were defined as mRS scores of 0—2. Cerebral

vasospasm refers to vasoconstriction as confirmed by CTA or
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DSA. Intraoperative rupture was defined as premature rup- cal variables. Differences between groups were analyzed using
ture of the aneurysm during the procedure, resulting in con- t tests, Mann-Whitney U tests, Fisher’s exact tests, or chi-
siderable hemorrhage. Cerebral infarction was confirmed by squared test as appropriate. Multiple-variable logistic regres-
postoperative head CT scan. sion models were used to predict the outcomes.

Statistical analysis
Data were analyzed using SPSS software 22.0 (IBM, Ar- RESULTS
monk, NY, USA). p<0.05 was considered to be statistically sig-
nificant. Data are presented as the meanststandard deviation  Characteristics of patients

for continuous variables or counts (percentages) for categori- Between 2009 and 2021, 6040 aneurysm patients with sub-

Table 1. Comparison of Han and Tibetan BBA patients

All patients (n=130) Tibetan group (h=41) Han group (n=89) t Chi-squared p-value

Age (years) 46.7£94 444+8.0 477499 1.526 0131

Sex, female : male 81:49 27:14 54:35 0.253 0.615

Hypertension 53 (40.8) 9(22.0) 44 (494) 5.566 0.018

Diabetes mellitus 63 (48.5) 12 (29.3) 51 (57.3) 5811 0.016

Hypercholesterolemia 36 (27.7) 6 (14.6) 30(33.7) 3.353 0.067

RBC (10°/L) 4.58+0.67 4.88+0.67 4.44+0.63 -2.954 0.004

Hemoglobin (g) 132.3+£21.2 141.3£21.0 128.2+20.2 -2.748 0.007

HCT (/L) 0.40£0.06 0.42+0.05 0.39+0.05 -2467 0.016

PLT (10°/L) 205.8+77.3 23424853 194.3470.0 -2.289 0.025

APTT (seconds) 26.5+4.3 284453 25.6£3.5 -3.006 0.003

PT (seconds) 11.6+09 11.7+1.0 11.6%1.0 -0.687 0.494

Hunt-Hess grade 1.09 0.896
I 9(6.9) 3(73) 6(6.7)

I 76 (58.5) 23 (56.1) 53 (59.6)
Il 39 (30.0) 12 (29.3) 27 30.3)
\Y 6 (4.6) 3(73) 3(34)

Fisher grade 2.855 0414
I 6 (4.6) 1(24) 5(5.6)

Il 65 (50.0) 17 (41.5) 48 (53.9)
Il 54 (41.6) 20 (48.8) 34(38.2)
Y 50338 3(73) 2(23)

Ictus to treatment time (days) 9.0+59 11.3+74 8.0+4.8 -2.526 0.013
Aneurysm size 4.5%1.6 4.7£2.0 44£1.5 -0.749 0456
Multiple aneurysms 18 (13.8) 8 (19.5) 10 (11.2) 0.683 0.409
Vasospasm 20 (15.4) 14 (34.1) 6(6.7) 10.179 0.001

Treatment method 0.103 0.749
Microsurgical 51(39.2) 15 (36.6) 36 (40.4)

Endovascular 79 (60.8) 26 (63.4) 53 (59.6)

Values are presented as meanzstandard deviation or number (%) unless otherwise indicated. BBA : blood-blister aneurysm, RBC : red blood cell, HCT :
hematocrit, PLT : platelets, APTT : activated partial thromboplastin time, PT : prothrombin time
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arachnoid hemorrhage (SAH) were admitted to West China
Hospital. Of these, 477 patients (7.9%) were Tibetans from the
Tibetan Plateau, Garzé, and Aba regions. Forty-one (8.6%) of
these Tibetan aneurysmal patients and 89 (1.6%) of 5563 Han
aneurysmal patients were diagnosed with BBAs of the supra-
clinoid ICA, and there was a statistically significant difference
between the patients (p<0.05). The mean age of the patients in
the two groups was 44.4%8.0 and 47.7£9.9, respectively. The
cohorts comprised 81 females and 49 males, with a female/
male ratio of 1.65 : 1, and there was a slight female predomi-
nance in both groups. A larger number of patients in the Han
group had hypertension (44/89, 49.4% vs. 9/41, 22.0%;
p=0.018) and diabetes mellitus (51/89, 57.3% vs. 12/41, 29.3%;
P=0.016). The patients in the Tibetan group had a significantly
higher mean hemoglobin value (141.3+21.0 vs. 128.2%20.2,
p=0.007), mean platelets (PLT) value (234.2£85.3 vs. 194.3+
70.0, p=0.025), longer mean activated partial thromboplastin
time (28.4£5.3 vs. 25.6£3.5, p=0.003), and longer mean time
from ictus to treatment (11.3£7.4 vs. 8.0£4.8, p=0.013) than
the Han group. Moreover, the occurrence of vasospasm was
significantly higher in the Tibetan group than in the Han
group (14/41, 34.1% vs. 6/89, 6.7%; p=0.001). The two groups
showed no significant differences in gender, hypercholesterol-
emia, PT, Hunt-Hess grade, Fisher grade, aneurysmal size,
multiple aneurysmal number, and treatment method on ad-

mission (Table 1).

Treatment information of patients

In this study, 51 patients were treated by microsurgery,
which included direct clipping (n=41), clipping after wrapping
(n=3), and trapping without bypass (n=7), while 73 patients
underwent embolization with stent-assisted coiling, including
a single stent in 13 patients, double in 32, and triple in 28.
Only four patients were treated with coiling alone due to the
narrow neck of the aneurysms. Intraoperative rupture oc-
curred in nine patients in the Tibetan group and 22 patients
in the Han group but showed no significant difference. The
Tibetan group had a significantly higher ratio of postoperative
infarction than the Han group (18/41, 43.9% vs. 20/89, 22.5%;
p=0.034). Rebleeding and recurrence occurred in nine and 11
patients in the Han group, respectively, but were not observed

in the Tibetan group.

Outcomes

A total of 26 patients (11 patients [26.8%] in the Tibetan
group vs. 15 patients [16.9%] in the Han group, p=0.332) died
during the perioperative period. In the Tibetan group, nine
patients were deceased as a result of postoperative massive ce-
rebral infarction, and two patients died due to intraoperative
rupture when undergoing endovascular treatment. In the Han
group, nine patients died of postoperative massive cerebral in-
farction, four patients died of rebleeding, and two patients
died of intraoperative rupture. This was followed by the death

of seven patients during the 1-year follow-up period, six due to

Table 2. Comparison of complications and prognosis between Han and Tibetan BBA patients (n=130)

Outcome All patients (n=130) Tibetan group (n=41) Han group (n=89) F Chi-squared  p-value
Intraoperative rupture 31(23.8) 9(22.0) 22(24.7) 0.024 0.878
Postoperative complications
Ischemic events 38(29.2) 18 (43.9) 20 (22.5) 4.512 0.034
Mass infarction 28 (21.5) 15 (36.6) 13 (14.6)
Small infarction 10(7.7) 3(7.3) 7(79)
Rebleeding 9(6.9) 0(0.0) 9(10.1) 2917 0.088
Recurrence 11 (8.5) 0(0.0) 11(12.3) 3447 0.063
Die at discharge 26 (20.0) 11 (26.8) 15(16.9) 0.941 0.332
Die at 1-year follow-up 33 (254) 15 (36.6) 18 (20.2) 2713 0.100
Good outcome (MRS, 0-2)
On discharge 78 (60.0) 21 (51.2) 57 (64.0) 0.683 0.269
1 year 87 (66.9) 21(51.2) 66 (74.2) 4.356 0.037

Values are presented as number (%). BBA : blood-blister aneurysm, mRS : modified Rankin scale
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complications after experiencing postoperative mass infarc- achieved further recovery (mRS, 0-2) and had satisfactory
tion and one due to recurrence. At the 1-year follow-up, 10 outcomes. Such a transition was not available in the Tibetan
Han patients with poor condition at discharge (mRS, 3-5) group. A good grade (mRS, 0-2) was achieved in 51.2% of the

Table 3. Patients characteristics for outcome (n=130)

Age (years) 46.7+94 476+10.1 44.7+7.8 1.327 0.188
Sex, female : male 81:49 56: 31 26:17 0.077 0.782
Hypertension 53 (40.8) 42 (48.3) 11 (25.6) 4.239 0.040
Diabetes mellitus 63 (48.5) 41 (47.) 22(51.2) 0372 0.542
Hypercholesterolemia 36 (27.7) 26 (29.9) 10(23.3) 0.174 0.676
Hemoglobin (g) 132.3+£21.2 1329+21.7 130.9+20.6 -0.400 0.690
PLT (10°/L) 206.8+76.8 21294773 194.3+75.8 1.054 0.295
APTT (seconds) 26.5+4.3 271445 252436 1.877 0.064
PT (seconds) 11.6+0.9 117409 11.5£09 0.944 0348
Aneurysm size (mm) 4.5£1.6 4.6£1.8 41411 1.392 0.167
Ictus to treatment time (days) 9.0+6.0 9.546.1 81454 1.037 0.303
Hunt-Hess grade, lll/IV 45(34.6) 24.(27.6) 21 (48.8) 4.176 0.041
Fisher grade, lll/IV 59 (45.3) 30 (34.5) 29 (674) 8.487 0.004
Treatment methods 5.385 0.020
Microsurgical 51(39.2) 27 (31.0) 24 (55.8)
Endovascular 79 (60.8) 60 (69.0) 19 (44.2)
Vasospasm 20(15.4) 7(8.0) 13(30.2) 5.858 0.016
Intraoperative rupture 31(23.8) 9(10.3) 22 (51.2) 16.638 <0.001
Ischemic events 38(29.2) 7(8.0) 31(72.0) 36.128 <0.001
Highland population 41 (31.5) 21 (24.0) 20 (46.5) 4.356 0.037
Rebleeding 9(6.9) 3(34) 6 (14.0) 3.378 0.066

Values are presented as mean+standard deviation or number (%) unless otherwise indicated. mRS : modified Rankin scale, PLT : platelets, APTT :
activated partial thromboplastin time, PT : prothrombin time

Table 4. Multivariate analysis of outcome

Hypertension 0.100 3423 0.790 14.825
Hunt-Hess grade, ll/IV 0.846 1.165 0.250 5437
Fisher grade, lll/IV 0.242 2.659 0.517 13.666
Vasospasm 0.863 1.221 0.125 11.898
Highland 0.550 1.543 0.372 6.403
Intraoperative rupture 0.069 4134 0.894 19.108
Ischemic events 0.002 15.720 2.701 91.497
Treatment strategy 0.969 1.034 0.194 5.505

OR: odds ratio
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Table 5. Risk factors related to postoperative ischemic event

Ischemic events

Univariate analysis Multivariate analysis

Yes (n=38) No (n=92) p-value p-value OR 95% Cl

Highland population 18 (47.3) 23 (25.0) 0.034 0.248 2.281 0.562-9.254
Hypertension 12 (31.6) 41 (44.6) 0.293 NS
Hemoglobin 13254225 131.7£18.3 0.874 NS
PLT (10°/L) 19514788  211.6+76.2 0368 NS
APTT (seconds) 25.6+3.8 26.8+4.5 0.252 NS
PT (seconds) 11.6£09 11.7£1.0 0.762 NS
Diabetes mellitus 14 (56) 28 (45.9) 0.395 NS
Hunt-Hess grade, Ill/IV 20 (52.6) 25(27.2) 0.033 0.102 3.334 0.787-14.129
Fisher grade, lll/IV 26 (68.4) 33(35.9) 0.007 0131 2912 0.729-11.638
Treatment methods 0.001 <0.001 66.788 6.490-687.275

Microsurgical 26 (68.4) 25(27.2)

Endovascular 12 (31.6) 67 (72.8)
Vasospasm 14 (36.8) 6(6.5) 0.001 0.002 52.890 4.498-621.943

Values are presented as mean+standard deviation or number (%) unless otherwise indicated. OR : odds ratio, CI : confidence interval, PLT : platelets,
APTT : activated partial thromboplastin time, PT : prothrombin time, NS : not significant

Tibetan patients and 74.2% of the Han group patients, with a
significant difference (p=0.037, Table 2).

In the present study, univariate analysis indicated that hy-
pertension, Hunt-Hess grade (III/IV), Fisher grade (III/IV),
treatment method, vasospasm, intraoperative rupture, isch-
emic event, and Tibetan group showed significant correlations
with prognosis (p<0.05, Table 3). Multivariate logistic regres-
sion revealed that ischemic events were an independent risk
factor for unfavorable outcomes (odds ratio [OR], 15.72; 95%
confidence interval [CI], 2.701-91.497; p=0.002; Table 4). Fur-
ther analysis showed that microsurgery (OR, 66.788; 95% ClI,
6.49-687.275; p<0.001) and vasospasm (OR, 52.89; 95% CI,
4.498-621.943; p=0.002) significantly contributed to ischemic
events (Table 5).

DISCUSSION

Ethnic minority regions are mostly located in remote and
economically deprived rural areas. There are notable
differences in culture, economy and health-care accessibility
between ethnic minority regions and other regions of China.
The Tibetan ethnic group is characterized by a unique lifestyle

of a special local diet of tsampa, butter tea, mutton, and beef,
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with a high cholesterol and salt diet. Moreover, the majority of
Tibetans reside at high altitudes, such as the Tibetan Plateau,
Garze, and Aba regions, at an average elevation of approxi-
mately 3000 m above sea level”. Due to their unique lifestyle
and residential circumstances, the prevalence of cardiovascular
disease risk factors, including hypertension, diabetes,
overweight or obesity, dyslipidemia, and current smoking, was
high in Tibetans™.

Most intracranial aneurysms typically arise at vascular branch
points due to alterations in hemodynamic forces at these
points™. The histological features of BBAs include focal wall
defects covered with clot and fibrous tissue'’. Currently, the
mechanism of BBA formation remains unclear. Previous studies
have revealed that several risk factors, including arteriosclerosis,
hypertension, hemodynamic changes, and dissection of the
cerebral artery, contribute to the pathogenesis of BBAs'"*”.
However, the true pathogenesis is yet to be elucidated. In our
study, among 477 Tibetan aneurysmal patients, there were 41
(8.6%) BBA patients, and this ratio was significantly higher than
that observed in the Han patient population (89/5563, 1.6%) and
in previously reported data”’. Due to the high ratio of BBAs
among Tibetan aneurysmal patients, we speculated that the
Tibetan population is more susceptible to BBAs. Further

analysis revealed significant differences between the two groups
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in the baseline information, including red blood cell count,
hemoglobin level, and hematocrit level, suggesting that these
factors may increase the incidence of BBAs in the Tibetan
population. The anteromedial wall of the supraclinoid portion
of the ICA is curved as the flux of food flow impinges on the
arterial wall”. Therefore, hemodynamic stress, which could be
influenced by hemoglobin level, seems to be important in the
formation of BBA™.

It is important to evaluate effective treatment strategies for
BBAs due to their high incidence of intra- or postoperative
bleeding among BBA patients. Direct clips are the most
common strategy for application in BBAs of ICA'"'*'****,
Distal and proximal temporary clips remain crucial for these
dangerous lesions, as these clips could prevent rupture, control
bleeding, and soften the aneurysms™. An angled or slightly
curved clip along with blades was applied parallel to the
supraclinoid ICA (including the normal arterial wall beyond
the lesion), which more or less narrows the ICA. Therefore,
postoperative infarction might occur, as in our case series
(17/41, 41.4%), when using direct clips. Intraoperative rupture
usually occurs during surgical manipulation of these lesions
with fragile walls. Clipping after wrapping still remains a
debate due to its unclear efficacy. Ogawa et al.”” demonstrated
that wrapping did not prevent rebleeding and was related to a
high incidence of postoperative bleeding and death (3/4, 75%).
However, Lee et al.” conducted a study in 18 BBA patients, 15
of whom underwent clipping and wrapping. The results
revealed that no patients had postoperative bleeding, and only
two patients with global infarction died. Murai et al.”” reported
that BBA patients who underwent trapping with radial artery
grafting indicated a high risk of ischemic complications.
Trapping with bypass often requires the acquisition of new
blood vessels, which is not suitable for every patient, and the
operation is more complicated. Therefore, our center advocates
that trapping with bypass is an optimal surgical modality when
direct clipping and clipping with wrapping are unavailable.
However, among the 51 patients in our center, all of them could
be directly clipped or clipped with wrapping after a proper
operation. Therefore, our study included a very low rate of
trapping with bypass among the treatment modalities.

Various endovascular strategies, including coil embolization,
stent-assisted coiling, and flow-diverting stents, have been used
to treat BBAs"***. Single coil embolization is potentially

hazardous and cannot be considered for BBA treatment due to

the shallow sac and wide fragile neck™. The stent can provide a
bridge by encompassing the BBA neck with vascular endothelial
cells. Lim et al.” included 34 patients with ruptured BBAs in
their study, and 25 of these patients had favorable outcomes. In
our study, we used a single stent or overlapping stents with
coiling in 49 patients and coiling alone in three patients.
Although high morbidity and mortality occur with endovascular
therapy, it is associated with more favorable outcomes than
microsurgery treatment.

Tibetan BBA patients had a higher ratio of postoperative
ischemic events than the Han group. Moreover, univariate
analysis revealed that Tibetan group, Hunt-Hess grade, Fisher
grade, treatment method, and vasospasm contributed to
postoperative ischemic events, which are considered single risk
factors by multivariate analysis for the outcomes of BBAs.
According to the results of this research, we speculated that a
high incidence of postoperative ischemic events was considered
one of the most common features for primary hemorrhagic
neurovascular diseases in the Tibetan populace.

) and

Currently, the natural history of BBA is uncertain™
small sample sizes and substantial study heterogeneity make
strong conclusions difficult®”; so the optimal timing of
treatment for BBA is still uncertain. A study compared the
impact of different surgical timings on patient prognosis, and
the results showed that there was no significant difference
between early surgery and delayed elective surgery”. However,
in the acute stage of the disease, the brain tissue is swollen, and
the operation is difficult and risky, so we often choose delayed
elective surgery. In the future, larger-scale and multitime
randomized controlled studies are needed to determine the
optimal timing of treatment for ruptured aneurysms.

One of the most obvious differences between the Tibetan
and Han populations was the hemoglobin concentration, which
was influenced by hypoxia in the high-altitude atmosphere.
High-level hemoglobin is widely considered a risk factor for

9,18,19 .
)_Some studies have demonstrated

high blood viscosity
that the mechanism of high blood viscosity contributes to
cerebral ischemic events based on tiny thrombosis formation
in the cerebral circulation system™'**”. The other factor that
contributes to postoperative ischemic events in the Tibetan
population might be PLT. Several studies have concluded that
PLT count was positively correlated with the risk of ischemic
stroke*””. Therefore, hemoglobin concentration and PLT

count might be considered two essential parameters for the
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development of ischemic events in the Tibetan population.
Otherwise, regarding the potential mechanisms that are
responsible for the high incidence of ischemic events, some
studies have indicated that vasospasm after SAH, which is
more obvious in the Tibetan population in our study, is

considered the most important factor™"*”

', which is consistent
with our study findings. The other risk factor for ischemic
events was microsurgery treatment, which meant that the
endovascular approach was more effective and safer than

surgical clipping.

CONCLUSION

This study aimed to explore the difference in BBAs between
Tibetan and Han populations. Our research revealed that
BBAs in the Tibetan population demonstrated a high risk of
occurrence, high ratio of vasospasm, high incidence of isch-
emic events, and high ratio of poor prognostic rates at the
l-year follow-up. Endovascular treatment remained more
beneficial for BBA patients when compared with the high ra-
tio of ischemic events achieved by microsurgery. The other
main risk factors for ischemic events included high hemoglo-
bin concentration, high PLT count, and vasospasm in the Ti-

betan population.

AUTHORS' DECLARATION

Conflicts of interest
No potential conflict of interest relevant to this article was

reported.

Informed consent
Informed consent was obtained from all individual partici-

pants included in this study.

Author contributions

Conceptualization : YR, JL; Data curation : HL, AX, LL,
HS, YL, HL, LM, CWZ, CHW, MH, CY; Formal analysis :
BH; Funding acquisition : YZ, YR; Methodology : BH, YR;
Project administration : YR; Visualization : BH, YR; Writing -
original draft : BH; Writing - review & editing: YR, JL

352 https://doi.org/10.3340/jkns.2023.0144

Data sharing
None

Preprint

None

ORCID

https://orcid.org/0009-0008-7861-6688
https://orcid.org/0000-0001-8099-0339

Bowen Huang

Yanming Ren

Hao Liu https://orcid.org/0009-0002-0762-9090
Angqi Xiao https://orcid.org/0009-0008-6176-369X
Lunxin Liu https://orcid.org/0000-0002-8973-8612
Hong Sun https://orcid.org/0009-0008-2746-9403
Yi Liu https://orcid.org/0000-0003-3511-3841

Hao Li https://orcid.org/0000-0001-5463-9529
LuMa https://orcid.org/0000-0002-7866-3109

Chang-Wei Zhang https://orcid.org/0000-0003-0046-0405
Chao-Hua Wang  https://orcid.org/0000-0002-4146-3744

Min He https://orcid.org/0000-0001-8869-0146
Yuekang Zhang  https://orcid.org/0000-0001-5709-3752
Chao You https://orcid.org/0000-0002-1783-3688
Jin Li https://orcid.org/0000-0002-9586-0315

* Acknowledgements

Sichuan Province Science and Technology Support Program
(CN). 2019YFS0397; Natural Science Foundation of China.
81571131.

References

1. Abe M, Tabuchi K, Yokoyama H, Uchino A : Blood blisterlike aneurysms
of the internal carotid artery. J Neurosurg 89 : 419-424, 1998

2. ChenR, Xiao A, LiH, Ma L, Lin S, You C : Blood blister-like aneurysms in
Tibetans: a retrospective observational study. Clin Neurol Neurosurg
156 : 18-23, 2017

3. Crowley RW, Medel R, Dumont AS, llodigwe D, Kassell NF, Mayer SA, et
al. : Angiographic vasospasm is strongly correlated with cerebral infarc-
tion after subarachnoid hemorrhage. Stroke 42 : 919-923, 2011

4. DuJ, Wang Q, He B, Liu P, Chen JY, Quan H, et al. : Association of mean
platelet volume and platelet count with the development and prognosis
of ischemic and hemorrhagic stroke. Int J Lab Hematol 38 : 233-239,
2016



Blood-Blister Aneurysms in Tibetan Populations | Huang B, et al.

Endo H, Fujimura M, Shimizu H, Endo T, Omodaka S, Inoue T, et al. : Op-
timal timing of extracranial-intracranial bypass with microsurgical trap-
ping for ruptured blister aneurysms of the internal carotid artery. World
Neurosurg 136 : e567-e577, 2020

Foroughi M, Akhavanzanjani M, Maghsoudi Z, Ghiasvand R, Khorvash
F Askari G : Stroke and nutrition: a review of studies. Int J Prev Med
4(Suppl 2) : $165-5179, 2013

Gaughen JR Jr, Hasan D, Dumont AS, Jensen ME, McKenzie J, Evans AJ :
The efficacy of endovascular stenting in the treatment of supraclinoid
internal carotid artery blister aneurysms using a stent-in-stent technique.
AJNR Am J Neuroradiol 31 : 1132-1138, 2010

Grotta J, Ackerman R, Correia J, Fallick G, Chang J : Whole blood viscos-
ity parameters and cerebral blood flow. Stroke 13 : 296-301, 1982
Herrmann A, Miiller P : Correlation of the internal microviscosity of hu-
man erythrocytes to the cell volume and the viscosity of hemoglobin
solutions. Biochim Biophys Acta 885 : 80-87, 1986

Horiuchi T, Kusano Y, Yako T, Murata T, Kakizawa Y, Hongo K : Ruptured
anterior paraclinoid aneurysms. Neurosurg Rev 34 : 49-55, 2011
Ishikawa T, Nakamura N, Houkin K, Nomura M : Pathological consid-
eration of a “blister-like” aneurysm at the superior wall of the internal
carotid artery: case report. Neurosurgery 40 : 403-405; discussion
405-406, 1997

Jan KM, Chien S, Bigger JT Jr : Observations on blood viscosity changes
after acute myocardial infarction. Circulation 51 : 1079-1084, 1975
Kalani MY, Zabramski JM, Kim LJ, Chowdhry SA, Mendes GA, Nakaji P,
et al. : Long-term follow-up of blister aneurysms of the internal carotid
artery. Neurosurgery 73 : 1026-1033; discussion 1033, 2013
Kazumata K, Nakayama N, Nakamura T, Kamiyama H, Terasaka S,
Houkin K : Changing treatment strategy from clipping to radial artery
graft bypass and parent artery sacrifice in patients with ruptured blister-
like internal carotid artery aneurysms. Neurosurgery 10 Suppl 1 : 66-
72; discussion 73, 2014

Konczalla J, Gessler F, Bruder M, Berkefeld J, Marquardt G, Seifert V :
Outcome after subarachnoid hemorrhage from blood blister-like aneu-
rysm rupture depends on age and aneurysm morphology. World Neu-
rosurg 105 : 944-951.e1, 2017

Lee JW, Choi HG, Jung JY, Huh SK, Lee KC : Surgical strategies for rup-
tured blister-like aneurysms arising from the internal carotid artery: a
clinical analysis of 18 consecutive patients. Acta Neurochir (Wien)
151 : 125-130, 2009

Lim YC, Kim BM, Suh SH, Jeon P, Kim SH, Thn YK, et al. : Reconstructive
treatment of ruptured blood blister-like aneurysms with stent and coil.
Neurosurgery 73 : 480-488, 2013

Luneva OG, Brazhe NA, Fadyukova OE, Akhalaya MY, Baizhumanov AA,
Parshina EY, et al. : Changes in plasma membrane viscosity and hemo-
porphyrin conformation in erythrocyte hemoglobin under the conditions
of ischemia and reperfusion of rat brain. Dokl Biochem Biophys 405 :
465-467, 2005

McClain BL, Finkelstein 1J, Fayer MD : Dynamics of hemoglobin in human
erythrocytes and in solution: influence of viscosity studied by ultrafast
vibrational echo experiments. J Am Chem Soc 126 : 15702-15710,

22.

23.

24.

25.

26.

27.

29.

30.

32.

33.

2004

Meling TR, Sorteberg A, Bakke SJ, Sletteba H, Hernesniemi J, Sorteberg
W : Blood blister-like aneurysms of the internal carotid artery trunk caus-
ing subarachnoid hemorrhage: treatment and outcome. J Neurosurg
108 : 662-671, 2008

Murai Y, Mizunari T, Umeoka K, Tateyama K, Kobayashi S, Teramoto A :
Ischemic complications after radial artery grafting and aneurysmal trap-
ping for ruptured internal carotid artery anterior wall aneurysm. World
Neurosurg 77 : 166-171, 2012

Nasra M, Mitreski G, Kok HK, Maingard J, Slater LA, Russell JH, et al. :
Contemporary treatment of intracranial blood blister aneurysms - a sys-
tematic review. J Stroke Cerebrovasc Dis 30 : 105968, 2021

Ogawa A, Suzuki M, Ogasawara K : Aneurysms at nonbranching sites
in the surpaclinoid portion of the internal carotid artery: internal carotid
artery trunk aneurysms. Neurosurgery 47 : 578-583; discussion 583-
586, 2000

Ott EO, Lechner H, Aranibar A : High blood viscosity syndrome in cere-
bral infarction. Stroke 5 : 330-333, 1974

Owen CM, Montemurro N, Lawton MT : Blister aneurysms of the in-
ternal carotid artery: microsurgical results and management strategy.
Neurosurgery 80 : 235-247, 2017

Ryan RW, Khan AS, Barco R, Choulakian A : Pipeline flow diversion of
ruptured blister aneurysms of the supraclinoid carotid artery using a
single-device strategy. Neurosurg Focus 42 : E11, 2017

Satoh A, Sugiyama T, Hongo K, Kakizawa Y, Ishihara S, Matsutani M :
Nationwide surveillance of IC anterior (or dorsal) wall aneurysm: with
special reference to its dissecting nature. Acta Neurochir Suppl 103 :
51-55, 2008

Shojima M, Nemoto S, Morita A, Oshima M, Watanabe E, Saito N : Role
of shear stress in the blister formation of cerebral aneurysms. Neuro-
surgery 67 : 1268-1274; discussion 1274-1275, 2010

Tasdemir S, Erdem HB, Sahin I, Ozel L, Ozdemir G, Eroz R, et al. : Cor-
relation with platelet parameters and genetic markers of thrombophilia
panel (factor Il g.20210G>A, factor V leiden, MTHFR (C677T, A1298C),
PAI-1, B-fibrinogen, factor XIIIA (V34L), glycoprotein Illa (L33P)) in isch-
emic strokes. Neuromolecular Med 18 : 170-176, 2016

Xu S, Jiayong Z, Li B, Zhu H, Chang H, Shi W, et al. : Prevalence and
clustering of cardiovascular disease risk factors among tibetan adults in
china: a population-based study. PLoS One 10 : e0129966, 2015
Yu-Tse L, Ho-Fai W, Cheng-Chi L, Chu-Mei K, Yi-Chou W, Tao-Chieh
Y : Rupture of symptomatic blood blister-like aneurysm of the internal
carotid artery: clinical experience and management outcome. Br J Neu-
rosurg 26 : 378-382, 2012

Yu B, Zheng J, Hong Y, Chen L, Xi Z, Yu M, et al. : Stent-assisted coil em-
bolization of ruptured supraclinoid blood blister-like aneurysm of internal
carotid artery. Turk Neurosurg 26 : 219-222, 2016

Zhu D, Fang Y, Yang P, Zhang P, Chen L, Xu Y, et al. : Overlapped stent-
ing combined with coiling for blood blister-like aneurysms: comparison
of low-profile visualized intraluminal support (LVIS) stent and non-LVIS
stent. World Neurosurg 104 : 729-735, 2017

J Korean Neurosurg Soc 67 (3) : 345-353 353



