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Abstract

Introduction: In acute posterior circulation strokes, vertebrobasilar occlusions are typically associated with poorer out-
comes than anterior circulation strokes. Previous trials had an overall mortality rate of 37%. However, few studies have
addressed the benefit and safety of the emergent stenting in the successful recanalization at these complex occlusions.
We studied whether clinical outcomes improved three months after the procedure.

Methods: A retrospective analysis of acute vertebrobasilar occlusions patients who received emergent stenting was
performed at our hospital. The vertebrobasilar occlusions comprised of tandem occlusions (defined as severe stenosis
or occlusion of the vertebral artery ostium concomitant with the basilar artery occlusion) and isolated occlusions. Clinical
and functional features and complication rates were recorded. The primary objective was the variation in clinical out-
comes as measured by modified Rankin Scale (mRS) score at 3 months.

Results: We conducted a retrospective study of a prospectively maintained database with 56 patients, however only
38 patients were eligible with major vessel occlusion in posterior circulation who underwent mechanical thrombectomy
between December 2020 and November 2023. Although all patients had successful recanalization (modified treatment
in cerebral infarction [mTICI]=2b), there was only one (2.6%) patient experienced symptomatic intracranial hemorrhage.
At three months following emergent stenting in vertebrobasilar occlusion stroke, 25 (65.8%) patients had a favorable
outcome (MRS<3). 22 (57.9%) patients had good outcomes (MRS=<2), with 5 (13.2%) tandem and 17 (44.7%) isolated
lesions.

Conclusions: While this study provides preliminary insights into the role of emergent stenting in the vertebrobasilar oc-
clusions stroke, its retrospective approach, small sample size, lack of a control group, and potential selection bias limit
the generalizability of findings.
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1.INTRODUCTION

Posterior acute ischemic strokes account for approxi-
mately 20%-25% of all ischemic strokes, with large vessel
occlusions (LVOs) occurring in 0.8%—5.7% of cases [1,2].
Mechanical thrombectomy (MT) has been the standard treat-
ment for LVOs; however, the rate of futile recanalization -
defined as an unsatisfactory outcome despite successful early
recanalization - is higher in posterior circulation strokes
compared to anterior ones [3]. This demonstrates an ongoing
challenge in achieving optimal clinical outcomes. Random-
ized controlled trials, including BEST, BASICS, BAOCHE,
and ATTENTION, have demonstrated the potential benefits
of endovascular treatment over standard medical therapy
for acute vertebrobasilar occlusions [4—7]. Nevertheless, the
BASICS trial specifically did not establish the superiority of
thrombectomy over medical treatment alone. Furthermore,
these trials reported symptomatic intracranial hemorrhage
and mortality rates for endovascular treatment of approx-
imately 6% [6] and 37%, respectively [7]. These findings
underscore the need for additional refinement of therapeutic
techniques in this context.

Complicating the management of acute vertebrobasilar
strokes are underlying intracranial stenosis, which is ob-
served up to 36% of LVO cases [8], and tandem lesions,
which occur in 64% [9]. Emergent stenting has been recom-
mended as a rescue strategy in cases of failed mechanical
thrombectomy, facilitating successful recanalization [10].
Given that effective recanalization is a key predictor of posi-
tive outcomes [11], knowing the impact of emergent stenting
is essential. However, the necessity for dual antiplatelet ther-
apy (DAPT) and the associated risk of complications contin-
ue to raise concerns about its overall efficacy [12,13].

Recent studies have explored several elements of rescue
stenting in vertebrobasilar strokes, including the outcomes of
stenting following failed thrombectomy [14]. Furthermore,
Grunwald et al. [15] and Nardai et al. [16] have examined
rescue stenting in cases of basilar thrombectomy failure and
coronary stent implantation for acute basilar artery (BA)
occlusion, respectively. Despite these advances, considerable

knowledge gaps exist about long-term clinical outcomes and
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optimal patient selection for emergency stenting.
Hence, we sought to evaluate the safety and efficacy of
acute stenting in acute ischemic stroke caused by verte-

brobasilar occlusion.

2. MATERIAL AND METHODS

2.1. Study design and participants

We retrospectively evaluated all patients with acute verte-
brobasilar occlusions stroke, who received emergent stenting
at Can Tho S.I.S. General Hospital between December 2020
and November 2023. Vertebrobasilar occlusions were classi-
fied as tandem occlusions (defined as severe stenosis or oc-
clusion of the vertebral artery (VA) ostium concurrent with
the BA occlusion) and isolated occlusion (either intracranial
segment of VA or basilar arteries). These lesions were con-
firmed by digital subtraction angiography (DSA). Patients
were included if they are (1) age>18 years old; (2) the admis-
sion severity of stroke using the National Institutes of Health
Stroke Scale (NIHSS)>5 or Glasgow Outcome Score>9; (3)
onset to treatment time<24 hours; (4) posterior circulation
Acute Stroke Prognosis Early Computed Tomography Score
(pc-ASPECTS) greater or equal to 5 on Magnetic resonance
imaging (MRI) 3 Tesla. The exclusive criteria included: (1)
pre-stroke modified Rankin Scale (mRS)>2; (2) Large bi-
lateral brain-stem infarcts including as the midbrain and the
pons based on pc-ASPECTS; (3) effect of cerebellar mass
(Fig. 1). Our study has followed the STROBE guidelines [17]
and checklist in Supplementary Table S1.

2.2. Study procedure and data collection

Emergent stenting was done under general anesthesia
using a transfemoral approach. The 8F guiding catheter
accessed to the dominant VA, if other VA was hypoplasia
or tortuous vessel anatomy by DSA guidance. In single or
tandem occlusions, our study used a “distal-to-proximal”
method (defined as effective recanalization after the occlu-
sive lesion performed initially by MT, followed by emergent
stenting for the severe stenosis or re-occlusion following
MT or angioplasty) in our study. There were many ways to

allow the 8F guiding catheter to cross VA ostium occlusion

https://www.medpharmres.com | 263



Assessment of outcomes of emergent stenting in vertebrobasilar occlusion stroke

63 patients ESVO

25 excluded:

= 6 onset > 24 hours

= 3 premorbid mRS > 2
= 5pc-ASPECTS <4

A

= ] unavailable stents
= 5 bilateral brainstem infarction

= 5 cerebellar mass effect

v
38 patients assessed for eligibility

e eeap
30 isolated occlusion H 8 tandem occlusions ‘

v v
/\

22 favorable outcome ‘ 1 subarachnoid hemorrhage ‘

Fig. 1. Flow-chart of patient inclusion in the study. ESVO, Emergent
Stenting in Vertebrobasilar Occlusion; mRS, modified Rankin Scale; pc-
ASPECTS, posterior circulation Acute Stroke Prognosis Early Computed
Tomography Score.

in tandem lesions: (1) support of the SF diagnostic catheter;
(2) support of the dilator available of 8F guiding catheter;
(3) temporary angioplasty. Following successful recanali-
zation in the intracranial regions, balloon-expandable stent
was fully placed in extracranial lesion. In isolated lesions
had two occlusive characteristics: tapered or blunt stump. If
there was a tapered stump in the angiography, primary direct
angioplasty was performed without prior mechanical throm-
bectomy. In the event of blunt stump, MT was performed
first to disclose the tapering stump, followed by angioplasty.
Angiographic results of 2 cases showed the severe stenosis
or re-occlusion after angioplasty, emergent stent (balloon-ex-
pandable or self-expanding stent such as Wingspan - Stryker
Neurovascular, Fremont, CA, USA; Credo - Acandis, Pfor-
zheim, Germany, and LEO stent - Balt Extrusion, Montmo-
rency, France) was deployed in the target artery. The loading
doses of DAPT regimens were determined by institutional
protocol and began prior to the procedure with both 300 mg
clopidogrel and 162 mg acetylsalicylic acid administred by
nasogastric tube. In addition, an intravenous bolus dosage
of 3,000-5,000 IU heparin was administered throughout the

surgery. When subarachnoid hemorrhage or malignant cere-
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bellar edema was visible in the post-procedure imaging (CT
or MRI), the discontinuation of DAPT and neurosurgical
procedures were considered. The degree of recanalization
was assessed by the modified treatment in cerebral infarc-
tion (mTICI), especially successful cases with mTICI>2b.
Procedural time was defined as the time between groin
puncture to final recanalization. At 3 months, the change of
degree of clinical result was assessed by mRS which con-
stituted of favorable outcomes mRS less than or equal to 3
and unfavorable outcomes (mRS>4). The 3-month score was
assessed through follow-up examination by either the direct
examination or phone interviews. Our anlaysis included two
examples of tandem occlusions and one occlusion from our
study (Figs. 2 and 3).

2.3. Statistical method

All statistical tests were performed using Stata statistical
software, version 16 (StataCorp College Station, TX, USA).
Statistical significance for intergroup differences was as-
sessed with Fisher exact test for categorical variables. All
tests were two sided with levels of p<0.05 considered to be
statistically significant. Fisher’s exact test was used to ex-
plore intergroup differences between patients with tandem
occlusions and those with isolated occlusions in vertebrobas-
ilar strokes. Specifically, we compared clinical outcomes
(favorable outcome defined as mRS<3 and unfavorable out-
comes mRS>4 at 3 months) and complication rates, includ-
ing symptomatic intracranial hemorrhage, between these two

groups.

2.4, Ethical considerations

Our study is registered in the ClinicalTrials.gov with ID
NCT06129721. The study relating to human participants was
recorded and approved by the Ethics Council in biomedical
research in Can Tho S.I.S General Hospital (number 11623/
QD-S.I.S on May 19th, 2023) and Ethical Board of the
University of Medicine and Pharmacy at Ho Chi Minh City
(number 1087/ HDDD-DHYD on November 2nd, 2023).
Informed consent was accepted from the patient representa-

tives.
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Fig. 2. Case 1. A 44-year-old male was transferred to our emergency room due to stupor within 5 hours of onset. The NIHSS score was 12. He was
used 300 mg of clopidogrel and 162 mg of aspirin. (a) Preoperative acute unilateral pontine infarct on MRI; (b) left VA ostium occlusion in DSA (red
circle); (c) dilator device supported guiding catheter 8F to cross VA ostium occlusion by retrograde approach (red arrow); (d) occlusion of intracranial
vertebral artery (VA; red circle); (e) successful recanalization after aspiration; (f) left VA ostium severe stenosis (red arrow); (g) deployed balloon-
expandable stent (Supraflex Cruz 4.5x16; Sahajanand Medical Technologies, Surat, India) (red arrow); (h) absence of new infarct on MRI. The mRS
improved from 3 in discharge to 1 after 3-month; (i) right VA hypoplasia (red arrow). NIHSS, National Institutes of Health Stroke Scale; MRI, magnetic
resonance imaging; DSA, digital subtraction angiography; mRS, modified Rankin Scale.

3. RESULTS

From December 2020 to November 2023, 38 eligible pa-
tients received ES at our hospital. Patients’ age ranged from
44 to 93 years old, and a mean age (SD) of 65.5 (10.8) years
old. 36.8% were over the age of 70, with men accounting
for 78.9%. The moderate admission NIHSS (5<NIHSS<I15)
accounted for 36.8% and baseline pc-ASPECTS was 6.7
(SD 1.1) (Table 1). Neurovascular risk factors for acute isch-
emic stroke comprised of smoking (71.1%), hyperlipidemia
(18.4%), and diabetes mellitus (36.8%), but no significant
difference between these factors was found in good outcome
at 3 months (Table 2). In the included patients, 8 (21.1%)

https://doi.org/10.32895/UMP.MPR.9.2.24

had a tandem occlusion and 30 (78.9%) with the underlying
intracranial stenosis at the level of the occlusion of the target
artery, which included 11 (28.9%) VA and 19 (63.3%) BA.
Tandem occlusion did not indicate an additional underlying
intracranial stenosis. In tandem lesions, the dilator supported
the 8F guiding catheter less than the SF diagnostic catheter
(7.9% and 13.2%; respectively). Mechanical thrombectomy
was commonly applied to treat occlusive lesion underlying
intracranial stenosis (55.3%). Furthermore, one Embolic Pro-
tection Device (SpiderFXTM - Medtronic, Minneapolis, MN,
USA) was employed to prevent plaque debries after throm-
bectomy at intracranial occlusion in tandem lesions. 37 open-
cell stents were employed, including 24 self-expanding and

6 balloon-expandable stents in the isolated lesion. In case
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Fig. 3. Case 2. A 59-year-old male presented with major vertebrobasilar stroke NIHSS 20 within 1 hours of onset. 300 mg of clopidogrel and 162 mg
of aspirin were loaded via nasogastric tube. (a,b) MRI 3 Tesla showed pc-ASPECTS 8 and basilar artery (BA) occlusion; (c) BA occlusion in DSA (red
arrow); (d) Angiography after first angioplasty (Genoss 1.5%15; Genoss, Suwon, Korea) (red arrow); () Successful recanalization after intracranial
stenting (Credo 4.0x20; Acandis, Pforzheim, Germany) (red arrow); (f) Subarachnoid hemorrhage (red arrow) and hydrocephalus (green arrow);
(g) Placement of an external ventricular drain (red arrow). He died after 2-day discharge. NIHSS, National Institutes of Health Stroke Scale; MRI,
magnetic resonance imaging; pc-ASPECTS, posterior circulation Acute Stroke Prognosis Early Computed Tomography Score; DSA, digital subtraction

angiography.

of intracranial 1 close-cell stent (LEO stent) was deployed
in intracranial VA stenosis. Additionally, the symptomatic
hemorrhagic complication rate recorded one case (2.6%)
subarachnoid hemorrhage. The baseline pc-ASPECTS was
was 6.7 (SD 1.1) accounted for 36.8% of the hospital stays
shorter than 14 days, which was statistically different be-
tween tandem and isolated lesions(p=0.004), shown in Table
3.

Although there was a shift toward lower degree of disabil-
ity from 9 in discharge to 19 good outcomes at 3-month (Fig.
4), this difference was not significant between tandem and
isolated occlusion (p=0.7). The overall study mortality was
21.1% (including one patient in tandem occlusions and 7 pa-

tients with isolated occlusions).

4. DISCUSSION

With death rate of 85% in the absence of effective recanal-
ization, acute vertebrobasilar occlusion is a potentially fatal

disease [18]. Our study demonstrated that the efficacy of
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endovascular therapy, especially when used in conjunction
with the retrograde method, is effective in improving clinical
outcomes. The 3-month good outcome rates were 62.5% for
tandem lesions and 56.7% for isolated lesions, surpassing
previously reported single-center data (52.4% for tandem and
51.9% for isolated lesions) [19,20]. This suggests that emer-
gent stenting increases the likelihood of successful rehabili-
tation in addition to improving survival, which is consistent
with data showing that timely initiation of physical, occupa-
tional, and cognitive rehabilitation is essential for optimizing
functional outcomes in stroke survivors [21]. Mortality rates
also differed between lesion types, with isolated lesions hav-
ing a higher rate (18.4%) compared to tandem lesions (2.6%).
We were able to locate them in the the target arteries in
posterior circulation right away because of the MRI3 Tesla’s
sensitive acute ischemia detection. Nevertheless, the identi-
fication of the tandem and single intracranial occlusion was
solely based on the DSA. Besides, DSA allowed to deter-
mine exactly the occluded dominant VA to place 8F guiding

catheter, which made endovascular therapy do recanalization
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Table 1. Clinical characteristics of the patients who underwent emerging stenting

Patient characteristics

Emerging stenting (n=38)

Pre-procedure
Age in years (mean [SD])
Male (n [%])
BMI (SD)
Stupor (n [%])
Hypertension (n [%])
Smoking (n [%])
Hyperlipidemia (n [%])
Diabetes mellitus (n [%])
IV alteplase (n [%])
Onset-to-door time in hours (mean [SD])
Severe stroke (n [%)])
NIHSS (mean [SD])
pc-ASPECTS (mean [SD])
Procedure
Tandem occlusions (n [%])
Procedural time in mins (mean [SD])
Self-expanding stents (n [%)])
First balloon length in mm (mean [SD])
First balloon diameter in mm (mean [SD])
Stent length in mm (mean [SD])
Stent diameter in mm (mean [SD])
Second balloon length in mm (mean [SD])
Second balloon diameter in mm (mean [SD])
Dilator device to cross VA ostium occlusion (n [%])
MT to cross isolated lesion (n [%])
Post-procedure
Post-procedural sedation (n [%])
Length of stay in ICU in days (mean [SD])
Length of hospital stay in days (mean [SD])
Stroke rehabilitation (n [%])

External ventricular drainage (n (%])

65.5 (+10.8)
30 (78.9)

7
14 36.8)
3(7.9)

6.3 (+4.5)
3(7.9)
16.7 (+3.7)

6.7 (+1.1)

8(21.1)
88.6 (+45.7)
24 (63.2)
15.3 (+2.1)
2.2 (0.3)
18.6 (+6.1)
3.7 (20.6)
13.3 (+2.4)
2.8 (0.8)
3(7.9)

21 (55.3)

20 (52.6)
7.4 (+7.3)
15.5 (£10.4)
24 (63.2)
1(2.6%)

BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; pc-ASPECTS, posterior circulation Acute Stroke Prognosis Early Computed Tomography Score;

VA, vertebral artery; MT, mechanical thrombectomy.

Table 2. Relation of patient characteristics with favorable outcome

Baseline variables Favorable outcome (n=25)  Unfavorable outcome (n=13) p-value Expected frequencies
Hypertension (n [%]) 25 (100) 10 (76.9) 0.034" 23.03
Smoking (n [%]) 16 (64.0) 11 (84.6) 0.1847 17.76
Hyperlipidemia (n [%)]) 6 (24.0) 1(7.7) 0.385" 461
Diabetes meliitus (n [%]) 7(28.0) 7(53.8) 0.117% 9.21
MT to cross isolated lesion (n [%]) 15 (60.0) 6 (46.2) 0.160” 13.82
Length of stay in ICU<6 d 19 (76.0) 5(38.5) 0.023% 15.79
Length of hospital stay<14 d 17 (68.0) 4(30.8) 0.029” 13.82

" Fisher’s exact test.
? Chi-square test.
MT, mechanical thrombectomy.

https://doi.org/10.32895/UMP.MPR.9.2.24
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Table 3. Baseline characteristics of patients with tandem or isolated occlusion

Baseline variables Tandem occlusions (n=8) Isolated occlusion (n=30) p-value Expected frequencies
Age70y (n [%]) 3(37.5) 11(36.7) 0.965" 11.05
Male sex (n [%]) 7 (87.5) 23 (76.7) 0.504" 23.68
Smoking (n [%]) 7 (87.5) 20 (66.7) 0.248" 27.32
Hyperlipidemia (n [%]) 1(12.5) 6 (20.0) 0.538? 553
Diabetes mellitus (n [%]) 2(25.0) 12 (40.0) 0.435" 11.05
IV alteplase (n [%)]) 0 3(10.0) 0.4817 237
NIHSS>15 (n [%]) 3(37.5) 21(70.0) 0.090" 18.95
Procedural time>60 mins 5 (62.5) 22 (73.3) 0.667" 21.32
Post-procedural sedation (n [%]) 2(25.0) 18 (60.0) 0.078" 15.79
Length of stay in ICU<6 d 7(87.5) 17 (56.7) 0.108" 18.95
Length of hospital stay<14 d 7 (87.5) 14 (46.7) 0.004" 16.58
Favorable outcome (n [%]) 5 (62.5) 17 (56.7) 0.537" 17.37
Mortality 1(12.5) 7(23.3) 0.660” 6.32

" Chi-square test.
? Fisher’s exact test.
NIHSS, National Institutes of Health Stroke Scale.

3 months

m0 m] m2

_ 8

m3

m4 m5 6

Fig. 4. Distribution of modified Rankin Scale (mRS) of patients discharge and 3 months after emerging stenting.

easily. Endovascular therapy for vertebrobasilar occlusions
demonstrated similar good outcomes for tandem and isolated
lesions compared to earlier studies [22—24]. Detection of
ischemia using 3T MRI was pivotal, complementing DSA’s
capacity to identify occlusions and guide catheter placement
for efficient recanalization. Although our findings on the
mortality and outcomes of isolated versus tandem lesions are
consistent with previously reported data, they highlight the
benefits of targeting tandem lesions due to its procedural effi-
ciency. Hemorrhagic complications were rare but important.
One case of iatrogenic subarachnoid hemorrhage occurred
due to excessive microcatheter and microwire passes, under-
scoring procedural risks associated with posterior cerebral

artery access. This aligns with Lee et al.’s findings on the
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risks of distal vessel access and multiple device passes [25].

Although there were 3 cases with isolated lesion received
intravenous rTPA as the bridging agent, all of them had poor
outcomes following ES, and the difference was not signifi-
cant between groups (p=0.5).

In the early stages of stroke, a impaired consciousness is
a typical symptom in acute vertebrobasilar occlusion and
is involved in injury of the lower dorsal ascending reticular
activating system [20]. It was the cause of the stupor was the
most common admitted consciousness (55.3%) in the acute
vertebrobasilar occlusion in our study.

In tandem lesions, the thrombi was the main reason caused
by the single intracranial occlusion without underlying intra-

cranial stenosis. This was an advantageous factor in saving

https://doi.org/10.32895/UMP.MPR.9.2.24
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procedural time. However, in the single intracranial occlu-
sion, the mechanical thrombectomy, which was mostly the
first approach to expose the severe stenosis clearly (55.3%),
to increase both procedural time and high risk. The number
of patients with procedural time>60 mins was less than ones
with isolated lesions (13.2% and 57.9%; respectively), and
the two groups were not significantly different (p=0.7).

In addition to treatment, the length of hospital and ICU
stays, was a barrier to improve the post-procedure outcome.
Hospital-acquired pneumonia, which was the most com-
mon infection in the ICU, increased duration of using the
antibiotics and high-risk antibiotic resistance [25]. In our
study, the length of stay in ICU>6 days and that of hospital
stay>14 days were significantly associated to adverse out-
comes (p=0.03). In this descriptive study, we aimed to pro-
pose a novel approach following the failure of mechanical
thrombectomy in posterior stroke, a rare and understudied
condition. Due to the small sample size and the absence of
comparable groups, controlling for selection bias and con-
founding factors was not feasible. While 3T MRI proved
effective, diffusion-weighted imaging on 1.5T MRI may be
non-inferior for patient selection, warranting further explo-
ration. Although ideal, multivariate analysis was not suited
for the study’s descriptive nature and small sample size.
We acknowledge these limitations and propose larger, pro-
spective studies to validate our observations and strengthen
the evidence base. The small sample sizes in both groups
significantly reduced the statistical power of Fisher’s exact
test, increasing the likelihood of Type II errors where real
differences may exist but were not detected. In the context of
small sample sizes, p-values may not accurately reflect the
observed data, leading to seemingly counterintuitive results.
The limitations of using p-values alone for interpretation are
highlighted by this instability in significance testing. Given
these limitations, the small sample size should be acknowl-
edged as a significant constraint of this study. The unusually
high p-values for some variables may not truly reflect the
underlying associations, emphasizing the need for cautious

interpretation and further investigation with larger cohorts.

https://doi.org/10.32895/UMP.MPR.9.2.24

5. CONCLUSION

While our study suggests that emergent stenting may im-
prove outcomes and have a low risk of complications in cas-
es of failed mechanical thrombectomy for posterior strokes,
these observations should be interpreted with caution due
to the absence of a control group. The descriptive findings
provide a foundation for further investigation, but definitive
conclusions about efficacy and safety require validation
through controlled studies. Nonetheless, this study under-
scores the potential of emergent stenting as a promising in-

tervention in the posterior LVO.

SUPPLEMENTARY MATERIALS

Supplementary materials are only available online from:
https://doi.org/10.32895/UMP.MPR.9.2.24
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