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Bilateral vertebral artery occlusive disease has been considered as a favorable condition with
good collaterals. However, the prognosis of acute ischemic stroke secondary to symptomatic
bilateral vertebral artery occlusion (BVAO) and endovascular treatment (EVT) has rarely been
reported. We retrospectively selected patients with acute ischemic stroke admitted for symp-
tomatic BVAO between January 2020 and February 2023. All patients with ischemic stroke
were evaluated for ischemic lesion and arterial status using brain imaging and angiography.
The prognosis of acute stroke with symptomatic BVAO was compared between EVT and con-
ventional treatment. Outcomes were evaluated using modified Rankin Scale (mRS) score at 3
months follow-up. Within the study period, 17 of 2,655 acute ischemic stroke patients were
diagnosed with ischemic stroke with symptomatic BVAQ. The median age of these patients
was 70 (interquartile range 44-89) years, and 13 (76%) were male. Seven patients received
emergent EVT with stenting and 10 patients received conventional medical treatment only.
Nine of 10 patients with conventional treatment had in-hospital stroke progression and devel-
oped new ischemic lesions in the pons and midbrain. Five patients with fetal and hypoplastic
posterior communicating artery presented bilateral cerebral peduncular lesions. At 3 months
follow-up, 6 patients (35%) had favorable outcomes (MRS 0-2), of which 5 were treated with
vertebral artery stenting and 1 received conventional treatment. Ischemic stroke in patients
with acute symptomatic BVAO is uncommon. However, stroke progression is common, and the
prognosis of most patients is poor. Rescue management such as EVT might be considered for
symptomatic BVAQ.
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INTRODUCTION

nied by contralateral vertebral artery
stenosis, hypoplasia, or the vertebral

Vertebral artery is the most common
occlusive site in patients with posterior
circulation ischemic stroke.' Vertebral
artery occlusive disease is attributed to
atherosclerosis, and is often accompa-

artery terminating in posterior inferior
cerebellar artery (PICA).? Hypoperfusion
and embolism from and to the intracra-
nial vertebral artery (ICVA) have been
demonstrated as possible mechanisms
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of brain ischemia associated with vertebral artery disease.®

Due to progressive atherosclerotic changes in vertebral
artery, bilateral vertebral artery occlusive disease may lead to
a well-developed collateral flow and is known to present fa-
vorable clinical outcomes.* However, the clinical presentation
of bilateral vertebral artery occlusion (BVAO) is uncommon
compared to that of other intracranial arteries.” The prog-
nosis of acute symptomatic BVAO has rarely been reported,
with only a few studies®

Although the vertebral artery is a common site of stenosis
or occlusion, the optimal treatment of vertebral artery dis-
ease remains controversial. Several studies have attempted
endovascular treatment (EVT) of the vertebral artery to pre-
vent the relapse of ischemic stroke; they reported that EVT
was superior to medical treatment alone, with a lower rate of
restenosis and complications. However, cases of BVAO were
not specified.’

We studied the clinical course and outcomes of acute isch-
emic stroke due to BVAO and the prognosis of EVT, such as
thrombectomy with ICVA stenting, to improve the perfusion
of the posterior circulation.

MATERIALS AND METHODS

Patient Selection

Data from patients admitted to our tertiary medical center
for acute ischemic stroke during the study period were
retrospectively analyzed. Symptomatic BVAO was defined
as the presence of neurological symptoms associated with
posterior circulation stroke along with an ischemic lesion on
computed tomography (CT) or magnetic resonance imaging
(MRI) that could be attributed to BVAO. BVAO was confirmed
by CT angiography (CTA) and MR angiography (MRA). Cases
with stenosis or hypoplasia of at least 1 vertebral artery were
excluded.

Clinical and Imaging Data

Clinical data were obtained from patients’ medical records,
including demographic features, vascular risk factors, time
from onset to door, National Institutes of Health Stroke Scale
(NIHSS) score during admission and at discharge, modified
Rankin Scale (mRS) score at discharge, 2-week, 3-month fol-
low-up, revascularization therapy such as intravenous throm-
bolysis and EVT, medical treatment, and imaging. The time
of stroke onset was recorded if witnessed, or from the last
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known normal time if the exact time was not known. Stroke
severity was assessed using the NIHSS. Imaging data includ-
ed brain CT, CTA, MRI, MRA, and digital subtraction angiogra-
phy (DSA) images obtained during the admission period. In
our institutional imaging protocol, patients who visited the
emergency room initially underwent brain CT, CTA from the
aortic arch to the vertex with or without perfusion imaging,
and brain MRI and MRA within 24 hours after admission,
5 days after admission, or after neurological deterioration.
Collateral flow state was assessed on the basis of initial CTA,
MRA, and DSA.

Endovascular Treatment

On admission, a stroke neurologist performed a neuro-
logical assessment based on the NIHSS score. Inclusion
criteria for rescue EVT were as follows: (1) procedure initi-
ated within 24 hours of symptom onset or the last known
time the patient was normal, (2) baseline NIHSS score >5,
(3) BVAQ, (4) no intracranial hemorrhage on brain CT. Howev-
er, during the study of patients with ischemic stroke due to
BVAQ, it was found that patients who initially presented with
mild stroke symptoms (NIHSS<5) experienced neurological
deterioration during their hospitalization. Therefore, we per-
formed rescue EVT even in cases classified as showing mild
stroke symptoms (NIHSS<5). Patients who presented to the
hospital >24 hours after symptom onset were not consid-
ered for rescue EVT. Written informed consent for EVT was
obtained from each patient’s family. Initially, DSA was per-
formed to evaluate the occlusion sites and the status of the
collateral circulation. The choice of EVT procedure was at the
discretion of the interventional neurologist. After confirm-
ing ease of catheter access to the vessel, the interventional
neurologist proceeded with EVT. A stent retriever Solitaire™:
Medtronic) with simultaneous aspiration (5Fr Sofia™: Mi-
croVention) was used as the first-line EVT. After thrombec-
tomy, balloon angioplasty (Gateway': Stryker) and stent
angioplasty (EnterpriseTM2; Cerenovus) were performed. If
restenosis or occlusion was detected, tirofiban (0.5-1.0 mg)
was injected through the guiding catheter, and additional
tirofiban was continuously infused intravenously for 12 hours.
After revascularization therapy, the systolic blood pressure
was maintained at <180 mmHg. Brain MR and MRA were
performed within the first 24 hours after the procedure and
5 days after admission. Antithrombotic agents were initiated
after confirmation of hemorrhage or hemorrhagic transfor-
mation on brain CT or MRI.
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Conventional Treatment for rescue EVT and (2) patients who attempted rescue EVT
Inclusion criteria of conventional medical treatment were as but underwent only DSA due to difficulty in vertebral artery
follows: (1) patients who do not meet the inclusion criteria selection. Patients without a cardiogenic embolic source,

Table 1. Comparison between rescue EVT group and intensive medical treatment group

Age (y) 70 (44-89) 64 (44-75) 75 (57-89) 0.038
Melesex By 7000 6600 005
Hypertension 13 (76.5) 7 (100) 6 (60.0) 0.056
Hyperlpiderria 5@ 3@w29) 2000 0309
Diabetes mellitus 6(353) 2(286) 4 (40.0) 0.627
Curentsmoker e s 6600 o0&
Atrial fibrillation 0(0) 0(0) 0(0) -

Location of vertebral artery occlusion

Bilateral intracranial 7 (41.2) 4(57.1) 3(30.0) 0.263
Intracranial and extracranial 9(52.9) 3(429) 6 (60.0) 0.486
Bilateral extracranial 1(5.9) 0(0) 1(10.0) 0.388

NIHSS score at admission 6 (0-18) 8(3-17) 5(0-18) 0.252

Ischemic lesions

Medulla 5(294) 2(286) 3(30.0) 0.949
Cerebellum (unilateral) 7(41.2) 3429 4 (40.0) 0.906
Cerebellum (bilateral) 9(529) 3(429) 6 (60.0) 0486
Pons (unilateral) 1(59) 0(0) 1(10.0) 0.388
Pons (bilateral) 11 (64.7) 3(429) 8(80.0) 0.115
Midbrain (unilateral) 3(17.6) 3(42.9) 0(0) 0.023
Midbrain (bilateral) 5(294) 0(0) 5(50.0) 0.026

mRS at 3 months 4 (0-6) 2 (0-6) 5(1-6) 0.019

Data are presented as median (interquartile range), number (%), or number (range).
EVT, endovascular treatment; NIHSS, National instates of Health Stroke Scale; P-com, posterior communicating artery; PICA, posterior
inferior cerebellar artery; mRS, modified Rankin Scale; -, not applicable.
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such as those with atrial fibrillation, were administered dual
antiplatelet agents (aspirin 100 mg and clopidogrel 75 mg)
with high-intensity statins (atorvastatin 40 mg or rosuvas-
tatin 20 mg). The systolic blood pressure was allowed up to
220 mmHg during the acute phase. Comorbidities such as
diabetes mellitus and hyperlipidemia were also treated con-
comitantly.

Outcome Measures

The NIHSS score was used to assess neurological outcomes.
Neurological improvement was defined as the difference
between the discharge NIHSS score and the baseline NI-
HSS score. Neurological deterioration was defined as an
incremental change in total NIHSS score with new ischemic
lesions on brain MRI and was assessed using the difference
between the severe stage NIHSS score and the baseline NI-
HSS score. Functional outcome was assessed by mRS at dis-
charge, 2 weeks, and 3 months after discharge. Good clinical
outcome was defined as no stroke recurrence and an mRS
score <2 at 3 months after discharge.

Hwang BW et al. Prognosis of Bilateral Vertebral Artery Occlusion

RESULTS

Among the 2,655 patients who were admitted to our hospi-
tal due to acute ischemic stroke during study period, 17 pa-
tients with symptomatic BVAO were included. The compari-
son between conventional treatment group and EVT group
are shown in Table 1.

Conventional Treatment and Prognosis

Ten patients received conventional treatment. Two of them
underwent DSA followed by an attempted EVT, but due to
difficulty in selecting vertebral artery orifice, the procedure
was terminated, and they received conventional treatment.
Dual-antiplatelet agents (aspirin 100 mg and clopidogrel
75 mg) and high-intensity statins (atorvastatin 40 mg or ro-
suvastatin 20 mg) were initially administered as conventional
treatment. The median onset to door time was 49 hours
(range 6-144 hours). The median initial NIHSS score was 5
points (range 0-18 points). The median increase in NIHSS
score at the most severe stage from admission was 9 points

Fig. 1. Initial brain magnetic resonance angiography (MRA) and time course of diffusion-weighted imaging of patient No. 9. (A) Brain MRA showed bi-
lateral vertebral artery occlusion. (B) Initial diffusion-weighted imaging showed ischemic lesions in right cerebellum, bilateral pons, and right midbrain.
(C) Five-day diffusion-weighted imaging showed enlargement of lesions in pons and midbrain. (D) Twelve-day diffusion-weighted imaging showed
new ischemic lesions in medial pons and bilateral cerebral peduncles in midbrain.
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(range 1-16). The median time between admission and the
highest NIHSS score was day 9 of hospitalization (range 3-14
days). Nine of the 10 patients who received medical treat-
ment without EVT presented an increase in the NIHSS score
with additional ischemic lesions in the pons and/or midbrain
(Fig. 1). Five patients presented bilateral peduncular ischemic
stroke accompanied by a lesion in the bilateral pons that
progressed to locked-in syndrome during hospitalization (Fig.
2). At discharge, 2 patients died due to multi-organ failure as-
sociated with systemic infection and cardiogenic shock fol-
lowing acute myocardial ischemia, and 7 patients had severe
disability with mRS 4 and mRS 5 (progression to locked-in
syndrome). During follow-up, 3 of the 4 patients discharged
with mRS 5 died and 1 patient was discharged with an mRS
of 4 and had recurrent stroke in the bilateral pons and pro-
gressed to mRS 5. Only 1 patient had a favorable clinical out-
come with an mRS of 1.

Patient 1 @
Patient 2 C% a
Patient 4 @
Patient 5 @
Patient 6 @ C:CD
Patient 7 ﬂ
Patient 8 w @
paient @{%D
Patient 10 %
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Endovascular Treatment and Prognosis

Seven patients initially underwent rescue EVT. The medi-
an onset to door time was 9.5 hours (range 5-16 hours).
The median initial NIHSS score was 8 points (range 3-17
points). After mechanical thrombectomy, balloon angio-
plasty and stent placement were performed in the V4
segment of the vertebral artery (Fig. 3). There were no
complications, such as intracerebral hemorrhage, hem-
orrhagic transformation, dissection, or re-occlusion, after
the procedure. No patient who received EVT presented
with neurological deterioration. The median decrease in
NIHSS score at discharge was 5 points (range 2-10 points)
compared with that at admission. At the 3 months fol-
low-up, 5 patients presented with favorable clinical out-
comes. Of the 2 patients with unfavorable outcomes at
3 months, 1 died of an unknown cause and the other who
also had basilar artery occlusion initially presented locked-in
syndrome with an mRS of 5.

8 88 88 g3 g8 g g
S EC 338388 @ Q&

(33306088

Fig. 2. Lesion tomography of ischemic stroke caused by bilateral vertebral artery occlusion patients who received medical treatment alone. Five pa-
tients (No. 2, 3,4, 6, 9) presented ischemic lesions in medial pons and bilateral cerebral peduncles.
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Fig. 3. Rescue endovascular treatment of patient No. 16. (A, B) Right and left internal carotid artery angiography revealed no collateral flows filling

the basilar artery. (C) Left vertebral angiography showed occlusion of left vertebral artery (V4 segment). (D) Using a stent retriever (4x20 mm, Soli-
taire™: Medtronic), mechanical thrombectomy was performed. (E) Left vertebral artery angiography showed severe stenosis of the left verte-
bral artery (arrow). (F, G) Balloon angioplasty (3.0x15 mm, Gatewayw'; Stryker) (6 and 10 atm) and stenting (4x30 mm, EnterpriseTMZ; Cerenovus)
(circles) of the left vertebral artery (V4 segment) were performed. (H) Tirofiban (1.0 mg) was injected through the guiding catheter due to re-ste-

nosis of left vertebral artery. (I) Red-colored specimens were retrieved.

DISCUSSION

In this study, we report that the clinical course and outcomes
of patients with symptomatic BVAO were mostly unfavor-
able, and that EVT with vertebral artery stenting may be safe
and helpful in preventing neurological deterioration.

https://doi.org/10.5469/neuroint.2023.00381

A previous study reported that bilateral vertebral artery
occlusive disease presented well-developed collateral flows
and anastomoses from the occipital artery, posterior com-
municating artery, PICA, or thyro-cervical trunk and pre-
sented favorable outcomes.® However, BVAO can cause low
flow in the posterior circulation, leading to stepwise stroke
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progression in the brain stem and cerebellum.” Despite
intensive medical treatment, patients may experience neu-
rological deterioration and relapse of ischemic stroke due
to collateral flows which usually supply insufficient cerebral
perfusion in the presence of increased oxygen demand.”® As
shown in Table 1, almost all patients who received conven-
tional treatment presented neurological deterioration during
hospitalization due to bilateral ischemic stroke lesions in the
pons and/or midbrain, which are well known to have a grave
prognosis." Decreased bilateral vertebral artery flow induces
neurological deterioration due to inadequate perfusion of
the basilar artery through poor collaterals despite medical
treatment.”?

Mechanical thrombectomy for EVT is considered to pro-
vide blood flow to poorly perfused regions. One study on
EVT for posterior circulation stroke reported cases with good
outcomes in chronic ischemic stroke patients with intracrani-
al BVAO.® In our study, 7 patients received EVT with vertebral
artery stenting before stroke progression. All patients were
confirmed to have acute BVAQO. In all cases, vertebral artery
stenosis was confirmed after mechanical thrombectomy, and
stent angioplasty was performed. There were no complica-
tions after rescue EVT. Almost all patients who received res-
cue EVT achieved improvement in neurological status with
no stroke recurrence and were able to walk independently
after discharge, except for 1 who had ischemic stroke lesions
in the bilateral pons. Hence, reconstitution of anterograde
flow through recanalization of the vertebral artery before
neurological deterioration may be helpful to prevent stroke
progression.

This study has several limitations. First, the sample size was
small (n=17). Only 7 patients underwent EVT with vertebral
artery stenting. Therefore, further clinical trials with a larger
sample size are required to prove that EVT is safe and optimal
for BVAQ. Second, this study was based on a retrospective
analysis, which could lead to selection bias. Third, regarding
confirmation of the collateral status of the patients, only 10
patients received DSA. The other 7 patients had a limitation
in confirming collateral flows that filled the basilar artery.
Hence, it was difficult to differentiate whether the 7 patients
had acute occlusion or chronic occlusion. In addition, there
were limitations in evaluating the prognosis based on col-
lateral status in the conventional treatment group. Fourth,
during DSA prior to EVT, identifying the vertebral artery ori-
fice can be challenging. EVT may be difficult or impossible to
perform when the orifice of the vertebral artery is not visualized.
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CONCLUSION

In conclusion, the prognosis and clinical outcomes of acute
symptomatic BVAO are unfavorable due to inadequate per-
fusion in the caudal pons and midbrain. Uncompensated
collateral flow leads to stepwise stroke progression despite
conventional medical treatment. Therefore, rescue EVT for
reconstitution of anterograde flow through recanalization of
the vertebral artery might be considered to prevent neuro-
logical deterioration.
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