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Abstract

The current study aimed to evaluate whether patients with different pathologic subtypes of basilar artery occlusion (BAO) stroke
could affect the clinical outcome after receiving endovascular treatment (EVT). A total of 187 consecutive patients with acute
BAO receiving endovascular treatment (EVT) from January 2012 to July 2018 at the Beijing Tiantan Hospital were recruited in
this study. The patients were categorized into three groups: embolism without vertebral artery (VA) steno-occlusion (group 1), in
situ atherosclerotic thrombosis (group 2), and embolism from tandem VA steno-occlusion (group 3). Among the 187 patients, 4
patients with embolic combined with ICAS and 1 patient with tandem VA steno-occlusion combined with ICAS were excluded.
Of the remaining 182 patients (153 men and 29 women; mean age, 60 years), 43 (23.6%) had embolism without vertebral artery
(VA) steno-occlusion (group 1), 116 (63.7%) showed in situ atherosclerotic thrombosis (group 2), and 23 (12.6%) had embolism
from tandem VA steno-occlusion (group 3). Overall, successful recanalization (modified thrombolysis in cerebral infarction
grade 2b or 3) was achieved in 95.3%, 86.2%, and 60.9% in groups 1, 2, and 3, respectively. The favorable outcome (90-day
modified Rankin scale score, 0-3) in the three groups was 51.2%, 52.6%, and 30.4%, respectively. Mortality was higher in group
3 (47.8%) as compared with groups 1 (16.3%) (p=0.009) and 2 (17.2%) (p =0.004). Embolism from tandem VA steno-
occlusion (group 3) seems to be associated with a lower rate of recanalization and significantly higher rate of mortality as
compared with another pathological mechanism of BAO.
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Introduction

Acute ischemic stroke caused by basilar artery occlusion
(BAO) has devastating effects on patients with high morbidity
and mortality [1, 2]. Previous studies showed that early recan-
alization postendovascular treatment (EVT) of acute BAO
improves prognosis [3—6]. However, the efficacy of EVT for
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patients with different pathological subtypes of BAO remains
uncertain [1, 7, 8]. Moreover, acute occlusion of the ostial
vertebral artery (VA) and concomitant occlusion of BA (tan-
dem occlusion), as a special type of BAO, seem to predict
unfavorable prognosis posttreatment [9—-11]. Herein, we
sought to describe the clinical characteristics and outcome of
BAO according to the pathological mechanism of stroke, and
assess the EVT feasibility and safety for BAO.

Methods
Patient Selection and Data Collection
We analyzed consecutive patients with BAO treated by EVT

at Beijing Tiantan Hospital from January 2012 to July 2018.
Informed consent was obtained from all participants or
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relatives, and the protocol was approved by the Institutional
Review Board of Beijing Tiantan Hospital. Intravenous
thrombolysis (IVT) with tissue plasminogen activator (tPA)
is given before EVT, which is consistent with the current
guidelines. The modality of treatment is a consensus between
the neurointerventionalist and the stroke-related caring for the
patients according to the pathological mechanism underlying
the tandem occlusion and concomitant significant embolic BA
occlusion. The inclusion criteria were as follows: the presence
of acute neurological symptoms caused by BAO identified by
CTA or MRA, time from onset of symptoms to groin puncture
< 24 h, baseline National Institutes of Health Stroke Scale
score (NIHSS) of >4, baseline modified Rankin Scale
(mRS) score of <3, no intracranial hemorrhage was detected
at initial CT and endovascular treatment by mechanical
thrombectomy. Our exclusion criteria were as follows: BAO
resulting from other causes such as arterial dissection, vascu-
litis, or moyamoya disease.

Baseline characteristics, such as age, sex, stroke risk factors
including hypertension, diabetes mellitus, hypercholesterol-
emia, and current smoking, initial stroke severity as evaluated
by the NIHSS score, were recorded. Moreover, imaging data,
including occlusion sites, the extent of collateral supply on
computed tomography (CT) angiogram, magnetic resonance
(MR) findings, and postprocedural head CT scan, were also
recorded. Interventional data include anesthesia type, medica-
tions used during EVT, endovascular techniques, previous use
of IVT, type of EVT devices, onset to puncture time, proce-
dure time, onset to recanalization time, and collateral status,
and the patients were categorized into three groups according
to different etiology. These data were reviewed and analyzed.

Classification of the Stroke Mechanism

Patients with BAO were classified into three groups according
to the angiographic findings. Group 1 was defined as those
with embolism without vertebral artery (VA) steno-occlusion.
Group 2 was defined as those with in situ atherosclerotic
thrombosis (ISAT) in the BA, moderate to severe (>50%)
stenosis at the target BAO site was found during angiography
with or without a tendency for occlusion to recur despite re-
canalizations. Group 3 was defined as those with embolism
from tandem VA steno-occlusion, and > 70% stenosis or oc-
clusion of the VA with impaired distal flow or partial filling of
the VA from collaterals was seen during angiography in this
classification type.

Endovascular Treatment

The EVTs were performed by a neurointerventionalist with >
50 cases in neurovascular intervention in mechanical
thrombectomy for acute ischemic stroke. Cerebral angiogra-
phy and EVT were performed after general anesthesia, or

conscious sedation was administered to the patient.
Thrombectomy was selected according to the
interventionalist’s discretion. Mechanical thrombectomy was
performed with a stent-retriever (Solitaire, Covidien, Irvine,
CA, USA; or Trevo stent, Stryker, Kalamazoo, MI, USA) or
contact aspiration device (Penumbra, Alameda, Calif; or 5-F
Navien intermediate catheter). Patients with tandem occlusion
underwent revascularization using clean-road path and dirty-
road path (Supplementary Table 1). If the dirty-road was
chosen as the access road, a 6-Fr guiding catheter was placed
at the proximal subclavian artery. Later, the microguide wire
crossed the lesion of VA occlusion or stenosis assisted by a
microcatheter or a small balloon. Predilation of the VA lesion
was performed using a small balloon, and the 6F guiding
catheter was navigated to the V2 segment. Then, the antegrade
approach (proximal VA stenting angioplasty, followed by me-
chanical thrombectomy of BA occlusion) was utilized for the
EVT. In the clean-road path, a 6-Fr catheter (Cordis) was
passed to the V2 segment and mechanical thrombectomy of
BA occlusion was performed.

Patients with tandem VA lesion or underlying BA in situ
atherosclerosis undergoing angioplasty and/or stenting re-
ceived a loading dose of aspirin (300 mg) and clopidogrel
(300 mg) orally or via nasogastric tube immediately. Also,
intraoperative bridging with intravenous IIb/Illa inhibitor
was given according to the operator’s discretion.
Subsequently, dual antiplatelet therapy was maintained for at
least 3 months after the procedure, followed by a lifelong
monotherapy with aspirin or clopidogrel.

Image Interpretation

The pretreatment neurovascular images include pc-ASPECTS
and pons-midbrain index (PMI) based on diffusion-weighted
imaging (DWI) and two previous collateral scales described in
the setting of BAO (posterior communicating artery (PcomA)
[13], American Society of Interventional and Therapeutic
Neuroradiology/Society of Interventional Radiology
(ASITN/SIR)) [14], which were retrospectively interpreted
by two independent trained neurointerventionalists blinded
to the clinical data (Figs. 1, 2, and 3). A third neuroradiologist
with 20 years of experience was involved to resolve any dis-
agreement. All the collateral scales mentioned above were
evaluated on digital subtraction angiography (DSA). All the
collateral scales mentioned above were evaluated on digital
subtraction angiography (DSA).

Outcome Measurement
The primary outcome measures were functional independence
and favorable outcome at 90 days after the procedure.

Functional independence was defined as a mRS score < 2.
The favorable outcome was defined as an mRS score < 3
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Fig. 1 Angiograms show
embolism without VA steno-
occlusion. Preoperative
anteroposterior (a) and lateral (b)
view of basilar artery shows
occlusion of the distal segment
(pointed by black arrow).
Postoperative anteroposterior (c¢)
and lateral (d) view of basilar
artery shows successful
recanalization

based on the Basilar Artery International Cooperation Study
(BASICS) definition. The mRS score was assessed by blinded
trained interviewers over the phone using a standardized in-
terview protocol. The rate of successful recanalization is de-
fined as modified thrombolysis in cerebral ischemia (TICI)
grade 2b or 3. The safety end-points were 90-day mortality
and rates of any intracerebral hemorrhage and symptomatic
intracerebral hemorrhage (sSICH). All patients underwent plain
CT immediately after endovascular therapy for the detection

Fig. 2 Angiograms show in situ a
atherosclerotic thrombosis. a

Preoperative anteroposterior view

shows occlusion of the middle

segment of basilar artery (pointed

by black arrow). b Postoperative

anteroposterior view shows

recanalization with underlying

atherosclerotic stenosis
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of intracranial hemorrhage and CT or MRI within of 18-24 h
after the EVT. sICH was defined based on the European
Cooperative Acute Stroke Study (ECASS) criteria.

Statistical Analysis
Data were collected on standard forms, evaluated for com-

pleteness, and double keyed into an EpiData statistics data
document. The baseline and outcome data were presented as
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Fig. 3 Angiograms show
embolism from tandem VA
steno-occlusion. a Right
subclavian anteroposterior
angiogram shows significant
stenosis at orifice of VA (pointed ]
by black arrow). b Left n
subclavian anteroposterior
angiogram shows complete steno-
occlusion at the orifice of VA. ¢
Preoperative anteroposterior im-
age of basilar artery shows occlu-
sion of the distal segment(pointed
by black arrow). d Postoperative
anteroposterior image of basilar
artery shows successful recanali-
zation. e Postoperative right sub-
clavian anteroposterior angio-
gram shows stent placement at the
stenotic lesion at orifice of VA
(pointed by white arrow)

mean (standard deviation (SD)) and/or median (interquartile
range (IQR)) for continuous variables. Frequency and/or pro-
portion were used for categorical variables. The independent
samples ¢ test and/or the nonparametric test (Mann-Whitney U
test) were used to compare means and/or medians, whereas
Pearson’s chi-square test or Fisher’s exact test was used for
comparing the frequencies and/or proportions. The logistic
regression controlling for potential confounders was used to
determine the adjusted odds ratio (aORs) with the correspond-
ing 95% confidence intervals (Cls) for the purpose of
assessing the successful recanalization and clinical outcome
at 90 days between three groups. All tests were two-tailed and
statistical significance was determined at an « level of 0.05.
All statistical analyses were performed with the statistical soft-
ware package R (http:// www.R-project.org, The R
Foundation) and Empowerstats (http://www.empowerstats.
com, X&Y Solutions Inc., Boston, MA, USA).

Results

In this study, 182 patients (153 men and 29 women; mean age:
60 years) were divided into three groups: 43 (23.6%) embo-
lism without vertebral artery (VA) steno-occlusion (group 1),
116 (63.7%) in situ atherosclerotic thrombosis (group 2), and
23 (12.6%) embolism from tandem VA steno-occlusion
(group 3). Overall, successful recanalization (modified throm-
bolysis in cerebral infarction grade 2b or 3) was achieved in
95.3%, 86.2%, and 60.9% in group 1, group 2, and group 3,
respectively. The favorable outcome (90-day mRS, 0-3) in the
three groups was 51.2%, 52.6%, and 30.4%, respectively. The

. ! |
'-'\"‘(‘\"‘ 5[0)

mortality was higher in group 3 (47.8%) as compared with
groups 1 (16.3%) (p =0.009) and 2 (17.2%) (p =0.004). The
baseline characteristics and procedural and outcome parame-
ters are summarized in Tables 1 and 2. The median time from
the last normal to puncture was 8 (IQR 4.4—-13) h. In terms of
procedural characteristics, stent retrievers were used more fre-
quently (56%) than intra-arterial thrombolysis (28.0%).
General anesthesia was used in 78.6% of the cases, and the
median procedural length was 2 (IQR 1.5-2) h.

No significant difference was detected in the hemorrhage
rate although the mortality rate was significantly increased in
the BAO with tandem lesions as compared with groups 1 and
2 (group 1: 16.3%, group 2: 17.2%, group 3: 47.8%; and 1 and
2p>0.999, 1 and 3 p =0.009, 2 and 3 p =0.004). Moreover,
compared with the other cases, tandem vertebrobasilar occlu-
sions appeared as an independent predictor of mortality in
patients who also presented a lower recanalization rate (TICI
grade 2b or 3) (group 1: 95.3%, group 2: 86.2%, group 3:
60.9%; and group 1 vs group 2 >0.158, group 1 vs group 3
p <0.001, group 2 vs group 3 p = 0.007). However, no dif-
ference was observed in the favorable outcomes in patients
between the three groups (Table 3). After adjustment for po-
tential confounders, logistic regression analysis showed that
groups 1 and 2 were associated with more recanalization as
compared with group 3 (group 1 vs 3, aOR, 12.964, 95% CI:
2.414-69.618, p =0.003; group 2 vs 3, aOR, 3.673, 95% CI:
1.312-10.286, p =0.013) and less mortality (group 1 vs 3,
aOR, 0.179; 95% CI: 0.049-0.661, p =0.01; group 2 vs 3,
aOR, 0.213, 95% CI: 0.07-0.646, p = 0.006), but no associa-
tion was found between functional independence and favor-
able outcome at 90 days (Table 4).
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Discussion

The treatment strategy and outcomes of mechanical
thrombectomy for acute ischemic stroke in patients with
BAO differed according to the pathologic mechanism.
Herein, we found that embolism without VA steno-
occlusion (group 1) was associated with distal occlusion,
shorter procedure time, a higher rate of successful recanaliza-
tion, and favorable clinical outcome, while embolism from
tandem VA steno-occlusion (group 3) showed the lowest rate
of successful recanalization and worse clinical outcome.
Although slightly lower recanalization and lower functional
independence rate was demonstrated in the in situ atheroscle-
rotic thrombosis group compared with the embolism group,
no statistical difference was found in this study.

Currently, only a few studies are available regarding the
outcomes of posterior circulation (PC) stroke after
endovascular treatment according to the pathological mecha-
nism [11-14]. Recently, the embolic occlusion of the PC
seemed to have benefitted with the advanced mechanical
thrombectomy technique and devices and higher recanaliza-
tion rate than patients with in situ atherosclerotic lesion [12,
13]. In the present study, the recanalization rate of 95.3%,
good clinical outcome of 44.2%, and 51.25% of mRS 0-2
and mRS 0-3, and mortality rate of 16.3% were achieved in
embolism without VA steno-occlusion group. These results
were similar to those of mechanical thrombectomy in the an-
terior circulation [3].

Moreover, the complexity of in situ atherosclerotic lesions
may lead to prolonged procedure time, resulting in poor clin-
ical outcomes [15]. In contrast, no significant difference was
detected regarding the procedural time, recanalization rate,
and clinical outcome of in situ atherosclerotic lesion group
as compared with embolism without VA steno-occlusion
group in the present study. Atherosclerotic lesion is one of
the common causes of ischemic stroke in Asian population
[16-19]. Interestingly, in situ atherosclerotic lesion was iden-
tified in 63.7% of the patients in the current study, which is
almost 3 times larger than reported previous study [20].
Moreover, a high recanalization rate of 86.2% was achieved
in the current study, which was significantly higher than a
previous study (55%) [20]. This result might be attributed to
the aggressive approach in our institution, such as combined
angioplasty and the use of anticoagulation in this group of
patients [21]. Although the most suitable treatment strategy
remains elusive in this group, the aggressive approach is safe
and feasible in the in situ atherosclerotic lesion group.

The worse outcome and lowest recanalization rate were
shown in embolism in the tandem VA group. Several reason-
able explanations regarding this result are as follows: a rela-
tively higher thrombus burden in this group caused by an
atherosclerotic plaque at the initial segment of the vertebral
artery, which results in slow vascular flow and leads to clot

formation. Moreover, the occlusion of the initial segment in
this group was often based on atherosclerosis and artery dis-
section, combined with the disadvantage of the anatomical
features of the vertebral artery and subclavian artery, render-
ing it difficult to conduct recanalization treatments as a result
of the complex procedure and prolonged procedural time.

Currently, there is no consensus for selecting the access
route for the management of embolism from tandem VA
steno-occlusion. Uninvolved contralateral VA (clean-road) is
considerable in the absence of hypoplastic VA and may allow
rapid access and recanalization. The time delay for angioplas-
ty and hemorrhage is of concern if the involved ipsilateral VA
(dirty-road) is selected as the access route, and antiplatelets are
used to prevent restenosis [20]. In group 3, patients exhibit the
limitation of the anatomical conditions, and hence, the recan-
alization treatment can only adapt the dirty-road path method
in embolism from tandem VA steno-occlusion group, which is
rather challenging; this might explain the lower recanalization
rate and high mortality rate in this study.

Among the 19 patients treated with dirty-road path,
10 cases had contralateral vertebral artery dysplasia or
occlusion, 8 cases had contralateral vertebral artery con-
tinued as posterior inferior cerebellar artery (PICA), and
1 case had balance contralateral vertebral artery but
combined initial segment stenosis. Due to the limitation
of the anatomical conditions, the recanalization treat-
ment can only adapt the dirty-road path method, which
is rather challenging and could lead to a significantly
lower recanalization rate and mortality. Therefore, we
suggested that clean-road path should be adopted if
the condition allowed as in the present study, wherein
4 patients treated with clean-road path showed complete
recanalization. However, additional studies focusing on
mechanical thrombectomy through dirty-road path are
required to improve the treatment outcome.

Nevertheless, the present study has limitations, such as
an uncontrolled sample of patients of our study and the
techniques and devices were at the discretion of the oper-
ation and advancement. Therefore, the bias in these re-
sults is unavoidable. Another limitation is that the under-
lying comorbidities are drastically different between
groups and might also affect the outcome and survival.
However, the relatively large number of PC stroke pa-
tients included in the current study was sufficient to ana-
lyze the characteristics of PC stroke according to the path-
ological mechanism. Furthermore, the current study can-
not represent the global population because atherosclero-
sis is the main etiological stroke in the Asian population.
Nonetheless, this study might provide additional informa-
tion for the characteristics and outcome of EVT in the
Asian population, and we hope that this information is
helpful for customized clinical procedures and treatment
strategies that would improve the prognosis in PC stroke.
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Conclusion

The clinical characteristics and outcomes of BAO in patients
who underwent mechanical thrombectomy differ according to
the pathological mechanism. Embolism of the BA caused by
VA tandem lesions is closely associated with a significantly
low rate of recanalization and high mortality, while embolic
occlusion and in situ atherosclerotic lesions showed higher
recanalization and better prognosis. This classification system
might benefit the endovascular treatment strategy for BAO.
Nonetheless, further prospective cohort studies in different
populations from multiple centers are imperative.
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