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Abstract

Purpose Acute vertebrobasilar occlusion (VBO) has a grave clinical course; however, thrombectomy in VBO patients has rarely
been reported. We retrospectively evaluated the clinical and radiological outcomes of thrombectomy in VBO patients.
Methods From March 2010 to December 2017, 38 patients with 40 acute VBOs underwent thrombectomy at our hospital.
Thrombectomy was performed using catheter aspiration (n =11, 26.8%) or a stent retriever (n =29, 70.7%).

Results Good clinical outcomes (3-month modified Rankin scale (mRS) of 2 or lower) were achieved in 9 cases (22.5%), and
successful recanalization (thrombolysis in cerebral infarction (TICI) grade of 2b or 3) was achieved in 35 cases (87.5%). Good
clinical outcomes were significantly related to actiologies other than atherosclerosis (p = 0.020) and lower National Institutes of
Health Stroke Scale (NIHSS) scores on admission (p = 0.025). The clinical and radiological outcomes did not differ significantly
between catheter aspiration and stent retriever thrombectomy (p = 1.000 and p = 0.603, respectively); however, stent retriever
thrombectomy had a shorter procedure time than catheter aspiration (59.7 =31.2 vs. 84.5+35.1 min, p =0.037).

Conclusion In our series, good clinical outcomes were associated with a lower NIHSS score on admission and stroke aetiologies
other than atherosclerosis. The two thrombectomy modalities showed similar clinical and radiological outcomes. However, stent

retrievers seemed to allow more rapid recanalization than catheter aspiration in VBO.
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Introduction

Vertebrobasilar occlusion (VBO) is an uncommon cause of
ischaemic stroke, and in the absence of early reperfusion, it
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is associated with a high mortality rate of over 80% [1-6].
Furthermore, VBO can cause severe neurological disability
even if patients survive with the help of intra-arterial (IA) or
intravenous (IV) thrombolysis agents [1-4]. Thrombectomy
of a major vessel occlusion of the anterior circulation has
become a standard treatment for acute ischaemic stroke in
the last decade, and several randomized controlled trials
(RCTs) have shown that this procedure provides a benefit [1,
2, 4, 5]. The superiority of thrombectomy over IV thrombol-
ysis for acute VBO is not definitively established because
there are no data from RCTs on this topic. However, the cur-
rent literature suggests that recanalization of VBO after 1A
thrombolysis is an important prognostic factor for survival
and good functional outcomes [2—7].

Here, we reported our single-centre experience with
thrombectomy for VBO. Furthermore, we evaluated the clin-
ical and radiological outcomes of VBO and the prognostic
factors affecting good clinical outcomes of VBO after
thrombectomy. We also compared two thrombectomy mo-
dalities, catheter aspiration and stent retrievers, in patients
with VBO.
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Methods
Patient baseline and other characteristics

We reviewed patients with acute ischaemic stroke caused by
VBO who underwent thrombectomy at our hospital from
March 2010 to December 2017. During the study period, 38
patients (31 men, mean age + standard deviation (SD) =67.0
+12.4 years old) with a total of 40 VBOs were treated with
thrombectomy using catheter aspiration or a stent retriever and
were included in our study.

Data on baseline characteristics, procedure-related factors,
and clinical and radiological outcomes were extracted from
medical records. Medical records and imaging data were
reviewed with the approval of the Institutional Review Board.
Baseline characteristics included age, sex, past medical history,
occlusion site, tandem lesion, stroke aetiology, and National
Institutes of Health Stroke Scale (NIHSS) score on admission.
Procedure-related factors included intravenous (IV) thrombol-
ysis, thrombectomy modality, number of passes, whether the
surgeon switched to the secondary modality, whether rescue
treatments such as balloon angioplasty or stenting were needed,
the time from the last normal time (LNT) to the emergency
room (ER), the time from the ER to the intervention clinic
(IC), the time from LNT to the IC, the procedure time and
whether reocclusion occurred. Clinical and radiological out-
comes included 3-month modified Rankin scale (mRS) and
thrombolysis in cerebral infarction (TICI) grade.

The occlusion sites of VBO were divided into three cate-
gories: at the top of the basilar artery, at the basilar trunk, and
at the vertebral arteries. VBO was classified as a single lesion
or tandem lesion, with the latter including dual events, such as
intracranial occlusion, and extracranial atherosclerotic steno-
sis, such as basilar trunk occlusion with atherosclerotic occlu-
sion of the vertebral artery. Stroke aetiology was classified
according to the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) criteria. Among the stroke aetiologies,
atherosclerosis was divided into artery-to-artery embolism
and in situ thrombo-occlusion [8, 9]. Patients admitted within
4.5 h of onset of acute ischaemic stroke symptoms were con-
sidered suitable candidates for IV t-PA infusion. Each pa-
tient’s NIHSS score was assessed on admission. Good clinical
outcome was defined as a 3-month mRS score of 2 or lower,
and successful recanalization was defined as a TICI grade of
2b or 3. The time from the LNT to the ER was defined as the
total time from symptom onset to ER arrival. The time from
the ER to the IC was defined as the total time from ER arrival
to femoral puncture. The time from the LNT to the IC was
defined as the total time from symptom onset to femoral punc-
ture. The procedure time was defined as the total time from
femoral puncture to puncture site closure.

Evaluations, including CT angiography, MR angiography,
and conventional angiography, were performed to detect post-
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thrombectomy reocclusion. However, reocclusion was evalu-
ated only when neurological deterioration occurred or
reocclusion was strongly suspected in atherosclerotic occlu-
sions with residual stenosis after thrombectomy.

The inclusion criteria were as follows: (1) acute ischaemic
stroke with symptoms, (2) VBO confirmed by either CT or
MR angiography, (3) less than 24 h from the LNT to treat-
ment, and (4) thrombectomy procedure using catheter aspira-
tion or a stent retriever. The exclusion criteria were as follows:
(1) haemorrhagic stroke, (2) NIHSS score of 3 or lower, or (3)
nearly all of the brain stem affected on diffusion imaging.

We excluded patients based on the extent to which the
brainstem was affected by the occlusion, as indicated by dif-
fusion imaging rather than by perfusion-diffusion
mismatching, the latter of which generally serves as an indi-
cator of the penumbra, because the low resolution of perfusion
imaging in the brainstem has a limited ability to show the
penumbra in the posterior circulation [10].

Procedure and periprocedural management

Procedures were performed under conscious sedation (r = 39)
or under general anaesthesia (n = 1) via femoral access. Most
procedures were performed under conscious sedation because
general anaesthesia was not available for many cases of
thrombectomy at our hospital. The primary thrombectomy
modality was decided according to the surgeon’s discretion
and was performed using catheter aspiration (Penumbra,
Alameda, CA, USA) or a stent retriever (Solitaire FR stent
(Medtronic, Irvine, CA, USA) or Trevo retrieve (Stryker
Neurovascular, Fremont, CA, USA)). When persistent occlu-
sion or incomplete recanalization was observed, the procedure
was repeated. However, the first modality was not generally
used more than three times. We switched to the second mo-
dality when the first modality did not achieve successful re-
canalization (TICI grade, 0 to 2a). When post-thrombectomy
angiography showed residual stenosis in atherosclerotic oc-
clusions and delayed angiography showed a subtle change in
the residual stenosis, rescue treatments such as balloon angio-
plasty alone or balloon angioplasty with stenting were consid-
ered. Balloon angioplasty was considered first, with stenting
additionally considered when residual stenosis did not im-
prove after balloon angioplasty. Rescue treatments were not
considered when delayed angiography showed no subtle
change in the residual stenosis. When atherosclerosis was
considered the aetiology of the occlusion, antiplatelet agents,
including aspirin, clopidogrel, cilostazol, and combinations of
these drugs, were administered. Aspirin plus clopidogrel dual
antiplatelet therapy was used for patients who had received
rescue treatments. Patients who did not receive rescue treat-
ments were given a single antiplatelet therapy, including aspi-
rin alone, clopidogrel alone, or cilostazol alone. When the risk
of'reocclusion was considered high, such as in the presence of
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a subtle change in the residual stenosis on delayed angiogra-
phy, IA tirofiban injection was also used after thrombectomy
depending on the patient’s condition.

Statistical analysis

Baseline characteristics, procedure-related factors, and clinical
and radiological outcomes were compared according to clini-
cal outcomes (good vs. poor) and thrombectomy modalities
(catheter aspiration vs. stent retriever). The chi-squared test or
Fisher’s exact test was used to analyse categorical variables,
while Student’s ¢ test or the Mann-Whitney U test was used for
continuous variables. Multivariable analysis was used to eval-
uate factors affecting good clinical outcome. Variables for
which p <0.2 in the univariate analysis were selected for the
logistic regression model. All analyses were performed with
SPSS version 22 (SPSS, Chicago, IL, USA), and a value of
p <0.05 was considered indicative of statistical significance.

Results

In our study of 38 patients with 40 VBOs who were treated
with thrombectomy, two patients initially had occlusion at the
top of the basilar artery, followed by vertebral artery occlusion
several days later. These two patients had atherosclerotic ste-
nosis of the vertebral artery at the time of the first event;
however, we decided not to treat the atherosclerotic stenosis
in the vertebral artery at the first event, because the stenosis
was not severe (approximately 20% in both patients) and
showed no change during the procedure. However, the pre-
existing stenosis in the vertebral artery showed occlusion sev-
eral days later, and repeated thrombectomies were performed.
Therefore, we report 40 VBOs in 38 patients.

A good clinical outcome was achieved in 9 patients
(23.7%), and successful recanalization was achieved in 35
cases (87.5%). The mRS values were distributed as follows:
mRS 0, 3 patients; mRS 1, 4 patients; mRS 2, 2 patients; mRS
3, 6 patients; mRS 4, 7 patients; mRS 5, 12 patients; and mRS
6, 6 patients. Table 1 shows a comparison between patients
with good clinical outcomes and those with poor clinical out-
comes. Past medical history, such as diabetes, hypertension,
hyperlipidaemia, and coronary disease, was not significantly
associated with clinical outcomes.

The sites of VBO were as follows: 29 single-lesion VBOs,
including 21 occlusions at the top of the basilar artery and 8
occlusions in the basilar trunk, and 11 tandem VBO lesions,
including 3 occlusions at the top of the basilar artery with
stenosis of the vertebral artery and 8 occlusions in the basilar
trunk with stenosis of the vertebral artery. The occlusion site
was not significantly associated with clinical outcome (p =
0.658), and the tandem lesions also had no such association
(»p=0.399).

The aetiology of VBO included cardioembolism (n = 10,
25.0%), large-artery atherosclerosis (n =20, 50.0%), un-
known (n=9, 22.5%), and dissection (n=1, 2.5%). When
stroke aetiology was divided into atherosclerosis and non-ath-
erosclerosis, atherosclerosis was significantly associated with
poor clinical outcome (19 out of 31 vs. 1 out of 9, p =0.020).
Among the atherosclerotic occlusions (n =20), artery-to-
artery embolisms were observed in 4 cases (20%), and in situ
thrombo-occlusion was observed in 16 cases (80%). Rescue
treatments were needed in 7 cases (none of which was artery-
to-artery embolism), and all rescue treatments were needed for
the in situ thrombo-occlusion. Reocclusion after
thrombectomy occurred in 3 cases (18.8%), all of which were
in situ thrombo-occlusions. Among the 3 patients with
reocclusion, 1 patient underwent balloon angioplasty with
stenting at the first event, and further treatment was not avail-
able after reocclusion. The other 2 patients did not receive
rescue treatment (e.g. balloon angioplasty or stenting) at the
first event, because they did not require rescue treatment ow-
ing to the lack of an interval change in contrast filling based on
serial control angiography. However, reocclusion occurred in
these 2 patients due to the pre-existing stenosis of the vertebral
artery. Repeated thrombectomy achieved successful recanali-
zation in the 2 patients without rescue treatment. Neither the
rate of good clinical outcome nor successful recanalization
differed significantly between artery-to-artery embolism and
in situ thrombo-occlusion (0 out of 4 vs. 1 out of 16, p = 1.000,
3 out of 4 vs. 12 out of 16, p =1.000, respectively).

NIHSS scores on admission ranged from 3 to 28 (13.70 +
6.56). The mean + SD NIHSS score on admission was 10.0 +
4.64 in the group with good clinical outcomes and 14.8 +13.2
in the group with poor clinical outcomes. The difference be-
tween the two groups was significant (p = 0.025).

Although the statistical significance of some variables was
not sufficient, our results have some numerical tendencies.
The patients with good clinical outcomes had fewer passes
(1.56 +1.01 vs. 2.16 £ 1.37 times, p = 0.227) and shorter pro-
cedure times (55.2 +30.7 vs. 69.8 +34.4 min, p = 0.259) than
those with poor clinical outcomes. In our study, there was no
significant relationship between good clinical outcome and
either successful recanalization (p =0.570) or reocclusion
(p=0.557). However, none of the patients with unsuccessful
recanalization or reocclusion showed good clinical outcomes.

In a multivariable logistic regression analysis of good clin-
ical outcomes, atherosclerosis as a stroke actiology (adjusted
odds ratio (OR); 0.055, confidence interval (CI); 0.005-0.574,
p=0.015) and NIHSS score on admission (adjusted OR;
0.839, CI; 0.710-0.991, p = 0.040) were significant predictors
of a good clinical outcome.

Among the 40 thrombectomies performed at our hospital,
11 used catheter aspiration, and 29 used a stent retriever. A
comparison between catheter aspiration and stent retriever
thrombectomy is shown in Table 2. Catheter aspiration
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Table 1 Comparison between good clinical outcomes (1 =9) and poor clinical outcomes (7 =31)
Characteristics Good clinical outcome (n=9) Poor clinical outcome (n=31) p value
Age (years) (mean + SD) 66.4+9.24 67.1+13.2 0.891
Sex 0.654
Male 8 23
Female 8
Past medical history
DM 2 (22.2%) 11 (35.5%) 0.690
Hypertension 5 (55.6%) 21 (67.7%) 0.694
Hyperlipidemia 0 1 (3.23%) 1.000
Coronary disease 3 (33.3%) 6 (19.4%) 0.394
Occlusion site 0.658
Top of the basilar artery 7 (77.8%) 17 (54.8%)
Basilar trunk 1 (11.1%) 7 (22.6%)
Basilar artery with the vertebral artery 1 (11.1%) 7 (22.6%)
Tandem lesion 1 (11.1%) 10 (32.3%) 0.399
Stroke aetiology 0.020
Atherosclerotic 1 (11.1%) 19 (61.3%)
Non-atherosclerotic 8 (88.8%) 12 (38.7%)
NIHSS score on admission (mean = SD) 10.0+4.64 14.8+13.2 0.025
IV t-PA 3 (33.3%) 12 (38.7%) 1.000
Thrombectomy modality 1.000
Stent retrieval 7 22
Catheter aspiration 2 9
Number of passes (mean + SD) 1.56£1.01 2.16+1.37 0.227
Switching to the secondary modality 2 (22.2%) 10 (32.3%) 0.697
Rescue treatment 0 7 (22.6%) 0.175
The time from the LNT to the ER (mean + SD) 247.8+261.7 175.7+172.7 0.335
The time from the ER to the IC (mean + SD) 197.14£99.3 211.1+130.2 0.769
The time from the LNT to the IC (mean + SD) 4449 +£353.4 286.7+£218.4 0.547
Procedure time (mean + SD) 55.2+30.7 69.8+344 0.259
Radiological outcome 0.570
Successful recanalization 9 (100%) 26 (83.9%)
Unsuccessful recanalization 0 5 (16.1%)
Reocclusion 0 3 (9.68%) 0.557

DM, diabetes mellitus; N/HSS, National Institutes of Health Stroke Scale; 7-PA, tissue plasminogen activator; LNT, last normal time; ER, emergency

room; IC, intervention clinic

produced good clinical outcomes in 2 out of 11 cases (18.2%),
and stent retriever thrombectomy produced good clinical out-
comes in 7 out of 29 cases (24.1%); the difference between
these two procedures was not significant (p = 1.000). Catheter
aspiration achieved successful recanalization in 9 out of 11
cases (81.8%), and the stent retriever achieved successful re-
canalization in 26 out of 29 cases (89.7%). Therefore, the
thrombectomy modality was not significantly associated with
successful recanalization (p = 0.603).

Catheter aspiration was associated with a longer procedure
time than the stent retriever (84.5 +£35.1 vs. 59.7+31.2 min,
p=0.037). In terms of the number of passes, catheter
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aspiration required 3.4 +2.2 passes per VBO, while stent re-
trievers required 2.1 = 1.3 passes per VBO; this difference was
not statistically significant (p = 0.085). Regarding the occlu-
sion site, the stent retriever was used more frequently than
catheter aspiration with occlusions at the top of the basilar
artery (p =0.002).

After failing to recanalize VBO with the first modality in
12 lesions (30%), we switched to the second modality.
Switching from catheter aspiration to the stent retriever oc-
curred in 3 cases out of 11 in which catheter aspiration was
tried first (27.3%), and switching from the stent retriever to
catheter aspiration occurred in 9 cases out of 29 cases in which
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Table 2  Comparison between catheter aspiration (n = 11) and stent retrieval (n =29)
Characteristics Catheter aspiration (n=11) Stent retrieval (n=29) p value
Age (years, mean + SD) 63.0+12.2 68.5+12.3 0.217
Sex (male) 10 21 0.399
Past medical history

DM 3(27.3%) 10 (34.5%) 1.000

Hypertension 7 (63.6%) 19 (65.5%) 1.000

Hyperlipidemia 1 (9.09%) 0 0.275

Coronary disease 3 (27.3%) 6 (20.7%) 0.686
Occlusion site 0.002

Top of the basilar artery 2 (18.2%) 22 (75.9%)

Basilar trunk 4 (36.4%) 4 (13.8%)

Basilar artery with the vertebral artery 5 (45.5%) 3(10.3%)

Tandem lesion 5 (45.5%) 6 (20.7%) 0.137
Stroke aetiology 0.480

Atherosclerotic 7 (63.6%) 13 (44.8%)

Non-atherosclerotic 4 (36.4%) 16 (55.2%)
NIHSS on admission (mean + SD) 13.2+£8.6 13.9+£58 0.763
IV t-PA 3(27.3%) 12 (41.4%) 0.486
Number of passes (mean + SD) 34+22 2.1+£13 0.085
Switching to the secondary modality 3(27.3%) 9 (31.0%) 1.000
Rescue treatment 5 (45.5%) 2 (6.90%) 0.011
The time from the LNT to the ER (mean + SD) 115.7+£96.7 220.8+215.3 0.129
The time from the ER to the IC (mean + SD) 212.1+82.2 206.3+136.4 0.897
The time from the LNT to the IC (mean + SD) 327.8+133.1 427.4+280.1 0.269
Procedure time (mean + SD) 84.5+35.1 59.7+£31.2 0.037
Good clinical outcome 2 (18.2%) 7 (24.1%) 1.000
Successful recanalization 9 (81.8%) 26 (89.7%) 0.603
Reocclusion 1 (9.09%) 2 (6.90%) 1.000

DM, diabetes mellitus; NIHSS, National Institutes of Health Stroke Scale; #-PA, tissue plasminogen activator; LN7, last normal time; ER, emergency

room; /C, intervention clinic

the stent retriever was tried first (31.3%). In terms of the fre-
quency of switching to a second modality, there were no sta-
tistically significant differences between catheter aspiration
and stent retrievers (p = 1.000).

Significant stenosis after thrombectomy for VBO was ob-
served in 7 patients, all of whom were treated by rescue treat-
ment comprising balloon angioplasty either alone (n=4) or
with stenting (n=3). Among the 35 successful recanaliza-
tions, 3 cases showed reocclusion after thrombectomy as ob-
served on CT angiography or MR angiography within 1 day to
several days after thrombectomy. The degree of residual ste-
nosis in these 3 patients with reocclusion was 50%, 70%, and
80%. One of the three reocclusions is shown in Fig. 1. The
aetiology of reocclusion was large-artery atherosclerosis in all
3 cases, and all three patients showed poor clinical outcomes
(mRS 5).

There were no procedural complications, such as intracra-
nial haemorrhage. The mortality rate was 15% (n=06).
Decompressive suboccipital craniectomy was performed in 2

patients, who both showed successful recanalization after
thrombectomy; however, brain swelling progressed and was
refractory to medical treatment. The two patients retained
moderate neurological deficits after craniectomy (mRS 4).

Discussion

The prognosis of acute ischaemic stroke of the posterior cir-
culation is very poor [1, 2]. In particular, if VBO is left un-
treated, the mortality rate will rise to 85%. However, there are
few data on the proportion of VBOs among ischaemic strokes
of the posterior circulation or on how to treat VBO.
Thrombectomy has become an important treatment modality
for large-artery occlusion of the anterior circulation [1, 2];
however, the efficacy and safety of thrombectomy in the pos-
terior circulation are unclear.

During the thrombectomy procedure, it is important to
identify the underlying cause of occlusion, especially
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Fig. 1 Repeated thrombectomy using balloon angioplasty and stenting in
a case of reocclusion after recanalization. A 71-year-old woman was
admitted due to dizziness and global aphasia (NIHSS score 14). a CT
angiography showed occlusion of the basilar artery. b We tried
thrombectomy using a stent retriever. ¢ Recanalization was achieved
and several stenotic lesions were observed in the basilar artery.
However, we decided to end this procedure because there was no interval
change in delayed control angiography. d After 5 days, the patient

distinguishing cardioembolism and large-artery atherosclero-
sis, and to set an optimal strategy to achieve better clinical
outcomes. The posterior circulation has different characteris-
tics from the anterior circulation, including the cause of the
occlusion, details of the procedure (lack of availability of a
balloon occlusion catheter), and the clinical course. Therefore,
different strategies should be considered when performing
thrombectomy for VBO, such as atherosclerotic aetiology,
preparation of rescue treatment, and possibility of reocclusion.

The most common cause of ischaemic stroke is
cardioembolism, accounting for 60% of all cases [11].

@ Springer

showed mental deterioration and CT angiography showed reocclusion
of the basilar artery. Repeated thrombectomy showed reocclusion. e
The stent retriever was tried again, and recanalization was achieved. f
Because this lesion was a reoccluded lesion, we decided to perform bal-
loon angioplasty. g However, residual stenosis, indicating a high possi-
bility of reocclusion, was still observed. h We decided to perform stenting
for residual stenosis. i Final angiography showed successful recanaliza-
tion with improved residual stenosis

However, our study showed that the most common cause of
VBO was large-artery atherosclerosis (n =20, 50%). The an-
terior circulation is directly derived from the aortic arch, and
the diameter of the common carotid artery is much larger than
that of the vertebral artery. We believe that these anatomic
differences between the anterior circulation and the posterior
circulation may be related to a lower incidence of cardioem-
bolic occlusion in the posterior circulation than in the anterior
circulation [12].

It is known that large-artery atherosclerosis consists of
artery-to-artery embolism or in situ thrombo-occlusion [8, 9,
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13, 14]. In our study, the in situ thrombo-occlusion group was
the only group in which rescue treatments were needed and
occlusion occurred. Our study suggests that in situ thrombo-
occlusion may have a greater association with rescue treat-
ments and reocclusion than artery-to-artery embolism.

Our study showed that reocclusion occurred in 3 cases (n =
3, 7.5%) after thrombectomy for VBO, with all 3 cases
resulting in poor clinical outcomes (mRS 5). When
thrombectomy was performed for posterior circulation occlu-
sion, the possibility of reocclusion should always be consid-
ered, because the procedure can lead to endothelial damage
and in situ platelet aggregation [15]. The following consider-
ations are important because of the possibility of reocclusion.
First, if residual stenosis is observed after thrombectomy for
VBOs, treatment should not be finished immediately after
recanalization of the occlusion. Delayed control angiography
should be performed, and any subtle change in residual steno-
sis should be carefully inspected [13]. If there is a suggestion
of residual stenosis after thrombectomy, repeated control an-
giography every 5 min for 15 min was recently implemented
at our hospital to mitigate reocclusion. Second, if delayed
control angiography shows a subtle change in the residual
stenosis, rescue treatments rather than repeated thrombectomy
should be considered [13—15], especially in elderly patients
with no evidence of cardioembolism, because large-artery ath-
erosclerosis affects more elderly patients than younger pa-
tients [16]. Third, to prevent in situ platelet aggregation, which
may occur after thrombectomy, IA tirofiban may be adminis-
tered to prevent reocclusion of the residual stenosis after
thrombectomy [17, 18]. Recently, it has been reported that
the use of tirofiban showed a better recanalization rate and a
lower incidence of intracranial haemorrhage, even when
coadministered with IV tissue plasminogen activators [17,
19].

In our study, good clinical outcomes were related to NIHSS
scores on admission (10.0 £4.64 vs. 14.8+13.2, p=0.025).
The baseline NIHSS score is known as the best early predictor
of functional outcomes in patients with acute cerebral infarc-
tion [3, 20, 21]. However, other studies [4, 19, 21-23] have
suggested that with regard to disease assessment, the NIHSS
score has relatively poor sensitivity in patients with posterior
circulation stroke. Our study provides a basis for the relation-
ship between NIHSS scores and clinical prognostic factors in
posterior circulation stroke [3].

A prolonged procedure time and multiple device passes
may cause endothelial injury, and these factors are associated
with worse neurological recovery. Our results showed that pa-
tients with good clinical outcomes had a tendency to undergo
fewer passes and have shorter procedure times than patients
with poor clinical outcomes, which is consistent with previous
reports [24]. The clinical outcome after thrombectomy for
acute ischaemic stroke has been reported to be associated with
the time interval from symptom onset to reperfusion; however,

our results showed that good clinical outcomes had no rela-
tionship with the time from LNT to IC (p =0.547), which is
probably due to the small size of the study population. In our
study, the time from ER to IC was 197.1 £ 99.3 min for patients
with good clinical outcomes and 211.1 = 130.2 min for patients
with poor clinical outcomes, both of which may exceed the
acceptable range. The reason for this long in-hospital delay
time from ER to IC was because the prerequisite MRI for
thrombectomy was not always available in our hospital,
resulting in an unexpected time delay. Accordingly, to reduce
the time delay from ER to IC, we revised the thrombectomy
protocol of image evaluation based on CT angiography and CT
perfusion.

In our study, good clinical outcomes (mRS 2 or less) were
achieved at a relatively low rate (22.5%), despite the relatively
high recanalization rate (87.5%). Our results also showed that
there was no significant relationship between good clinical
outcomes and successful recanalization (p = 0.570). The clin-
ical course and prognosis of VBO are worse than those of
ischaemic stroke in the anterior circulation. Therefore, espe-
cially for posterior circulation occlusions, VBO may have
different definitions of clinical outcomes in our study, such
as good clinical outcome (mRS 0 to 3) or the 90-day mortality
rate. Comparing our results with the Basilar Artery
International Cooperation Study (BASICS) registry [7], our
results showed a lower number of cases with mRS 0 to 3 than
did the BASICS registry (15 out of 40 (37.5%) vs. 19 out of 38
(50%)); however, our results showed a better 90-day mortality
rate than the BASICS registry (6 out of 40 (15%) vs. 15 out of
38 (39.5%)).

Recently, it has been reported that successful recanalization
and favourable clinical outcomes can be achieved with cathe-
ter aspiration for VBO [25, 26], whereas other reports stated
that successful recanalization of the VBO can be achieved
with a stent retriever [5, 15, 27]. However, few reports have
compared catheter aspiration and stent retrievers in
thrombectomy for VBO. Although our study was not an
RCT, our results showed that there was no significant differ-
ence between catheter aspiration and stent retrievers in clinical
(p=1.000) or radiological (p =0.603) outcomes. However,
our study showed that the stent retriever was superior to cath-
eter aspiration in terms of procedure time (84.5+35.1 vs.
59.7+31.2 min, p =0.037) and the number of passes (3.4 +
2.2 vs. 2.1 £1.3 times, p =0.085).

Our result that catheter aspiration had a longer procedure
time is not consistent with previous reports [11]. This finding
may be explained by the higher incidence of atherosclerotic
occlusion in our case series. The reasons why atherosclerosis
was more common in our cases are as follows. First, unlike
Western populations in which the causes of ischaemic stroke
are primarily cardioembolism (60%) followed by large-artery
atherosclerosis (15%) [11], atherosclerosis is more common in
Asian populations [15, 28]. Second, atherosclerosis is more
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common in the posterior circulation than in the anterior circu-
lation. Kang DH et al. reported that stent retrievers are more
effective than catheter aspiration for acute large vessel occlu-
sions with underlying intracranial atherosclerosis, which is
consistent with our results [29].

Our study has several limitations. The study design is ret-
rospective in nature, and we therefore cannot rule out selection
bias. Additionally, there was no control group, and the cohort
comprised a small number of subjects from a single centre.
The comparison between catheter aspiration and stent retriev-
er thrombectomy could have also limited the interpretation of
the results, because there were 12 cases (30%) in which there
was switching between the two methods. More evidence is
required to obtain a definitive conclusion.

Conclusion

In our series, a good clinical outcome was related to a lower
NIHSS score on admission and stroke aetiologies other than
atherosclerosis. Our results suggest that stent retrievers are
more appropriate than catheter aspiration as a first-line modal-
ity for thrombectomy in VBO. When atherosclerotic occlu-
sion is suspected, repeated delayed control angiography is
necessary to prevent reocclusion after the procedure, and max-
imal treatment, including balloon angioplasty or balloon an-
gioplasty with stenting, should be considered.
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