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ABSTRACT

Introduction: Endovascular treatment’s (EVT)
safety and efficacy have been proven in treating
acute ischemic stroke (AIS) due to large vessel
occlusion (LVO). However, limited data exist in
different stroke subtypes. We aimed to investi-
gate the differences in efficacy and safety of EVT
for acute LVO according to different stroke
subtypes.
Methods: A total of 1635 AIS patients with LVO
undergoing EVT from a prospective cohort of

the Endovascular Treatment Key Technique and
Emergency Work Flow Improvement of Acute
Ischemic Stroke (ANGEL-ACT) registry were
classified into three types according to the Trial
of ORG 10172 in Acute Stroke Treatment
(TOAST) criteria. We compared the primary
outcome: 90-day modified Rankin Scale (mRS)
score, the secondary outcomes: 90-day mRS
(0–1, 0–2, and 0–3), successful recanalization
(mTICI 2b/3), and complete recanalization
(mTICI 3), and the safety outcomes: death
within 90 days, parenchymal hemorrhage (PH),
and symptomatic intracranial hemorrhage
(SICH) among the three subtypes of stroke
patients. Then, multivariable logistic regression
models adjusting for potential baseline-con-
founding variables to determine the associa-
tions between stroke subtypes and safety and
efficacy endpoints were performed. Finally, we
performed subgroup analyses to explore dis-
crepancies in the relationships.
Results: EVT of cardioembolic LVO (CE-LVO)
had a higher rate of mTICI 3 (71.7% vs. 65.9%
and 63.2%; P = 0.024) and a higher rate of PH
(13.8% vs. 5.4% and 6.7%; P\0.001) when
compared to other stroke subtypes. Even mul-
tivariable analysis demonstrated that CE-LVO
was associated with mTICI 3 [adjusted odds
ratio (OR), 1.50 (95% CI 1.04–2.17)] and PH
[adjusted OR, 1.97 (95% CI 1.09–3.55)]. How-
ever, the 90-day mRS distribution and 90-day
mRS (0–1, 0–2, and 0–3) did not differ among
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the stroke subtypes, and nor did the SICH
(P[0.05).
Conclusions: Functional outcomes were similar
among different stroke subtypes. Despite a
higher rate of complete recanalization, there is
an increased risk of parenchymal hemorrhage
in CE-LVO.
Trial Registration: Clinical trial registration
number: NCT03370939.

Keywords: Endovascular treatment; TOAST
classification; Safety; Efficacy; Outcomes

Key Summary Points

Functional outcomes were similar among
different stroke subtypes.

Endovascular treatment for large vessel
occlusion due to cardioembolism (CE-
LVO) had a higher rate of complete
recanalization and parenchymal
hemorrhage than other stroke subtypes.

CE-LVO patients were older, had a higher
rate of atrial fibrillation, and presented
with a higher National Institutes of Health
Stroke Scale (NIHSS) score which implies a
larger ischemic area.

INTRODUCTION

Endovascular treatment (EVT) has become the
standard management for acute ischemic stroke
caused by large vessel occlusions (LVO) [1].
However, different stroke subtypes have differ-
ent risk factors, clinical features, and prognoses
[2–6]. Determining the stroke subtypes is crucial
to optimizing and improving the safety and
efficacy of EVT. Due to the ease of use and the
reliability in the clinic, the Trial of ORG 10172
in Acute Stroke Treatment (TOAST) classifica-
tion has been widely used to classify the
ischemic stroke subtype [5, 7]. Many researchers
have undertaken a range of studies to evaluate
the clinical features and prognosis of acute

ischemic stroke (AIS) patients undergoing EVT
based upon the TOAST classification [2–4, 8, 9].
However, those studies were mainly in the
western population, and there is still a lack of
data from Asian populations, and the propor-
tions of stroke etiologic subtypes are different
among different ethnicities and countries
[10, 11]

Therefore, in this large registry study of an
Asian population, mainly Chinese, we evaluate
the safety and efficacy of EVT in different stroke
subtypes to provide further information to
supplement the global data.

METHODS

Study Population

The present study enrolled 1793 consecutive
patients with AIS caused by acute large vessel
occlusion undergoing EVT in 111 hospitals in
China between November 2017 and March
2019. The inclusion and exclusion criteria fol-
lowed the previous study [12]. Patients who
underwent EVT were included in the study. The
exclusion criteria were as follows: (1) patients
without an EVT record; (2) patients without a
TOAST assessment; (3) patients with small-
artery occlusion lacunar (SAA). The study pro-
tocol was approved by the Ethics Committees of
Beijing Tiantan Hospital and the ethics com-
mittees of all participating centers. The number
of the approval: KY2017-048–01. The study
procedures were in accordance with the 1964
Helsinki declaration and its later amendments.
Subjects or their legally authorized representa-
tives provided written informed consent.

Data Collection and Outcomes
Measurement

Information on demographics, risk factors,
medical history, National Institutes of Health
Stroke Scale (NIHSS) score on admission, loca-
tion of infarct cerebral tissue (anterior/posterior
circulation), procedural characteristics (general
anesthesia, GPIIb/IIIa receptor inhibitor, stent
retriever, intra-arterial thrombolysis, balloon
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angioplasty, and stenting), number of mechan-
ical thrombectomies, and the time points of
working flow were prospectively collected.
Baseline computed tomography (CT)/magnetic
resonance (MR), CTA/MRA, DSA images during
EVT, and follow-up head CT or MRI were eval-
uated by an imaging core laboratory blinded to
clinical data and outcomes. All imaging was
independently assessed by two neuroradiolo-
gists, with a third available for adjudication
when needed. Alberta Stroke Program Early CT
Score (ASPECTS) for anterior circulation strokes
and posterior circulation Alberta Stroke Pro-
gram Early CT Score for posterior circulation
strokes were assessed on baseline CT [13, 14].
Final modified thrombolysis in cerebral ische-
mia score (mTICI) were assessed on the DSA
[15].

We considered functional outcome at the
90-day (90-day mRS) primary endpoint. Mean-
while, we considered mRS 0–1, mRS 0–2, and
mRS 0–3, successful recanalization (mTICI 2b/
3), and complete recanalization (mTICI 3) as the
secondary outcomes. Any symptomatic ICH
(SICH) per Heidelberg Bleeding Classification
within 24 h post-EVT [16], and parenchymal
hemorrhage (PH) according to ECASS II Classi-
fication [17], and death within 90 days were
considered safety endpoints.

Classification of the Stroke Subtypes

We categorized the stroke subtypes according to
the TOAST classification [18]. Based on imaging
and angiographic findings, we classified the
stroke subtypes into large artery atherosclerosis
(LAA), CE cardioembolism, and SUE/SOE stroke
of unknown etiology/stroke of other deter-
mined etiology. We determined the classifica-
tion through reconstructed images acquired
from preprocedural CT angiography (CTA) or
MR angiography (MRA), confirmed by
intraprocedural digital subtraction angiography
(DSA). We defined LAA as the presence of a
lesion with significant stenosis ([50%) or
occlusion of the involved artery due to
atherosclerosis during the EVT procedure. A
history of intermittent claudication, transient
ischemic attack in the same vascular territory, a

carotid bruit, or diminished pulses help to
support the clinical diagnosis. We defined CE as
the arterial occlusions caused by embolus aris-
ing from the cardiac as either a high- or med-
ium-risk. Potential large-artery atherosclerotic
sources of thrombosis or embolism should be
eliminated. In SUE, the stroke etiology could
not be determined even after extensive evalua-
tion was performed. Patients with two or more
potential causes of stroke, which lead to physi-
cians being unable to make final diagnoses,
were also included in this group. Meanwhile,
patients with rare causes of stroke, such as
nonatherosclerotic vasculopathy, hypercoagu-
lable states, or hematologic disorders, were cat-
egorized as SOE. These diagnoses had to be
confirmed by diagnostic studies such as
angiography or blood tests. In addition, cardiac
sources of embolism and large-artery
atherosclerosis had to be excluded by other
studies [18].

Statistical Analysis

We used proportions for categorical variables,
and median with interquartile range (IQR) for
the continuous variables. We compared the
baseline characteristics among groups using the
Pearson v2 test or the Kruskal–Wallis test. Vari-
ables with P\0.05 in the univariable analysis
were selected as the confounders into the mul-
tivariable logistic regression model. Then, we
performed logistic regression to calculate the
odds ratios (OR) or common OR with 95%
confidence intervals (CI). We performed further
subgroup analysis to discriminate the relation-
ship between stroke subtypes and efficacy and
safety outcomes in a different stratification.
Significance level was set to P = 0.05 (2-sided).
We used SAS software v.9.4 (SAS Institute, Cary,
NC, USA) to conduct the statistical analyses.

RESULTS

Baseline Characteristics

We enrolled 1793 AIS patients who underwent
EVT. Of these, 158 patients were eliminated
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based on the exclusion criteria (Fig. 1). The
baseline characteristics, procedure characteris-
tics, and outcomes of the enrolled patients are
presented in Table 1. LAA-LVO was the most
prevalent etiology (n = 861) group, followed by
CE-LVO (n = 573) and SUE/SOE-LVO (n = 201).
Patients with CE-LVO were older, more likely to
be female, and had higher NIHSS scores on
admission than those in the LAA-LVO and SUE/
SOE-LVO groups (Table 1). Patients with LAA-
LVO had higher comorbidities, such as current
smoking habits, hypertension, diabetes melli-
tus, hyperlipidemia, and prior stroke compared
with patients with CE-LVO and SUE/SOE-LVO.
Atrial fibrillation was highest in the CE-LVO
group, and systolic blood pressure (SBP) on
admission was highest in the LAA-LVO group.
We identified higher anticoagulants in the CE-
LVO group than the other two groups, but we
noted higher use of antiplatelet agents in the
SUE/SOE-LVO group. CE-LVO was more fre-
quently found in the anterior circulation, while
LAA-LVO and SUE/SOE-LVO were more fre-
quent in the posterior circulation.

EVT of CE-LVO had a higher rate of complete
recanalization (71.7% vs. 65.9% and 63.2%;
P = 0.024) compared to LAA-LVO and SUE/SOE-
LVO. Moreover, we observed higher PH (13.8%
vs. 5.4% and 6.7%; P\0.001) and SICH (9.5%
vs. 4.8% and 5.2%; P = 0.002) rate in the CE-
LVO group compared to LAA-LVO and SUE/
SOE-LVO. However, no significant difference
regarding the incidence of subarachnoid hem-
orrhage (SAH) and intraventricular hemorrhage
among groups (P[0.05). We also identified
lower mRS 0–1, 0–2, and 0–3 at 90 days in the
CE-LVO group than with the other two groups
(P\0.05 for all) (Fig. 2). Stent retriever as first-
line, direct aspiration as first-line and direct
aspiration ? stent retriever as first-line were
higher in this group (P\0.001). We also noted
that CE-LVO required more retrieval attempts
than the other two-stroke subtypes (2 vs. 1 and
1; P\0.001). However, we observed a higher
rate of used GP IIb/IIIa receptor inhibitors in
LAA-LVO (68.1% vs. 35.6% and 33.8%;
P\0.001). Time from onset to door was longer
in patients with LAA-LVO than CE-LVO and

Fig. 1 Flow chart of patient selection. EVT endovascular
treatment, SAA small-artery occlusion lacunar, LAA large-
artery atherosclerosis, CE cardioembolism, SUE/SOE

stroke of unknown etiology/stroke of other determined
etiology, LVO large vessel occlusion
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Table 1 Baseline characteristics and outcome of different stroke subtypes

Variables Total
(n5 1635)

LAA-LVO
(n5 861)

CE-LVO
(n5 573)

SUE/SOE-LVO
(n5 201)

P

Baseline clinical parameters

Age, median(IQR) 65 (55–73) 64 (55–71) 69 (62–77) 59 (48–67) \0.001

Male, n (%) 1097 (67.1) 682 (79.2) 277 (48.3) 138 (68.7) \0.001

Premorbid mRSa, n (%) 0.481

mRS 0 1414 (86.5) 737 (85.6) 498 (86.9) 179 (89.5)

mRS 1 193 (11.8) 109 (12.7) 64 (11.2) 20 (10.0)

mRS 2 27 (1.7) 15 (1.7) 11 (1.9) 1 (0.5)

Current smoking, n (%) 550 (33.6) 377 (43.8) 97 (16.9) 76 (37.8) \0.001

SBP, median(IQR) 145

(130–160)

149 (134–165) 145 (130–160) 140 (127–158) \0.001

Admission NIHSSb, median (IQR) 16 (11–21) 15 (11–21) 17 (13–21) 14 (11–20) \0.001

ASPECTSc, median (IQR) 9 (7–10) 8 (7–10) 10 (7–10) 10 (8–10) \0.001

Comorbidities

Hypertension, n (%) 930 (56.9) 530 (61.6) 313 (54.6) 87 (43.3) \0.001

Diabetes mellitus, n (%) 283 (17.3) 169 (19.6) 88 (15.4) 26 (12.9) 0.024

Hyperlipidemia, n (%) 148 (9.1) 91 (10.6) 47 (8.2) 10 (5.0) 0.031

Atrial fibrillation, n (%) 500 (30.6) 63 (7.3) 418 (73.0) 19 (9.5) \0.001

Prior stroke, n (%) 360 (22.0) 196 (22.8) 122 (21.3) 42 (20.9) 0.740

Pretreatment

Prior use of antiplatelet agents,

n (%)

270 (16.5) 147 (17.1) 78 (13.6) 45 (22.4) 0.013

Prior use of anticoagulants, n (%) 66 (4.0) 10 (1.2) 51 (8.9) 5 (2.5) \0.001

Bridging IVT, n (%) 474 (29.0) 243 (28.2) 169 (29.5) 62 (30.9) 0.722

Procedural parameters

Occlusion location, n (%) \0.001

Anterior circulation 1273 (77.9) 620 (72.0) 503 (87.8) 150 (74.6)

Posterior circulation 362 (22.1) 241 (28.0) 70 (12.2) 51 (25.4)

General anesthesia, n (%) 651 (39.8) 364 (42.3) 212 (37.0) 75 (37.3) 0.100

GP IIb/IIIa receptor inhibitor,

n (%)

858 (52.5) 586 (68.1) 204 (35.6) 68 (33.8) \0.001

Stent retriever as first-line, n (%) 1092 (66.8) 534 (62.0) 411 (71.7) 147 (73.1) \0.001

Direct aspiration as first-line,

n (%)

100 (6.1) 39 (4.5) 50 (8.7) 11 (5.5) 0.005
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Table 1 continued

Variables Total
(n5 1635)

LAA-LVO
(n5 861)

CE-LVO
(n5 573)

SUE/SOE-LVO
(n5 201)

P

Direct aspiration ? stent retriever

as first-line

168 (10.3) 74 (8.6) 80 (14.0) 14 (7.0) 0.001

IAT, n (%) 136 (8.3) 75 (8.7) 31 (5.4) 30 (14.9) \0.001

Rescue balloon/stenting

angioplasty, n (%)

234 (14.3) 191 (22.2) 18 (3.1) 25 (12.4) \0.001

MT times, median (IQR) 1 (1–2) 1 (1–2) 2 (1–3) 1 (1–2) \0.001

FPR, n (%) 803 (49.1) 424 (49.3) 278 (48.5) 101 (50.3) 0.909

Intraprocedural embolization,

n (%)

80 (4.9) 29 (3.4) 43 (7.5) 8 (4.0) 0.002

Time-metric parameters

OTDd, median (IQR), min 150

(63–287)

164.5 (68–305) 135 (60–260) 160 (66–275) 0.030

DTPe, median (IQR), min 120

(80–178)

127 (89–190) 115 (75–161) 115.5 (78–170) \0.001

Procedure durationf, median

(IQR), min

85 (53–128) 88 (53–130) 80 (50–118) 90 (57.5–144.5) 0.018

Primary outcome

90-day mRS, median (IQR) 3 (0–5) 3 (0–4) 3 (0–5) 2 (0–4) 0.002

Secondary outcomes

90-day mRS 0–1g, n (%) 688 (42.6) 388 (45.4) 204 (36.2) 96 (49.0) \0.001

90-day mRS 0–2g, n (%) 753 (46.7) 419 (49.1) 232 (41.1) 102 (52.0) 0.004

90-day mRS 0–3g, n (%) 919 (56.9) 499 (58.4) 296 (52.5) 124 (63.3) 0.014

mTICI, n (%) 0.006

mTICI 0–1 106 (6.5) 58 (6.7) 31 (5.4) 17 (8.5)

mTICI 2a 68 (4.2) 27 (3.1) 32 (5.6) 9 (4.5)

mTICI 2b 356 (21.8) 209 (24.3) 99 (17.3) 48 (23.9)

mTICI 3 1105 (67.6) 567 (65.9) 411 (71.7) 127 (63.2)

Successful recanalization, n (%) 1461 (89.4) 776 (90.1) 510 (89.0) 175 (87.1) 0.423

Complete recanalization, n (%) 1105 (67.6) 567 (65.9) 411 (71.7) 127 (63.2) 0.024

Safety outcomes

Death within 90 days, n (%) 211 (13.1) 97 (11.4) 85 (15.1) 29 (14.8) 0.095

PHh

n (%)

135 (8.5) 45 (5.4) 77 (13.8) 13 (6.7) \0.001
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Fig. 2 Shift on 90-day mRS score stratified by TOAST
classification. LAA large-artery atherosclerosis, CE car-
dioembolism, SUE/SOE stroke of unknown etiology/

stroke of other determined etiology, LVO large vessel
occlusion, mRS modified Rankin Scale

Table 1 continued

Variables Total
(n5 1635)

LAA-LVO
(n5 861)

CE-LVO
(n5 573)

SUE/SOE-LVO
(n5 201)

P

SICHh, n (%) 102 (6.5) 40 (4.8) 52 (9.5) 10 (5.2) 0.002

SAHI, n (%) 2 (0.1) 1 (0.1) 1 (0.2) 0 0.845

IVHI, n (%) 7 (0.4) 3 (0.4) 3 (0.5) 1 (0.5) 0.654

LAA Large-artery atherosclerosis, CE cardioembolism, SOE stroke of other determined etiology, SUE stroke of undeter-
mined etiology, LVO large vessel occlusion, SD standard deviation, SBP systolic blood pressure, IQR interquartile range,
NIHSS National Institutes of Health Stroke Scale score, ASPECTS Alberta Stroke Program Early CT score, OTD onset-to-
door, DTP door-to-puncture, PTR puncture-to-recanalization, IVT intravenous thrombolysis, IAT intraarterial throm-
bolysis, MT menchanial thrombectomy, FPR first pass recanalization, SICH symptomatic intracranial hemorrhage, PH
parenchymal hemorrhage, mRS modified Rankin score, IVH intraventricular hemorrhage, OTD onset to door, DTP door to
puncture
a1 missing data
b 7 missing data
c12 missing data
d36 missing data
e125 missing data
f1 missing data
g21 missing data
h55 missing data
I40 missing data
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Table 2 Adjusted OR/HR of safety and efficacy outcome according to different stroke subtypes

Outcomes Groups unadjusted OR/HR (95%
CI)

P value Adjusted OR/HR (95%
CI)

P value

90-day mRSa, median

(IQR)

LAA-LVO Ref Ref

CE-LVO 1.39(1.15–1.68) 0.006 1.05(0.79–1.41) 0.727

SUE/SOE-

LVO

0.99(0.75–1.30) 0.943 0.95(0.69–1.30) 0.746

90-day mRS 0–1a, n (%) LAA-LVO Ref Ref

CE-LVO 0.68(0.55–0.85) 0.001 0.91(0.64–1.30) 0.603

SUE/SOE-

LVO

1.15(0.85–1.57) 0.369 1.19(0.82–1.73) 0.366

90-day mRS 0–2a, n (%) LAA-LVO Ref Ref

CE-LVO 0.73(0.59–0.90) 0.003 1.05(0.74–1.49) 0.775

SUE/SOE-

LVO

1.13(0.83–1.54) 0.452 1.23(0.84–1.78) 0.288

90-day mRS 0–3a, n (%) LAA-LVO Ref Ref

CE-LVO 0.79(0.63–0.97) 0.027 1.31(0.89–1.93) 0.946

SUE/SOE-

LVO

1.23(0.89–1.69) 0.215 0.99(0.70–1.40) 0.174

Successful recanalization,

n (%)

LAA-LVO Ref Ref

CE-LVO 2.82(1.92–4.14) \0.001 1.02(0.58–1.79) 0.951

SUE/SOE-

LVO

1.26(0.67–2.39) 0.475 0.91(0.50–1.64) 0.743

Complete recanalization,

n (%)

LAA-LVO Ref Ref

CE-LVO 1.32(1.05–1.66) 0.020 1.50(1.04–2.17) 0.031

SUE/SOE-

LVO

0.89(0.65–1.23) 0.474 0.96(0.65–1.41) 0.830

Death within 90 daysk,

n (%)

LAA-LVO Ref Ref

CE-LVO 1.39(1.01–1.89) 0.041 1.09(0.67–1.79) 0.724

SUE/SOE-

LVO

1.36(0.87–2.12) 0.183 1.47(0.86–2.50) 0.155

SICHb, n (%) LAA-LVO Ref Ref

CE-LVO 2.08(1.36–3.19) 0.001 1.24(0.63–2.45) 0.531

SUE/SOE-

LVO

1.08(0.53–2.20) 0.829 0.87(0.38–1.98) 0.741
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SUE/SOE-LVO (164.5 vs. 135 and 160 min;
P = 0.03), as was the time from door to punc-
ture (127 vs. 115 and 115 min; P\0.001).
However, the time from puncture to recanal-
ization was longer in SUE/SOE-LVO than LAA-
LVO and CE-LVO (90 vs. 88 and 80 min;
P = 0.018).

CE-LVO was associated with complete
recanalization after adjustment for potential
confounders compared with LAA-LVO [adjusted
OR, 1.50 (95% CI 1.04–2.17), P = 0.031]. Con-
sistently, CE-LVO was also associated with
parenchymal hemorrhage when compared to
LAA-LVO [adjusted OR, 1.97 (95% CI
1.09–3.55), P = 0.025]. However, we did not
observe any association between stroke sub-
types and 90-day mRS and mRS0-1, mRS0-2,
and mRS0-3 even after adjustment for potential
confounders (P[0.05 for all). Subgroup analy-
ses showed no significant association between
stroke subtypes and 90-day mRS score and SICH
when we stratified the age, gender, NIHSS score
on admission, the use of anesthesia, the
involved circulation system, time workflow,
and successful recanalization status (P[0.05 for
all) (Tables 2, 3, 4).

DISCUSSION

In our study, the functional outcome from EVT
did not differ among stroke subtypes. Different
characteristics in each stroke subtype might

affect the outcome of EVT. We also found an
increasing risk of bleeding despite complete
recanalization in a patient with the CE stroke
subtype. Several factors might account for this
finding, such as CE-LVO patients were older,
had a higher rate of atrial fibrillation, and pre-
sented with a higher NIHSS score, which implies
a larger ischemic area.

Our result was not in line with the previous
study, which reported that EVT showed differ-
ent efficacy in different stroke subtypes [2]. Our
study showed that the stroke subtype did not
withhold the benefit of EVT. This result might
be attributed to the higher successful recanal-
ization rate among stroke subtypes in the pre-
sent study compared with Tiedt et al. [2],
although we did not assess this difference sta-
tistically. The previous study reported higher
efficacy of EVT in CE-LVO, which might be
attributed to several factors, including (1)
thrombus composition, which may determine
the success of thrombectomy [19], and (2) the
complexity of the atherosclerotic lesion, which
may impede technical access to the occlusion
site [2, 20]. In addition, CE-LVO was presented
more in their study when compared with non-
CE or LAA-LVO, which may bias the actual
result. However, the higher number of LAA-
LVO in the current study may also contribute to
a biased result. However, the significant differ-
ence between groups regarding the baseline has
been adjusted in our multivariate analysis,
which can reduce the probability of a biased

Table 2 continued

Outcomes Groups unadjusted OR/HR (95%
CI)

P value Adjusted OR/HR (95%
CI)

P value

PHc, n (%) LAA-LVO Ref Ref

CE-LVO 2.82(1.92–4.14) \0.001 1.97(1.09–3.55) 0.025

SUE/SOE-

LVO

1.26(0.67–2.39) 0.475 1.04(0.51–2.13) 0.919

LAA Large-artery atherosclerosis, CE cardioembolism, SOE stroke of other determined etiology, SUE stroke of undeter-
mined etiology, LVO large vessel occlusion, SICH symptomatic intracranial hemorrhage, PH parenchymal hemorrhage, mRS
modified rankin score
a21 missing data
b55 missing data
b40 missing data

Neurol Ther (2022) 11:151–165 159



Table 3 Subgroup analysis regarding 90-day mRSa of different stroke subtypes

Variables Num Adjusted OR and 95% CI P for interaction

LAA-LVO (reference) CE-LVO SUE/SOE-LVO

Age

Age\65 771 1 0.79(0.50–1.26) 0.89(0.60–1.31) 0.169

Age C 65 843 1 1.22(0.84–1.78) 0.78(0.46–1.31)

Gender

Male 1085 1 1.04(0.72–1.50) 0.94(0.65–1.36) 0.430

Female 529 1 1.02(0.63–1.65) 0.91(0.50–1.65)

NIHSS

NIHSS B 15 773 1 1.06(0.67–1.65) 1.00(0.64–1.59) 0.532

NIHSS[15 841 1 0.99(0.68–1.45) 0.84(0.54–1.30)

Anesthesia

GA 640 1 0.97(0.60–1.57) 0.95(0.56–1.60) 0.552

LA 974 1 1.08(0.75–1.55) 0.91(0.61–1.37)

Occlusion location

Anterior circulation 1258 1 1.04(0.76–1.42) 0.90(0.63–1.30) 0.244

Posterior circulation 356 1 1.27(0.55–2.94) 0.76(0.39–1.51)

OTD (min)

OTD B 270 1192 1 1.10(0.78–1.54) 0.94(0.65–1.35) 0.906

OTD[270 422 1 0.97(0.56–1.68) 0.84(0.44–1.60)

DTP (min)

DTP B 90 580 1 0.84(0.54–1.30) 0.79(0.48–1.30) 0.422

DTP[90 1034 1 1.20(0.83–1.74) 1.19(0.81–1.76)

Procedure duration (min)

Procedure duration B 90 884 1 0.90(0.61–1.32) 0.83(0.53–1.30) 0.484

Procedure duration[90 730 1 1.40(0.89–2.18) 1.16(0.73–1.82)

Successful recanalization

Yes 1447 1 1.01(0.74–1.38) 0.96(0.69–1.35) 0.159

No 167 1 2.83(1.16–6.91) 1.47(0.54–4.02)

LAA Large-artery atherosclerosis, CE cardioembolism, SOE stroke of other determined etiology, SUE stroke of undeter-
mined etiology, LVO large vessel occlusion, NIHSS National Institutes of Health Stroke Scale score, GA general anesthesia,
LA local anesthesia, OTD onset to door, DTP door to puncture
a21 missing data
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Table 4 Subgroup analysis regarding SICHa of different stroke subtypes

Variables Num Adjusted OR and 95% CI P for interaction

LAA-LVO (reference) CE-LVO SUE/SOE-LVO

Age

Age\65 760 1 1.16(0.39–3.42) 0.45(0.15–1.34) 0.586

Age C 65 820 1 1.37(0.54–3.46) 1.38(0.35–5.41)

Gender

Male 1068 1 1.23(0.50–3.03) 0.63(0.21–1.89) 0.571

Female 512 1 1.54(0.46–5.13) 1.80(0.44–7.35)

NIHSS

NIHSS B 15 761 1 1.39(0.49–3.97) 0.67(0.21–2.16) 0.960

NIHSS[15 819 1 0.93(0.37–2.40) 1.01(0.32–3.60)

Anesthesia

GA 623 1 0.76(0.29–2.01) 0.82(0.23–2.98) 0.895

LA 954 1 1.67(0.62–4.46) 0.81(0.24–2.74)

Occlusion location

Anterior circulation 1235 1 0.06(0.01–3.41) 1.90(0.03–105.68) 0.775

Posterior circulation 345 1 1.40(0.69–2.84) 0.86(0.36–2.05)

OTD (min)

OTD B 270 1161 1 1.94(0.88–4.30) 1.31(0.53–3.24) 0.256

OTD[270 419 1 0.38(0.08–1.69) 0.12(0.01–1.40)

DTP (min)

DTP B 90 564 1 2.86(0.81–10.09) 1.24(0.28–5.39) 0.275

DTP[90 1016 1 1.05(0.45–2.46) 1.04(0.40–2.73)

Procedure duration (min)

Procedure duration B 90 858 1 1.41(0.44–4.51) 1.47(0.35–6.13) 0.517

Procedure duration[90 722 1 1.15(0.47–2.80) 0.95(0.34–2.66)

Successful recanalization

Yes 1410 1 1.27(0.58–2.78) 0.97(0.39–2.43) 0.896

No 170 1 0.89(0.07–10.72) 0.35(0.02–7.51)

LAA Large-artery atherosclerosis, CE cardioembolism, SOE stroke of other determined etiology, SUE stroke of undeter-
mined etiology, LVO large vessel occlusion, NIHSS National Institutes of Health Stroke Scale score, GA general anesthesia,
LA local anesthesia, OTD onset to door, DTP door to puncture, PTR puncture to recanalization
a55 data were missing
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result due to the unproportionate number of
patients between groups.

Different nature characteristics of the lesion
among stroke subtypes need different EVT
strategies. LAA-LVO are relatively more com-
plex than CE-LVO [21, 22], as our study, and
previously reported literature demonstrated
that LAA-LVO often presented with a longer
duration of the recanalization time than CE-
LVO [23–31]. Nevertheless, the complexity of
the atherosclerotic lesion did not withhold
achieving successful recanalization, as rescue
therapy, such as the use of GP IIb/IIIa receptor
inhibitors, could be given during EVT. The
efficacy of GP IIb/IIIa receptor inhibitors in AIS
has been reported previously [32–34]. Consis-
tently, we noted higher use of GP IIb/IIIa
receptor inhibitors in the LAA-LVO group. Fur-
thermore, this might also explain the higher
recanalization rate in LAA-LVO in the present
study.

A noteworthy finding from the current study
is an increased risk of bleeding despite complete
recanalization in the CE-LVO group. The
underlying mechanism remains unclear. How-
ever, the greater severity of strokes in CE-LVO
presenting with higher NIHSS scores than other
stroke subtypes may partially explain this find-
ing. Moreover, CE-LVO is often related to a
more extensive core infarct and less penumbra
[35, 36]. In addition, early reperfusion might
also contribute to an increase in PH in CE-LVO
[37], as the onset to door and door to puncture
time was shorter compared with other stroke
subtypes.

Although recanalization represents a power-
ful predictor of stroke outcomes [38], this
should also warn us of the possibility of reper-
fusion injury, which might exacerbate the out-
comes. Thus, precaution and intensive
management are needed to reduce the mortality
and morbidity risks. There is still an ongoing
debate whether ‘‘complete’’ recanalization (TICI
3) or ‘‘successful’’ recanalization (TICI 2b/3)
should be achieved. This finding also has an
important message: restoring brain perfusion
with recanalization does not mean that the
occluded vessel should be completely recanal-
ized. Further studies to evaluate the extent of
recanalization in CE-LVO are urgently needed.

Our study has several limitations. First, the
retrospective nature of the present study, and
the lack of a control group. A further random-
ized controlled trial is needed to assess any
intention to treat. Second, this classification
only can be applied after the complete diag-
nostic work-up. Therefore, the value of such a
classification to assess acute stroke therapeutic
options remains to be elucidated. Third, the
present study lacked further angiographic
assessment in different stroke subtypes, such as
the collateral status and ratio of the core
ischemic area to the penumbra. However, the
strengths of our study included a large sample
size and the use of nationwide collected data.
Nevertheless, this study was limited to Chinese
populations, and the stroke subtype’s propor-
tion differs among ethnicities and countries.
Therefore, this result cannot be generalized to
the global population.

CONCLUSIONS

Our nationwide real-world registry data provide
evidence for a higher rate of complete recanal-
ization and increased risk of PH in CE-LVO and
confirmed the stroke subtypes as a determinant
of EVT safety and efficacy. Further research
should focus on the extent of EVT in this stroke
subtype.
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