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Background and Purpose The outcome of endovascular treatment (EVT) may differ depending on
the etiology of arterial occlusion. This study aimed to assess the differences in EVT outcomes in
patients with intracranial arterial steno-occlusion (ICAS-O), artery-to-artery embolism (AT-O), and
cardiac embolism (CA-O).
Methods We retrospectively analyzed 330 patients with ischemic stroke who underwent EVT
between January 2012 and August 2017. Patients were classified according to the etiology. The
clinical data, EVT-related factors, and clinical outcomes were compared. The modified Rankin Scale
(mRS) score at 3 months, determined using ordinal logistic regression (shift analysis), was the
primary outcome.
Results CA-O (n=149) was the most common etiology, followed by ICAS-O (n=63) and AT-O (n=49).
Age, initial National Institutes of Health Stroke Scale (NIHSS) score, and rate of hemorrhagic
transformation were significantly higher in patients with CA-O compared to AT-O and ICAS-O. The
time from onset-to-recanalization was the shortest in the CA-O (356.0 minutes) groups, followed by
the AT-O (847.0 minutes) and ICAS-O (944.0 minutes) groups. The rates of successful recanalization,
mRS distribution, and favorable outcomes at 3 months (mRS 0–2; CA-O, 36.9%, AT-O, 53.1%; and
ICAS-O, 41.3%) did not differ among the three groups. Baseline NIHSS score (odds ratio, 0.87; 95%
confidence interval, 0.83 to 0.91) could independently predict a favorable shift in mRS distribution.
Conclusions The functional outcomes of ICAS-O and AT-O were similar to those of CA-O, despite
the delay in symptom onset-to-recanalization, suggesting that the therapeutic time window may
be extended in these patients.
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Introduction
Endovascular treatment (EVT) has become the standard therapeutic modality for patients with acute ischemic stroke (AIS).1-4
However, the outcome of EVT may depend on the etiology of

vascular occlusion.5 Although some studies have compared the
outcome of EVT in patients with occlusion associated with intracranial arterial stenosis (ICAS-O) and embolic occlusion,
more studies are needed to elucidate their differences. More
importantly, none of these studies considered occlusion caused
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by artery-to-artery embolism (AT-O) and occlusion caused by
cardiac embolism (CA-O) separately.5-16 The clinical outcomes
of AT-O and CA-O may differ, because of the difference in the
clot characteristics and collateral patterns of the two conditions.17 The present study evaluated the characteristics and
outcomes of EVT in three different groups of patients with AIS,
i.e., AT-O, CA-O, and ICAS-O.

Methods
Study population
Patients who presented with AIS caused by AT-O, CA-O, and
ICAS-O, and underwent EVT between January 2012 and August
2017 at Asan Medical Center, Seoul, Korea, were consecutively
enrolled. We excluded patients (1) with other (e.g., arterial dissection, moyamoya disease, cancer-related stroke, or vasculitis)
or unknown etiologies (negative etiology or incomplete study),
(2) with two or more potential causes of stroke (e.g., CA-O and
ICAS-O, or AT-O and ICAS-O), (3) who could not undergo EVT
due to technical reasons (e.g., marked tortuosity), and (4)
whose 90-day modified Rankin Scale (mRS) score could not be
obtained. All clinical information, including baseline National
Institutes of Health Stroke Scale (NIHSS) scores, was recorded.
Patients were classified according to the Trial of ORG 10172 in
Acute Stroke Treatment (TOAST) criteria.18
ICAS-O was defined as follows: (1) residual stenosis >70% in
the target artery after thrombectomy, (2) moderate stenosis with
flow and perfusion impairment on angiography or an evident
tendency toward reocclusion, and (3) no source of embolism
(e.g., significant proximal arterial stenosis or cardiac disease).19,20
The degree of stenosis was measured according to the Warfarin–
Aspirin Symptomatic Intracranial Disease criteria.20 AT-O was
defined as follows: (1) >50% stenosis in the relevant proximal
artery (internal carotid artery, common carotid artery [up to the
levels of C1], vertebral artery [V1–3 segment], common carotid
artery, or severe atherosclerosis of the aorta) associated with relevant, distal artery occlusion; and (2) absence of embolism of
cardiac origin.18 CA-O was defined when patients had cardiac
disease with medium or high-risk of stroke, as defined by the
TOAST classification.18
This study was approved by the Institutional Review Board of
the Asan Medical Center (IRB number: 2019-0110), which
waived the requirement for written informed consent due to
its retrospective nature.

Endovascular treatment
All patients with AIS who visited the emergency department
were administered recombinant tissue plasminogen activator
(rtPA) (0.9 mg/kg) intravenously within 3 hours of symptom
https://doi.org/10.5853/jos.2019.02404

onset, until December 2012 and within 4.5 hours after January
2013, if computed tomography (CT) showed no signs of brain
hemorrhage. Patients underwent multi-modal (diffusionweighted, perfusion-weighted, fluid-attenuated inversion recovery [FLAIR], and gradient-echo) magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) while
receiving rtPA. The clot sign on gradient-echo MRI was defined
as a hypointense signal that exceeded the contralateral vessel
diameter.21 EVT was performed in patients with large vessel occlusion and diffusion-perfusion mismatch or diffusion-clinical
mismatch. Patients who were unable to undergo magnetic resonance examination for any reason were evaluated using CT
perfusion scanning and CT angiography. Patients who could
not be treated with rtPA due to late arrival underwent EVT
alone, based on the MRI and MRA results. The decision to perform EVT was made through discussions between the attending neurologist and the neurointerventionist. EVT was generally
performed <24 hours after symptom onset but was occasionally performed ≥24 hours in patients who strictly met the criteria. If the exact onset time was unknown, it was defined as
the point in time when the patient was lastly confirmed to be
normal. EVTs were performed by one of two experienced neurointerventionists (DCS or DHL) as described elsewhere.22 Endovascular procedures including direct stenting and/or balloon
angioplasty, mechanical disruption, direct aspiration, and a
stent retriever were employed appropriately at the discretion of
the neurointerventionist. Moreover, the decision to treat proximal severe stenosis/occlusion first or distal embolism first in
patients with AT-O depended on the operator.

Evaluation of clinical and angiographic outcomes
The patients were treated at the neurological intensive care unit
after the procedure. Patients underwent follow-up CT/CT angiography or MRI/MRA at 24 to 48 hours to assess the presence of
possible brain hemorrhage and confirm the maintenance of recanalization. The respective times from symptom onset to femoral puncture and reperfusion, from femoral puncture to reperfusion, and the total intervention time were measured. Reperfusion
time was defined as the time to achieve a modified thrombolysis
in cerebral infarction (mTICI) score ≥2b.23 Successful reperfusion
was defined as an mTICI score of 2b or 3. The onset to recanalization time and puncture to recanalization time were calculated
in patients in whom achieved recanalization was successful. The
presence of cerebral hemorrhage on imaging scans obtained approximately 24 to 48 hours after the procedure was noted. Intracerebral hemorrhage (ICH) was classified according to the method described by the European Cooperative Acute Stroke Study I
trial.24 The clinical outcomes were assessed by stroke neurologists
http://j-stroke.org
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using the mRS 3 months after the stroke. mRS evaluation was
performed via telephone by a trained nurse if the patient could
not visit the hospital. The distribution of mRS scores (shift analysis) at 90 days was the primary outcome.25 The rates of change
in the mRS score (0–2) at 3 months and the presence/absence of
cerebral hemorrhage were the secondary outcomes.
Although no study has compared the outcomes of CA-O, ATO, and ICAS-O, we performed a literature search (English language) on papers that compared ICAS-O and embolic occlusion
in PubMed, Ovid, and MEDLINE published before October 2019
using MeSH terms or keywords including stroke, intracranial
atherosclerosis, endovascular, mechanical thrombectomy,
thrombectomy, stenosis, and stenting. Moreover, we found
studies that were excluded by the search through a manual
search. We included all these papers and tried to summarize
the outcomes and predicting factors.

Statistical analysis
The categorical variables were compared using Pearson’s chisquare or Fisher’s exact test, wherever appropriate. Continuous
demographic, clinical, and radiological variables were compared
using one-way analysis of variance or the Kruskal-Wallis test.
The 3-month outcomes of the three groups (shift analysis) were
compared by calculating the common adjusted odds ratios
(aORs) and 95% confidence intervals (CIs). Variables with a
P<0.1 on univariate analysis were included as candidate variables in multivariate analysis. Ordinal logistic regression was
performed to evaluate factors that independently predicted outcomes after EVT. All P values were two-sided and P<0.05 was

330 From January 2012 to August 2017
(1) Acute ischemic stroke with diffusion-perfusion or diffusion-clinical mismatch
(2) Intra-or extracranial artery occlusion
(3) Endovascular treatment performed

n=276

198 Embolic group

149 Cardioembolism
(CA-O)

63 ICAS group (ICAS-O)

EVT Outcomes with Three Different Etiologies

statistically significance. Statistical analyses were performed using SPSS version 21.0 for Windows (IBM Corp., Armonk, NY, USA)
and SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results
Patient characteristics
We enrolled 330 AIS patients who underwent EVT between January 2012 and July 2017. Of these, 54 patients were eliminated
based on the exclusion criteria (Figure 1). The remaining patients
were divided into the embolic group (n=198) and the ICAS-O
(n=63) group. The remaining patients were divided into three
groups: AT-O (n=49), CA-O (n=149), and ICAS-O (n=63), after
excluding patients with concomitant embolism and ICAS (n=12),
and patients with unavailable 3-month mRS scores (n=15).
Patients in the CA-O group were older, with a female predominance, and had more severe neurological deficits than
those in the ICAS-O and AT-O groups (Table 1). The frequency
of diabetes and a current smoking habit were higher in the
AT-O than that in the CA-O and ICAS-O groups. There were no
significant differences in the location of occlusion, except that
internal carotid arterial occlusion was more frequent in the
AT-O group. Clot signs were observed more frequently in the
CA-O than those in the AT-O and ICAS-O groups.

Procedural and clinical outcomes
The time from symptom onset-to-initial recanalization was the
longest in the ICAS-O group (944 minutes; interquartile range
[IQR], 511 to 2,155), followed by the AT-O (847 minutes; IQR,

54 Excluded
10 Cancer associated embolism
07 Arterial dissection
11 Negative etiology
02 Arterial occlusion due to extrinsic compression
03 Incomplete study
12 Embolism and ICAS
9 Cardioembolism and ICAS
3 Artery to artery and ICAS
4 Undistinguishable
09 Combined embolism
15 Unobtainable mRS at 3 months
9 Cardioembolism
2 Artery to artery embolism
4 ICAS

49 Artery to artery embolism
(AT-O)

Figure 1. Flowchart of the patient selection process. ICAS, intracranial arterial steno; mRS, modified Rankin Scale; ICAS-O, intracranial arterial steno-occlusion; CA-O, occlusion caused by cardioembolism; AT-O, occlusion caused by artery-to-artery embolism.
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Table 1. Baseline characteristics of patients with ischemic stroke caused by three different etiologies
Characteristic

CA-O (n=149)

AT-O (n=49)

ICAS-O (n=63)

Age (yr)

69.7±10.9

66.1±10.2

66.2±10.7

0.034

Male sex

P

73 (49.0)

43 (87.8)

50 (79.4)

<0.001

14 (11–17.5)

10 (7.5–13.5)

11 (8–15)

<0.001

Hypertension

91 (61.1)

29 (59.2)

45 (71.4)

0.301

Diabetes

32 (21.5)

20 (40.8)

18 (28.6)

0.026

Hyperlipidemia

34 (22.8)

14 (28.6)

20 (31.7)

<0.384

Cigarette smoking

36 (28.8)

12 (50.0)

7 (15.2)

0.010

Previous history of stroke

29 (19.5)

14 (28.6 )

14 (22.2)

0.424

Initial NIHSS

Atrial fibrillation

122 (81.9)

0 (0)

0 (0)

<0.001

Laboratory findings
Hemoglobin (g/dL)

12.9±1.9

14.0±1.9

14.5±1.9

<0.001

Total cholesterol (mg/dL)

168.2±44.0

169.0±43.7

181.9±37.6

0.089

LDL-C (mg/dL)

107.6±35.8

104.0±40.8

117.0±34.2

0.132

1.1±2.5

0.6±1.8

0.9±1.9

0.256

84 (56.5)

20 (40.8)

34 (54.0)

0.165

M1

71 (47.7)

17 (34.7)

28 (44.4)

0.291

M2

13 (8.7)

4 (8.2)

7 (11.1)

0.836

4 (2.7)

1 (2.0)

0 (0)

0.483

Posterior circulation arteries

23 (15.4)

14 (28.6)

15 (23.8)

0.084

Internal carotid artery

48 (32.2)

27 (55.1)

14 (22.2)

0.001

C-reactive protein (mg/dL)
Occlusion site
Middle cerebral artery

Anterior cerebral artery

Clot sign

67 (45.0)

11 (22.4)

25 (39.7)

0.018

Treatment with intravenous tPA

54 (36.2)

12 (24.5)

14 (22.2)

0.078

Onset to admission

133.0 (43.0–327.5)

247.0 (111.5–754.0)

397 (125–733.0)

<0.001

Onset to groin puncture

282.0 (190.0–522.5)

773.0 (282.0–1995.0)

871 (425.0–2,063.0)

<0.001

Onset to recanalization

356.0 (252.0–584.0)

847 (371.0–2,065.0)

944 (511.0–2,155.0)

<0.001*

Time variables (min)

Puncture to recanalization

55.0 (37.0–77.0)

62.0 (52.0–89.5)

78.0 (55.0–107.0)

<0.001†

Total intervention

70.0 (50.5–90.5)

80.0 (65.0–100.5)

88.0 (70.0–118.0)

<0.001

119 (79.9)

30 (61.2)

29 (46.0)

<0.001

61 (40.9)

23 (46.9)

7 (11.1)

<0.001

Angioplasty

6 (4.0)

37 (75.5)

45 (71.4)

<0.001

Stent insertion

8 (5.4)

29 (59.2)

33 (52.4)

<0.001‡

Use of tirofiban

2 (1.3)

4 (8.2)

8 (12.7)

0.001

1 (0.7)

4 (8.2)

9 (14.3)

<0.001

10 (6.8)

3 (6.1)

1 (1.6)

Modalities of EVT
Stent retriever
Suction thrombectomy

Instant re-thrombosis
mTICI
mTICI 0–1

0.033

mTICI 2a

6 (4.0)

1 (2.0)

4 (6.3)

mTICI 2b

69 (46.3)

21 (42.9)

15 (23.8)

mTICI 3

64 (43.0)

24 (45.8)

43 (68.3)

Successful recanalization (mTICI 2b–3)

136 (91.3)

45 (91.8)

58 (92.1)

>0.999

Recanalization in follow-up images

127 (94.1)

37 (90.2)

47 (81.0)

0.020

66 (44.9)

14 (31.1)

14 (22.6)

0.006

ICH
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Table 1. Continued
Characteristic

CA-O (n=149)

AT-O (n=49)

ICAS-O (n=63)

Hemorrhagic infarction, 1

21 (31.3)

8 (57.1)

6 (42.9)

Hemorrhagic infarction, 2

23 (34.3)

4 (28.6)

5 (35.7)

Parenchymal hematoma, 1

10 (14.9)

2 (14.3)

2 (14.3)

Parenchymal hematoma, 2

13 (19.4)

0 (0)

1 (7.1)

P

Type of ICH

0.462

Subarachnoid hemorrhage

3 (2.0)

1 (1.7)

>0.999

Any cerebral hemorrhage

69 (46.9)

14 (31.1)

0 (0)

14 (23.3)

0.004

mRS 0–2 at 3 mo

55 (36.9)

26 (53.1)

26 (41.3)

0.142

Mortality at 3 mo

13 (8.7)

2 (4.1)

6 (9.5)

0.552

Values are presented as mean±standard deviation, number (%), or median (interquartile range). The three groups were compared using Pearson chi-square
tests, one-way analysis of variance (ANOVA) or the Kruskal-Wallis test, whichever was appropriate.
CA-O, occlusion caused by cardioembolism; AT-O, occlusion caused by artery-to-artery embolism; ICAS-O, intracranial arterial steno-occlusion; NIHSS, National Institutes of Health Stroke Scale; LDL-C, low-density lipoprotein cholesterol; tPA, tissue plasminogen activator; EVT, endovascular treatment; mTICI,
modified thrombolysis in cerebral infarction; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale.
*,†Onset-to-recanalization time and puncture-to-recanalization time were calculated in patients in whom successful recanalization was achieved; ‡Stent insertion refers to intracranial stenting in patients with ICAS-O or CA-O and extracranial (proximal) stenting in patients with AT-O.

Score on the Modified Rankin Scale at 3 months
0
CA-O
(n=149)

15.4

10.7

AT-O
(n=49)

7.9
0

2

15.9
20

4

30

5

14.1

18.4

12.2

20.6
40

6

20.8

16.3

17.5
10

3
19.5

24.5

12.2

ICAS-O
(n=63)

1
10.7

50

12.2

19
60

70

8.7

11.1
80

4.1

7.9
90

100

Patient (%)

Figure 2. Distribution of the modified Rankin Scale scores 3 months after endovascular treatment among patients with occlusion caused by cardioembolism
(CA-O), occlusion caused by artery-to-artery embolism (AT-O), and intracranial arterial steno-occlusion (ICAS-O). No significant difference was observed
among these three groups.

371 to 2,065) and CA-O (356 minutes; IQR, 252 to 584) groups
(P<0.001). The time from femoral puncture-to-recanalization
(P<0.001) and the total intervention time (P<0.001) were also
significantly longer in the ICAS-O and AT-O groups than that
in the CA-O group. Balloon angioplasty and stenting were performed significantly more frequently in the ICAS-O and AT-O
groups than that in the CA-O group. The rate of successful recanalization did not differ among the three groups, but the
maintenance of recanalization at follow-up was significantly
less frequent in the ICAS-O group than that in the other groups
(P<0.020). The rates of cerebral hemorrhage (P=0.004) and ICH
(P=0.006) were significantly higher in the CA-O group than
those in the AT-O and ICAS-O groups (Table 1).
238
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The distribution of the mRS scores obtained 3 months after
stroke (P=0.169 using the Cochran-Mantel-Haenszel test) (Figure 2) and the proportion of patients with mRS scores of 0–2 at
3 months (P=0.142) did not differ among the three groups. Ordinal logistic regression showed that baseline NIHSS score (aOR,
0.87; 95% CI, 0.83 to 0.91; P<0.001) was the only significant independent predictor of poor outcomes (Table 2). The 3-month
mRS scores were similar in patients who underwent EVT ≥24 and
<24 hours after symptom onset, as well as in patients who underwent EVT ≥6 and <6 hours after symptom onset (Table 3). The
comparison of the outcomes after EVT according to the patient
recruitment period is described in Supplementary Table 1.
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Discussion
We examined the outcome of EVT based on three different
mechanisms underlying vascular occlusion. CA-O was the most
common etiology, accounting for 57% of patients, followed by
ICAS-O (24%) and AT-O (19%). Although previous studies have
attempted to determine the differences between patients with

Table 2. Ordinal logistic regression analysis of factors associated with
the 3-month modified Rankin Scale scores in patients with acute ischemic stroke
Variable

Common OR (95% CI)

P

Age (/10 yr)

0.89 (0.72–1.10)

0.286

Male sex

0.73 (0.43–1.23)

0.235

Diabetes

1.12 (0.68–1.85)

0.657

Total cholesterol (/10 mg/dL)

1.05 (1.00–1.11)

0.066

Current smoking

1.24 (0.69–2.23)

0.475

Initial NIHSS

0.87 (0.83–0.91)

<0.001

ICA occlusion

1.10 (0.68–1.79)

0.692

Onset to puncture time (/1 hr)

1.00 (0.99–1.01)

0.910

Angioplasty

1.27 (0.66–2.43)

0.473

Type of etiologies
AT-O (reference)

1

CA-O

0.62 (0.31–1.25)

0.182

ICAS-O

1.03 (0.48–2.20)

0.939

Type of etiologies
ICAS-O (reference)

1

AT-O

1.60 (0.80–3.21)

0.182

CA-O

1.65 (0.83–3.28)

0.150

Common ORs were calculated using ordinal logistic regression models indicating a favorable shift in modified Rankin Scale score distribution.
OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of
Health Stroke Scale; ICA, internal carotid artery; AT-O, occlusion caused by
artery-to-artery embolism; CA-O, occlusion caused by cardioembolism;
ICAS-O, intracranial arterial steno-occlusion.

ICAS-O and ‘embolic’ occlusion,5-9,12,13,26 they did not distinguish
between AT-O and CA-O in the ‘embolic’ group.
We found that duration of symptom onset-to-door time,
puncture time, recanalization time, and the total intervention
time were the longest in patients with ICAS-O, followed by
those with AT-O and CA-O. Differences in the duration between symptom onset-to-door time were probably associated
with the different characteristics of stroke among the three
groups: CA-O is characterized by sudden arterial occlusion
without sufficient collaterals. In contrast, arterial occlusion associated with chronic atherosclerotic diseases is characterized
by relatively mild or fluctuating symptoms because of better
developed collaterals, although some of the latter patients
show a progressive worsening of symptoms.27,28 We assumed
that the longer onset-to-groin puncture time in patients with
ICAS-O and AT-O may be attributed to the fact that EVT was
often performed only after the observation of worsening or
fluctuation in symptoms after the early stages, when the
symptoms were mild. Despite the longer onset to EVT and intervention time, the outcomes were similar among the three
groups.
Table 4 summarizes the results of studies comparing EVT
outcomes in patients with ICAS-O and embolism.5-16,19,29,30 One
study reported that patients with ICAS-O have better prognosis
than those with embolism,7 while another study reported the
opposite result in patients who received EVT in the vertebrobasilar territory.9 However, most studies did not report differences in 3 month clinical outcome after EVT between patients
with ICAS-O and those with embolism,7,10-16,26 which has also
been highlighted by a recent meta-analysis.31 These studies reported that 16% to 89% of patients with ICAS-O required
stenting, and many were treated with tirofiban.6,7,12,26 One study
found that rescue stenting, tirofiban treatment, or repeated
thrombectomy resulted in favorable outcomes in 45% of pa-

Table 3. Comparison of patients according to different symptom onset-to-endovascular therapy times
Etiologies
Variable

Cardioembolism

Artery to artery
embolism

Intracranial arterial
steno-occlusion

6 hr

P

Baseline
NIHSS

<0.001

P

Good outcome
(mRS 0–2 at 3 mo)

<0.001

0.796

<6 hr (n=98)

75 (76.5)

12 (12.2)

11 (11.2)

13 (10–17.3)

39 (39.8)

≥6 hr (n=163)

74 (45.4)

37 (22.7)

52 (31.9)

11 (9–16)

68 (41.7)

24 hr

<0.001

P

<0.001

0.629

<24 hr (n=213)

139 (65.3)

33 (15.5)

41 (19.2)

8 (9–16)

89 (41.8)

≥24 hr (n=48)

10 (20.8)

16 (33.3)

22 (45.8)

10 (7–13)

18 (38.5)

Values are presented as number (%) or median (interquartile range).
NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.

https://doi.org/10.5853/jos.2019.02404

http://j-stroke.org

239

240

http://j-stroke.org

24 (0%)

Lee et al. (2015)6

40 (AF 0%)

Hwang et al.
(2016)8

15 (AF NA)

47 (AF 25.5%)

Lee et al. (2017)10 BA

Jia et al. (2018)12

99 (AF 24.2%)

Lee et al. (2018)5

Baek et al. (2019)15 VBA (V4, BA)

24 (AF 29.2%)

9 (AF NA)

Tsang et al.
(2018)14

Any sites

56 (AF 37.5%)

Baek et al. (2018)11 ICA, M1

ICA-T, M1, M2

75 (AF 22.7%)

Lee et al. (2018)13 ICA-T, M1, M2,
VBA

ICA, M1, M2

19 (AF 10.5%)

Kim et al. (2016)9 VBA (V4, BA)

M1

40 (AF 7.5%)

Yoon et al. (2015)7 MCA, ICA, BA

Any sites

40 (AF 20.0%)

ICAS-O

Kang et al. (2014)19 ICA, MCA, VBA

Study

Inclusion criteria
of large vessel
occlusion

NA

100.0% vs. 95.7% (ND)

88.9% vs. 78.2% (ND)

53 (AF 54.7%) 79.2% vs. 84.9% (ND)

55 (AF NA)

262 (AF 62.2%) 80.4% vs. 88.5% (ND)

421 (AF 63.4%) 76.8% vs. 79.6% (ND)

150 (AF 56.7%) 72.0% vs. 79.3% (ND)

93 (AF 49.5%) 95.7% vs. 96.8% (ND)

47 (AF NA)

32 (AF 40.6%) 89.5% vs. 87.5% (ND)

123 (AF 63.4%)

Use of glycoprotein
IIb/IIIa inhibitor
(ICAS-O vs.
Embolic-O, P)

86.7% vs. 0.0%
(NA)

NA

Angioplasty (31.6% 31.6% vs. 0% (P=0.002)
vs. 12.5%, ND)
Stenting (31.6% vs.
12.5%, ND)

Used in 75% of patients
with immediate
reocclusion

NA

No significant predictor

Immediate reocclusion (0.188),
delayed reocclusion (0.035), age
(0.926), NIHSS (0.843), collateral
status (grade 3,4) (7.108)

Age (1.052), NIHSS decrease (1.202),
mTICI 2b or 3 (0.004)

NA

NA

Multivariable analysis
indicating favorable outcome
(odds ratio)

37.5% vs. 41.5% (ND) 16.7% vs. 0.0%
(NA)

55.6% vs. 30.0% (ND) 33.3% vs. 0.0%
(P=0.001)

46.4% vs. 46.9% (ND) 28.6% vs. 0.4%
(NA)

54.5% vs. 45.5% (ND) 20.2% vs. 2.6%
(NA)

37.3% vs. 47.3% (ND) 24.3% vs. 5.2%
(NA)

42.1% vs. 0.0% (NA)

NA

42.8% vs. 0.4% (NA)

NA

40.5% vs. 7.5% (P<0.001)

NIHSS (0.820), puncture to recanalization time (0.810)

NA

NA

Age (0.945), premorbid mRS (0.578),
NIHSS (0.897), ASPECTS (1.313),
procedure time (0.981), successful
recanalization (2.451), PH2 or SAH
3–4 (0.242), ICAS-O (0.495)

NA

63.8% vs. 51.6% (ND) Angioplasty (36.2% 51.1% vs. 18.3% (P<0.001) NIHSS (0.941), mTICI (2.864)
vs. 0.0%, P<0.001)
Stenting (42.5% vs.
2.2%, P<0.001)

60.0% vs. 51.1%
(ND)

10.5% vs. 37.5%
(P=0.037)

62.5% vs. 66.7% (ND) 10.0% vs. 0.0%
(ND)

95.0% vs. NA (NA) Not used

41.7% vs. 31.3% (ND) Angioplasty (33.3% NA (only intra-arterial
vs. 5.2%, P<0.001) urokinase was used)
Stenting (16.7% vs.
3.7%, P=0.012)

65.0% vs. 67.5% (ND) 0.0% vs 0.0 % (ND) Used in 35 patients with
immediate reocclusion

132 (AF 56.1%) 95.0% vs. 81.8% (P=0.04) 62.5% vs. 38.6%
(P=0.008)

134 (AF 59.7%) 62.5% vs. 63.6% (ND)

92 (AF 60.9%) 80.0% vs. 83.7% (ND)

Embolic-O

Additional rescue
Good outcome at 3
treatment (stent
Successful
months
and/or
recanalization rate
(ICAS-O vs. Embolic-O,
angioplasty)
(ICAS-O vs. Embolic-O, P)
P)*
(ICAS-O vs. Embolic-O, P)

Table 4. Studies comparing the outcomes of endovascular therapy in patients with ICAS-O and embolic occlusion
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ICAS-O, intracranial arterial steno-occlusion; Embolic-O, occlusion caused by embolism; ICA, internal carotid artery; MCA, middle cerebral artery; VBA, vertebrobasilar artery; AF, atrial fibrillation; ND, no difference;
NA, not applicable; BA, basilar artery; NIHSS, National Institutes of Health Stroke Scale; mTICI, modified thrombolysis in cerebral infarction; V4, V4 segment of the vertebral artery; ICA-T, internal carotid artery-terminus; mRS, modified Rankin Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; PH2, parenchymal hematoma, type 2; SAH 3–4, subarachnoid hemorrhage, type 3–4; VA, vertebral artery.
*A good clinical outcome was defined as a 3-month modified Rankin Scale score of 0–2.

Any sites
Present study

49 (AF 0%)

5.4% (CA-O) vs.
1.3% (CA-O) vs. 8.2% (AT- NIHSS (0.870)
149 (CA-O, AF 92.1% (ICAS-O) vs. 91.8% 36.9% (CA-O) vs.
75.5% (AT-O) vs.
O) vs. 12.7% (ICAS-O)
81.9%), 63
(AT-O) vs. 91.3% (CA-O) 53.1% (AT-O) vs.
(P=0.001)
(ND)
41.3% (ICAS-O) (ND) 71.4% (ICAS-O)
(AT-O, AF
(P=0.001)
0%)

NA
65.3% vs. 63.2% (ND)
41.1% vs. 50.0% (ND) 60.0% vs. 2.6%
(P<0.001)
38 (AF 26.3%) 81.1% vs. 100.0%
(P=0.004)
VBA
Zhang et al.
(2019)30

95 (AF 3.2%)

NA
100.0% vs. NA (NA) 60.0% vs. NA (NA)
0.0% vs. 49.4%
(P=0.004)
70.0% vs. 64.2% (ND)
523 (AF NA)
10 (AF NA)
M1
Dobrocky et al.
(2019)29

Used only premedication of Glasgow coma scale score (1.281),
angioplasty
Pons-midbrain-index (0.402)
51.4% vs. 43.8% (ND) 77.1% vs. 21.9%
(NA)
32 (AF 28.1%) 88.6% vs. 90.6% (ND)
35 (AF 5.7%)
Fan et al. (2019)16 VBA (VA, BA)

Study

Table 4. Continued

Inclusion criteria
of large vessel
occlusion

ICAS-O

Embolic-O

Additional rescue
Good outcome at 3
treatment (stent
Successful
months
and/or
recanalization rate
(ICAS-O vs. Embolic-O,
angioplasty)
(ICAS-O vs. Embolic-O, P)
P)*
(ICAS-O vs. Embolic-O, P)

Use of glycoprotein
IIb/IIIa inhibitor
(ICAS-O vs.
Embolic-O, P)

Multivariable analysis
indicating favorable outcome
(odds ratio)
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tients with ICAS-O who underwent instant vascular reocclusion.8 Thus, although residual stenosis and reocclusion may be
predictors of unfavorable outcomes, appropriate rescue treatment may have yielded similar outcomes in patients with
ICAS-O and those with CA-O.8
Our study is unique, since we classified patients with AT-O
into a separate category, which allowed us to observe the
characteristics and EVT outcome in this group of patients. We
found that the intervention time was longer in patients with
AT-O than that in patients with CA-O (although it was shorter
than that in ICAS-O), mainly due to the additional need to
treat proximal arterial steno-occlusion.32,33 More than half of
the patients with AT-O required stent insertion and 75% required angioplasty for the proximal artery. However, the rate of
procedural complications was low overall, and post-stent rethrombosis was treated with tirofiban. Patients with AT-O were
younger, predominantly men, and had relatively less severe initial symptoms than patients with CA-O (similar to ICAS-O),
perhaps due to relatively well-developed collaterals. Therefore,
although AT-O has been categorized as ‘embolism’ in previous
studies, its characteristics differ from those of CA-O. The demographic and clinical features of AT-O resembled those of
ICAS-O, while the delay in the EVT procedure ranked between
patients with CA-O and ICAS-O (Table 1). Regarding the technical issue in the treatment of tandem lesions, some interventionists favor the proximal (extracranial) lesion first approach,34
while others (including those at our center) favor the distal (intracranial) lesion first approach. A recent meta-analysis found
no significant difference between the distal and proximal lesion first techniques (favorable outcome at 3 months: 53% vs.
49%, P=0.58).35 The outcome in our patients (favorable outcome, 53%) was identical with the result of this meta-analysis.
Thus, patients with ICAS-O and AT-O are associated with
more difficult and longer procedure times, and a higher frequency of re-occlusions compared to patients with CA-O. On
the other hand, they tend to be younger and have less severe
initial clinical symptoms, which are associated with better developed collaterals, while CA-O is associated with more severe
initial symptoms and higher rates of hemorrhagic transformation.28,31 Moreover, adequate rescue treatment including angioplasty, stenting, and administration of glycoprotein IIb/IIIa inhibitors has been used in patients with ICAS-O and AT-O. Thus,
the functional outcomes were overall similar among patients
with AT-O, ICAS-O, and CA-O.5,8
Our study included patients who underwent EVT ≥24 hours
after symptom onset if certain conditions were met (e.g., diffusion–perfusion or diffusion–clinical mismatch). We found that
the delayed treatment was significantly more often performed
http://j-stroke.org
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in patients with ICAS-O and AT-O than that in patients with in
CA-O (Table 3) and that the functional outcomes in these patients did not differ from those in patients who underwent EVT
<24 hours. Thus, EVT ≥24 hours may still be beneficial if patients are carefully selected, especially in those with ICAS-O
and AT-O.36 There were also no significant differences in functional outcomes between patients who underwent EVT <12 or
≥12 hours and <6 or ≥6 hours after symptom onset (Table 3).
Finally, when the study period was dichotomized (before and
after 2015), we found that the 3-month clinical outcome after
EVT was worse in the later stage than that in the early stage,
although the onset-to-door time and onset-to-recanalization
time were shortened (Supplementary Table 1). This may be attributed to the fact that the participants enrolled in the later
stage were older, had more severe initial neurological deficits,
and tended to have atrial fibrillation, reflecting in part the rapid
increase in the aging population and atrial fibrillation in South
Korea. Alternatively, candidates for EVT might have been selected more cautiously before the publication of five pivotal positive trials in 2015, while cases with greater severity were included afterwards. Unfortunately, we were unable to provide a
satisfactory explanation with this retrospective study that enrolled patients who underwent EVT only. We also found that the
functional outcomes did not differ among patients with CA-O,
AT-O, and ICAS-O in the early or later stage (data not shown).
The merit of the present study was that the etiologies of
stroke were clearly categorized based on the appropriate imaging and etiological examination. Moreover, this approach is
closer to real-world scenarios: we did not exclude patients
whose symptom onset was >24 hours, and included patients
with AIS with anterior and posterior circulation involvement.
Our study also has some limitations. First, this study was performed at a single center with an Asian population, and the
results may not be generalizable to other ethnic groups. Second, although we believe that the relatively mild symptoms in
patients with ICAS-O and AT-O patients were due to adequate
collateral flow, the degree of collateral vessel formation was
not assessed objectively. Third, the exclusion of patients with
missing 3-month mRS scores due to loss to follow-up may
have introduced a selection bias. However, the mRS scores at
discharge did not differ among the patients excluded from the
three groups (P=0.139, data not shown). Fourth, in the current
study we defined AT-O as proximal stenosis was greater than
50% and excluded patients with concomitant AT-O and ICASO. However, the possibility of AT-O cannot be completely excluded in patients with milder proximal artery stenosis.
Despite these limitations, our data showed that the 3-month
EVT outcomes did not differ among patients with AT-O, ICAS242
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O, and CA-O, although the symptom onset-to-recanalization
time was longer in the ICAS-O and AT-O groups than that in
the CA-O group. These findings suggest that ICAS-O and AT-O,
which are characterized by no history of cardiac disease, no
clot signs, small lesions on diffusion-weighted imaging, and a
fluctuating or progressive diseases course may have longer
therapeutic time windows than previously considered. Further
studies are needed to determine the characteristics of the patients who would still improve despite the delayed therapy and
how long the therapeutic window can be extended. This issue
may be more important in Asian countries, where ICAS is more
prevalent.37

Supplementary materials
Supplementary materials related to this article can be found
online at https://doi.org/10.5853/jos.2019.02404.
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Supplementary Table 1. Comparison of the outcomes in EVT according to the recruitment period
Variable

Until December 31, 2014 (n=139)

From January 1, 2015 (n=122)

P

Age (yr)

66.5±10.9

70.1±10.5

0.007

Male sex

93 (66.9)

73 (59.8)

0.248

Initial NIHSS

11 (8–15)

13 (10–17)

0.005

Hypertension

89 (64.0)

76 (62.3)

0.798

Diabetes

36 (25.9)

34 (27.9)

0.780

Hyperlipidemia

45 (32.4)

23 (18.9)

0.016

Atrial fibrillation

57 (41.0)

65 (53.3)

0.062

Etiologies

0.146

Cardioembolism

72 (51.8)

77 (63.1)

Artery to artery embolism

31 (22.3)

18 (14.8)

Intracranial arterial steno-occlusion

36 (25.9)

27 (22.1)

Onset to door time

201.0 (66.0–516.0)

170.0 (49.0–477.5)

0.030

Onset to recanalization time (min)

579.0 (331.0–1,464.0)

392.0 (253.0–847.3)

0.023

Modalities of EVT
Stent retriever

83 (59.7)

95 (77.9)

0.002

Suction thrombectomy

56 (40.3)

35 (28.7)

0.052

Angioplasty

60 (43.2)

28 (23.0)

0.001

Stent insertion

49 (35.3)

21 (17.2)

0.001

Use of tirofiban

8 (5.8)

6 (4.9)

0.791

65 (46.8)

42 (34.4)

0.045

Good outcome (mRS 0–2 at 3 mo)

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
EVT, endovascular treatment; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.
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