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Aim: Mechanical thrombectomy (MT) has become the gold standard for the treatment of large vessel occlusion
(LVO) in acute ischemic stroke. However, it remains controversial whether emergency angioplasty or stenting in
patients with intracranial atherosclerotic stenosis (ICAS) should be adopted. Thus, we performed a retrospective
analysis of clinical data to determine whether emergency angioplasty or stenting is necessary.

Methods: We retrospectively analyzed data from patients undergoing M T with ICAS-related LVO of the acute
anterior circulation between 2017 and 2019. Eligible patients were divided into two treatment groups: those who
received rescue angioplasty or stenting [Patients treated with rescue angioplasty or stenting (PTAS) group] and
those who received thrombectomy alone (non-PTAS group). The primary outcomes were good prognosis at 90
days (mRS: 0-2). Mortality, symptomatic intracranial hemorrhage, and reocclusion rate were evaluated as
secondary outcomes.

Results: A total of 184 patients with severe stenosis after MT were enrolled, including 64 patients receiving
rescue angioplasty or stenting and 120 patients without rescue angioplasty or stenting. Compared with the non-
PTAS group, a better functional outcome (mRS0-2) (51.6% vs. 35.0%, adjusted odds ratio: 2.11, 95%
confidence interval [CI]: 1.22-4.29; P=0.02), lower 7-day National Institutes of Health Stroke Scale [6 (3-12.75)
vs. 10 (4-16); P=0.04], lower 24-h neurological deterioration rate (7.8% vs. 21.7%, P=0.02), and lower 24-h
reocclusion rate were observed in the PTAS group (6.3% vs. 17.5%, P=0.03). There were no significant
differences in mortality or incidence of symptomatic intracerebral hemorrhage.

Conclusion: Emergency angioplasty or stenting could be a safe and feasible therapeutic option with better
outcomes for stroke patients with ICAS-related LVO.
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is highly prevalent in Asian population, especially

Introduction among Chinese" ?. Moreover, acute stroke patients
Intracranial atherosclerotic stenosis (ICAS) is one with ICAS tend to have higher recurrence rates than
of the most common causes of stroke worldwide and other subtypes (about 4.9%-12.1%)?, making it

Address for correspondence: Xunming Ji, Department of Neurosurgery, Xuanwu Hospital of Capital Medical University, Beijing, China.
E-mail: jixm@ccmu.edu.cn

Received: November 19, 2021 Accepted for publication: February 28, 2022

Copyright©2023 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

160



Emergency Angioplasty or Stenting

Screen (n=460)

Eligible cases with severe
ICAS after MT(n=184)

Cases with acute posterior circulation (n=112);

Cases with extracranial internal carotid artery
occlusion (n=42);

Cases of cardiogenic embolism (n=75);

Other cases with non-atherosclerotic stenosis (n=35);
Loss to follow-up(n=12);

PTAS group
(n=64)

Non-PTAS group
(n=120)

Fig. 1. Patient screening flowchart. Four hundred and sixty patients with AIS underwent mechanical thrombectomy

Excluding acute posterior circulation occlusion (7z=112), extracranial ICA occlusion (7=42), cardiogenic embolism (7

=75), and other

nonatherosclerotic occlusions (z=35). A total of 184 eligible patients were included in this study; 64 in the PTAS group and 120 in the non-

PTAS group.

important to choose the optimal treatment strategy
for such patients. Mechanical thrombectomy (MT)
has been recommended as a standard of care in clinical
practice for stroke patients with emergent large vessel
occlusion (LVO)* ), because of advantages related to
treatment time (within 24 h after stroke onset) and
the successful reperfusion rate (greater than 809%).
This approach could effectively improve the clinical
outcomes of patients with LVO®. The success of MT
lies in the use of stent retrievers to remove clots”

The use of MT alone is very suitable for patients
with embolic stroke. However, this approach may not
be an ideal therapy for patients with emergent LVO
due to underlying severe ICAS” ®. Moreover,
successful reperfusion in ICAS patients usually
requires increased numbers of thrombus removals.
More importantly, even if reperfusion is achieved by
MT, early reocclusion frequently occurs at the ICAS
site, which leads to early neurological deterioration
and affects long-term prognosis” '”. Thus, rescue
therapy, such as emergency angioplasty or stenting is
often required.

Acute extracranial carotid stenting is commonly
performed, but emergency intracranial arterial stenosis
stenting or angioplasty is controversial and is only
recommended as class II b and grade C evidence® V.
Furthermore, no randomized controlled trial has so far
assessed the efficacy and safety of emergency
intracranial arterial stenosis stenting or angioplasty'?.
Currently, only a few retrospective studies focus on
the comparison of the efficacy and safety of emergency
intracranial angioplasty or stenting versus no rescue
angioplasty or stenting'> '¥. The optimal treatment

strategy for patients with emergent LVO due to
underlying ICAS is still unclear.

Accordingly, this study aimed to investigate the
efficacy and safety of emergency angioplasty or
stenting in patients with ICAS-related occlusion in the
Asian population through a single-center retrospective
study.

Methods

Patient Selection

We retrospectively analyzed 460 patients who
underwent MT for LVO at Xuanwu Hospital of
Capital Medical University from January 2017 to
November 2019. Patients with acute posterior
circulation stroke were excluded. We included 184
patients with 70% or more ICAS following MT and
excluded those with embolic occlusion from all causes,
arterial dissection, other nonatherosclerotic stenosis,
and loss of follow-up. LVO related to underlying
ICAS was first screened by cerebral computed
tomography angiography (CTA) or magnetic
resonance angiography (MRA), with digital
subtraction angiography (DSA) used to then confirm
that the occlusion was at the same site. The screening
process is presented in Fig.1. In addition, computed
tomography perfusion (CTP) imaging was used by
our center to determine whether there was a
significant ischemic penumbra for wake-up stroke
patients. If CTP imaging showed a significant cerebral
blood flow/cerebral blood volume mismatch, the
neurointerventionist would give the patient
endovascular treatment. The patient inclusion/
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exclusion criteria were as follows: (1) Age: 18-80
years; (2) Clinically confirmed acute ischemic stroke
(AIS); (3) Baseline National Institutes of Health
Stroke Scale (NIHSS) > 6 points; (4) Intracranial
hemorrhage excluded by computed tomography (CT)
or magnetic resonance imaging (MRI) scans; (5) DSA
confirmation of LVO related to underlying severe
ICAS (>70% stenosis), including intracranial
segment of internal carotid artery (ICA) or middle
cerebral artery (MCA)-M1; (6) Time from onset to
the beginning of MT of within 24 h; (7) Patient or

his/her family signed the informed consent.

Endovascular Therapy

We divided the patients into the following two
groups: patients treated with rescue angioplasty or
stenting (PTAS) group and the non-PTAS group,
depending on whether the patient had been given
rescue intracranial angioplasty or stenting following
MT. Before MT, we first verified whether there was a
microcatheter first-pass effect, which was helpful to
identify ICAS'™. Subsequently, MT would be
attempted. A stent retriever like the Solitaire FR stent
(Medtronic Neurovascular, Irvine, CA, USA) and
direct aspiration of the thrombus using the ADAPT (A
Direct Aspiration First-Pass Thrombectomy)
technique through a large-bore aspiration catheter are
the first-line treatment options for MT. Since not all
ICAS patients had the microcatheter first-pass
effect’, the time of the immediate recanalization after
the passage of the microcatheter or the time to
successful recanalization on the first image after MT
was defined as the time of recanalization. ICAS was
defined as significant fixed focal stenosis at the
occlusion site, which was evident on the final
angiographic assessment or observed during MT.
Significant stenosis was defined as degree of fixed
stenosis >70%, or any degree of fixed stenosis with
either flow and perfusion impairment on angiography
or an evident tendency toward reocclusion after
treatment and stent retrieval”. For patients with
occlusion caused by significant stenosis, we observed
blood flow after MT for 30 min. If the reocclusion
did not recur, no stent was implanted, and the patient
received standard antiplatelet therapy after the
operation. If the blood flow was not maintained after
30 min of observation, angioplasty or stenting was
given. For the PTAS group patients, balloon
angioplasty was first attempted. If the stenosis rate
after balloon angioplasty was still >70% or blood
flow could not be maintained, stenting was
performed'?. For stenting, Solitaire (Ev3 Inc., USA)
or Apollo stent (MicroPort®, China) was used for
intracranial arteries. The Solitaire AB/FR device is a
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Fig.2. Preoperative and postoperative angiography between
the PTAS and the non-PTAS groups

A and B indicate stenting and nonstenting of the intracranial
artery, respectively; Both Al and Bl indicate preoperative
angiography (all show vascular occlusion). A2 and B2 indicate the
presence of ICAS after thrombectomy. A3 demonstrates mild focal
stenosis in the non-PTAS group. B3 indicates no obvious stenosis
after angioplasty or stenting.

laser-cut, self-expanding, split-design, closed-cell
nitinol stent device. As a detachable version, it is
available with a diameter of 4 mm (length, 15 or 20
mm) or 6 mm (length, 20 or 30 mm) and is delivered
through a 0.021- or 0.027-in microcatheter. The
Apollo stent is a balloon-expandable stent delivered
through a sprinter rapid exchange balloon dilatation
catheter. The stent is delivered to the occlusion site
together with the balloon. After the balloon is
pressurized, the stent is released to unblock the
occluded vessel. DSA images before and after vascular
recanalization in patients in the PTAS and non-PTAS
groups are presented in Fig.2. Recanalization was
evaluated with the modified Thrombolysis in Cerebral
Infarction (mTICI) grade, which was defined as
successful vascular recanalization in grade 2b/3 '9.
Patients in the two groups were treated with tirofiban.
When using tirofiban, a loading dose of 0.4 pg/
(kg-min) was intravenously administered for 30 min,
and then 0.1 pg/(kg-min) was intravenously infused
for 24 h'> ™. To prevent the occurrence of
hyperperfusion syndrome in patients with successful
reperfusion following MT, postoperative blood
pressure should be controlled below 180/105 mmHg
according to the guideline recommendations. When
intracranial hemorrhage was ruled out by brain CT
examination 24 h after operation, clopidogrel (75 mg/
d) and aspirin (100 mg/d) were given for 90 days to
patients with stenting. Patients without stenting were

treated with aspirin (100 mg/d) or clopidogrel (75
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mg/d) alone for non-cardiac embolism. Furthermore,
dual antiplatelet therapy was used to overlap with
tirofiban therapy for 4 h. Transcranial Doppler (TCD)
or cerebral CTA/MRA examinations were routinely
performed 24-48 h after surgery to determine whether
there was reocclusion.

Outcome Assessment
Primary Outcome

The primary outcome was good functional
outcome at 90 days (mRS0-2). Outcome data were
obtained by telephone interviews conducted by local
trained neurologists. The mRS score of 0-2 was
defined as good prognosis'”.

Secondary Outcomes

Secondary outcomes were as follows: 90-day
mRS score; 7-day NIHSS score; any intracranial
hemorrhage at 24 h, symptomatic intracranial
hemorrhage (sICH); reocclusion; and early
neurological deterioration 24 h after surgery as well as
90-day mortality. Intracranial hemorrhage was
measured by dual-energy CT, and postoperative
occlusion was evaluated by TCD. If the TCD
detecting blood flow was poor, we chose CTA or
MRA to confirm the vascular occlusion. Intracranial
hemorrhage was regarded as symptomatic (sICH) if
the patient’s NIHSS increased to > 4 and there were
no other evident causes for the increased NIHSS. The
CT scan time was 22-36 h after treatment®”. Early
neurological deterioration (END) was defined as
NIHSS at 24 h increased by more than 4 points from
baseline?”. The main causes of END include ICH,
reocclusion, infarct expansion, or undetermined
causes.

Statistical Analysis

We used SPSS 23.0 for the statistical analysis of
the datasets. Data were expressed as mean * standard
deviation (SD) or median (interquartile range, IQR).
Student’s #-test or the Mann—Whitney U test was used
for continuous variables data and x? test or Fisher’s
exact test for categorical variable data. Multivariate
regression analysis was used to eliminate the influence
of confounding factors. For continuous data, such as
NIHSS, we used multiple linear regression to obtain
the effect value. For categorical data, such as the rate
of good outcome at 90 days (mRS0-2) and the rate of
neurological improvement at 24 h, we used logistic
regression to obtain the odds ratio (OR) values
following adjustment for age, gender, initial NIHSS,
occluded artery, anesthesia, treatment with
intravenous alteplase, and postoperative application of
tirofiban. In addition, for 90-day mRS scores, a

multivariable ordinal logistic regression was employed
to obtain common OR value. Variables with 2<0.2
in the univariate analysis were included in the
regression model to determine the risk factors for the
90-day prognosis.

Results

Baseline Characteristics

A total of 184 eligible patients were enrolled in
this study; 64 patients in the PTAS group, with an
average age of 61.1 years, and 120 patients in the non-
PTAS group, with an average age of 62.5 years. The
NIHSSs were 15 (12-18) in the PTAS group and
15.5 (11-19) in the non-PTAS group. In addition,
the ASPECT scores were 9 (8-10) in the PTAS group
and 9 (7-10) in the non-PTAS group. The
percentages of patients who received IVT were 45.3%
(29/64) and 38.3% (46/120), respectively. The onset
times of puncture were 314 and 328 min in the two
respective groups, whereas the onset times of
recanalization were 421 and 420 min. The proportion
of wake-up stroke accounted for 15.6% and 22.5% in
the PTAS and the non-PTAS groups, respectively. The
proportion of the PTAS group receiving general
anesthesia accounted for 48.4%, whereas that of the
non-PTAS group was 35.8%. The proportions of
postoperative use of tirofiban antiplatelet therapy were
82.8% and 46.7% in the PTAS group and the non-
PTAS group, respectively; the difference was
statistically significant (2<0.01). The average hospital
stay was 6 and 7 days in the two groups, respectively.
The specific baseline data is presented in Table 1. In
addition, all patients with residual stenosis >70%
following MT underwent further intervention. Of the
64 patients who were treated with rescue PTAS, 38
cases (59.4%) underwent only balloon angioplasty,
and 26 (40.6%) cases in addition needed stenting.

Primary Outcome

To compare the efficacy of rescue PTAS vs. non-
PTAS, we performed statistical analysis on the data
from the two groups. It was found that the good
prognosis (mRS 0-2) rate at 90 days was significantly
higher in the PTAS group than in the non-PTAS
group (51.6% vs. 35%, adjusted OR: 2.11, 95%
confidence interval [CI]: 1.22-4.29; P=0.02); see
Fig.3 and Table 2.

Secondary Outcomes

The 90-day mRS scores were 2 (2—4) and 3 (2-5)
in the PTAS and non-PTAS groups, respectively
(adjusted OR:1.42, 95% CI: 0.63-2.71; P=0.21).
The 7-day NIHSS scores were significantly lower in
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Table 1. Comparison of baseline data of patients

Variable PTAS group Non-PTAS group P Value
(n=064) (n=120)

Age —yr 61.1£10.3 62.5+12.3 0.44
Male sex — no. (%) 46 (71.9) 83 (69.2) 0.70
Smoking — no. (%) 30 (46.9) 0 (41.7) 0.50
Coronary artery disease— no. (%) 8 (12.5) 5(12.5) 1
Diabetes mellitus — no. (%) 14 (21.9) 5(20.8) 0.87
Hypertension — no. (%) 45 (70.3) 0 (66.7) 0.61
— no. (%) 18 (28.1) 3(19.2) 0.16
Treatment with intravenous alteplase — no. (%) 29 (45.3) 46 (38.3) 0.36
Median NTHSS score (IQR) 15 (12-18) 15.5 (11-19) 0.61
Median ASPECTS score (IQR) 9 (8-10) 9 (7-10) 0.65
Onset to puncture time— min (IQR) 314 (242-418) 328 (256-414) 0.55
Onset to the first recanalization time— min (IQR) 421 (357-512) 420 (340-507) 0.85
Site of stenosis and occlusion, n (%)
MCA 41 (64.1) 72 (60) 0.64
ICA 23 (35.9) 48 (40) '
Type of stroke onset — no. (%)

On awakening 10 (15.6) 27 (22.5) 0.27

Unwitnessed stroke 3 (4.7) 5 (4.2) 0.87

Witnessed stroke 51 (79.7) 88 (73.3) 0.34
General anesthesia 31 (48.4) 43 (35.8) 0.10
Treated with tirofiban 53 (82.8) 56 (46.7) P<0.01
Score on mTICI — no. (%)

2b 35 (54.7) 63 (52.5) 0.78

3 29 (45.3) 57 (47.5) '
ICU hospitalization days 6 (3-12) 7 (2-13) 0.89

Abbreviations: IQR=interquartile range; ASPECTS=Alberta Stroke Program Early CT Score; NIHSS=National Institutes of Health Stroke Scale;
ICA=Internal Carotid Artery; MCA=Middle Cerebral Artery; mTICI=Modified Thrombolysis in Cerebral Infarction.
Data is expressed as number (proportions), mean * SD, or median (quartiles).

the PTAS group than in the non-PTAS group (6
(3—12.75) vs. 10 (4-16); adjusted OR: 3.26, 95% CI:
1.25-7.87; P=0.04); see Table 2

Safety Outcomes

Safety analysis of data from both study groups
revealed that postoperative reocclusion occurred in 4
patients (6.3%) in the PTAS group and 22 patients
(17.5%) in the non-PTAS group. These differences
were statistically significant (adjusted OR: 0.23, 95%
CI: 0.07-0.81; P=0.03). In addition, the incidence
rates of END in the PTAS and non-PTAS groups
were 7.8% and 21.7%, respectively. There were five
END cases (5/64) in the PTAS group, including three
cases (3/64) with ICH, one case (1/64) with
reocclusion, and one case (1/64) with an
undetermined cause. In the non-PTAS group, there
were 19 END cases (19/120), including 4 cases
(4/120) with ICH, 6 cases (6/120) with reocclusion, 5
cases with infarct expansion (5/120), and 4 cases
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(4/120) with undetermined causes. This suggested
that the incidence of END in the PTAS group was
significantly lower than that in the non-PTAS group
(adjusted OR: 0.25, 95% CI: 0.05-0.81, P=0.02).
However, there was no significant difference in the
incidence of sICH and any intracranial hemorrhage
between the PTAS and non-PTAS groups (P>0.05).
In addition, a non-significant decrease in mortality in
the PTAS group compared with the non-PTAS group
was observed (9.4% vs. 15.8%, adjusted OR: 2.75,
95% CI: 0.52—-17.28; P=0.31); see Table 2.

Discussion

This study found that rescue intracranial balloon
angioplasty or stenting after MT produces a better
prognosis at 90 days, including a lower rate of END,
lower 7-day NIHSS, and a lower risk of reocclusion
following surgery compared with non-PTAS patients.
Emergency rescue balloon angioplasty or stenting after
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Modified Rankin Scale Score

0 1

Non-Stenting group 13 9 13

Stenting group 17

0% 20%

30

40%

u3

20 10 16

60% 80% 100%

Patients (%)

Fig.3. Modified Rankin scale score distribution ratio

The score is divided into 7 grades ranging from 0 to 6. Grade 0: No symptoms; Grade 1: Although there are symptoms, there is no obvious
dysfunction (can complete daily work and life); Grade 2: Mild disability, unable to complete all activities before the illness, but able to self-
care; Grade 3: Moderately disabled, needs some help, but the patient remains ambulant; Grade 4: Moderately severe disabled, unable to walk
independently, unable to meet their own needs without help from others; Grade 5: Severely disabled, requiring continuous care and attention;
Grade 6: Death. The results showed the good prognosis (mRS0-2) rate at 90 days was significantly higher in the PTAS group than the non-
PTAS group (51.6% vs. 35.0%, adjusted OR: 2.11, 95% CI: 1.22-4.29; P=0.02), and 90-day mRS scores were 2 (2—4) and 3 (2-5) in the
PTAS and non-PTAS groups, respectively (adjusted OR:1.42, 95% CI: 0.63-2.71; P=0.21).

Table 2. Primary outcome and Secondary outcomes

Outcomes PTAS group Non-PTAS group Adjusted OR? P Value
(n=064) (n=120) (95%CTI)

Primary outcome

mRS 0-2 at 90 days — no. (%) 33 (51.6) 42 (35.0) 2.11 (1.22-4.29) 0.02

Secondary outcomes

mRS score (IQR) at 90 days 2 (2-4) 3 (2-5) 1.42 (0.63-2.71) 0.21

NIHSS score at 7 day 6 (3-12.75 10 (4-16) 3.26 (1.25-7.87) 0.04

Safety outcomes — no. (%)

Reocclusion at 24 hr 4 (6.3) 22 (17.5) 0.36 (0.05-0.77) 0.02

END at 24 hr 5 (7.8) 19 (21.7) 0.25 (0.05-0.81) 0.02

sICH at 24 hr 5 (7.8) 8 (6.7) 1.51 (0.42-7.18) 0.60

Any intracerebral hemorrhage at 24 hr 25 (39.1) 36 (30) 2.15 (0.80-5.21) 0.21

Death at 90 days 6 (9.4) 19 (15.8) 2.89 (0.45-18.55) 0.26

Data is expressed as number (proportions), proportions, or median (quartiles).
Abbreviations: mRS=modified Rankin scale; NIHSS=National Institutes of Health Stroke Scale; END=Early neurologic

deterioration; sSICH =Symptomatic intracranial hemorrhage.

*Adjusted for age, gender, initial NTHSS score, occluded artery, anesthesia, treatment with intravenous alteplase, and postoperative

application of tirofiban.

MT was an independent protective factor for a good
prognosis at 90 days for AIS patients.

Our retrospective study screened a total of 460
patients with LVO, and ultimately, 184 patients with
ICAS were included in the analysis. These numbers
suggest a very high rate of intracranial artery stenosis,
which is significantly more than that reported in other
studies. Notably, however, all included patients were
Asian, and since ICAS is the most common cause of

ischemic stroke in this population, the differences
seem to be likely related to ethnicity'® ??. A
prospective trial evaluating the use of angioplasty in
patients with AIS showed that angioplasty with or
without stenting was safe, with a high rate of
revascularization and good prognosis®. Yang et 4.
reported that primary angioplasty and stenting may be
superior to thrombectomy for acute atherosclerotic
LVO?. In this study, we divided the endovascular
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therapy after MT into rescue PTAS and non-PTAS
groups and found that the good prognosis ratios at 90
days were 51.6% and 35%, respectively. These
findings were similar to the results of a recent meta-
analysis of Rescue Intracranial Stenting After Failed
Mechanical Haemobectomy for AIS (stents group
48.5% vs. without stents group 19.7%)*. However,
stenting remains controversial. A recent meta-analysis
included a total of 1639 patients, of which 450 were
in the ICAS-LVO group treated with intracranial
angioplasty and/or stenting and 1189 were in the non-
ICAS-LVO group. The results showed that intracranial
angioplasty and/or stenting did not improve favorable
functional outcome in patients with underlying ICAS-
LVO. Different outcomes may be attributed to
different inclusion criteria and control settings®®.
Previous studies divided the LVO patients into the
ICAS-LVO and non-ICAS-LVO groups according to
the disease pathogenesis?’?”, whereas our study
included all severe ICAS patients. Furthermore, the
patients were divided into the PTAS and non-PTAS
groups, according to whether they received rescue
angioplasty or stenting. Therefore, previous studies
have only addressed the differences in the prognosis of
patients with two different causes of LVO and notably,
because the control group is not comparable, cannot
answer the question of whether or not rescue
angioplasty or stenting is more beneficial for ICAS
patients. In addition, Kang in 2016 also conducted a
similar study to ours involving 140 cases, in which all
enrolled patients with LVO were attributed as severe
ICAS. However, the key differences were that the two
interventions were performed at two different centers
(intracranial angioplasty with or without stenting and
intra-arterial infusion of a glycoprotein IIb/Illa
inhibitor). And more importantly, Kang’s study did
not determine statistical differences in symptomatic
hemorrhage, 3-month modified Rankin scale of 0-2,
and mortality between the two interventions. Given
that the patients were from the two centers, it is
possible that the baseline differences might have
affected the results of this study. In contrast, our study
involved patients from a single center with the same
screening criteria. More importantly, we did not
administer angioplasty or stenting to all patients with
severe stenosis. Rescue angioplasty or stenting was
only given when blood flow could not be maintained
after 30 min of observation during endovascular
treatment, which may be more in line with the
principles of medical ethics.

END is a common problem after IVT in AIS
with an incidence of 14%. This is thought to be
related to reocclusion and hemorrhagic transformation®".
In addition, MT also has the same problem.
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Previously, the DAWN and DEFUSE 3 trials reported
that the incidence rates of END were 14% and 9%
respectively® 3. Goyal’s study found that END was
closely related to poor prognosis following AIS®.
Furthermore, our previous study found that 44 of 614
patients with AIS with successful recanalization after
MT experienced reocclusion within 24 h, which
confirmed that the prognosis of reocclusion after MT
was poor'?. Therefore, prevention of reocclusion and
hemorrhagic transformation may be a key to END. In
this study, the main causes of END include ICH,
reocclusion, infarct expansion, and undetermined
causes. Our study found that the END rate after
emergency angioplasty or stenting was significantly
lower than that of the non-PTAS group (7.8% vs.
21.7%), which strongly suggests that emergency or
angioplasty stenting is necessary for stroke patients
with LVO of ICAS.

Finally, we must consider the safety concerns
associated with angioplasty or stenting procedures.
Angioplasty or stenting may cause hyperperfusion or
hemorrhagic complications in the distal vascular
region. Stenting may require glycoprotein IIb/IIla
antagonist to prevent in-stent thrombosis, but
glycoprotein IIb/I1la antagonists may increase the rate
of sSICH. A recent meta-analysis of 509 patients that
received stenting in 33 studies revealed that the
incidence of SICH was 7%3>%. In addition, Baek and
Chang’s studies also confirmed that sICH did not
differ between the stenting and the nonstenting
groups' . In our study, although the application
rate of tirofiban in the PTAS group was significantly
higher than that in the non-PTAS group (82.8% vs.
46.7%), no significant difference in the incidence of
sICH between the PTAS and non-PTAS groups and
no increase in mortality were observed. In addition,
Kim et al. published a study in 2020 involving local
tirofiban infusion for remnant stenosis in LVO.
Patients receiving rescue treatment involving tirofiban
infusion had higher rates of favorable outcomes and
less serious hemorrhagic complications than those
who did not receive tirofiban®”. Therefore, the better
clinical results in the PTAS group may be attributed
to the synergistic effect of angioplasty or stenting
combined with tirofiban treatment. Additionally, we
have to consider that not only the lack of tirofiban but
also the lack of dual antiplatelet therapy, including
loading dose, might affect the clinical outcome in the

non-PTAS group.

Study Limitations

This is a single-center retrospective study with
inherent selection and patient population bias.
Notably, this study also lacks objective criteria for the
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accurate judgment of atherosclerotic stenosis, and only
DSA angiography was used to measure vascular
stenosis. Furthermore, vascular lumen imaging may
underestimate the severity of intracranial atherosclerotic
diseases of the vessel wall, especially for non-stenotic
lesions. Searching for vascular lesion sites solely based
on the degree of stenosis often leads to misdiagnosis
or missed diagnosis. In future studies, it may be
necessary to use intracranial vessel wall MRI
technology to investigate atherosclerotic stenosis and
plaque composition at the stenosis site to improve the
accuracy of the study results. In addition, the
treatment decision (angioplasty and stenting vs.
no-PTAS) was left up to the neurointerventionalist,
which may be a source of selection bias.

Conclusions

This retrospective analysis study showed that
rescue intracranial angioplasty or stenting following
MT significantly improved the patient's clinical
outcome at 90 days, improved the neurological
function score at 7 days, and reduced the incidence of
24-h reocclusion. We also found that END was
reduced for patients with acute anterior circulation
atherosclerotic occlusion, and there was no increased
incidence of intracranial hemorrhage or mortality. A
prospective, multicenter, large sample randomized
controlled trial should be conducted to further
evaluate the efficacy and safety of emergency rescue
intracranial angioplasty or stenting following MT.
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