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Background: To date, there has been no consensus regarding the benefits of

percutaneous transluminal angioplasty and stenting (PTAS) vs. those of standardized

medical treatment (SMT) for patients with symptomatic intracranial vertebrobasilar

stenosis (IVBS). The purpose of this retrospective study was to compare the effects of

PTAS or SMT on symptomatic IVBS in a real-world Chinese population.

Methods: We included 238 patients with ischemic stroke caused by IVBS stenosis

who were admitted to Shandong Provincial Hospital Affiliated to Shandong University

between September 2012 and May 2018; 62 of these patients were treated with SMT

and 176 underwent PTAS. Ischemic stroke in the territory of the responsible artery,

hemorrhage, and death within 1 year were recorded as primary endpoints. Secondary

endpoints included assessment of stroke severity and the incidence of re-stenosis. The

primary endpoint rates were compared between the PTAS and SMT groups at 7 days,

1, 6 months, and 1 year.

Results: In the PTAS group, the success rate of stent placement was 98.9%. During

the entire trial, except for 7 days, the SMT group had a higher frequency of primary

endpoint events than did the PTAS group. The primary endpoint was 17.7% (11/62) vs.

8.6% (15/174) at 1 month (p = 0.049), 29% (18/62) vs. 14.4% (25/174) at 6 months

(p = 0.01), and 32.2% (20/62) vs. 17.2% (30/174) at 1 year (p = 0.013). The restenosis

rate of the target lesion was 13.8%; 60% were symptomatic restenosis and 40% were

asymptomatic restenosis. The rate of severe stroke at 1 year after PTAS was 0%, while

that in the SMT group was 9.7%.

Conclusions: In a real-world Chinese cohort, PTAS for patients might be superior

to SMT, and provide better long-term neurological function recovery and lower

disability rate.

Keywords: real-world, standardized medical treatment, intracranial artery stenosis, stenting angioplasty,

vertebrobasilar artery
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INTRODUCTION

Intracranial atherosclerotic stenosis (ICAS) is an important
cause of ischemic stroke worldwide. In Caucasians, 5–10% of
strokes are caused by ICAS, while this ratio is 30–50% in
Asian population (1). Approximately 20% of ischemic strokes
are caused by vertebrobasilar artery stenosis (2). Compared
with anterior circulation stenosis, intracranial vertebrobasilar
artery stenosis (IVBS) leads to a higher risk of occurrence
and recurrence of transient ischemic attack (TIA) or cerebral
infarction (3–5). A study showed that patients with symptomatic
IVBS had poor prognosis, high mortality, and high disability
rate (4). It has been reported as high as 33% recurrence in the
first month with the best medical therapy (5). Other studies,
including patients with severe IVBS, have shown that despite
aggressive medical treatment, the annual incidence of stroke
remained between 10 and 28.7% (6–8).

Percutaneous transluminal angioplasty and stenting (PTAS) is
another method of treating ICAS. The Stenting and Aggressive
Medical Management for Preventing Recurrent Stroke in
Intracranial Stenosis (SAMMPRIS) and the Vitesse Intracranial
Stent Study for Ischemic Stroke Therapy (VISSIT) studies are
the two prominent randomized clinical trials of intracranial
stenting (9, 10). These studies showed no advantage of stenting
over medical treatment for patients with ICAS, partly due to
the high complication rate. However, a recent post-marketing
surveillance trial (WEAVE trial) showed a 2.6% periprocedural
stroke, bleeding, and death rate in patients with symptomatic
ICAS lesions of 70–99% who underwent stenting angioplasty
with the Wingspan stent (11). In the WOVEN trial, the natural
extension of theWEAVE trial, stroke, or death rate was 8.5% at 1-
year follow-up (12). A meta-analysis of symptomatic IVBS found
that the annual stroke or death rate in the endovascular treatment
group was approximately 8.9% (3). Therefore, it appears that
the outcomes of endovascular procedures for symptomatic IVBS
have been inconsistent. In addition, several studies in Asia
showed inconsistent results of stenting vs. medical treatment
for IVBS (13, 14). In the real world, the effect of PTAS on
symptomatic IVBS remains elusive. Therefore, the purpose of
this retrospective study was to compare the effects of PTAS and
standardized medical treatment (SMT) in patients with IVBS in
a real-world setting at a single center in China.

MATERIALS AND METHODS

Patient Selection
Detailed clinical information was obtained from the Department
of Neurology at Shandong Provincial Hospital, Cheeloo College
of Medicine, Shandong University between January 2012 and
December 2018. All patients were from Shandong Province,
China. This retrospective study was a single-center study. This
study was reviewed and approved by the ethical standards
committees on human experimentation at Shandong Provincial
Hospital, Cheeloo College of Medicine, Shandong University.

The inclusion criteria were as follows: (1) age of 18–80 years;
(2) digital subtraction angiography (DSA) revealing that the
stenosis of the intracranial vertebrobasilar artery was > 70%.

The responsible arteries were the intracranial segment of the
vertebral artery or the basilar artery. The degree of stenosis was
measured using the Warfarin-Aspirin Symptomatic Intracranial
Disease (WASID) trial method (5); and (3) TIA attack or
cerebral infarction was related to posterior circulation. The
typical symptoms of posterior circulation TIA include dizziness,
numbness of limbs or face, weakness of limbs, vomiting, diplopia,
hemianopia, gait disorder, temporary loss of consciousness, and
falls. Cerebral infarction refers to magnetic resonance diffusion
limitation in the cerebellum, brainstem, occipital lobe, and other
posterior circulation areas.

Exclusion criteria were as follows: (1) severe systemic diseases
or unsuitable or intolerable dual antiplatelet therapy; (2) non-
atherosclerotic stenosis such as artery dissection, arteritis, or
moyamoya disease, confirmed by DSA and high-resolution
magnetic resonance; (3) international standardized ratio (INR)
> 1.5, and uncorrectable bleeding tendency; (4) failure to follow
up in time and life expectancy < 5 years.

SMT group was comprised of those who suffered first onset
of posterior circulation TIA or cerebral infarction and those
who had recurrent events without SMT but refused PTAS. The
indication for PTAS was posterior circulation TIA or occurrence
of cerebral infarction despite SMT, and despite the first attack
of posterior circulation TIA or cerebral infarction, stenting
was required.

Treatments
Standardized Medical Treatment

The medications in the SMT and PTAS groups were identical:
aspirin 100mg and clopidogrel 75mg were given daily orally
for 90 days in the SMT group and 180 days in the PTAS group
after the onset of treatment. Thereafter, the administration of
one antiplatelet agent was stopped. Statins (atorvastatin 20mg
or rosuvastatin 10mg) were administered orally daily after the
onset of treatment. All patients were treated with standard
management of vascular risk factors, including systolic blood
pressure < 140 mmHg (diabetic patients < 130 mmHg), and
statins to lower low-density lipoprotein (LDL) levels < 1.80
mmol/L, and blood glucose < 7 mmol/L. We advised all
patients to quit smoking, engage in sufficient exercise, and other
lifestyle changes.

PTAS Procedure

PTAS was performed by a neurointerventionist, Qinjian Sun,
who had been engaged in neurointerventional therapy for 10
years and had completed more than 500 cases of PTAS for
ICAS. He had experience in more than 50 cases of intracranial
artery stents before this study. He was credentialed to participate
in this study based on a review of 20 consecutive intracranial
angioplasty and stenting cases, at least five of which must have
used the Wingspan system in order to reduce the occurrence of
technical complications. The degree of stenosis before and after
intervention was determined according to theWASID (5) criteria
in DSA. Antiplatelet aggregation drugs were started 3–5 days
before PTAS, along with clopidogrel 75mg, and aspirin 100mg
orally. It was recommended to fast on the day of PTAS, but not to
stop the administration of the antiplatelet drug.
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TABLE 1 | Comparation between the Gateway-Wingspan system and the Apollo stent.

Characteristics Applicable patients

Gateway-Wingspan system Self-expanding

stent

Bare-metal Better flexibility in traversing

curvature

Tortuous arterial access, Mori C type of

lesion, a lesion with a significant mismatch

in the diameter between the proximal and

distal segments.

Apollo stent Balloon-mounted

stent

Bare-metal Rigid, does not require

replacement, less surgical

time

Smoother arterial access, Mori A type of

lesion.

The interventional procedures were performed under general
anesthesia. Using the modified Seldinger technique, a 6-French
vascular sheath was placed in the right femoral artery. A bolus of
5,000 units of heparin was administered. The 6-French Mach 1
guiding catheter (Boston Scientific, US) was placed into the distal
V2 segment of the vertebral artery to provide sufficient support.
A guiding catheter was used to perform the responsible artery
angiography. The degree of stenosis was calculated based on the
adjacent distal normal blood vessel diameter (WASID standard).
The guide catheter containing the contrast agent was used as a
reference, and the blood vessel diameter was calibrated through
the DSA workstation.

The choice of the type of stent (Gateway-Wingspan system,
Stryker, US; or Apollo stent system, Microport, China) depended
on the arterial pathway, lesion morphology, and operator
discretion. Operator was instructed to choose the devices
based on the need of a patient individually. This decision of
tailored stenting would primarily take into consideration the
ease of vascular access and lesion morphology. According to
our experience, the Gateway-Wingspan system is more suitable
for patients with tortuous vascular access because the system
has better flexibility in traversing curvature. Compared with
the Gateway-Wingspan system, the Apollo stent (a bare-metal
balloon-expandable intracranial Stent) is more rigid; however,
it is a good choice for patients with smoother access because
the delivery of the balloon-expandable stent does not require
replacement and requires less surgical time (Table 1). If the
Gateway–Wingspan systemwas selected, the gateway balloonwas
used to pre-expand the stenosis before stent implantation. The
recommended diameter of the gateway balloon was 80% of the
diameter of the normal vessel at the distal end of the stenosis.
The center has been using Gateway-Wingspan system or Apollo
stents from beginning to end. We selected all cases with the
same surgical methods and instruments to join the study. A
prospective and observational registration study of multicenter
symptomatic intracranial artery stenosis stent treatment in China
showed that there was no difference in the probability of primary
outcome between patients treated with balloon-mounted stent
and patients treated with self-expanding stent (15).

According to the diameter and the length of the stenosis,
the size of the Wingspan stent was selected (the stent extends
at least 3mm on both sides of the lesion). If the Apollo stent
system was selected, the diameter of the Apollo stent was the
same as that of the adjacent normal vessels (the smaller of the
two sides of the stenosis) or slightly smaller (1:1 or 0.9:1), and

the length of the stent was 1–2mm longer than that of both
sides of the target lesion. The guiding catheter was used for re-
angiography.

All patients underwent computed tomography (CT) scans
for bleeding or early cerebral infarction within 24 h after
endovascular treatment. Dual antiplatelet therapy (clopidogrel
75mg and aspirin 100mg orally) and statins (atorvastatin 20mg
or rosuvastatin 10mg orally) were generally continued for 6
months post-procedure, after which the intake of one antiplatelet
agent was stopped. All medical management procedures were the
same as that in the SMT group.

Follow Up
All patients were followed up by clinic visits or telephone
interviews at 7 days, 1, 6 months, 1 year, and once a year after
the start of medication or surgery. Neurologists perform detailed
neurological assessments, including standardized assessment
[National Institutes of Health Stroke Scale (NIHSS), Modified
Rankin Score (mRS), etc.] and recorded any intermittent
occurrence of ischemic symptoms. Ischemic stroke in the
territory of the qualifying artery, hemorrhage, or death within
1 year were recorded as primary endpoints. Stroke severity
and incidence of restenosis were assessed during the follow-
up period. The neurological disability at baseline was defined
by mRS. The deterioration of the severity of a stroke event
during follow-up was defined by NIHSS. Ischemic stroke is
divided into mild (non-disabling) stroke, defined as NIHSS
score worsening of 3 points or less, or severe (disabling)
stroke, if the baseline NIHSS score deteriorated by more
than 3 points. For patients with neurological symptoms,
brain imaging examinations, including CT angiography and
DSA were performed. We calculated the degree of restenosis
relative to the adjacent distal normal blood vessel diameter
(WASID standard). Restenosis was defined as ≥ 50%. If the
patient was diagnosed with restenosis, we classified the patient
as symptomatic or asymptomatic. Hemorrhagic stroke was
defined as an intracerebral hemorrhage, including parenchymal,
subarachnoid, or intraventricular hemorrhage, which was related
to seizures, symptoms, or signs, and lasted for at least 24 h.
The differences between the two groups at 7 days, 1, 6
months, and 1 year were analyzed. The stroke rates and
severe stroke rates in 1–12 months between the two groups
were analyzed.
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FIGURE 1 | Representative images of cases of V4 before and after stenting

(Apollo stent). (A) Digital subtraction angiography (DSA) revealed severe

stenosis of the right intracranial vertebral artery (V4) before stenting (red arrow).

(B) DSA revealed significant improvement in stenosis of the right intracranial

vertebral artery (V4) after stenting (red arrow).

FIGURE 2 | Representative images of cases of basilar artery (BA) before and

after stenting (Gateway-Wingspan system). (A) Digital subtraction angiography

(DSA) revealed severe stenosis of BA before stenting (red arrow). (B) DSA

revealed significant improvement in stenosis of BA after stenting (red arrow).

Statistical Methods
Using the SPSS 25.0 version statistical package (Armonk, NY:
IBM Corp.), the measurement data were expressed as mean ±

standard deviation (x̄± s). The t-test was used to compare the
two samples (medical group and PTAS group). The chi-squared
test or Fisher’s exact probability method was used to compare
the enumeration data. Patients from PTAS group were used
as a reference group in the Cox proportional hazards model
to determine hazard ratios (HRs) as effect size measures, with
their 95% confidence intervals (CIs). Primary event rates were
compared between the two groups using the Cox proportional
hazards model adjusted by sex, age, hypertension, diabetes
mellitus, coronary heart disease, smoking history, qualifying
ischemic events, qualifying artery, high-density lipoprotein
(HDL), LDL, and mRS. P < 0.05 was considered as statistically
significant. HRs> 1 implied greater risk of SMT therapy andHRs
< 1 implied greater risk of PTAS.

TABLE 2 | Baseline characteristics of the participants between PTAS and SMT

group.

Characteristics PTAS group

(n = 174)

SMT group

(n = 62)

p-value

Male, no. (%) 138 (79.3) 42 (67.7) 0.066

Age, y, mean (SD) 59.4 ± 8.7 61.0 ± 9.2 0.207

Risk factors

Hypertension, no. (%) 150 (86.2) 55 (88.7) 0.616

Diabetes mellitus,

no. (%)

62 (35.6) 27 (43.5) 0.269

Coronary heart

disease, no. (%)

27 (15.5) 14 (22.6) 0.208

Smoking history 0.432

Current 56 (32.2) 15 (24.2)

Former 28 (16.1) 13 (21)

Never 90 (51.7) 34 (54.8)

Cholesterol, mmol/L,

mean (SD)

High-density lipoprotein 1.0066 ± 0.216 1.0632 ± 0.243 0.088

Low-density lipoprotein 2.4474 ± 0.733 2.6195 ± 0.967 0.205

Qualifying ischemic

events, no. (%)

TIA 73 (42) 28 (45.2) 0.661

Cerebral infarction 99 (56.9) 32 (51.6) 0.472

Qualifying artery, no.

(%)

0.998

BA 73 (42) 26 (41.9)

Intracranial vertebral 101 (58) 36 (58.1)

mRS, no. (%) 0.23

< 3 165 (94.8) 56 (90.3)

≥ 3 9 (5.2) 6 (9.7)

PTAS, percutaneous transluminal angioplasty and stenting; SMT, standardized medical

treatment; BA, basilar artery; TIA, transient ischemic attack; mRS, modified Rankin Scale.

RESULTS

We included 238 patients with symptomatic severe IVBS; 62
patients were treated with SMT and 176 patients underwent
PTAS for IVBS. In the PTAS group, stent angioplasty was
successfully performed in 174 patients (Figures 1, 2). The success
rate was 98.9%. The reasons for the two patients not being able to
complete surgery were tortuosity of the proximal vertebral artery,
and the guide catheter could not reach the V2 segment. Themean
time from the last event to stenting in the PTA cohort was 61 days.

Table 2 shows that there were no significant differences in
sex, age, hypertension, diabetes mellitus, coronary heart disease,
smoking history, cholesterol (HDL and LDL), or qualifying
ischemic events (TIA or cerebral infarction) between the SMT
and PTAS groups.

Except for the 7th day, the SMT group had a higher frequency
of primary endpoint events than did the PTAS group (Table 3,
Figure 3). Figure 3 shows that the primary endpoint rates in the
SMT and PTAS groups were 4.8% (3/62) and 5.2% (9/174) at
the 7th day (p = 1.000), 17.7% (11/62) and 8.6% (15/174) at the
1st month (p = 0.049), 29% (18/62) and 14.4% (25/174) at the
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TABLE 3 | Primary endpoints at 7 days, 1, 6 months, and 1 year.

7 days 1 month 6 months 1 year

Complications PTAS

group

(n = 174)

SMT group

(n = 62)

p-Value PTAS

group

(n = 174)

SMT group

(n = 62)

p-Value PTAS

group

(n = 174)

SMT group

(n = 62)

p-Value PTAS

group

(n = 174)

SMT group

(n = 62)

p-Value

Stroke, no. (%) 8 (4.6) 3 (4.8) 14 (8) 11 (17.7) 23 (13.2) 18 (29) 27 (15.5) 20 (32.3)

Ischemic stroke 5 (2.9) 2 (3.2) 11 (6.3) 10 (16.1) 20 (11.5) 17 (27.4) 24 (13.8) 19 (30.6)

TIA 0 2 (3.2) 1 (0.6) 5 (8.1) 7 (4) 7 (11.3) 10 (5.8) 7 (11.3)

Cerebral infarction 5 (2.9) 0 10 (5.7) 5 (8.1) 13 (7.5) 10 (16.1) 14 (8) 12 (19.3)

Cerebral

hemorrhage

3 (1.7) 1 (1.6) 3 (1.7) 1 (1.6) 3 (1.7) 1 (1.6) 3 (1.7) 1 (1.6)

Death, no. (%) 1 (0.6) 1 (1.6) 2 (1.1) 3 (4.8) 3 (1.7) 4 (6.5) 4 (2.3) 4 (6.5)

Stroke-related

death

0 1 (1.6) 1 (0.6) 3 (4.8) 1 (0.6) 4 (6.5) 1 (0.6) 4 (6.5)

Heart-related

death

1 (0.6) 0 1 (0.6) 0 2 (1.1) 0 3 (1.7) 0

Primary endpoints,

no. (%)

9 (5.2) 3 (4.8) 1.000 15 (8.6) 11 (17.7) 0.049 25 (14.4) 18 (29) 0.01 30 (17.2) 20 (32.3) 0.013

Restenosis 3/145

(2.1%)

12/145

(8.3%)

20/145

(13.8%)

Symptomatic

restenosis

2/145

(1.4%)

7/145

(4.8%)

12/145

(8.3%)

Asymptomatic

restenosis

1/145

(0.7%)

5/145

(3.5%)

8/145

(5.5%)

PTAS, percutaneous transluminal angioplasty and stenting; SMT, standardized medical treatment; TIA, transient ischemic attack.

6th month (p = 0.01), and 32.2% (20/62) and 17.2% (30/174)
at 1st year (p = 0.013), respectively. Although there was no
significant difference in stroke rate from the 1st month to the 1st
year between the SMT group (9/62, 14.5%) and the PTAS group
(13/174, 7.5%), there was a significant difference in severe stroke
rates between the SMT (6/62, 9.7%) and PTAS groups (0/174)
(Table 4).

Table 3 shows the primary end points and other major adverse
events during the follow-up period in each group. On the 7th
day, there was one cardiogenic death, five ischemic strokes, and
three cerebral hemorrhages in the PTAS group. All ischemic
strokes were caused by the responsible artery. All cerebral
hemorrhages were post-operative and symptomatic. There was
one fatal hemorrhage stroke and two ischemic strokes due to the
responsible artery in the SMT group. From the 7th day to the
1st month, there were six patients with ischemic strokes (one
fatal stroke) due to the responsible artery in the PTAS group. In
the SMT group, there were eight patients with ischemic strokes
(two fatal strokes) due to the responsible artery. Between 1st and
6th month, one patient died of heart disease and nine patients
suffered ischemic strokes caused by the responsible artery in the
PTAS group. In the SMT group, ischemic stroke in seven patients
was caused by the responsible artery, including one fatal stroke.
Between 6th month and 1st year, one patient died of heart disease
and four patients had ischemic strokes caused by the responsible
artery in the PTAS group. In the medical treatment group, two
patients had ischemic strokes caused by a responsible artery, and
both survived.

The mortality rates at 7th day, 1st, 6th month, and 1st year
were as follows (PTAS group vs. SMT group): 0.6 vs. 1.6%, 1.1
vs. 4.8%, 1.7 vs. 6.5%, and 2.3 vs. 6.5%. Among the four deaths
in the PTAS group, one resulted from the responsible artery, and
the other three were cardiogenic deaths. In the SMT group, four
were stroke-related deaths.

Of the 174 patients in the PTAS group, 145 underwent
neurovascular imaging in the 1st year. Of 145 patients, 20 patients
(13.8%) showed restenosis of the surgical segment of 50% or
more. Among these patients, 12 (60%) were symptomatic and
eight (40%) were asymptomatic. In symptomatic patients, ten
patients resumed dual antiplatelet therapy for 3 months, and two
patients underwent angioplasty alone. In asymptomatic patients,
all eight patients resumed dual antiplatelet therapy for 3 months.
During the 1-year follow-up period, no further stroke or death
occurred in the patients who underwent angioplasty or medical
treatment again (Table 3).

Table 5 shows primary event rates which were compared
between the PTAS group and SMT group using the Cox
proportional hazards model adjusted for sex, age, hypertension,
diabetes mellitus, coronary heart disease, smoke history,
qualifying ischemic events, qualifying artery, HDL, LDL, and
mRS. When no adjustment factors were added, PTAS group had
a lower risk of primary endpoint compared with that of SMT
group (HR, 2.04; 95% CI, 1.16, 3.59; p = 0.014). After adjusting
for other factors, the difference was still significant (HR, 2.22; 95%
CI, 1.22, 4.05; p = 0.009). The adjusted factors had no effect on
the incidence of primary endpoint events.
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FIGURE 3 | Comparison between the standardized medical treatment group and the percutaneous transluminal angioplasty and stenting group for the primary

endpoints at 7 days, 1, 6 months, and 1 year. *p < 0.05.

TABLE 4 | Comparison between early and delayed results in PTAS and SMT

groups.

1-month

event rate

1–12-

month

stroke rate

1–12-

month

severe

stroke*

PTAS group

(n = 174)

14 (8%) 13 (7.5%) 0

SMT group

(n = 62)

11 (17.7%) 9 (14.5%) 6 (9.7%)

p-Value 0.049 0.10 0

*classified a stroke as a severe stroke if the baseline NIHSS score deteriorated by more

than 3 points.

PTAS, percutaneous transluminal angioplasty and stenting; SMT, standardized medical

treatment; NIHSS, National Institutes of Health Stroke Scale.

DISCUSSION

In this study, we found significant differences in the primary
endpoint event rates between PTAS and SMT in patients with
symptomatic IVBS at 1, 6, and 12 months, which suggests that
PTAS could be superior to SMT. On follow-up, the rate of severe
stroke rate from the 1st to 12th month after stenting was very
low at 0% in the PTAS group, while it was high to 9.7% in
the SMT group. In addition, the restenosis rate of the surgical
segment in the PTAS groupwas 13.8% in the first year, and among
these patients, 60% were symptomatic restenosis, and 40% were
asymptomatic restenosis.

PTAS showed an advantage in patients with symptomatic
IVBS, which was inconsistent with the results of the SAMMPRIS
and VISSIT trials. These studies showed that active medical

TABLE 5 | Comparison of the primary endpoints using the Cox proportional

hazards model adjusted by various factors.

HR (95% CI) p-Value

Unadjusted* 2.04 (1.16, 3.59) 0.014

Adjusted by factors# Male 1.94 (1.09, 3.43) 0.024

Age 1.85 (1.04, 3.29) 0.036

Hypertension 1.85 (1.04, 3.29) 0.036

Diabetes mellitus 1.87 (1.05, 3.34) 0.034

Coronary heart disease 1.85(1.03, 3.30) 0.039

Smoke history 1.93 (1.07, 3.50) 0.029

Qualifying ischemic events 1.87 (1.04, 3.39) 0.038

High-density lipoprotein 1.95 (1.07, 3.53) 0.028

Low-density lipoprotein 2.04 (1.12, 3.72) 0.019

mRS 2.24 (1.23, 4.09) 0.008

Qualifying artery 2.22 (1.22, 4.05) 0.009

*regardless of other factors, patients in PTAS group were used as a reference group in the

Cox proportional hazards model to determine hazard ratios (HRs) as effect size measures,

with their 95% confidence intervals (CIs).
#factors were sequentially added for adjusting. The comparison was adjusted by adding

factors one by one; the last line was the adjusted result when all factors were added.

HR, hazard ratio; CI, confidence interval; mRS, Modified Rankin Score.

treatment was superior to PTAS for patients with intracranial
artery stenosis (9, 10). An analysis of the SAMMPRIS trial
on the posterior artery subgroup showed that 2-year endpoint
event rates were higher in the PTAS group than in the medical
group (27% vs. 9.8%) (16). In the present study, the 1-year
endpoint event rate was 32.2% for all patients in the medical
group. The higher risk of end point event rate may be due
to unsatisfactory implementation of SMT in this study. First,
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all patients were treated with aspirin and clopidogrel double
antiplatelet aggregation. However, some studies have shown
that gene mutations in Chinese people (more than 50%) affect
the antiplatelet efficacy of clopidogrel (17). In this study, only
individual patients were performed platelet function testing,
those patients were excluded from this study in order to avoid
affecting the results. Second, the patients came from all parts
of Shandong Province. During follow-up, the medication of
some patients could not be completely unified because the drug
manufacturers were different, which may lead to a reduction in
drug efficacy, and was quite common in real-world China. Third,
most patients were not treated by local hospitals due to complex
conditions. In contrast, in the SAMMPRIS trial, a randomized
controlled trial, the vast majority of patients were non-Asians,
and great efforts have been made to control the interference
factors (18). This type of aggressive medical treatment is difficult
to carry out in the real world. This result suggests that medical
treatment needs to be strengthened, so that patients can benefit
from medical treatment in the real world.

In this study, the stroke recurrence or death rate for all patients
in the PTAS group was 8.6% at 30 days after the procedure,
and the annual rate was 17.2%, which was consistent with the
results of previous studies on posterior circulation. A meta-
analysis indicated that PTAS was associated with an 8% incidence
of stroke recurrence or death in patients with IVBS within 30
days after the procedure (19). A study showed that stenting
for symptomatic IVBS, the primary outcome of 30-day stroke,
TIA, or death was 7.2% (13). Another meta-analysis of stroke
recurrence rates in symptomatic IVBS patients showed that the
risk of annual stroke recurrence or death was 14.8% (3). The
WEAVE trial showed that in 152 patients with symptomatic
ICAS (stenosis from 70 to 99%), there were 4 (2.6%) patients
with stroke, bleeding, or death events within the 72 h after the
procedure (11). In the WOVEN Trial, the natural extension of
the WEAVE Trial, there were 11 strokes or deaths (8.5%) in
129 patients at 1-year follow-up (12). These studies suggest that
through best practice and careful patient selection, the incidence
of perioperative complications in symptomatic ICAS patients
who receive stent implantation can be maintained at a low level,
and the long-term effect of stent implantationmay be comparable
to or better than drug treatment alone. In this study, the mean
time from the last event to stenting in the PTA cohort was
61 days. This may be one of the reasons for the lower rate of
complications in the PTAS group. A study showed that patients
with delayed (> 14 days) ICAS stenting had a lower risk of long-
term cerebral vascular events than those in whom the procedure
was carried out < 14 days of the qualifying event (20). Although
there was no significant difference in stroke rates from the 1st to
12th month between the SMT (9/62, 14.5%) and PTAS groups
(13/174, 7.5%), there was a significant difference in the rate of
severe stroke between the PTAS (0%) and SMT groups (9.7%).
The rate of severe stroke in the PTAS group showed a very low
incidence of long time, as it was 0.8% in the WOVEN trial,
and in the stenting arm of SAMMPRIS at 2.2% (12). This result
suggests that symptomatic IVBS patients with stenting have a
lower trend of delayed severe strokes than do patients with SMT.
Patients with IVBS who receive stent therapy may have better

long-term neurological function recovery and lower disability
rates. Nevertheless, larger randomized trials are required to verify
these findings.

All three cases of cerebral hemorrhage in the PTAS group
occurred within 7 days after the surgery. In PTAS, the increased
risk of rupture may be due to the following: (1) the thin wall of
the intracranial arteries (21); (2) the intracranial arteries located
in the cerebrospinal fluid of the subarachnoid cavity with no
tissue around them; (3) the perforating arteries of the intracranial
arteries and the possible damage of these arteries during stent
placement (22); and (4) the experience of the operator is another
important factor that affects the outcome of stent therapy. To
reduce the risk of stroke recurrence or death, the technology
needs to be improved based on the above characteristics in
the future.

In the first year, the restenosis rate of the surgical segment in
the PTAS group (13.8%) was similar to that in theWOVEN study
(15.2%) (12). Among restenosis patients, 60% were symptomatic,
which showed that in-stent restenosis was an important cause
of recurrent stroke after PTAS in symptomatic IVBS patients.
In future studies, the development of new technologies, new
materials, or new drugs to reduce the rate of restenosis of stents
may help reduce the incidence of stroke after stenting.

In this study, the duration of DAPT in the PTAS group was
different from that in the SMT group. However, this discrepancy
should not lead to misinterpretation of the results. A study
showed that there was a tendency toward lower rate of any
ischemic stroke in the patients who used DAPT beyond 90
days, but the difference was not statistically significant (23).
Different from the high-dose applications of statins in Europe
and America, the low doses of statins were used in this study. The
results of the HPS2-THRIVE study showed that under the same
dose of statin treatment, the incidence of liver adverse reactions
in patients with cardiovascular disease in China was significantly
higher than that in European patients, and the incidence of
elevated liver enzymes was higher in European patients, and the
risk of myopathy was 10 times higher than that in Europeans
(24). The results of CHILLAS showed that high-intensity statins
did not benefit Chinese patients more (25). Therefore, in China,
moderate-intensity statins (atorvastatin 20mg or rosuvastatin
10mg) are used clinically.

This study was a retrospective real-world study for
symptomatic IVBS in a Chinese population. It is a double-
arm study with a medical group and a stent group, which has
been less frequently used in previous studies. Nevertheless,
this study has several limitations. First, this was a single-center
retrospective study. The procedures of the medical treatment
and PTAS were not random, which increased the possibility of
bias. Second, the number of patients was small to be further
divided into subgroups, which may have resulted in failure
to investigate subgroups that benefit from medical treatment
or PTAS. Although these limitations may compromise the
conclusions, large multicenter randomized clinical trials may
effectively confirm or refute these conclusions in the future.

In conclusion, in real-world China, PTAS for patients with
symptomatic IVBS may be superior to SMT, have better long-
term neurological function recovery, and lower disability rate.
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In the real world, medical management needs to be strengthened
to benefit more patients. These findings need to be confirmed or
refuted by randomized controlled clinical trials.
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