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ABSTRACT
Background  The efficacy of percutaneous transluminal 
angioplasty and stenting (PTAS) relative to medical 
management in treating symptomatic intracranial arterial 
stenosis (ICAS) varies based on the qualifying artery. This 
study aims to evaluate PTAS compared with medical 
therapy alone in cases of ICAS involving the internal carotid 
artery (ICA), middle cerebral artery (MCA), vertebral artery 
(VA) and basilar artery (BA).
Methods  This study involves a thorough pooled analysis 
of individual patient data from two randomised controlled 
trials, evaluating the efficacy of PTAS in comparison to 
medical management for symptomatic ICAS with different 
qualifying arteries. The primary outcome was stroke or 
death within 30 days postenrolment, or stroke in the region 
of the qualifying artery beyond 30 days through 1 year. A 
methodology based on intention-to-treat was employed, 
and HR accompanied by 95% CIs were used to convey risk 
estimates.
Results  The data of 809 individuals were collected from 
Stenting vs Aggressive Medical Management for Preventing 
Recurrent Stroke in Intracranial Stenosis trial and China 
Angioplasty and Stenting for Symptomatic Intracranial 
Severe Stenosis trial. Four hundred were designated for 
PTAS, while 409 were assigned to medical therapy alone. 
For the primary outcome, patients with symptomatic BA 
stenosis had a significantly higher risk of receiving PTAS 
compared with medical therapy (17.17% vs 7.77%; 9.40; 
HR, 2.38 (1.03 to 5.52); p=0.04). However, PTAS had no 
significant difference in patients with symptomatic ICA 
(26.67% vs 16.67%; HR, 1.68 (0.78 to 3.62); p=0.19), MCA 
(8.28% vs 9.79%; HR, 0.85 (0.42 to 1.74); p=0.66) and 
VA stenosis (9.52% vs 10.71%; HR, 0.91 (0.32 to 2.62); 
p=0.86) compared with medical therapy.
Conclusions  PTAS significantly increases the risk of 
both short-term and long-term stroke in patients with 
symptomatic BA stenosis. Without significant technological 
advancements to mitigate these risks, PTAS offers limited 
benefits. For symptomatic ICA, MCA and VA stenosis, PTAS 
provided no significant advantage.

INTRODUCTION
Intracranial arterial stenosis (ICAS) is a 
major contributor to ischaemic stroke and 

presents a significant challenge to global 
health.1 2 Studies show that individuals with 
ICAS, particularly those experiencing signifi-
cant stenosis,3 4 face a heightened risk of recur-
rent events and negative outcomes. PTAS is 
gaining popularity among physicians as a ther-
apeutic option.5–8 However, results from the 
Stenting vs Aggressive Medical Management 
for Preventing Recurrent Stroke in Intrac-
ranial Stenosis (SAMMPRIS) trial and the 
Vitesse Intracranial Stent Study for Ischemic 
Stroke Therapy (VISSIT) trial indicate that 
PTAS presents an increased risk of both short-
term and long-term stroke or mortality in 
comparison to medical therapy.9 10 Addition-
ally, findings from the China Angioplasty and 
Stenting for Symptomatic Intracranial Severe 
Stenosis (CASSISS) trial demonstrate no 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ The influence of specific qualifying arteries on per-
cutaneous transluminal angioplasty and stenting 
(PTAS) or medical management outcomes in intra-
cranial arterial stenosis (ICAS) cases is insufficiently 
explored and requires additional elucidation.

WHAT THIS STUDY ADDS

	⇒ Our findings reveal that PTAS considerably increases 
the risk for patients with symptomatic basilar artery 
(BA) stenosis compared with medical therapy alone. 
Conversely, no significant benefits were observed 
with PTAS in cases involving symptomatic ICA, mid-
dle cerebral artery (MCA) and VA stenosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ PTAS is unlikely to offer substantial benefits for 
symptomatic BA stenosis patients, unless techno-
logical advancements significantly reduce stroke 
risk. PTAS showed no significant benefits in symp-
tomatic ICA, MCA and VA stenosis, and further trials 
are needed
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notable variation in the risks of stroke or mortality within 
the initial 30 days, nor in the occurrence of stroke in the 
impacted arterial regions from 30 days to 1 year when 
compared with medical therapy alone.11 The current 
body of research has not yet definitively established the 
benefits of PTAS for individuals experiencing sympto-
matic ICAS. The efficacy of these treatment approaches 
in particular patient subpopulations is still inadequately 
investigated and warrants additional study. In order to 
fill this gap, we have conducted a thorough examination 
of aggregated raw data from multicentre randomised 
controlled trials to evaluate the effectiveness of PTAS in 
comparison to medical therapy alone in patients experi-
encing symptomatic ICAS.12

The anatomical characteristics and physiopathology of 
different qualifying arteries vary considerably,13 14 poten-
tially leading to variations in PTAS effectiveness. However, 
the precise impacts of PTAS or medical therapy alone on 
these varied arterial structures have yet to be defined. 
Consequently, it is essential to examine the outcomes 
of these treatment options in patients with symptomatic 
ICAS, segmented by different qualifying arteries, to refine 
clinical decision-making and enhance patient results.

To this end, we initiated a collaboration between 
the Stenting vs Aggressive Medical Management for 
Preventing Recurrent Stroke in Intracranial Stenosis 
(SAMMPRIS) and China Angioplasty and Stenting for 
Symptomatic Intracranial Severe Stenosis (CASSISS) 
studies to evaluate the impacts of PTAS and medical 
therapy alone on symptomatic ICAS patients with various 
qualifying arteries, leveraging individual patient data 
aggregated from both trials.

METHODS
Study design and population
Through 1 January 2024, we combed through databases 
such as PubMed, MEDLINE, EMBASE, the Cochrane 
Library and ​ClinicalTrials.​gov in search of randomised 
controlled studies that compared stenting to medical care 
with multiple centres. The following trials were found: 
VISSIT,10 SAMPPRIS9 and CASSISS.11 Unfortunately, 
access to data from the VISSIT trial was not permitted by 
the principal investigator. Consequently, we relied only 
on the SAMMPRIS and CASSISS studies to acquire indi-
vidual patient data from their respective investigators.

Patient and public involvement
Using data from the SAMMPRIS and CASSISS trials, a 
pooled post hoc analysis was conducted at the patient 
level. These studies previously revealed that patients with 
symptomatic ICAS were compared with those receiving 
medical therapy alone to those receiving PTAS.9 11 The 
individuals who took part in the study gave their written 
consent after suffering a recent transient ischaemic 
attack (TIA) or stroke. All necessary ethical review boards 
gave their stamp of approval to the research plans. Both 
SAMMPRIS and CASSISS have recruitment periods; the 

former ran from 2008 to 2011 and the latter from 2014 
to 2016.

Outcomes
The composite primary outcome was stroke or death 
within 30 days after enrolment, or stroke in territory of 
qualifying artery beyond 30 days through 1 year. Stroke 
within the same territory within 2 and 3 years, death within 
3 years, any stroke within 3 years, myocardial infarction 
within 3 years and a debilitating stroke or death within 3 
years were all considered secondary outcomes.

Data analysis
An intention-to-treat approach was used across all studies. 
Data from each trial were cleansed and harmonised to 
facilitate combined analysis. χ2 tests analysed categor-
ical variables, presented as counts (proportions). The 
Kolmogorov-Smirnov test assessed the normality of 
continuous variables. Continuous variables with normal 
distributions were subjected to independent samples 
t-tests and presented as mean±SD. The Mann-Whitney U 
test was used to evaluate non-normally distributed contin-
uous variables, which were represented by median values 
(25th–75th percentile).

We used trial-specific Cox proportional hazard regres-
sion models to compare PTAS and medical therapy 
groups’ outcomes, and we estimated HR and 95% CI 
based on the qualifying arteries. Starting on the date of 
randomisation, the duration of the follow-up was deter-
mined until the first incident of any kind, including 
death, withdrawal or loss to follow-up. The log-rank test 
compared the total number of occurrences between the 
groups, whereas Kaplan-Meier survival analysis produced 
time-to-event curves.

Subgroup analyses for the primary outcome include 
age, sex, race, body mass index (categories: <24; 24–28; 
>28), hypertension, diabetes mellitus, hyperlipidaemia, 
antithrombotic therapy, type of qualifying event (TIA 
or stroke), timing of the latest ischaemic event relative 
to randomisation (<30 days; 30–60 days; >60 days) and 
degree of stenosis (70%–79%; 80%–89%; 90%–99%). 
The interaction effects between interventions and these 
factors were evaluated through the application of gener-
alised linear regression models, utilising a binomial distri-
bution and a log link function. Statistical significance 
was assessed using a two-sided p<0.5. All analyses were 
performed utilising R, V.3.4.4.

RESULTS
We analysed data from 809 individuals, including 451 
from SAMMPRIS and 358 from CASSISS. Of these, 400 
(224 from SAMMPRIS and 176 from CASSISS) were 
assigned to PTAS, and 409 (227 from SAMMPRIS and 
182 from CASSISS) to medical therapy alone (figure 1). 
There were 58.69 years of age on average, with 66.13% 
of the participants being men. Asians made up 45.48% 
of the patients, while white people made up 39.80%. In 
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terms of baseline characteristics, the medical and PTAS 
groups were rather evenly distributed (table 1).

Clinical outcomes by qualifying artery
Clinical outcomes for different symptomatic qualifying 
arteries were compared between the PTAS and medical 
groups. In patients with basilar artery (BA) stenosis, 
PTAS was associated with a significantly higher risk of the 
primary outcome (17 (17.17%) vs 8 (7.77%); HR, 2.38 
(1.03 to 5.52); p=0.04) (table 2); stroke in the same terri-
tory within 2 year (17 (17.17%) vs 8 (7.77%); HR, 2.39 
(1.03 to 5.55); p=0.04) (table 2) and stroke in the same 
territory within 3 year (18 (18.18%) vs 8 (7.77%); HR, 
2.55 (1.10 to 5.84); p=0.03) (table 2). No significant differ-
ences were observed between PTAS and medical therapy 
in patients with internal carotid artery (ICA) stenosis (16 
(26.67%) vs 11 (16.67%); HR, 1.68 (0.78 to 3.62); p=0.19), 
middle cerebral artery (MCA) stenosis (13 (8.28%) vs 18 
(9.79%); HR, 0.85 (0.42 to 1.74); p=0.66), and vertebral 
artery (VA) stenosis (8 (9.52%) vs 6 (10.71%); HR, 0.91 
(0.32 to 2.62); p=0.86) (table 2).

Subgroup analysis of BA stenosis
Subgroup analysis of symptomatic BA stenosis revealed 
higher risks associated with PTAS in patients who were 
white (HR, 4.24 (1.17 to 15.41)), had diabetes mellitus 
(HR, 3.30 (1.05 to 10.38)), hyperlipidaemia (HR, 3.50 
(1.13 to 10.87)), experienced a TIA (HR, 10.74 (1.37 to 

83.91)) or had their latest ischaemic event to randomisa-
tion within 30 days (HR, 3.72 (1.21 to 11.42)) (figure 2).

Comparison of primary outcomes across different qualifying 
arteries
In the PTAS group, there were no significant differences 
in primary outcomes between the anterior and posterior 
circulations (13.36% vs 13.66%; HR, 1.04 (0.61 to 1.78); 
p=0.87) (figure  3A, table  3). However, notable differ-
ences were observed across different qualifying arteries 
(ICA (26.67%) vs BA (17.17%) vs MCA (8.28%) vs VA 
(4.76%); p=0.003) (figure 3B, table 3).

In the medical group, the differences between anterior 
and posterior circulations were not statistically signifi-
cant (11.60% vs 8.81%; HR, 0.75 (0.40 to 1.38); p=0.37) 
(figure 3C, table 3), and similar results were seen across 
the various qualifying arteries (figure 3D, table 3).

DISCUSSION
This post hoc analysis using data from the CASSISS 
and SAMMPRIS studies suggests that PTAS notably 
increases the risk of both short-term and long-term 
stroke in patients with symptomatic BA stenosis. 
Subgroup analysis indicates that PTAS poses a higher 
risk for patients who are white, hypertensive, diabetic, 
have hyperlipidaemia, experienced a TIA or had an 
ischaemic event within 30 days prior to randomisation, 

Figure 1  Study profile. BA, basilar artery; CASSISS, China Angioplasty and Stenting for Symptomatic Intracranial Severe 
Stenosis; ICA, internal carotid artery; MCA, middle cerebral artery; PTAS, percutaneous transluminal angioplasty and stenting; 
SAMMPRIS, Stenting vs Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis; VA, vertebral 
artery.

 on June 20, 2025 by guest. P
rotected by copyright.

http://svn.bm
j.com

/
S

troke V
asc N

eurol: first published as 10.1136/svn-2024-003532 on 24 O
ctober 2024. D

ow
nloaded from

 

http://svn.bmj.com/


4 Li T, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2024-003532

Open access�

compared with medical therapy. While PTAS resulted 
in higher rates of primary outcomes in patients with 
ICA stenosis, it did not show statistically significant 

differences for those with MCA and VA stenosis, where 
rates were actually lower compared with medical 
therapy. Additionally, PTAS resulted in significant 

Table 1  Baseline characteristics of study participants

Categories PTAS group (n=400) Medical group (n=409) P value

Age 59.31 (10.35) 58.09 (11.09) 0.11

Sex

 � Male 255 (63.75%) 280 (68.46%) 0.16

 � Female 145 (36.25%) 129 (31.54%)

Ethnicity origin

 � Black 55 (13.75%) 49 (11.98%) 0.55

 � White 160 (40.00%) 162 (39.61%)

 � Yellow 180 (45.00%) 188 (45.97%)

 � Other 5 (1.25%) 10 (2.44%)

Medical history

 � Body mass index 28.72 (5.73 28.30 (5.60 0.31

 � Hypertension 317 (79.25%) 328 (80.20%) 0.79

 � Diabetes 162 (52.43%) 147 (47.57%) 0.19

 � Coronary artery disease 66 (16.50%) 78 (19.07%) 0.36

 � Lipid disorder 213 (53.25%) 223 (54.52%) 0.72

 � Peripheral artery disease 9 (2.25%) 15 (3.67%) 0.30

 � Received antiplatelet therapy prior to latest qualifying event 193 (48.25%) 188 (45.97%) 0.53

Smoking history

 � Former 118 (29.50%) 118 (28.85%) 0.21

 � Current 95 (23.75%) 119 (29.10%)

 � never 186 (46.50%) 172 (42.05%)

 � Time from latest ischaemic event to randomisation, day 30.81 (41.58 33.71 (46.23 0.35

Qualifying event

 � TIA 169 (42.25%) 152 (37.16%) 0.15

 � Stroke 231 (57.75%) 257 (62.84%)

 � Stenosis rate of symptomatic qualifying artery % stenosis 79.74 (6.25) 79.23 (6.39) 0.25

Symptomatic qualifying artery

 � ICA 60 (15.00%) 66 (16.14%) 0.05

 � MCA 157 (39.25%) 184 (44.99%)

 � VA 84 (21.00%) 56 (13.69%)

 � BA 99 (24.75%) 103 (25.18%)

Distribution, % stenosis

 � 70–79 213 (53.25%) 232 (56.72%) 0.45

 � 80–89 157 (39.25%) 143 (34.96%)

 � 90–99 30 (7.50%) 34 (8.31%)

 � mRS score 0.88 (0.95) 0.90 (0.96 0.74

 � NIHSS score 1.15 (1.86) 1.08 (1.75) 0.58

 � LDL-C (mmol/L%) 2.34 (1.08) 2.35 (2.44)

 � HDL-C (mmol/L%) 1.67 (0.69) 1.69 (0.69) 0.56

Data are mean±SD, n (%)
BA, basilar artery; HDL-C, high-density lipoprotein cholesterol; ICA, internal carotid artery; LDL-C, low-density lipoprotein cholesterol; MCA, 
middle cerebral artery; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; PTAS, percutaneous transluminal 
angioplasty and stenting; TIA, transient ischaemic attack; VA, vertebral artery.

 on June 20, 2025 by guest. P
rotected by copyright.

http://svn.bm
j.com

/
S

troke V
asc N

eurol: first published as 10.1136/svn-2024-003532 on 24 O
ctober 2024. D

ow
nloaded from

 

http://svn.bmj.com/


� 5Li T, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2024-003532

Open access

Ta
b

le
 2

 
P

rim
ar

y 
an

d
 s

ec
on

d
ar

y 
ou

tc
om

es
 in

 d
iff

er
en

t 
st

en
os

is
 lo

ca
tio

ns

C
at

eg
o

ri
es

IC
A

 (n
=

12
6)

In
ci

d
en

ce
 

d
iff

er
en

ce
 

(9
5%

 C
I)

H
R

 
(9

5%
 C

I)
P

 
va

lu
e

M
C

A
 (n

=
34

1)

In
ci

d
en

ce
 

d
iff

er
en

ce
 

(9
5%

 C
I)

H
R

 
(9

5%
 C

I)
P

 
va

lu
e

VA
 (n

=
14

0)

In
ci

d
en

ce
 

d
iff

er
en

ce
 

(9
5%

 C
I)

H
R

 
(9

5%
 C

I)
P

 
va

lu
e

B
A

 (n
=

20
2)

In
ci

d
en

ce
 

d
iff

er
en

ce
 

(9
5%

 C
I)

H
R

(9
5%

 C
I)

P
 

va
lu

e

P
TA

S
 

g
ro

up
 

(n
=

60
)

M
ed

ic
al

 
g

ro
up

 
(n

=
66

)

P
TA

S
 

g
ro

up
 

(n
=

15
7)

M
ed

ic
al

 
g

ro
up

 
(n

=
18

4)

P
TA

S
 

g
ro

up
 

(n
=

84
)

M
ed

ic
al

 
g

ro
up

 
(n

=
56

)

P
TA

S
 

g
ro

up
 

(n
=

99
)

M
ed

ic
al

 
g

ro
up

 
(n

=
10

3)

C
om

p
on

en
ts

 
of

 t
he

 
p

rim
ar

y 
ou

tc
om

e

16
 

(2
6.

67
%

)
11

 
(1

6.
67

%
)

10
.0

0 
(−

4.
50

 t
o 

24
.4

9)

1.
68

 
(0

.7
8 

to
 

3.
62

)

0.
19

13
 

(8
.2

8%
)

18
 

(9
.7

8%
)

 �
−

1.
50

 
(−

7.
66

 
to

 4
.6

6)

0.
85

 
(0

.4
2 

to
 

1.
74

)

0.
66

8 (9
.5

2%
)

6 (1
0.

71
%

)
 �

−
1.

19
 

(−
11

.5
0 

to
 9

.1
2)

0.
91

 
(0

.3
2 

to
 

2.
62

)

0.
86

17
 

(1
7.

17
%

)
8 (7

.7
7%

)
9.

40
 (0

.3
1 

to
 2

.0
4)

2.
38

 (1
.0

3 
to

 5
.5

2)
0.

04

S
tr

ok
e 

or
 

d
ea

th
 w

ith
in

 
30

 d
ay

s 
af

te
r 

en
ro

lm
en

t

9 (1
5.

00
%

)
6 (9

.0
9%

)
8 

(5
.1

0%
)

7 
(3

.8
0)

6 (7
.1

4%
)

1 (1
.7

9%
)

13
 

(1
3.

13
%

)
3 (2

.9
1%

)

S
tr

ok
e 

in
 

te
rr

ito
ry

 o
f 

q
ua

lif
yi

ng
 

ar
te

ry
 

b
ey

on
d

 3
0 

d
ay

s 
th

ro
ug

h 
1 

ye
ar

7 (1
1.

67
%

)
5 (7

.5
8%

)
5 

(3
.1

8%
)

11
 (5

.9
8)

2 (2
.3

8%
)

5 (8
.9

3%
)

4 (4
.0

4%
)

5 (4
.8

5%
)

S
ec

on
d

ar
y 

ou
tc

om
es

 �
S

tr
ok

e 
in

 
th

e 
sa

m
e 

te
rr

ito
ry

 
w

ith
in

 2
 

ye
ar

s

17
 

(2
8.

33
%

)
11

 
(1

6.
67

%
)

11
.6

7 
(−

2.
98

 t
o 

26
.3

2)

1.
78

 
(0

.8
3 

to
 

3.
84

)

0.
14

12
 

(7
.6

4%
)

21
 

(1
1.

41
%

)
 �

−
3.

77
 

(−
10

.0
9 

to
 2

.5
5)

0.
70

 
(0

.3
4 

to
 

1.
44

)

0.
33

9 (1
0.

71
%

)
6 (1

0.
71

%
)

0.
00

 (-


10
.6

3 
to

 
10

.6
3)

1.
07

 
(0

.3
5 

to
 

3.
26

)

0.
91

17
 

(1
7.

17
%

)
8 (7

.7
7%

)
9.

40
 (0

.3
1 

to
 1

8.
50

)
2.

39
 (1

.0
3 

to
 5

.5
5)

0.
04

 �
S

tr
ok

e 
in

 
th

e 
sa

m
e 

te
rr

ito
ry

 
w

ith
in

 3
 

ye
ar

s

17
 

(2
8.

33
%

)
12

 
(1

8.
18

%
)

10
.1

5 
(−

4.
72

 t
o 

25
.0

2)

1.
64

 
(0

.7
7 

to
 

3.
46

)

0.
20

15
 

(9
.5

5%
)

22
 

(1
1.

96
%

)
 �

−
2.

40
 

(−
9.

06
 

to
 4

.2
6)

0.
84

 
(0

.4
3 

to
 

1.
62

)

0.
60

10
 

(1
1.

90
%

)
6 (1

0.
71

%
)

1.
19

 
(−

9.
74

 t
o 

12
.1

2)

1.
20

 
(0

.4
0 

to
 

3.
58

)

0.
75

18
 

(1
8.

18
%

)
8 (7

.7
7%

)
10

.4
1 

(1
.1

9 
to

 
19

.6
4)

2.
54

 (1
.1

0 
to

 5
.8

4)
0.

03

 �
D

is
ab

lin
g 

st
ro

ke
 

or
 d

ea
th

 
w

ith
in

 3
 

ye
ar

s

13
 

(2
1.

67
%

)
9 (1

3.
64

%
)

8.
03

 (5
.4

1 
to

 2
1.

47
)

1.
65

 
(0

.7
1 

to
 

3.
87

)

0.
25

6 
(3

.8
2%

)
14

 
(7

.6
1%

)
 �

−
3.

79
 

(−
8.

81
 

to
 1

.2
3)

0.
50

 
(0

.1
9 

to
 

1.
30

)

0.
15

9 (1
0.

71
%

)
4 (7

.1
4%

)
3.

70
 

(−
6.

31
 t

o 
13

.7
1)

1.
55

 
(0

.4
8 

to
 

5.
03

)

0.
47

12
 

(1
2.

12
%

)
5 (4

.8
5%

)
7.

27
 

(−
0.

41
 t

o 
14

.9
4)

2.
66

 (0
.9

4 
to

 7
.5

5)
0.

07

 �
D

ea
th

 
w

ith
in

 3
 

ye
ar

s

6 (1
0.

33
%

)
3 (4

.5
5%

)
5.

46
 

(−
3.

66
 t

o 
14

.5
7)

2.
27

 
(0

.5
7 

to
 

9.
06

)

0.
25

5 
(3

.1
8%

)
5 (2

.7
2%

)
0.

47
 

(−
3.

15
 t

o 
4.

08
)

1.
19

 
(0

.3
4 

to
 

4.
09

)

0.
79

6 (7
.1

4%
)

2 (3
.5

7%
)

3.
57

 
(−

4.
38

 t
o 

11
.5

2)

2.
06

 
(0

.4
2 

to
 

10
.2

3)

0.
38

1 (1
.0

1%
)

3 (2
.9

1%
)

 �
−

1.
90

 
(−

5.
78

 
to

 1
.9

7)

0.
34

 (0
.0

4 
to

 3
.3

0)
0.

36

 �
A

ny
 s

tr
ok

e 
w

ith
in

 3
 

ye
ar

s

18
 

(3
0.

00
%

)
14

 
(2

1.
21

%
)

8.
79

 
(−

6.
62

 t
o 

24
.2

)

1.
49

 
(0

.7
4 

to
 

2.
99

)

0.
27

17
 

(1
0.

83
%

)
22

 
(1

1.
96

%
)

 �
−

1.
13

 
(−

7.
95

 
to

 5
.6

9)

0.
90

 
(0

.4
8 

to
 

1.
69

)

0.
73

8 (9
.5

2%
)

6 (1
0.

71
%

)
 �

−
1.

19
 

(−
11

.5
0 

to
 9

.1
2)

0.
90

 
(0

.3
1 

to
 

2.
59

)

0.
84

19
 

(1
9.

19
%

)
10

 
(9

.7
1%

)
9.

48
 

(−
0.

21
 t

o 
19

.1
7)

2.
14

 (0
.9

9 
to

 4
.6

0)
0.

05

 �
M

yo
ca

rd
ia

l 
in

fa
rc

tio
n 

w
ith

in
 3

 
ye

ar
s

4 (6
.6

7%
)

4 (6
.0

6%
)

0.
61

 
(−

8.
07

 t
o 

9.
28

)

1.
11

 
(0

.2
8 

to
 

4.
43

)

0.
89

1 
(0

.6
4%

)
4 (2

.1
7%

)
 �

−
1.

54
 

(−
4.

11
 

to
 1

.0
3)

0.
29

 
(0

.0
3 

to
 

2.
61

)

0.
27

3 (3
.5

7%
)

1 (1
.7

9%
)

1.
79

 
(−

3.
93

 t
o 

7.
50

)

0.
49

 
(0

.0
5 

to
 

4.
76

)

0.
54

3 (3
.0

3%
)

4 (3
.8

8%
)

 �
−

0.
85

 
(−

5.
95

 
to

 4
.2

5)

0.
78

 (0
.1

7 
to

 3
.4

9)
0.

75

D
at

a 
ar

e 
n 

(%
), 

or
 m

ed
ia

n 
(IQ

R
).

B
ol

d
fa

ce
 v

al
ue

s 
in

d
ic

at
e 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

d
iff

er
en

ce
s

B
A

, b
as

ila
r 

ar
te

ry
; I

C
A

, i
nt

er
na

l c
ar

ot
id

 a
rt

er
y;

 M
C

A
, m

id
d

le
 c

er
eb

ra
l a

rt
er

y;
 P

TA
S

, p
er

cu
ta

ne
ou

s 
tr

an
sl

um
in

al
 a

ng
io

p
la

st
y 

an
d

 s
te

nt
in

g;
 V

A
, v

er
te

b
ra

l a
rt

er
y.

 on June 20, 2025 by guest. P
rotected by copyright.

http://svn.bm
j.com

/
S

troke V
asc N

eurol: first published as 10.1136/svn-2024-003532 on 24 O
ctober 2024. D

ow
nloaded from

 

http://svn.bmj.com/


6 Li T, et al. Stroke & Vascular Neurology 2024;0. doi:10.1136/svn-2024-003532

Open access�

variations in primary outcomes across different qual-
ifying arteries.

Our study suggests that patients with symptomatic BA 
stenosis who underwent PTAS experienced an elevated 
risk of stroke or death compared with those receiving 
medical therapy, possibly due to disruption of blood flow 
in perforated vessels.15 In our examination of potential 
causes, a subgroup analysis was performed on patients 
with BA stenosis. This analysis indicated that PTAS was 
associated with a higher risk compared with medical 
therapy for the primary outcome among patients who are 
white, or have hypertension, diabetes mellitus, hyperlipi-
daemia, TIA or experienced an ischaemic event less than 
30 days prior to randomisation. The elevated risk observed 
in white patients may stem from anatomical differences 
across races.16 The CASSISS investigation excluded indi-
viduals with isolated perforator strokes without arterioar-
terial embolisation or distal perfusion deficits and mostly 
included Asian participants.11 15 There was a higher risk 
associated with PTAS compared with medical therapy 
in cases when BA stenosis and TIA were the qualifying 
events. The WASID,17 SAMMPRIS9 and CASSISS11 studies 

all showed that TIA patients had extremely low risks of 
stroke and death after medical therapy, so it is reasonable 
to assume that this group is low risk and will not benefit 
from PTAS. Based on these results, it seems like it would 
be too soon to evaluate the effectiveness of PTAS with 
medical therapy alone for patients with TIA without first 
identifying a high-risk category medical therapy medical 
therapy. Moreover, the link between increased risk with 
PTAS and conditions like hypertension, diabetes, hyper-
lipidaemia and latest ischaemic event to randomisation 
<30 days calls for further research and has significant 
implications for future study designs.

The main outcomes were not significantly different 
between PTAS and medical therapy for symptomatic ICA, 
MCA and VA stenosis. This underscores that medical 
therapy should continue to be the preferred strategy for 
these types of stenosis. However, PTAS exhibited a numer-
ically lower rate of the primary outcomes in MCA and VA 
stenosis patients, highlighting the potential need for a more 
comprehensive screening system to identify subgroups that 
might benefit from PTAS. In both the CASSISS and SAMM-
PRIS trials, participants had to have a major intracranial 

Figure 2  Subgroup analysis for the primary outcome of BA stenosis. BA, basilar artery; PTAS, percutaneous transluminal 
angioplasty and stenting; TIA, transient ischaemic attack.
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artery with 70%–99% atherosclerotic stenosis, as shown by 
catheter angiography. To maximise the benefits of PTAS, 
relying solely on stenosis degree for patient evaluation may 
not be adequate; a more sophisticated assessment system 
is warranted. Potential techniques could involve high-
resolution magnetic resonance vessel wall imaging to eval-
uate plaque stability, the risk associated with perforating 
arteries and haemodynamic deficits.18 These assessments 
are crucial for identifying patients who require PTAS. The 
SAMMPRIS trial demonstrated that 40% of patients exhib-
iting greater than 70% luminal stenosis presented with a 
fractional flow reserve (FFR)≤0.8, underscoring the signif-
icance of integrating haemodynamic and morphological 
parameters in assessing the necessity for endovascular 
intervention. FFR measurements provide a functional 
assessment of ICAS severity and assist in clinical decision-
making.19 Haemodynamic measurements are instrumental 
in identifying ICAS patients who require endovascular 
interventions, thus facilitating the refinement of clin-
ical treatment protocols. Furthermore, a comprehensive 
analysis indicated lower occurrences of short-term stroke 
or mortality (peri-procedural or average follow-up ≤3 

months) associated with balloon angioplasty in compar-
ison to stenting.20 Consequently, balloon angioplasty may 
serve as an effective standalone option for treating symp-
tomatic ICAS, supported by an ongoing prospective, multi-
centre, randomised, controlled trial aimed at evaluating 
its therapeutic outcomes.21 Additionally, the adoption of 
submaximal balloon angioplasty, known for diminishing 
the risks associated with thromboembolism, vessel rupture 
and reperfusion bleeding, is favoured by numerous clini-
cians as the method of choice when performing angio-
plasty exclusively.22–24

In the SAMMPRIS subgroup analysis, the incidence of 
the primary outcome for VA stenosis was notably higher 
in the PTAS group, while it was relatively comparable 
between the two groups in this study. The inclusion of 
a larger sample size in the present study likely facilitated 
a more accurate estimation of differences between the 
groups, even if these differences were not statistically 
significant. This finding was corroborated by an analysis 
of individual patient data regarding stenting for symp-
tomatic VA stenosis as well as a post hoc examination of 
CASSISS.25 26

Figure 3  Kaplan-Meier curves for the cumulative probability of the primary outcome in different qualifying arteries. The 
shading indicates 95%CI of the primary outcome. BA, basilar artery; ICA, internal carotid artery; MCA, middle cerebral artery; 
PTAS, percutaneous transluminal angioplasty and stenting; VA, vertebral artery.
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This study confirmed that different qualifying arteries 
do not impact the efficacy of medical therapy for symp-
tomatic ICAS patients. However, when treated with 
PTAS, the incidence of ICA (26.67%) and BA (17.17%) 
was significantly higher than that of MCA (8.28%) and 
VA (4.76%). Regarding ICA stenosis, increased ICAS 
distortion may enhance the likelihood of vessel wall 
damage, leading to inadequate stent deployment and 
subsequent haemodynamic changes. These factors may 
explain the high incidence. In cases of BA stenosis, it is 
probable that stenting disrupts blood flow in the perfo-
rating vessels.15 Moreover, our research revealed that the 
posterior circulation exhibited a greater frequency of the 
primary outcome compared with the anterior circulation 
in patients with symptomatic ICAS who underwent PTAS, 
aligning with the findings of Gröschel et al.27 However, 
our study lacked data on the specific mechanisms driving 
the occurrence of adverse events in individual patients. 
The notable differences in the incidence of different 
qualifying arteries warrant further investigation. These 
results suggest that exploring clinical outcomes based 
on different qualifying arteries is crucial for tailoring 
treatment.

The robustness of this analysis is attributed to the incor-
poration of individual patient data, facilitating a thorough 
evaluation of advantages for both the general population 
and specific subgroups. SAMMPRIS included very few 
patients of Asian ethnicity, whereas CASSISS included a 
large number of Asian patients, enhancing the breadth 
of interpreting and generalising the results. However, 

several limitations need to be addressed. First, although 
this study included data from both trials, the power of 
the analysis was relatively weak, partly because the SAMM-
PRIS trial was terminated early by the funders. Second, 
the study did not distinguish between patients with a 
first-time stroke or TIA and those with a recurrent, medi-
cally resistant stroke or TIA, which are often indications 
for stenting. Thirdly, given the advancements in PTAS 
surgery, including equipment, techniques, patient selec-
tion, and intervention timing, the applicability of these 
older data to current medical therapy practice requires 
further validation. Fourthly, in the BA stenosis subgroup 
analysis, the wide 95% CI indicate that the results were 
underpowered and require further confirmation. Lastly, 
slight differences in the inclusion and exclusion criteria 
between the SAMMPRIS and CASSISS studies could 
have introduced bias, impacting the reliability of the 
conclusions.

CONCLUSIONS
This retrospective analysis of data from the SAMMPRIS 
and CASSISS trials offers the most detailed evaluation to 
date of PTAS versus medical therapy alone in symptomatic 
ICAS affecting diverse arterial segments medical therapy 
alone. PTAS for BA stenosis demonstrates a notably 
increased risk for both short-term and long-term stroke. 
The potential for PTAS to provide significant advantages 
remains limited until future technological developments 
can considerably mitigate the stroke risks inherent to its 

Table 3  Comparison of the primary outcome of different qualified arteries

Categories Number HR (95%) P value

PTAS group

 � Anterior circulation vs posterior circulation 29/217 (13.36%) vs 25/183 (13.66%) 1.04 (0.61 to 1.78) 0.87

 � MCA vs VA 13/157 (8.28%) vs 8/84 (4.76%) 0.87 (0.35 to 2.12) 0.75

 � MCA vs BA 13/157 (8.28%) vs 17/99 (17.17%) 2.17 (1.04 to 4.55) 0.03

 � MCA vs ICA 13/157 (8.28%) vs 16/60 (26.67%) 3.41 (1.49 to 7.77) <0.001

 � VA vs BA 8/84 (4.76%) vs 17/99 (17.17%) 1.88 (0.86 to 4.12) 0.13

 � VA vs ICA 8/84 (4.76%) vs 16/60 (26.67%) 2.97 (1.31 to 6.70) 0.008

 � BA vs ICA 17/99 (17.17%) vs 16/60 (26.67%) 1.53 (0.76 to 3.09) 0.22

Medical group

 � Anterior circulation vs posterior circulation 29/250 (11.60%) vs 14/159 (8.81%) 0.75 (0.40 to 1.38) 0.37

 � MCA vs VA 18/184 (9.78%) vs 6/56 (10.71%) 1.10 (0.43 to 2.83) 0.84

 � MCA vs BA 18/184 (9.78%) vs 8/103 (7.77%) 0.79 (0.35 to 1.75) 0.57

 � MCA vs ICA 18/184 (9.78%) vs 11/66 (16.67%) 1.79 (0.78 to 4.13) 0.12

 � VA vs BA 6/56 (10.71%) vs 8/103 (7.77%) 0.72 (0.24 to 2.15) 0.53

 � VA vs ICA 6/56 (10.71%) vs 11/66 (16.67%) 1.64 (0.63 to 4.24) 0.33

 � BA vs ICA 8/103 (7.77%) vs 11/66 (16.67%) 2.26 (0.89 to 5.71) 0.07

Data are n (%), or median (IQR).
Boldface values indicate statistically significant differences.
BA, basilar artery; ICA, internal carotid artery; MCA, middle cerebral artery; PTAS, percutaneous transluminal angioplasty and stenting; VA, 
vertebral artery.
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application. This research does not confirm the bene-
fits of PTAS for treating stenosis in the ICA, MCA and 
VA. These insights will guide the design of forthcoming 
clinical trials and therapeutic strategies for symptomatic 
ICAS.
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