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Stenting for symptomatic vertebral artery stenosis:
a preplanned pooled individual patient data analysis

Hugh S Markus, Eric L Harshfield, Annette Compter, Wilhelm Kuker, L Jaap Kappelle, Andrew Clifton, H Bart van der Worp, Peter Rothwell,
Ale Algra, on behalf of the Vertebral Stenosis Trialists” Collaboration*

Summary

Background Symptomatic vertebral artery stenosis is associated with a high risk of recurrent stroke, with higher risks
for intracranial than for extracranial stenosis. Vertebral artery stenosis can be treated with stenting with good technical
results, but whether it results in improved clinical outcome is uncertain. We aimed to compare vertebral stenting with
medical treatment for symptomatic vertebral stenosis.

Methods We did a preplanned pooled individual patient data analysis of three completed randomised controlled trials
comparing stenting with medical treatment in patients with symptomatic vertebral stenosis. The primary outcome
was any fatal or non-fatal stroke. Analyses were performed for vertebral stenosis at any location and separately for
extracranial and intracranial stenoses. Data from the intention-to-treat analysis were used for all studies. We estimated
hazard ratios (HRs) with 95% CIs using Cox proportional-hazards regression models stratified by trial.

Findings Data were from 354 individuals from three trials, including 179 patients from VIST (148 with extracranial
stenosis and 31 with intracranial stenosis), 115 patients from VAST (96 with extracranial stenosis and 19 with
intracranial stenosis), and 60 patients with intracranial stenosis from SAMMPRIS (no patients had extracranial
stenosis). Across all trials, 168 participants (46 with intracranial stenosis and 122 with extracranial stenosis) were
randomly assigned to medical treatment and 186 to stenting (64 with intracranial stenosis and 122 with extracranial
stenosis). In the stenting group, the frequency of periprocedural stroke or death was higher for intracranial stenosis
than for extracranial stenosis (ten (16%) of 64 patients vs one (1%) of 121 patients; p<0-0001). During 1036 person-years
of follow-up, the hazard ratio (HR) for any stroke in the stenting group compared with the medical treatment group
was 0-81% CI 0-45-1-44; p=0-47). For extracranial stenosis alone the HR was 0-63 (95% CI 0-27-1-46) and for
intracranial stenosis alone it was 1-06 (0-46-2-42; p,.....cion=0- 395).

Interpretation Stenting for vertebral stenosis has a much higher risk for intracranial, compared with extracranial,
stenosis. This pooled analysis did not show evidence of a benefit for stroke prevention for either treatment. There was
no evidence of benefit of stenting for intracranial stenosis. Stenting for extracranial stenosis might be beneficial, but
further larger trials are required to determine the treatment effect in this subgroup.

Funding None.
Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
About 20% of all acute ischaemic strokes are in the

been associated with increased periprocedural stroke
risk with stenting.’ By contrast, extracranial stenosis is

posterior (or vertebrobasilar) circulation.! In about a
quarter of these strokes, the underlying pathophysiological
mechanism is stenosis of the vertebral or basilar arteries.'
Symptomatic vertebral stenosis is associated with a
substantially increased risk of recurrent stroke, particularly
in the first few weeks after symptoms occur.? It has been
suggested that vertebral artery stenting might reduce this
risk. Several trials in the past 8 years have examined this
question, although all have been essentially phase 2 trials
without a sufficient sample size to definitively determine
whether stenting is better than medical therapy.
Interpretation of trial data is complicated by the differing
natural history, and safety of stenting, for extracranial
versus intracranial vertebral stenosis. Natural history
studies have shown that intracranial stenosis is associated
with a higher risk of early recurrent stroke,? but it has also

associated with a lower but still elevated early recurrent
stroke risk,” and a lower risk of periprocedural stroke with
stenting.** Therefore, it is possible that the benefits of
vertebral stenting differ for extracranial and intracranial
vertebral stenoses.

Studies in symptomatic carotid stenosis have shown
that the benefit of intervention with revascularisation is
highest in patients treated within the first 2 weeks after
symptoms occur.’ The temporal profile of increased stroke
risk after symptomatic vertebral stenosis is very similar to
that seen for carotid stenosis,” and therefore it is possible
that a similar enhanced benefit in patients treated soon
after symptoms occur might also apply to vertebral
stenosis. The results of the Vertebral Artery Ischaemia
Stenting Trial (VIST)® supported this hypothesis, although
it was inadequately powered to definitively answer this
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Research in context

Evidence before this study

Vertebral stenting has been widely used to treat symptomatic
vertebral stenosis, but whether it reduces the frequency of
recurrent stroke is uncertain. Randomised controlled trials
comparing stenting with medical treatment were identified in the
scientific literature. We searched PubMed for research articles
published in English between database inception and Jan 27, 2018,
using the search terms “vertebral artery AND stenting AND clinical
trial”. We identified three trials of stenting versus medical therapy
that included patients with symptomatic vertebral stenosis, from
which original participant data could be obtained. This included
data from 354 individuals with 1036 person-years of follow-up.

Added value of this study

Our analysis showed that the periprocedural risk of stroke and
death was much higher for patients with intracranial compared
with extracranial stenosis (16% vs 1%). There was no significant

question because it was terminated early by the funder
because of low recruitment.

We aimed to determine whether vertebral stenting is
more effective than medical treatment for symptomatic
vertebral stenosis using individual patient data pooled
from vertebral artery stenting trials published so far.
Because of the potentially different treatment benefits in
extracranial versus intracranial stenosis, we also aimed to
do a preplanned analysis in each subgroup. Additionally,
we aimed to evaluate whether the benefit of stenting was
increased for patients recruited within 14 days of last
symptoms.

Methods

Overview

Randomised controlled trials comparing stenting with
medical treatment were identified in the scientific litera-
ture. We searched PubMed for research articles published
between database inception and Jan 27, 2018, using the
search terms “vertebral artery AND stenting AND clini-
cal trial”. 45 papers were identified, which included
three trials. References and reviews were also searched,
identifying two further trials. Five trials were identified:
VIST the Vertebral Artery Stenting Trial (VAST), the
Stenting and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis
(SAMMPRIS) trial ® the Vitesse Intracranial Stent Study
for Ischemic Stroke Therapy (VISSIT) trial® and the
Carotid and Vertebral Artery Transluminal Angioplasty
Study (CAVATAS)."

VIST and VAST included patients with both extra-
cranial and intracranial stenosis. SAMMPRIS included
patients with intracranial stenosis only, at various arterial
locations. VISSIT randomised 112 patients with sympto-
matic intracranial stenosis in any artery, including the
intracranial vertebral artery. The publication did not
specify the number of patients with vertebral stenosis
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difference between either stenting or medical therapy alone in
stroke prevention. There was no suggestion of any potential
benefit for intracranial stenosis. For extracranial stenosis, larger
studies are required to determine whether there could be a
benefit for stenting.

Implications of all the available evidence

Data from current randomised controlled trials comparing
medical treatment alone with stenting as treatment for
symptomatic vertebral stenosis show no evidence that either
option is superior. Stenting of intracranial vertebral stenosis is
associated with a high perioperative stroke risk and is unlikely to
be of benefit unless technological advances resulting in a lower
stroke risk are developed. Stenting of extracranial stenosis is
associated with a low perioperative stroke risk; further larger trials
are required to determine whether it might confer benefit over
medical therapy.

SAMMPRIS

451 patients with symptomatic
intracranial stenosis
randomised

VAST
115 patients with vertebral artery
stenosis randomised

VIST
182 patients with vertebral
artery stenosis randomised

3 withdrew consent to
| randomisation
assignment previously

391 excluded
—p| (no vertebral artery
stenosis)

A 4 A

186 assigned to medical treatment plus stenting or
angioplasty
38 in SAMMPRIS (0 extracranial, 38 intracranial)
57inVAST (48 extracranial, 9 intracranial)
91inVIST (74 extracranial, 17 intracranial)

168 assigned to medical treatment alone
22 in SAMMPRIS (0 extracranial, 22 intracranial)
58 in VAST (48 extracranial, 10 intracranial)
88 in VIST (74 extracranial, 14 intracranial)

4 censored in SAMMPRIS*
2 lost to follow-up
2 withdrew consent during study
follow-up

1 censored in SAMMPRIS*
1 lost to follow-up

v v

164 followed up until end of trial
18 in SAMMPRIS
58in VAST
88inVIST

185 followed up until end of trial
37 in SAMMPRIS
57inVAST
91inVIST

Figure 1: Study profile

SAMMPRIS=Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial
Stenosis. VAST=Vertebral Artery Stenting Trial. VIST=Vertebral Artery Ischaemia Stenting Trial. *Patients who
withdrew consent or were lost to follow-up were censored at date of last contact for time-to-event analyses.

and the trial investigators did not respond to emails
enquiring about the number of vertebral artery cases and
a data access request. Therefore, results of VISSIT could
not be included in this analysis. CAVATAS recruited only
16 patients with vertebral stenosis; however, the primary
intervention in the majority of cases was angioplasty
rather than stenting, and patients were treated in the
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Age, years Male sex Hypertension  Systolic blood Diabetes Current Median follow-up,
pressure, mm Hg smokers months

Overall
SAMMPRIS (n=60) 64(9) 49 (82%) 37 (63%) 146 (19) 25 (42%) 8 (30%) 32-8(25:1-41-1)
VAST (n=115) 65 (10) 85 (74%) 78 (68%) NA 19 (17%) 3 (29%) 36-4(15-5-487)
VIST (n=179) 67 (10) 148 (83%) 126 (70%) 143 (60) 39 (22%) 43 (24%) 42:2(25-6-56-3)
Total (n=354) 66 (10) 282 (80%) 241 (68%) 144 (52) 83(23%) 4 (27%) 36-5(242-49-4)
Medical treatment group
SAMMPRIS (n=22) 64 (8) 18 (82%) 17 (77%) 149 (17) 7 (32%) 11 (50%) 343 (28-9-411)
VAST (n=58) 65 (10) 43 (74%) 38 (66%) NA 12 (21%) 14 (24%) 36-2 (12-8-48-9)
VIST (n=88) 67 (10) 75 (85%) 60 (68%) 148 (83) 19 (22%) 25 (28%) 425 (23-4-56-4)
Total (n=168) 66 (10) 136 (81%) 115 (68%) 148 (74) 38 (23%) 50 (30%) 37-1(23-2-50-4)
Stenting group
SAMMPRIS (n=38) 64 (10) 31(82%) 20 (54%) 144 (20) 18 (47%) 7 (18%) 30-8 (25:1-39-1)
VAST (n=57) 65 (10) 42 (74%) 40 (70%) NA 7 (12%) 19 (34%) 36-4 (23-2-48-6)
VIST (n=91) 68 (9) 73 (80%) 66 (73%) 138 (19) 20 (22%) 18 (20%) 41-6 (27:0-56-1)
Total (n=186) 66 (10) 146 (78%) 126 (68%) 140 (20) 45 (24%) 44 (24%) 36-4 (24-3-49-0)

Data are mean (SD), n (%), or median (IQR). NA=not available. SAMMPRIS=Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial
Stenosis. VAST=Vertebral Artery Stenting Trial. VIST=Vertebral Artery Ischaemia Stenting Trial.

Table 1: Summary of baseline characteristics by trial and treatment group

Transient Any stroke  Ischaemic  Haemorrhagic Posterior Death Any strokeor Anystroke  Any stroke
ischaemic stroke stroke circulation transient ordeath or death
attack stroke ischaemic within
attack 30 days
Overall
SAMMPRIS (n=60) 4 (7%) 14 (23%) 11 (18%) 3(5%) 9 (15%) 6(10%) 18 (30%) 16 (27%) 7 (12%)
VAST (n=115) NA 16 (14%) 14 (12%) 1(1%) 9 (8%) 4(3%) NA 18 (16%) 4(3%)
VIST (n=179) 19 (11%) 17 (9%) 15 (8%) 0 (0%) 12 (7%) 17(9%) 34 (19%) 30 (17%) 4(2%)
Total (n=354) 23 (6%) 47 (13%) 40 (11%) 4(1%) 30 (8%) 27(8%)  52(15%) 64 (18%) 15 (4%)
Extracranial
VAST (n=96) NA 12 (13%) 11 (11%) 1(1%) 7 (7%) 202%) NA 14 (15%) 2(2%)
VIST (n=148) 18 (12%) 11 (7%) 11 (7%) 0 (0%) 6 (4%) 13(9%)  28(19%) 22 (15%) 2 (1%)
Total (n=244) 18 (7%) 23 (9%) 22 (9%) 1(0%) 13 (5%) 15(6%) 28 (11%) 36 (15%) 4(2%)
Intracranial
SAMMPRIS (n=60) 4 (7%) 14 (23%) 11 (18%) 3(5%) 9 (15%) 6(10%) 18 (30%) 16 (27%) 7 (12%)
VAST (n=19) NA 4(21%) 3(16%) 0(0%) 2 (11%) 2(11%) NA 4(21%) 2 (11%)
VIST (n=31) 1(3%) 6 (19%) 4(13%) 0(0%) 6 (19%) 4(13%)  6(19%) 8 (26%) 2 (6%)
Total (n=110) 5 (5%) 24 (22%) 18 (16%) 3(3%) 17 (15%) 12(11%) 24 (22%) 28 (25%) 11 (10%)

Data are number of events (%). All patients in SAMMPRIS had intracranial stenosis. VAST did not provide data on transient ischaemic attack outcomes so they were excluded
from all analyses of transient ischaemic attack and stroke or transient ischaemic attack. NA=not available. SAMMPRIS=Stenting and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis. VAST=Vertebral Artery Stenting Trial. VIST=Vertebral Artery Ischaemia Stenting Trial.

Table 2: Summary of outcomes by trial and stenosis site

1990s with a different generation of interventional devices
and different medical regimens. For these reasons,
CAVATAS was not included in the pooled analysis.
Individual patient data for VIST and VAST were
obtained from the trial investigators, and individual
patient data for SAMMPRIS were obtained from the US
National Institutes of Health (NIH) National Institute of
Neurological Disorders and Stroke (NINDS) clinical trial
data portal. All three trials recruited patients with recent
stroke or transient ischaemic attack, and in all three trials

patients gave informed written consent and the proto-
col was approved by the relevant ethics committee.
Recruitment took place from November, 2008, to April,
2011, for SAMMPRIS, January, 2008, to April, 2013, for
VAST, and October, 2008, to February, 2015, for VIST.

Data analysis

Data from the intention-to-treat analysis were used for
all studies. The data from each trial were cleaned and
harmonised to facilitate pooling across studies. We
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estimated hazard ratios (HRs) with 95% CIs using Cox
proportional-hazards regression models stratified by trial
to compare outcomes in the stenting versus medical
treatment groups. Each patient accumulated follow-up
time from their date of randomisation until the date of
first event of each type, death, withdrawal, or loss of
follow-up. Kaplan-Meier survival analysis was used to
construct time-to-event curves, and the log-rank test was
used to compare the cumulative number of events
between groups. We also tested for interaction between
the stenosis site and treatment group. The primary
outcome was any fatal or non-fatal stroke during follow-
up. We also examined secondary outcomes for posterior
circulation stroke, any stroke or transient ischaemic
attack, stroke or death, and periprocedural stroke or death,
which was defined as stroke or death within 30 days of
randomisation. Analyses were performed for vertebral
stenosis at any location and separately for extracranial and
intracranial stenoses.

As a sensitivity analysis, we also repeated all analyses
within the subset of the patients who were recruited
within 14 days of symptom onset. Analyses were conducted
using R, version 3.4.4, and Stata, version 15.1, with
two-sided p values and a significance level of p<0-05.

Role of the funding source
There was no funding source for this study.

Results

We analysed individual participant data from
354 individuals who were at risk of vertebral stenosis for
1036 person-years. The study population consisted of
179 patients from VIST (148 with extracranial stenosis
and 31 with intracranial stenosis), 115 patients from
VAST (96 with extracranial stenosis and 19 with
intracranial stenosis), and 60 patients with intracranial
stenosis from SAMMPRIS (no patients with extracranial
stenosis were enrolled in this trial; figure 1; appendix).
168 participants (46 with intracranial stenosis and
122 with extracranial stenosis) were randomly assigned
to medical treatment and 186 to stenting (64 with
intracranial stenosis and 122 with extracranial stenosis).
The mean age was 66 years (SD 10), and 282 (80%)
participants were male (table 1).

Mean time from last symptoms (transient ischaemic
attack or stroke) to randomisation was 9-8 days (SD 7-4)
in SAMMPRIS, 36-4 days (34-6) in VAST, and 36-0 days
(40-8) in VIST. The overall median follow-up time was
36-5 months (IQR 24-2-49-4). The number of events for

Figure 2: Kaplan-Meier plots for cumulative probability of any stroke
SAMMPRIS was excluded from analysis of extracranial stenosis because there
were no patients in SAMMPRIS with extracranial stenosis. HR=hazard ratio.
SAMMPRIS=Stenting and Aggressive Medical Management for Preventing
Recurrent Stroke in Intracranial Stenosis.
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each outcome overall and by trial is shown in table 2.
23 (12%) of 186 patients in the stenting group and 24 (14%)
of 168 patients in the medical treatment group had a
stroke (HR 0-81, 95% CI 0-45-1-44). For extracranial
stenosis alone the HR was 0-63 (95% CI 0-27-1-46), and
for intracranial stenosis alone it was 1-06 (0-46-2-42;
Pinteraction=0- 395 for the interaction of vertebral stenosis site
with treatment group).

Kaplan-Meier survival curves show an initial high early
stroke risk with stenting, largely reflecting a high
periprocedural stroke or death risk in intracranial sten-
osis (figure 2). The 30-day periprocedural stroke or death
frequency in the stenting group was one (1%) of
121 patients with extracranial stenosis, and ten (16%) of
64 patients with intracranial stenosis (x2=16-3921;
p<0-0001; figure 3).

Results for stroke and transient ischaemic attack are
shown in table 3 and figure 4. None of the analyses of
secondary outcomes was statistically significant (table 3;
appendix).

161 (46%) of 354 patients had a qualifying event that
occurred within 14 days of randomisation. Analyses
of the primary outcome within this subset of patients
are shown in the appendix, again for all stenosis and
for extracranial and intracranial stenosis alone. The
HRs were 0-65 (95% CI 0-31-1-39) for all stenoses,
0-56 (0-17-1-87) for extracranial stenosis, and
0-72 (0-27-1-90) for intracranial stenosis (P, yemcio=0+77)

The risk of stroke during follow-up in each group was
nine (7%) of 122 patients in the extracranial stenting group
versus 14 (11%) of 122 patients in the extracranial medical
treatment group, and 14 (22%) of 64 patients in the
intracranial stenting group and ten (22%) of 46 patients in
the intracranial medical treatment group.

Discussion

This pooled analysis of individual patient data from
completed vertebral artery stenting trials did not show
evidence of a benefit for either stenting or medical
treatment in symptomatic vertebral stenosis. Consistent
with previous data, this study confirmed a significantly
higher periprocedural risk from intracranial than from
extracranial vertebral artery stenting.’ There was no
evidence of benefit of either strategy for intracranial
stenosis, although CIs around our effect estimates were
wide. By contrast, we observed some evidence of benefit
for stenting for extracranial stenosis, but this was not
statistically significant.

Figure 3: Kaplan-Meier plots for cumulative probability of periprocedural
stroke or death

SAMMPRIS was excluded from analysis of extracranial stenosis because there
were no patients in SAMMPRIS with extracranial stenosis. HR=hazard ratio.
SAMMPRIS=Stenting and Aggressive Medical Management for Preventing
Recurrent Stroke in Intracranial Stenosis.
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Symptomatic intracranial stenosis has been associ-
ated with a high risk of early recurrent stroke.” However,
SAMMPRIS and VISSIT, both of which included
patients with intracranial stenosis at a variety of locations
in both the anterior and posterior circulations, reported
that medical treatment was more effective than stenting,
and that stenting was associated with a high risk of
periprocedural stroke. SAMMPRIS instituted an intense
medical antiplatelet treatment and intense treatment of
cardiovascular risk factors as well as lifestyle prevention
measures. This intervention was associated with a lower-
than-expected recurrent stroke risk in the medical treat-
ment group. It is possible that the higher risk from
stenting in intracranial stenosis might relate both to the
much thinner wall of intracranial vessels leading to
increased rupture risk and also to the fact that perforat-
ing arteries arise from the intracranial vessels and that
these arteries could be damaged during stenting. The
results of our pooled analysis showed no evidence of
any difference in outcome between intracranial verte-
bral stenosis treated with either medical treatment or
stenting.

Stenting for extracranial vertebral stenosis has been
associated with a much lower periprocedural stroke
risk than has intracranial stenosis.”* Large series have
found this risk to be in the order of 1%.* The results of
our pooled analysis were consistent with this low risk.
However, natural history studies have shown that
although the risk of stroke with medical treatment alone
is increased with extracranial stenosis, the absolute risk
is lower than with intracranial stenosis.> Our pooled
analysis showed no significant benefit for either stenting
or medical treatment alone in this patient group.
However, since the HR of any stroke for stenting was
0-63 (95% CI 0-27-1-46), our analysis is consistent with
either substantial benefit or harm from stenting, and
larger trials than those completed so far are required
to determine the benefit of stenting in extracranial
stenosis.

To determine the feasibility of further studies in
extracranial and intracranial vertebral stenosis, we de-
termined the sample sizes required for a trial to show a
difference between the two treatments using estimates of
benefit from our current analysis. We used the risk of
stroke during follow-up in each group, with power of
0-8 and significance of 0-05, and the ClinCalc online
calculator to show that to detect a statistically significant
benefit of stenting over medical treatment for patients
with intracranial stenosis, a trial with more than 2 million
participants would be needed.

The risk of stroke after symptomatic minor stroke and
transient ischaemic attack in carotid stenosis is highest in
the first 2 weeks, and rapidly reduces after this time.’
Natural history data from vertebral stenosis suggest a
similar temporal profile? A secondary analysis of the
carotid endarterectomy trials showed that the benefit of
surgery was much greater in participants who were

www.thelancet.com/neurology Vol 18 July 2019

Events (%) Hazard ratio
(95% Cl)

Any stroke

All patients (n=354) 47 (13%) 0-81(0-45-1-44)
Extracranial (n=244) 23 (9%) 0-63 (0-27-1-46)
Intracranial (n=110) 24 (22%) 1.06 (0-46-2-42)
Posterior circulation stroke

All patients (n=354) 30 (8%) 0-82 (0:40-1-70)
Extracranial (n=244) 13 (5%) 0-84 (0-28-2-49)
Intracranial (n=110) 17 (15%) 0-83(0:31-2-19)

Any stroke or transient ischaemic attack

All patients (n=239) 52 (22%) 0-68(0:39-1-18)
Extracranial (n=148) 28 (19%) 0-52 (0-24-1-12)
Intracranial (n=91) 24 (26%) 0-92 (0-41-2-07)
Any stroke or death

All patients (n=354) 64 (18%) 0-81(0-49-133)
Extracranial (n=244) 36 (15%) 0-70 (0-36-1-35)
Intracranial (n=110) 28 (25%) 1.01(0-47-2-16)

Any stroke or death within 30 days of randomisation

All patients (n=354) 15 (4%) 2-20 (0-70-6:96)
Extracranial (n=244) 4(2%) 0-33(0:03-3-18)
Intracranial (n=91) 11 (10%) 7-46 (0-95-58-69)

VAST did not provide data on transient ischaemic attack outcomes so they were
excluded from all analyses of transient ischaemic attack and stroke or transient
ischaemic attack. VAST=Vertebral Artery Stenting Trial.

Table 3: Results of survival analyses: overall and by symptomatic artery

randomised within 2 weeks of symptoms.® For this reason,
we performed a secondary analysis limited to patients
with symptomatic vertebral stenosis who were randomised
within 2 weeks of symptoms. The results of this analysis
were similar to the overall analysis, again with a HR of
0-72 for intracranial stenosis and a HR of 0-56 for
extracranial stenosis.

Strengths of our analysis are that we were able to
include individual patient data, allowing comprehensive
assessment of benefits in the overall population and
within subgroups. However, it also has some limitations.
We were unable to determine how many patients in the
VISSIT trial had vertebral stenosis or obtain data on
these patients. However, if the proportion of patients
with vertebral stenosis is similar to that seen in
SAMMPRIS, we estimate that only about 20 of the
112 patients would have had vertebral stenosis and
therefore inclusion of these data is unlikely to have had a
major effect on our results. Notably, the overall results
from VISSIT were similar to those from SAMMPRIS. A
potential limitation is the variety of medical therapy used
in the different trials. Unlike in SAMMPRIS, in which
dual antiplatelet therapy and statins were mandated in
the protocol, not all patients in VIST and VAST were on
dual antiplatelet therapy with aspirin and clopidogrel,
which has been suggested to be more effective at prevent-
ing embolisation in large-artery stroke" and recurrent
events after stroke and transient ischaemic attack.”” In

For more on the ClinCalc online
calculator see https://clincalc.

com/stats/samplesize.aspx
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VIST, the proportion of patients on dual antiplatelet
treatment at 1 month was 33% in the medical treatment
group and 57% in the stenting group.® However, the use
of statin treatment at 1 month follow-up (98% in the
medical group and 94% in the stenting group) and
antihypertensive treatment (80% in the medical group
and 78% in the stenting group) was high in both treat-
ment groups in VIST. A further limitation is that even
with inclusion of data from three studies, the analysis
was relatively underpowered, partly because of premature
termination of the VIST trial by the funder because of
slow recruitment.

Other considerations in interpretation and generalis-
ability of the results are that SAMMPRIS included a high
proportion of African Americans, whereas VIST and
VAST had a predominantly white population, and that
80% of the participants in the pooled analysis were
male. Furthermore, in VIST, patient selection was based
on non-invasive angiographic imaging and in 23 of
91 patients randomly assigned to stenting there was
no stenosis, defined as a stenosis of 50% or greater,
at angiography performed before stenting, which could
have led to an underestimation of the risk associated
with stenting. An additional consideration is that these
studies examined stenting for first occurrence of stroke
or transient ischaemic attack. It has been suggested that
recurrent stroke or transient ischaemic attack refractory
to medical treatment might represent an indication for
stenting, and it has been frequently performed for this
indication, but we were unable to answer this question
with this dataset.

In conclusion, this pooled individual patient analysis
of data from all available vertebral stenting trials provides
the most comprehensive analysis currently possible of
the effectiveness of vertebral stenting versus medical
treatment in patients with recently symptomatic verte-
bral stenosis. We found no evidence of a difference
between treatment approaches in preventing recurrent
stroke. For intracranial stenosis, the periprocedural risk
of stenting was high, and there was no evidence of
overall benefit on longer-term follow-up. On the basis
of these data, further trials are unlikely to alter this
conclusion unless the safety of intracranial stenting
can be improved considerably. By contrast, stenting for
symptomatic extracranial stenosis might be beneficial,
but further larger trials than those used in this analysis
are required to determine the effect of the intervention
more reliably.

Figure 4: Kaplan-Meier plots for cumulative probability of stroke or transient
ischaemic attack by territory

VAST was excluded from all analyses of stroke or transient ischaemic attack
because data on the outcome transient ischaemic attack were unavailable for
VAST. Additionally, SAMMPRIS was excluded from analysis of extracranial
stenosis because there were no patients in SAMMPRIS with extracranial stenosis.
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