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Abstract

Vertebral artery stenting to prevent recurrent stroke in
symptomatic vertebral artery stenosis: the VIST RCT

Hugh S Markus,1* Susanna C Larsson,1 John Dennis,2 Wilhelm Kuker,3

Ursula G Schulz,3 Ian Ford,4 Andrew Clifton5† and Peter M Rothwell3†

on behalf of the VIST investigators

1Stroke Research Group, Department of Clinical Neurosciences, University of Cambridge,
Cambridge, UK

2Patient representative, London, UK
3Nuffield Department of Clinical Neurosciences, John Radcliffe Hospital, University of Oxford,
Oxford, UK

4Robertson Centre for Biostatistics, University of Glasgow, Glasgow, UK
5Department of Neuroradiology, St George’s Hospital, London, UK

*Corresponding author hsm32@medschl.cam.ac.uk
†These authors contributed equally to this manuscript

Background: Symptomatic vertebral artery (VA) stenosis has been associated with a markedly increased
early risk of recurrent stroke. VA stenosis can be treated with stenting; however, there are few data from
randomised controlled trials evaluating the efficacy of this treatment, and recent studies in intracranial
stenosis have suggested that stenting may be associated with increased risk.

Objective: The Vertebral artery Ischaemia Stenting Trial (VIST) was established to compare the risks and
benefits of vertebral angioplasty and stenting with best medical treatment (BMT) alone for recently
symptomatic VA stenosis.

Design: VIST was a prospective, randomised, open, parallel, blinded end-point clinical trial.

Setting: The trial was performed in 14 hospitals in the UK.

Participants: Recruitment began on 23 October 2008 and follow-up ended on 1 March 2016, by which
time every patient had been followed up for at least 1 year. Participants had to have symptomatic vertebral
stenosis of at least 50% resulting from presumed atheromatous disease. Both patients and clinicians were
aware of treatment allocation; however, an independent adjudication committee, masked to treatment
allocation, assessed all primary and secondary end points.

Interventions: Participants were randomly assigned (1 : 1) to either vertebral angioplasty/stenting plus BMT
(n = 91) or BMT alone (n = 88). A total of 182 patients were initially enrolled; however, three patients (two
who withdrew after randomisation and one who did not attend after the initial randomisation visit) did not
contribute any follow-up data and were excluded. None of these three patients had outcome events.

Main outcomes and measures: The primary end point was the occurrence of fatal or non-fatal stroke in
any arterial territory during follow-up.

Results: The median follow-up was 3.5 (interquartile range 2.1–4.7) years. Of the 61 patients who were
stented, 48 (78.7%) had extracranial stenosis and 13 (21.3%) had intracranial stenosis. No perioperative
complications occurred with extracranial stenting; two strokes occurred during intracranial stenting.
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The primary end point occurred in five patients (including one fatal stroke) in the stent group and in
12 patients (including two fatal strokes) in the medical group (giving a hazard ratio of 0.40, 95% confidence
interval 0.14 to 1.13; p = 0.08), with an absolute risk reduction of 25 strokes per 1000 person-years.

Limitations: The study was underpowered because it failed to reach target recruitment. The high rate of
non-confirmation of stenosis in the stented group of the trial was a second limitation.

Conclusions: The trial found no difference in risk of the primary end point between the two groups.

Future: Post hoc analysis suggested that stenting could be associated with a reduced recurrent stroke
risk in symptomatic VA and further studies are now required to confirm these findings, particularly in
extracranial VA stenosis where complication rates with stenting were confirmed to be very low.

Trial registration: Current Controlled Trials ISRCTN95212240.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 23, No. 41.
See the NIHR Journals Library website for further project information. In addition, funding for the pilot
phase was provided by the Stroke Association.
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Plain English summary

About one-quarter of all strokes occur in the back of the brain, which is supplied by the vertebral and
basilar arteries. An important cause of stroke is a narrowing, or stenosis, of these arteries. It is known

that patients who have a minor stroke due to narrowing of a vertebral artery (VA) have a high risk of a
further stroke: as much as 30% in the next year. Stenosis of the VA can be treated with stenting, in which
a wire mesh is put into the narrowed artery and opens it up. Many operations to insert a vertebral stent
have been carried out worldwide with good technical results; however, it is not known whether it is better
to treat vertebral stenosis with stenting or only tablets. The Vertebral artery Ischaemia Stenting Trial was a
randomised controlled trial comparing vertebral stenting and best medical treatment (BMT) with BMT
alone in patients who had suffered a minor stroke due to vertebral stenosis. Ninety-one patients had
stenting and 88 had BMT alone. Patients were followed for an average of 3.5 years. It was planned to
enrol 540 patients to the trial, but recruitment was slower than expected and funding for the study was
halted; therefore, recruitment was stopped at 181 patients. There was no difference in the rate of
recurrent stroke between patients who had stenting and those who had BMT alone. There was some
evidence that stenting might be associated with a reduced risk of recurrent stroke, but the difference was
not significant. The trial was limited by the failure to recruit the anticipated sample size. The results tell us
that stenting is a possible treatment for vertebral stenosis; however, further trials are required to determine
whether or not it is more effective at preventing recurrent stroke than BMT alone.
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Scientific summary

Background

Stroke in the posterior circulation accounts for 20% of all ischaemic stroke. About 25% of strokes in the
posterior circulation are due to stenosis in the vertebral and/or the basilar arteries. Despite the importance
of posterior circulation stroke, information about optimal management is lacking in comparison with that
available about anterior circulation stroke.

Prospective observational studies have shown that recently symptomatic vertebrobasilar stenosis is associated
with a 90-day risk of recurrent stroke of about 25%, with the risk being higher for intracranial than for
extracranial stenosis. The risk appears similar to that seen in carotid artery stenosis, for which surgical
intervention has been proven to reduce recurrent stroke risk. Surgical access to the vertebral arteries is more
difficult; however, vertebral stenosis can be relatively easily treated with angioplasty and stenting. Case
series have reported low periprocedural complication rates for extracranial vertebral stenosis of ≤ 1%.
Higher rates have been reported for intracranial vertebral stenosis, although, as this site is associated with a
higher recurrent stroke risk if treated medically, it may still benefit from stenting.

Despite the importance of vertebral stenosis and the possibility of treating it with stenting, there is little
information from randomised controlled trials (RCTs) determining whether or not vertebral stenting
prevents recurrent stroke.

Objectives

The Vertebral artery Ischaemia Stenting Trial (VIST) was established to compare the risks and benefits of
vertebral angioplasty and stenting plus best medical treatment (BMT) for recently symptomatic vertebral
stenosis with those of BMT alone.

Methods

VIST was a prospective, randomised, open, parallel, blinded end-point clinical trial performed at 14 hospitals
in the UK. It was planned to extend the study to other countries; however, owing to cessation of funding by
the funder because of slower than anticipated recruitment, only 182 of the planned 540 patients, all from
the UK, were recruited. VIST was initially established as a pilot (with a sample size of 100), and was funded
by the Stroke Association. The plan was to extend the pilot to a definitive Phase III trial if recruitment was
feasible. After further funding from the National Institute for Health Research Health Technology Assessment
programme, the pilot phase was extended to a Phase III trial.

Patients were identified from stroke and neurology services in secondary and tertiary care, with the
following inclusion and exclusion criteria applied.

Inclusion criteria

l Women or men aged > 20 years.
l Symptomatic vertebral stenosis resulting from presumed atheromatous disease.
l Severity of stenosis at least 50% as determined by magnetic resonance angiography (MRA), computed

tomography angiography (CTA) or intra-arterial angiography.
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l Symptoms of transient ischaemic attack (TIA) or stroke within the previous 3 months (during the pilot
phase patients had to have had symptoms within the previous 6 months, but this was changed to
3 months when the pilot phase was extended to the full trial).

l Patients able to provide written informed consent, willing to be randomised to either treatment and
willing to participate in follow-up.

Exclusion criteria

l Patients unwilling or unable to give informed consent.
l Patients unwilling to accept randomisation to either treatment group.
l Vertebral stenosis caused by acute dissection (as this has a different natural history and usually

spontaneously improves).
l Patients in whom vertebral stenting was felt to be technically not feasible (e.g. access problems).
l Previous stenting in the randomised artery.
l Women who were pregnant or lactating.

Imaging inclusion criteria
Prior to randomisation, the likely presence of a vertebral artery (VA) stenosis had to be demonstrated on
imaging and confirmed by at least two experienced neuroradiologists. The following imaging modalities
were acceptable: MRA (preferably contrast enhanced); contrast-enhanced CTA; and intra-arterial digital
subtraction angiography (DSA).

Randomisation and masking
Patients were randomly assigned (1 : 1) to vertebral angioplasty/stenting plus BMT or BMT alone by an
online randomisation service. To account for the differing recurrent stroke risk associated with site of VA
stenosis, randomisation was stratified by the site of VA stenosis (V1 vs. V2/V3 vs. V4). Both patients and
clinicians were aware of treatment allocation; however, an independent adjudication committee, masked
to treatment allocation, assessed all primary and secondary end points.

All patients were expected to receive BMT (including antiplatelet therapy or anticoagulation, when appropriate)
and control of medical risk factors (including hypertension, smoking and hyperlipidaemia). Use of antiplatelet
agents was recorded. The specific drugs to be used were not mandated.

Follow-up
Entry and follow-up data were collected via an online electronic case report form. Participants were seen
at the time of the procedure (if allocated to stenting) and at 1 month and 1 year post randomisation by the
local neurologist/stroke physician. In addition, telephone follow-up was undertaken at 6 months and 2 years,
and after that on a yearly basis, at the co-ordinating centre by a designated stroke physician or neurologist
using a standard pro forma. If patients had possible outcome events during follow-up, an end-point form was
completed, and results of imaging reports and the data were reviewed by the adjudication committee of three,
who were blinded to treatment allocation (all members reviewed all end points). If there was disagreement
between the adjudicators, a majority decision was taken. Repeat imaging with either MRA or CTA at 1 year to
check for vessel patency was encouraged but not mandated.

Outcomes
The primary end point was fatal or non-fatal stroke in any arterial territory (including periprocedural stroke)
during trial follow-up.

The secondary end points were:

l fatal or disabling stroke in any arterial territory (including periprocedural stroke) at 3 months
post randomisation

l posterior circulation stroke (including periprocedural stroke) during follow-up

SCIENTIFIC SUMMARY
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l periprocedural stroke or death (within 30 days of the procedure)
l posterior circulation stroke or TIA during follow-up
l any stroke during follow-up
l any disabling stroke (defined by a modified Rankin Scale score of ≥ 3) during follow-up
l death from any cause during follow-up
l restenosis in a treated artery during follow-up.

Sample size
With a risk reduction with stenting of 45% [a hazard ratio (HR) of 0.55] and an event rate of 24% in
medically treated patients over 3 years, the number of patients needed was estimated to be 245 per group
(490 in total), assuming a significance level of 5% and power of 80%. Sample size was increased by 10%
to take account of any crossovers or loss to follow-up for reasons other than stroke to give the study a
sample size of 540.

Results

Recruitment and baseline characteristics
Owing to slow recruitment, support for continued recruitment was withdrawn by the funder after 182
patients had been recruited; at that point, analysis was planned after every patient had been followed up
for at least 1 year. Each patient accrued follow-up time from the date of randomisation until time of first
event of each type, death or 1 March 2016. Three patients (two who withdrew after randomisation and
one who did not attend after the initial randomisation visit) did not contribute any follow-up data and
were excluded. Of these, two patients had been randomised to BMT and one patient to stenting. None of
these three patients had outcome events. Of the 179 patients remaining, 88 were assigned to BMT alone
(‘medical’ group) and 91 to stenting or angioplasty plus BMT (‘stent’ group). Follow-up data until March
2016 were available for all 179 patients.

Baseline characteristics were well matched between the groups for age, sex, cardiovascular risk factors and
location of the VA stenosis. The location of the VA stenosis was extracranial in 83% and intracranial in 17%.
However, time from last symptoms to randomisation was shorter in the stenting group by a mean of 12.8
days. The percentage of patients randomised within 14 days of last symptoms was 47% in the stented group
and 30% in the medical group. To account for this imbalance, post hoc analysis was undertaken controlling
for time from symptoms and also in subjects randomised within 2 weeks of symptoms.

Details of intervention
Ninety-one patients were randomised to receive stenting, but stenting was not carried out in 30 (33.0%).
The most common reason, applying to 23 (76.7%) participants, was the finding of stenosis of < 50% on
intra-arterial angiography carried out at the time of the planned stenting. Of the 61 patients in the stent
group, the stenosis was extracranial in 48 (78.7%) and intracranial in 13 (21.3%). Mean stenosis in the
treated VA of stented patients was 78.7% [standard deviation (SD) 1.6%] pre stent and 9.6% (SD 1.8%)
post stent.

Follow-up and characteristics of the two groups during follow-up
The median follow-up was 3.5 (interquartile range 2.1–4.7) years. Medical treatment and risk factors were
recorded at each follow-up visit and were similar between the groups, except for slightly higher dual
antiplatelet use in the stent group in the first year and particularly at month 1 (57% vs. 33%).

Perioperative (30 days) outcome events
There were two major complications during the stenting procedure, both of which were in patients with
intracranial stenosis. One died from subarachnoid haemorrhage during stenting due to vessel rupture.
The second suffered a non-fatal periprocedural brainstem stroke. In patients with extracranial stenosis,
one stented patient had a non-fatal stroke within 30 days of the intervention.
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Primary outcome
The primary end point was fatal or non-fatal stroke, which occurred in five patients (including one fatal
stroke) in the stent group and in 12 patients (including two fatal strokes) in the medical group, with a HR
of 0.40 [95% confidence interval (CI) 0.14 to 1.13; p = 0.08].

Owing to the imbalance in time between last symptoms and randomisation between the two groups as
described above, an exploratory post hoc analysis was performed adjusting for days from last symptoms
(i.e. from last vertebrobasilar TIA or stroke) to randomisation. The HR for the primary end point was
0.34 (95% CI 0.12 to 0.98; p = 0.046). In addition, a second post hoc analysis limited to those patients
randomised within 2 weeks after the last symptom was performed. The HR of the primary end point was
0.30 (95% CI 0.09 to 0.99; p = 0.048; medical group, 8/30; stent group, 4/47).

Key secondary outcomes
The HR for patients with extracranial and intracranial VA stenosis was 0.37 (95% CI 0.10 to 1.36) and
0.47 (95% CI 0.08 to 2.60), respectively. Other secondary end points, namely fatal or non-fatal stroke
within 90 days and death from any cause, did not differ between the two groups. The per-protocol
analyses yielded similar results.

Meta-analysis of VIST results with those of other published randomised controlled trials
A systematic review identified four other trials: the Carotid And Vertebral Artery Transluminal Angioplasty
Study (CAVATAS), Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in
Intracranial Stenosis (SAMMPRIS), the Vertebral Artery Stenting Trial (VAST) and the Vitesse Intracranial
Stent Study for Ischemic Stroke Therapy (VISSIT). CAVATAS randomised 16 patients with vertebral stenosis:
eight to angioplasty and eight to medical therapy alone. There were no outcome events during follow-up
and, therefore, this trial did not contribute data to the meta-analysis. The SAMMPRIS trial randomised
patients with stenosis in a variety of intracranial vessels, and only data for vertebral stenosis were included
in the meta-analysis. VAST recruited only patients with vertebral stenosis and therefore all its data were
included in the meta-analysis. VISSIT, like the SAMMPRIS trial, randomised patients with stenosis in a
variety of intracranial arteries. We were unable to separate data for vertebral stenosis, and the corresponding
author did not respond to a request for additional data; therefore, VISSIT data could not be included in the
meta-analysis.

The results of the meta-analysis showed that stenting had no benefit considering any type of vertebral
stenosis [relative risk (RR) 0.89, 95% CI 0.36 to 2.21]. There was no evidence of any benefit when analysis
was limited to intracranial stenosis (RR 1.14, 95% CI 0.44 to 2.91). Similarly, when analysis was limited to
extracranial stenosis, there was still no significant benefit, although there was a possible trend towards
benefit (RR 0.66, 95% CI 0.25 to 1.72).

Conclusions

VIST is the largest RCT comparing stenting with medical treatment alone in patients with symptomatic VA
stenosis. Stenting, particularly for extracranial stenosis, appeared safe. There was no significant difference
in risk of stroke between the two treatment groups. Over a median follow-up of 3.5 years, the stent group
showed a non-statistically significant 60% lower risk of the primary end point of fatal and non-fatal stroke
than the medical group. Despite randomisation, there was a shorter time between last symptoms and
randomisation in the stent group. As the risk of recurrent stroke is strongly related to time since last
symptoms, Cox regression controlling for time from last symptoms to randomisation was performed and
found a significant benefit for stenting. However, this post hoc analysis should be treated with caution.

The majority of patients in VIST had extracranial stenosis. In this group, stenting was performed with low
perioperative risk; there were no perioperative strokes.

SCIENTIFIC SUMMARY

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xx



Because the vast majority of patients in VIST had extracranial stenosis, drawing firm conclusions on the
benefit of stenting for those with intracranial stenosis is difficult, although the risk of perioperative stroke in
VIST appeared to be higher for those with intracranial stenosis. The results are in line with those from the
SAMMPRIS trial, which exclusively recruited people with intracranial stenosis and found a higher risk in
stented than in medically treated patients.

VIST has a number of strengths: the randomised design; all patients being followed up, with none lost to
follow-up; and the fact that it is the largest study of stenting for VA stenosis.

However, VIST also has a number of limitations. A major limitation is that recruitment was stopped because
of funding issues before the planned sample size was recruited. An additional limitation is the high number
of patients in the stent group who were found not to have stenosis (> 50% on DSA at the time of stenting).
This emphasises the need for very careful quality control of both the technical quality and the interpretation
of non-invasive imaging in any future VA stenting study.

Implications for health care
VIST has demonstrated that stenting of extracranial symptomatic vertebral stenosis can be performed in
a multicentre study with a low periprocedural risk and appears safe when compared with BMT alone.
There was a non-significant reduction in recurrent stroke risk in the stent group compared with the
medical group. Owing to early termination of recruitment, the projected sample size was not reached,
and further larger trials are now required to confirm this finding.

Although there were limited patients randomised to intracranial stenosis, this procedure was associated with
a higher perioperative risk, which was consistent with data from other trials. This suggests that, at least based
on current data, medical treatment is the preferred first-line treatment for intracranial vertebral stenosis.

VIST results suggest that further trials of stenting for extracranial vertebral stenosis are warranted.
Recommendations for future research are:

l Further trials are required to assess whether or not stenting prevents recurrent stroke risk compared
with BMT alone in symptomatic vertebral stenosis.

l Any benefit is likely to be greater for extracranial than intracranial stenosis and future studies should
focus on stenosis at the former location.

l Careful attention needs to be given, in future trials, to ensuring that non-invasive imaging is accurate
prior to randomisation; alternatively, patients could be randomised after the results of intra-arterial
angiography.

Trial registration

This trial is registered as ISRCTN95212240.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research. In addition, funding was provided by the Stroke Association.
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Chapter 1 Introduction

Scientific background and rationale

Stroke in the posterior circulation accounts for 20% of all ischaemic stroke,1 and about 25% of cases of
posterior circulation stroke are due to stenosis in the vertebral and/or the basilar arteries.1 Despite the high
proportion of posterior circulation stroke caused by vertebral and basilar stenosis, information about
optimal management is lacking in comparison with that available for anterior circulation stroke. A similar
proportion of anterior circulation stroke is caused by stenosis of the carotid arteries, associated with carotid
artery stenosis. Large international trials in patients with symptomatic carotid stenosis [presenting with
both transient ischaemic attack (TIA) and non-disabling stroke] have shown that carotid endarterectomy is
associated with a reduced risk of recurrent stroke.2 Carotid stenting has also been shown to be effective,
although it is associated with a slightly higher risk of perioperative stroke than carotid endarterectomy.3

It has been shown that patients with recently symptomatic vertebrobasilar stenosis have a similarly high
risk of recurrent stroke to that in patients with symptomatic carotid stenosis, with the highest risk being in
the first month. In a pooled analysis of two prospective studies, 90-day risk of stroke was 24.6%, with the
risk higher with intracranial (33%) than with extracranial stenosis (16.2%).4

Surgical access to the vertebral arteries is more difficult than that to the carotid artery, and, although
vertebral stenosis can be treated surgically, such procedures have not been widely adopted worldwide.1

By contrast, vertebral artery (VA) stenosis can more easily be treated with angioplasty and/or stenting.
In early studies, proximal lesions were treated primarily with angioplasty; however, this was associated
with a high restenosis rate, leading to the use of stenting for such lesions.2 Several series have reported
very low periprocedural complication rates for extracranial vertebral stenosis. Two systematic reviews
were published in 2011 and 2012 with similar results.5,6 Stayman et al.5 identified 27 articles of series of
cases of extracranial stenting meeting their inclusion criterion, with a total of 980 of 993 patients treated
with stents. The majority of patients (56%) were noted to have contralateral VA stenosis or occlusion, and
92% were symptomatic at the time of treatment. A total of 11 patients (1.1%) experienced a stroke and
eight (0.8%) experienced a TIA within 30 days of the procedure. Drug-eluting stents were associated with
lower restenosis rates (11%) than bare metal stents (30%) at a mean of 24 months’ follow-up.

The VA comprises both an extracranial section (segments V1–V3) and an intracranial segment (V4). The
complication rate following angioplasty and stenting is higher for intracranial than for extracranial vertebral
stenosis. In a systematic review,7 perioperative stroke rates were 1.3% in 313 extracranial stents, 7.1% in
intracranial vertebral angioplasties and 10.6% in intracranial vertebral stents. That review7 included data
from the prospective multicentre Stenting of Symptomatic Atherosclerotic Lesions in the Vertebral or
Intracranial Arteries study,8 which included 61 vertebral and intracranial lesions. However, many of the
studies included in previous reviews are now old and technology has significantly improved. Furthermore, as
intracranial stenosis has a higher recurrent stroke rate if treated medically,4 it may still benefit from stenting.

In contrast to the considerable data from case series, there are far fewer data from randomised trials.
The Carotid And Vertebral Artery Transluminal Angioplasty Study (CAVATAS)9 included both carotid and
vertebral stenosis. However, only 16 patients were randomised between vertebral angioplasty or stenting
and best medical treatment (BMT), and this used angioplasty as the trial was performed before the routine
use of stents for treating arterial stenosis. The Stenting and Aggressive Medical Management for Preventing
Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) trial10 reported that outcomes among patients with
stenosis in a variety of intracranial cerebral arteries were worse in the stent group than in the BMT group.
Basilar artery stenting was associated with a particularly high complication rate, but few patients with VA
stenosis were enrolled. However, a recent analysis suggested that outcomes after stenting are as poor in
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patients with VA stenosis as in patients with stenoses in other intracranial arteries.11 Furthermore, the
SAMMPRIS trial used the Wingspan stent system (Boston Scientific, Fremont, CA, USA), which has been
associated with a higher complication rate. The Vertebral Artery Stenting Trial (VAST) included both patients
with intracranial and those with extracranial VA stenosis and randomised them between stenting and BMT.
It found no significant difference between the two groups. Although VAST was designed as a Phase II trial, it
was terminated early owing to regulatory issues and because it was underpowered to detect a difference.12

Specific objectives

The Vertebral artery Ischaemia Stenting Trial (VIST) was established to compare the risks and benefits of
vertebral angioplasty and stenting plus BMT with those of BMT alone for recently symptomatic VA stenosis.

INTRODUCTION
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Chapter 2 Methods

Trial design

VIST was a prospective, randomised, open, parallel, blinded end-point clinical trial performed at 14 hospitals,
with both specialised stroke and interventional radiology services, in the UK. VIST sites and recruitment rates
are shown in Appendix 1. It was planned to extend the study to other countries; however, after funding was
ceased because of slower than anticipated recruitment, only 182 of the planned 540 patients, all from the
UK, were recruited. VIST was initially established as a pilot (with a sample size of 100 participants), and was
funded by the Stroke Association. The plan was to extend the pilot to a definitive Phase III trial if recruitment
was feasible. After further funding from the National Institute for Health Research Health Technology
Assessment programme, the pilot phase was extended to a Phase III trial.

Eligibility

Patients were identified from stroke and neurology services in secondary and tertiary care, with the
following inclusion and exclusion criteria applied.

Inclusion criteria

l Women or men aged > 20 years.
l Symptomatic vertebral stenosis resulting from presumed atheromatous disease.
l Symptoms within the last 3 months.
l Severity of stenosis at least 50% as determined by magnetic resonance angiography (MRA), computed

tomography angiography (CTA) or intra-arterial angiography.
l Symptoms of TIA or stroke within the previous 6 months.
l Patients able to provide written informed consent, willing to be randomised to either treatment,

and willing to participate in follow-up.

Exclusion criteria

l Patients unwilling or unable to give informed consent.
l Patients unwilling to accept randomisation to either treatment group.
l Vertebral stenosis caused by acute dissection (as this has a different natural history and usually

spontaneously improves).
l Patients in whom vertebral stenting is felt to be technically not feasible (e.g. access problems).
l Previous stenting in the randomised artery.
l Women who are pregnant or lactating.

Key protocol changes
During the pilot phase (recruitment of the first 100 patients), patients had to have had symptoms within
the previous 6 months. However, this was changed to 3 months when the pilot phase was extended to
the full trial, in view of data showing that stroke risk was highest in the first 3 months.

The primary end point was changed on 6 February 2013 from fatal or disabling stroke in any arterial
territory (including periprocedural stroke), defined by a modified Rankin Scale score of ≥ 3, at 3 months
post stroke, to any fatal or non-fatal stroke in any arterial territory (including periprocedural stroke) during
trial follow-up.
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Imaging inclusion criteria
Prior to randomisation, the likely presence of a VA stenosis had to be demonstrated on imaging and confirmed
by at least two experienced neuroradiologists. The following imaging modalities were acceptable: MRA
(preferably contrast enhanced); contrast-enhanced CTA; and intra-arterial digital subtraction angiography
(DSA). It was recommended that, if there was any doubt about the result of a non-invasive screening test, an
additional imaging modality should be used. Only if the two methods provided concordant and appropriate
results was the patient to be considered for randomisation. The extent of VA stenosis was calculated by a
method based on the North American Symptomatic Carotid Endarterectomy Trial (NASCET),13 in which the
residual luminal diameter (R) was divided by the vessel diameter (D) at a point distal to the stenosis where
normal vessel calibre had been restored, applying the formula:

½(1 – R)/D� × 100 = degree of stenosis. (1)

If normal distal vessel was not available (e.g. for distal stenosis), the proximal normal artery diameter was
used as the denominator, a method based on Warfarin–Aspirin Symptomatic Intracranial Disease (WASID)
measurement of intracranial stenosis.14

Settings and locations where the data were collected

The study was carried out at stroke centres in the UK. These centres had both a specialised stroke service
and facilities for interventional radiology. It was planned to extend the study to centres outside the UK;
however, only one overseas centre (Prince of Wales Hospital, Hong Kong) had opened to recruitment by
the time recruitment was stopped and this had not recruited any patients by that time. To be allowed
to participate, a centre had to have both a consultant neurologist or physician with an interest in stroke
and a designated consultant interventional radiologist with experience in cerebral angioplasty/stenting.
Interventionists were expected to have performed a minimum of 50 stenting procedures, of which at
least 10 were on cerebral vessels. Centres with less than this level of experience joined for a probationary
period, during which time procedures were proctored by an experienced interventionist until 10 procedures
had been satisfactorily performed.

The study was approved by the Multicentre Ethics Committee in England (reference number 08/H0711/2)
and all patients gave written informed consent.

Randomisation and masking

Patients were randomly assigned (1 : 1) to vertebral angioplasty/stenting plus BMT or BMT alone via an
online randomisation service provided by the King’s College London Clinical Trials Unit. Authorised
researchers at recruiting study sites who were delegated to request randomisation were provided with
unique login details by the Clinical Trials Unit to access the system. Once the participant was confirmed as
consenting and eligible to proceed into the study, the authorised researchers accessed the system and
entered the relevant data, which included participant identifiers and stratifiers. The system then allocated
the participant to treatment group using the method of block randomisation with randomly varying
block sizes of two and four, stratified by site of VA stenosis (origin V1 vs. other extracranial V2 and V3 vs.
intracranial V4). To account for the differing recurrent stroke risk associated with site of VA stenosis,
randomisation was stratified by the site of VA stenosis (V1 vs. V2/V3 vs. V4). E-mails confirming the
randomisation were automatically generated by the system and sent to relevant authorised researchers
in the study site and central co-ordinating team; the e-mail revealed or concealed the treatment allocation
depending on the recipient’s role in the study. Both patients and clinicians were aware of treatment
allocation, but an independent adjudication committee, masked to treatment allocation, assessed all
primary and secondary end points.

METHODS
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Interventions

Stenting procedure
It was recommended that stenting, rather than angioplasty, be the preferred procedure for proximal
vertebral stenosis; however, for distal stenosis the choice of angioplasty alone or stenting was at the
discretion of the interventional radiologist. Stent choice was also at the discretion of the interventional
radiologist, but the stents used were Conformité Européenne (CE) marked for use for treatment of arterial
stenosis. The recommended antiplatelet therapy during the procedure was clopidogrel and aspirin, with a
loading dose of clopidogrel (300–600mg) administered at least 12 hours before the procedure if the patient
was not already taking clopidogrel. It was recommended that clopidogrel and aspirin be continued for at
least 1 month post procedure, after which standard antiplatelet therapy for stroke prevention was used.

Medication during trial
All patients were expected to receive BMT (including antiplatelet therapy or anticoagulation, when appropriate)
and control of medical risk factors (including hypertension, smoking and hyperlipidaemia). Use of antiplatelet
agents was recorded. The specific drugs to be used were not mandated.

Follow-up

Both entry and follow-up data were collected via an online electronic case report form hosted by King’s
College London. Participants were seen at the time of the procedure (if allocated to stenting) and at
1 month and 1 year post randomisation by the local neurologist/stroke physician. In addition, telephone
follow-up was performed at 6 months and 2 years, and after that on a yearly basis, at the co-ordinating
centre by a designated stroke physician or neurologist using a standard pro forma. If patients experienced
possible outcome events during follow-up, an end-point form was completed, the results of imaging were
obtained and the data were reviewed by the adjudication committee. Members of the adjudication committee
reviewed cases independently and were blinded to subject identity. Repeat imaging with either MRA or CTA
at 1 year to check for vessel patency was encouraged but not mandated.

Angiographic imaging at baseline and at 12 months was assessed by central reading of the images by an
experienced interventional neuroradiologist (AC). Restenosis was defined as any residual or recurrent
stenosis of at least 50% or occlusion of the VA on CTA or MRA during follow-up.

Outcomes

The primary end point was fatal or non-fatal stroke in any arterial territory (including periprocedural stroke)
during trial follow-up.

The secondary end points were:

l fatal or non-fatal stroke in any arterial territory (including periprocedural stroke) within 3 months
post randomisation

l posterior circulation stroke (including periprocedural stroke) during follow-up
l periprocedural stroke or death (within 30 days of the procedure)
l posterior circulation stroke or TIA during follow-up
l death from any cause during follow-up
l restenosis in treated artery during follow-up.
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An additional exploratory end point of fatal or non-fatal stroke and TIA was added. There were two
reasons for this. First, as the trial was to be terminated early, we wanted an end point that would include
the maximum number of ischaemic events. Second, it proved difficult to determine unequivocally whether
or not some strokes were posterior circulation.

Stroke was defined as a rapid-onset focal disturbance of cerebral function, lasting > 24 hours or leading to
death, with no apparent cause other than that of vascular origin. The diagnosis did not mandate imaging
confirmation of a cerebral infarct.

It was intended that data would be collected and analysed on cost-effectiveness, and the following
additional secondary end points were included in the statistical analysis plan:

l NHS and Personal Social Services costs
l quality-adjusted life-years
l within-trial and long-run incremental cost-effectiveness.

However, owing to the early termination of recruitment and the withdrawal of funding for this analysis,
data were not available for these secondary analyses.

Adverse events were collected on a dedicated form and reviewed by the co-ordinating centre prior to
unbinding of the treatment group.

Patient and public involvement in study design

The trial design was reviewed by the St George’s Patient and Carer Stroke Group. The group felt that it was
an important topic to investigate further. The group helped to ensure that the design was feasible. In
particular, there was significant input from one member (Mr John Dennis), who had experience of vertebral
stenting and played a key role throughout the trial. He commented on study design and patient materials,
assisted with preparation of the grant application, on which he was a co-applicant, and was a member of
the Trial Steering Committee.

Sample size

For sample size estimates the following figures were used: a stroke risk in the medically treated group of
24% over a 3-year period; and a risk reduction in the stented group of 45% (including periprocedural rate).

Estimate of medical risk
To determine short-term risk (up to 90 days), we used data from the pooled individual patient meta-analysis
of the Oxford Vascular Study (OXVASC) and St George’s data sets, which provide prospective data from
unselected groups of patients presenting with posterior circulation stroke in whom routine imaging of the
vertebral arteries was performed with CTA and/or contrast-enhanced MRA in all cases.4 From these data, a
90-day recurrent stroke risk of 24.6% was determined. However, many recurrences will be very early, before
intervention could take place, and we estimated that half of this recurrent risk (i.e. 12%) will have occurred
before randomisation. These data were used in the calculations and conservatively estimated a total risk over
the first year of 12%. For longer-term risk over a mean 3-year follow-up, there were limited data from
patients with imaging-proven vertebral stenosis. Therefore, data for carotid stenosis (for which there are
many more data) were used because there are now increasing data that carotid and vertebral stenosis have a
similar recurrent stroke risk profile. Therefore, it was estimated that the stroke risk in the medically treated
group would be of the order of 12% in year 1, 7% in year 2 and 5% in year 3 (i.e. 24% over a 3-year
period).

METHODS
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Effect of treatment
Owing to limited previous data on efficacy of stenting for vertebral stenosis, we based a possible treatment
benefit effect on trials of intervention for symptomatic carotid stenosis. There are considerable data on this
from the European Carotid Surgery Trial (ECST) and the NASCET,13 which compared carotid endarterectomy
with BMT. In subsequent trials it was shown that carotid stenting is broadly similar in efficacy to, although
probably marginally worse than, carotid endarterectomy.3 In the pooled analysis of NASCET and ECST,
the relative risk reduction for any stroke or operative death for 70–99% stenosis at 5 years was 0.52
(48% reduction).2 Based on this, 45% was used as an estimate of the risk reduction in the stented group
(including periprocedural rate).

Sample size calculations were performed by the National Institute for Health Research Stroke Research
Network Statistical Support Unit (Professor Ian Ford), using a chi-squared test comparing two proportions
with nQuery Advisor software version 6.02 (Statistical Solutions, Saugus, MA, USA). Table 1 shows how
these varied by effect size and event rate. With a risk reduction with stenting of 45% [a hazard ratio (HR)
of 0.55] and an event rate of 24% in medically treated patients over 3 years, the number of patients
needed was estimated to be 245 per group (490 in total), assuming a significance level of 5% and power
of 80%. Sample size was increased by 10% to take account of any crossovers or loss to follow-up for
reasons other than stroke, giving us a sample size of 540.

However, owing to slow recruitment, support for continued recruitment by the funder was withdrawn
after 182 patients were recruited, and, at that point, analysis was planned after every patient had been
followed up for at least 1 year.

Statistical methods

The main analyses performed were on an intention-to-treat basis. Per-protocol analyses including patients
who received the assigned treatment and had at least 50% VA stenosis confirmed by angiography were
also conducted. HRs with 95% confidence intervals (CIs) were estimated using Cox proportional hazards
regression models. Each patient accrued follow-up time from the date of randomisation until the time of first
event of each type, death or 1 March 2016 (the time by which follow-up of at least 1 year was available for all
patients). The proportional hazards assumption was tested using scaled Schoenfeld residuals and was found
to be satisfactory. Kaplan–Meier survival analysis was used to construct time-to-event curves and the log-rank
test was used to compare the cumulative events between groups.

All statistical tests were two-sided and a p-value of < 0.05 was considered statistically significant. The
statistical analyses were performed using Stata® version 14.1 (StataCorp LP, College Station, TX, USA).

TABLE 1 Sample size calculations

HR

Control group event rate

20% 24% 28%

0.65 521 433 370

0.60 387 321 274

0.55 296 245 210

0.50 232 192 164

0.45 185 154 131

0.40 150 125 107

Numbers of participants required per group to achieve 80% power (5% significance level) to detect the specified HR
(treatment effect) assuming the specified event rate in the control group.
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Meta-analysis of results with those of other randomised controlled trials

The results of VIST were meta-analysed with those of previous randomised controlled trials (RCTs) of
stenting for vertebral stenosis. Randomised trials investigating the effect of stenting and/or angioplasty
on recurrent stroke or TIA in symptomatic VA stenosis patients were identified by searching PubMed
(including MEDLINE) until 9 June 2017. Abstracts were reviewed by one author (SL). The search terms used
were ‘stenting’ or ‘angioplasty’ or ‘stent’; ‘VA stenosis’ or ‘extracranial stenosis’ or ‘intracranial stenosis’;
‘stroke’ or ‘transient ischemic attack’; and ‘randomized trial’ or ‘randomized controlled trial’ or ‘clinical trial’. No
language or other restrictions were imposed. The primary end point was any stroke. Analyses were performed
separately for extra- and intracranial stenosis. Data were extracted by one author (SL) and included the name
of the trial, number of outcome events, total number of patients in the stenting/angioplasty and medical
groups, and the relative risk estimate (HR or odds ratio), comparing stenting/angioplasty with BMT. Relative
risk estimates were combined using a random-effects model, and heterogeneity among estimates was
evaluated using the Q-test and I2-statistic.

METHODS
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Chapter 3 Results

Recruitment

Owing to slow recruitment, support for continued recruitment by the funder was withdrawn after 182 patients
were recruited, and, at that point, analysis was planned after every patient had been followed up for at
least 1 year. Each patient accrued follow-up time from the date of randomisation until the time of first
event of each type, death or 1 March 2016.

The trial profile is shown in Figure 1. Between 23 October 2008 and 4 February 2015, 182 patients
were enrolled. Three patients (two who withdrew after randomisation and one who did not attend after
the initial randomisation visit) did not contribute any follow-up data and were excluded. None of these

Patients randomised
(n = 182)

Assigned to BMT alone
(n = 90)

Stenting/angioplasty procedures
(n = 61)

Assigned to stenting/angioplasty
plus BMT
(n = 92)

Withdrew before first visit and 
contributed no follow-up data

 (n = 2)

Followed up until 30 days
(n = 88)

Died during follow-up
(n = 9)

Followed up until 30 days
(n = 91)

Followed up until study end
(n = 91)

Followed up until study end
(n = 88)

Died within 30 days
(n = 1)

Died during follow-up
(n = 7)

• Vertebral artery stenosis < 50%
   during procedure, n = 23
• Refused allocated treatment, n = 3
• Did not want to stop warfarin
   therapy, n = 1
• Stenting was not technically 
   feasible, n = 2
• Deteriorated clinically and was not
   suitable for stenting, n = 1

Withdrew before first visit and
contributed no follow-up data

(n = 1)

FIGURE 1 Patient flow in the two groups of the study.
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three patients had outcome events. Of the 179 remaining patients, 88 were assigned to BMT alone
(‘medical’ group) and 91 were assigned to stenting or angioplasty plus BMT (‘stent’ group). Follow-up data
until March 2016 were available for all 179 patients.

Baseline characteristics

At baseline patients were well matched for age, sex and cardiovascular risk factors (Table 2). Similar
proportions in both groups had stroke and TIA as the qualifying event, and the location of the vertebral
stenosis was similar in both groups. The location of the VA target stenosis was extracranial in 83% and
intracranial in 17%; most extracranial stenosis affected the V1 segment.

TABLE 2 Baseline characteristics of study participants

Characteristic

Group

Medical (N= 88) Stent (N= 91)

Age (years), mean (SD) [range] 66.6 (10.2) [45–86] 68.3 (9.2) [44–89]

Male, n (%) 75 (85) 73 (80)

Treated hypertension, n (%) 60 (68) 66 (73)

Systolic blood pressure (mmHg), mean (SD) 139.3 (2.3) 138.4 (2.0)

Diastolic blood pressure (mmHg), mean (SD) 79.5 (1.3) 77.0 (1.3)

Treated hyperlipidaemia, n (%) 77 (88) 77 (85)a

Total cholesterol (mmol/l), mean (SD) 4.5 (0.14) 4.4 (0.13)

Treated diabetes mellitus, n (%) 19 (22) 20 (22)

Current smoker, n (%) 25 (29) 18 (20)

Ischaemic heart disease, n (%) 9 (10) 19 (21)

Peripheral artery disease, n (%) 4 (4.6) 9 (9.9)

Atrial fibrillation, n (%) 8 (9.1) 10 (11)

Qualifying event

Ischaemic stroke 58 (66) 63 (69)

TIA 30 (34) 28 (31)

Days between last vertebrobasilar event and randomisation, median 24.5 14.0

≤ 14 days since last vertebrobasilar event 30 (34) 47 (52)

Days from randomisation to stenting, mean (SD) – 16.1 (1.9)

Location of VA target stenosis

Extracranial (V1–V3), n (%) 74 (84) 74 (81)

V1, n 70 71

V2 or V3, n 4 3

Intracranial (V4), n (%) 14 (16) 17 (19)

Modified Rankin Scale score,b median (IQR) 1 (1–2) 2 (1–2)

IQR, interquartile range; SD, standard deviation.
a Missing data for one patient.
b The disability rating can be caused by medical condition(s) other than stroke.
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However, the time from last symptoms to randomisation was shorter in the stenting group by a mean of
12.8 days, and this could introduce a potentially important imbalance as a result of the previously noted
association between time from symptoms and risk of recurrent stroke.4 This implies that patients in the
medical group were exposed to the highest stroke risk for 13 days fewer than those in the stent group.
The percentage of patients randomised within 14 days of last symptoms was 47% in the stent group and
30% in the medical group. To account for this imbalance, two exploratory analyses were performed: first,
controlling for time from symptoms; and, second, controlling for time in those subjects randomised within
2 weeks of symptoms. The 2-week cut-off point was chosen as this had been identified as the high-risk
period for symptomatic carotid stenosis during which patients with moderate (50–70% stenosis) benefit
from intervention (with carotid revascularisation), and after which there is no significant benefit.15

Details of intervention

Ninety-one patients were randomised to stenting; however, stenting was not performed in 30 of those
patients (33.0%) (see Figure 1). The most common reason, applying to 23 (76.7%) participants, was the
finding of stenosis < 50% on intra-arterial angiography carried out at the time of the planned stenting.
Of the 61 patients in the stent group, the stenosis was extracranial in 48 (78.7%) and intracranial in 13
(21.3%). Fifty-eight (63.7%) patients had a stent placed (56 balloon-expandable and two self-expanding) and
three patients had angioplasty alone (no distal protection devices were used). Mean stenosis in the treated
VA of stented patients was 78.7 [standard deviation (SD) 1.6%] pre stent and 9.6 (SD 1.8%) post stent.

Follow-up and characteristics of the two groups during follow-up

The median follow-up was 3.5 (interquartile range 2.1–4.7) years. Medical treatment and risk factors
were recorded at each follow-up visit and were similar between groups, except for slightly higher dual
antiplatelet use in the stent group in the first year, particularly at month 1 (57% vs. 33%) (Table 3).

Outcome events during stenting

There were two major complications during the stenting procedure, both in patients with intracranial
stenosis. One died from subarachnoid haemorrhage during stenting due to vessel rupture. A second had
a non-fatal periprocedural brainstem stroke. Among patients with extracranial stenosis, one stented patient
had a non-fatal stroke within 30 days of intervention.

Primary outcome

The primary end point was fatal or non-fatal stroke, which occurred in five patients (including one fatal
stroke) in the stent group and in 12 patients (including two fatal strokes) in the medical group (HR 0.40,
95% CI 0.14 to 1.13; p = 0.08) (Table 4 and Figure 2). For the primary end point there were 41 strokes per
1000 person-years in the medical group compared with 16 strokes per 1000 person-years in the stent
group. Therefore, the absolute risk benefit was 25 strokes per 1000 person-years.

Key secondary outcomes

The HR in patients with extracranial and intracranial VA stenosis was 0.37 (95% CI 0.10 to 1.36) and
0.47 (95% CI 0.08 to 2.60), respectively (see Table 4). Other secondary end points, fatal or non-fatal
stroke within 90 days and death from any cause (see Figure 2), did not differ between the groups
(see Table 4). The per-protocol analyses yielded similar results (see Table 4).
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TABLE 3 Medical treatment, blood pressure and smoking status at baseline and at each follow-up visita

Medical treatment, blood pressure
and smoking status

Time point

Baseline 1 month 6 months 1 year 2 years

Medical group
(N= 88a)

Stent group
(N= 91a)

Medical group
(N= 82a)

Stent group
(N= 88a)

Medical group
(N= 83a)

Stent group
(N= 85a)

Medical group
(N= 79a)

Stent group
(N= 84a)

Medical group
(N= 62a)

Stent group
(N= 70a)

Aspirin, n (%) 51 (58) 60 (66) 42 (51) 60 (68) 27 (33) 43 (51) 24 (30) 45 (54) 17 (27) 21 (30)

Clopidogrel, n (%) 62 (70) 63 (69) 62 (76) 75 (85) 59 (71) 69 (81) 55 (70) 62 (74) 45 (73) 49 (70)

Dual antiplatelet therapy, n (%)b 30 (34) 38 (42) 27 (33) 50 (57) 14 (17) 32 (38) 12 (15) 29 (35) 9 (15) 10 (14)

Dipyridamole, n (%) 10 (11) 9 (10) 7 (9) 4 (5) 5 (6) 6 (7) 4 (5) 5 (6) 2 (3) 4 (6)

Oral anticoagulants, n (%) 4 (4.6) 3 (3.3) 8 (10) 4 (5) 11 (13) 5 (6) 12 (15) 6 (7) 9 (15) 13 (19)

Statin therapy, n (%) 82 (93) 84 (92) 80 (98) 83 (94) 79 (95) 82 (96) 74 (94) 78 (93) 56 (90) 63 (90)

Antihypertensive medication, n (%) 65 (74) 70 (77) 66 (80) 69 (78) 64 (77) 69 (82) 60 (76) 71 (85) 49 (79) 59 (84)

SBP (mmHg), mean (SD) 139.3 (2.3) 138.4 (2.0) 138.4 (2.0)c 140.0 (2.2)d NA NA 139.1 (2.3)e 141.8 (2.6)f NA NA

DBP (mmHg), mean (SD) 79.5 (1.3) 77.0 (1.3) 77.4 (1.2)c 77.7 (1.2)d NA NA 78.3 (1.4)e 79.1 (1.3)f NA NA

Diabetes mellitus therapy, n (%) 19 (22) 20 (22) 20 (24) 21 (24)
g

NA NA 19 (24)h 19 (23)i NA NA

Current smoker, n (%) 25 (29) 18 (20) 20 (24) 11 (12)
g

NA NA 16 (20) 13 (16)i NA NA

DBP, diastolic blood pressure; NA, not available; SBP, systolic blood pressure.
a Number of patients evaluated at each time point during follow-up.
b Combination of aspirin and clopidogrel.
c Data available for 78 patients.
d Data available for 86 patients.
e Data available for 70 patients.
f Data available for 74 patients.
g Data available for 89 patients.
h Data available for 78 patients.
i Data available for 82 patients.
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TABLE 4 Hazard ratios of primary and secondary end-point events during follow-upa

End point

Analysis

Intention-to-treat Per-protocol

Group, n events/person-year

HR (95% CI)b p-value

Group, n events/person-year

HR (95% CI)b p-valueMedical (N= 88) Stent (N= 91) Medical (N= 88) Stent (N= 61)

Primary

Fatal or non-fatal stroke in any arterial territory 12/291 5/308 0.40 (0.14 to 1.13) 0.08 12/291 4/208 0.47 (0.15 to 1.46) 0.19

Extracranial VA target stenosisc 8/246 3/258 0.37 (0.10 to 1.38) 0.14 8/245 2/173 0.37 (0.08 to 1.73) 0.21

Intracranial VA target stenosisd 4/45 2/50 0.47 (0.08 to 2.60) 0.39 4/45 2/35 0.60 (0.11 to 3.33) 0.56

Secondary

Posterior circulation stroke 8/291 4/308 0.47 (0.14 to 1.58) 0.39 8/291 3/208 0.53 (0.14 to 1.99) 0.35

Posterior circulation stroke or TIA 19/255 11/291 0.53 (0.25 to 1.11) 0.09 19/255 8/192 0.59 (0.26 to 1.35) 0.22

Periprocedural stroke or death
(within 30 days of procedure)

3/7.0 3/7.2 0.98 (0.20 to 4.84) 0.98 3/7.0 3/4.7 1.47 (0.30 to 7.30) 0.64

Fatal or non-fatal stroke within 90 days 4/21 3/22 0.71 (0.16 to 3.18) 0.66 4/21 3/15 1.07 (0.24 to 4.76) 0.93

Death from any cause during follow-up 9/316 8/323 0.86 (0.33 to 2.22) 0.76 9/316 7/218 1.12 (0.41 to 3.01) 0.82

Exploratory

Fatal or non-fatal stroke or TIA 22/255 12/291 0.50 (0.25 to 1.01) 0.05 22/255 9/192 0.57 (0.26 to 1.24) 0.16

a Complete follow-up (≥ 1 year) if not otherwise indicated.
b Stent group vs. medical group.
c The number of patients with extracranial VA stenosis in the medical and stent groups was 74 and 74, respectively, in the intention-to-treat analysis and 74 and 70, respectively, in the per-protocol analysis.
d The number of patients with intracranial VA stenosis in the medical and stent groups was 14 and 17, respectively, in the intention-to-treat analysis and 14 and 13, respectively, in the per-protocol analysis.
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FIGURE 2 Kaplan–Meier curves for the cumulative probability of (a) fatal or non-fatal stroke in any arterial
territory (primary end point), (b) fatal or non-fatal stroke in any arterial territory or TIA and (c) death from any
cause during follow-up, according to treatment group (intention-to-treat population). A log-rank test was used to
test the hypothesis that stroke incidence, stroke or TIA incidence, or mortality rate between groups was the same.
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We were unable to accurately classify stroke severity at 3 months to allow division of stroke into disabling
and non-disabling according to the predefined modified Rankin Scale score. This is because a number of
strokes were picked up some months after they occurred. For this reason we have not included the
secondary end point of disabling stroke.

Exploratory (post hoc) analyses
The HR of the composite secondary end point of fatal or non-fatal stroke or TIA was 0.50 (95% CI
0.25 to 1.01; p = 0.05) (see Table 4 and Figure 2).

Owing to the imbalance in time between last symptoms and randomisation between the two groups, as
described in Figure 2, an exploratory post hoc analysis was carried out, adjusting for days from last symptoms
(i.e. from last vertebrobasilar TIA or stroke) to randomisation. The HR of the primary end point was
0.34 (95% CI 0.12 to 0.98; p = 0.046). In addition, a second post hoc analysis limited to those patients
randomised within 2 weeks after the last symptom was carried out; the HR of the primary end point was
0.30 (95% CI 0.09 to 0.99; p = 0.048; medical group, 8/30; stent group, 4/47).

Adverse events

Adverse events are listed in Table 5. There was no difference between the two treatment groups.

TABLE 5 Adverse eventsa

Adverse event type

Group, n (%)

Medical (N= 88) Stent (N= 91)

Adverse events, any 29 (33.0) 34 (37.4)

Cardiovascular events, any 6 (6.9) 7 (7.7)

Angina 1 (1.1) 2 (2.2)

Atrial fibrillation 2 (2.3) 1 (1.1)

Brachial artery dissecting aneurysm 0 (0) 1 (1.1)

Cardiac failure 1 (1.1) 2 (2.2)

Coronary artery bypass graft 1 (1.1) 0 (0)

Myocardial infarction 0 (0) 1 (1.1)

Ventricular tachycardia 1 (1.1) 0 (0)

Other events, any 23 (26.1) 27 (29.7)

Abdominal pain 1 (1.1) 1 (1.1)

Acoustic neuroma 0 (0) 1 (1.1)

Acute kidney injury 1 (1.1) 0 (0)

Bone fracture 0 (0) 2 (2.2)

Cancer 0 (0) 1 (1.1)

Cervical spondylosis 1 (1.1) 0 (0)

Chest infection 5 (5.7) 4 (4.4)

Chest pain non-ischaemic 1 (1.1) 2 (2.2)

Collapse, unknown cause 0 (0) 2 (2.2)

Confusion, unknown cause 1 (1.1) 0 (0)

continued
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Follow-up angiographic imaging

Follow-up angiographic imaging with CTA or MRA was carried out in 47 of the 61 the patients undergoing
stenting. This showed three stent occlusions: two in V1 and one in V2. Because the stent obscured the
lumen on CTA and MRA, it was not possible to accurately measure the degree of stenosis on the follow-up
imaging and, therefore, only report on whether or not the artery was occluded, which we were able to
reliably determine.

Meta-analysis of VIST results with those of other published randomised
controlled trials

The systematic review identified four other trials: CAVATAS,9 the SAMMPRIS trial,10,11 VAST12 and the
Vitesse Intracranial Stent Study for Ischemic Stroke Therapy (VISSIT).16 CAVATAS9 randomised 16 patients
with vertebral stenosis: eight to angioplasty and eight to medical therapy alone. There were no outcome
events during follow-up and, therefore, this study did not contribute data to the meta-analysis. The
SAMMPRIS trial10,11 randomised patients with a stenosis in a variety of intracranial vessels, but only data for
vertebral stenosis were included in the meta-analysis. VAST12 recruited only patients with vertebral stenosis
and therefore all of its data were included in the meta-analysis. VISSIT,16 like the SAMMPRIS trial,10,11

TABLE 5 Adverse eventsa (continued )

Adverse event type

Group, n (%)

Medical (N= 88) Stent (N= 91)

Dizziness 1 (1.1) 0 (0)

Dizziness and vomiting 0 (0) 2 (2.2)

Diarrhoea and vomiting 0 (0) 1 (1.1)

Epididymitis 0 (0) 1 (1.1)

Fall 1 (1.1) 2 (2.2)

Gastrointestinal bleeding 1 (1.1) 1 (1.1)

Grip haematoma 0 (0) 1 (1.1)

Hemicolectomy 1 (1.1) 0 (0)

Multiple sclerosis 1 (1.1) 0 (0)

Numbness 1 (1.1) 0 (0)

Pancreatitis 2 (2.3) 0 (0)

Pain during stenting 0 (0) 1 (1.1)

Presyncope, unknown cause 1 (1.1) 0 (0)

Psychosis 1 (1.1) 0 (0)

Road traffic accident 0 (0) 1 (1.1)

Sciatica 1 (1.1) 0 (0)

Seizure 1 (1.1) 1 (1.1)

Unconsciousness following stenting 0 (0) 1 (1.1)

Urinary retention 0 (0) 2 (2.2)

Urinary tract infection 1 (1.1) 0 (0)

Note
Patients could have more than one adverse event.

RESULTS
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randomised patients with a stenosis in a variety of intracranial arteries. We were unable to separate data
for vertebral stenosis and the corresponding author did not respond to a request for additional data.
Therefore, VISSIT16 could not be included in the meta-analysis.

The results of the meta-analysis are shown in Figure 3. For any vertebral stenosis there was no benefit of
stenting, with a relative risk (RR) of 0.89 (95% CI 0.36 to 2.21). There was no evidence of any benefit
when analysis was limited to intracranial stenosis (RR 1.14, 95% CI 0.44 to 2.91). Likewise, there was no
significant benefit when analysis was limited to extracranial stenosis, although there was a possible trend
towards benefit (RR 0.66, 95% CI 0.25 to 1.72).

Trial RR (95% Cl)a

Extracranial and intracranial stenosis

SAMMPRIS10,11 8/38

8/57 8/58

2/22

SAMMPRIS10,11 8/38 2/22

VAST12

VIST

VAST12

VIST

VAST12

VIST

5/91 12/88

Subtotal  (I2 = 49.6%; p = 0.14)

Extracranial stenosis

6/48

3/74

6/48

8/74

2.32 (0.54 to 9.95)

1.02 (0.41 to 2.53)

0.40 (0.14 to 1.13)

0.89 (0.36 to 2.21)

1.00 (0.35 to 2.88)

0.37 (0.10 to 1.38)

0.66 (0.25 to 1.72)Subtotal (I2 = 25.1%; p = 0.25)

Subtotal (I2 = 0.0%; p = 0.38)

Intracranial stenosis

2/9 2/10

2/17 4/14

2.32 (0.54 to 9.95)

1.00 (0.18 to 5.63)

0.47 (0.08 to 2.60)

1.14 (0.44 to 2.91)

0.9 0.2 0.5 1 2 5 10

Favours stenting/angioplasty Favours BMT

Stent Medical

Group, n/N

FIGURE 3 Relative risk of stroke among patients randomised to stenting/angioplasty vs. BMT alone in randomised
trials of VA stenosis. Note that the results of CAVATAS9 are not included because there were no end points in
either group of the trial. Squares represent trial-specific RRs (the size of the square reflects the trial-specific
statistical weight); horizontal lines represent 95% CIs; and diamonds represent the combined RR with its 95% CI
from a random-effects meta-analysis. a, The RR estimates are odds ratios in the SAMMPRIS trial10,11 and in VAST,12

and HRs in VIST.
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Chapter 4 Discussion

V IST is the largest RCT comparing stenting with medical treatment alone in patients with symptomatic
VA stenosis. Stenting, particularly for extracranial stenosis, appeared safe. There was no significant

difference in risk of stroke between the treatment groups. Over a median follow-up of 3.5 years, the stent
group showed a non-statistically significant 60% lower risk of the primary end point of fatal or non-fatal
stroke than the medical group. Despite randomisation, there was a shorter time between last symptoms
and randomisation in the stent group. As the risk of recurrent stroke is strongly related to time since last
symptoms,4 Cox regression, controlling for time from last symptoms to randomisation, was carried out
and showed a significant benefit for stenting. However, caution should be taken in interpretation of these
post hoc analyses.

Natural history data have shown that the risk of recurrent stroke following TIA or minor stroke due to
vertebral stenosis is much greater in the first days and few weeks following the event.4 This is a similar
pattern to that seen in symptomatic carotid stenosis.2 Therefore, any intervention is likely to have greater
potential benefit if administered early. Consistent with this, an analysis of patients randomised within
2 weeks of last symptoms, chosen because this covers the initial very high-risk period,3 showed a
significant treatment benefit.

We performed a systematic review of the literature and found four previous RCTs that included patients
with vertebral stenosis and compared stenting and/or angioplasty with medical therapy. CAVATAS9

randomised 16 patients with extracranial VA stenosis between angioplasty (not including stenting) and
medical therapy.9 However, patients were randomised a long time after their last symptoms, with a
mean interval between symptom onset and randomisation of 92 days and between randomisation and
endovascular treatment of 45 days. There were no stroke end points in either group. The SAMMPRIS
trial10,11 randomised patients with a variety of intracranial stenosis between stenting and BMT. There was a
high early risk of stroke in the stented group, contributing to a worse outcome in this group.10 Sixty (13%)
patients had intracranial VA stenosis, and in this group the outcome was similar to the outcome among
those with intracranial stenosis in other arteries, the 2-year primary event rate being 9.5% in the medical
group and 21.1% in the stent group.11 VISSIT16 randomised 112 patients with symptomatic intracranial
stenosis in a variety of intracerebral arteries to stenting or BMT and reported risk similar to that in the
SAMMPRIS trial.10,11 However, the number of patients with VA stenosis is not documented and we were
unable to obtain this information from the corresponding author.16 VAST12 randomised 115 patients, of
whom 83% had extracranial stenoses.12 There was a trend towards a higher risk of early outcomes (at 30 days)
in the stented group. However, the risk of any stroke after a median follow-up of 3 years was 14% in both
groups. The rate of complications in the stented group was lower in VIST than in VAST,12 and the mean
duration of follow-up was longer in VIST than in VAST.12 We performed a meta-analysis of the results of the
SAMMPRIS trial,10,11 VAST12 and VIST, and found no significant benefit of stenting in the group as a whole.

Previous non-randomised case series have shown that the risk of stenting is low with extracranial VA
stenosis (1% vs. 7–10% for intracranial stenosis).5–7 Prospective natural history studies have also shown
that the risk of early recurrent stroke is higher for intracranial stenosis.4 Therefore, it is possible that any
treatment benefit of stenting will vary for extra- and intracranial vertebral stenosis. For this reason,
randomisation was stratified according to location of stenosis in VIST.

The majority of patients in VIST had extracranial stenosis. In this group, stenting was performed with a very
low perioperative risk; there were no perioperative strokes. There was no significant benefit for stenting over
medical therapy alone; however, there did appear to be a trend in favour of stenting. In the meta-analysis we
performed an analysis of published trials of stenting for extracranial stenosis and found that there was no
significant benefit, although there was a possible trend in favour of stenting. The CIs were wide, emphasising
the need for more data.
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Because the vast majority of patients in VIST had extracranial stenosis, drawing firm conclusions on the
benefit for those with intracranial stenosis is difficult, although the risk of perioperative stroke in VIST
appeared to be higher for intracranial stenosis. The results are in line with those from the SAMMPRIS
trial,10,11 which exclusively recruited patients with intracranial stenosis and found a higher risk in stented-
treated patients than in medically treated patients. The meta-analysis showed no significant difference, but
there was a possible trend in favour of medical therapy for intracranial stenosis. Again, the CIs were wide,
emphasising the need for more data.

VIST has a number of strengths, including the randomised design; the fact that all patients were followed
up, with none lost to follow-up; and the fact that it is the largest study of stenting for VA stenosis to our
knowledge.

However, VIST also has a number of limitations. A major limitation is that recruitment was stopped due to
funding issues before the planned sample size was recruited. An additional limitation is the high proportion
of patients in the stent group who were found not to have stenosis (> 50% on DSA at the time of stenting).
Owing to the small size of the vertebral arteries compared with the carotid arteries, non-invasive imaging
with CTA or MRA in the former is not as accurate.1 However, studies comparing these two non-invasive
modalities with intra-arterial DSA have shown high sensitivity and specificity.17 A central review of
non-invasive entry imaging failed to confirm a stenosis in approximately half of the cases in which stenosis
was not confirmed. In other cases, entry imaging was judged to be of insufficient quality to confirm stenosis.
This emphasises the need for very careful quality control of both the technical quality and the interpretation
of non-invasive imaging in any future VA stenting study. A further consideration is the intensity of medical
treatment in the two groups. There was no difference in the use of statins or antihypertensive agents
between the groups either early or during long-term follow-up. There was a slightly increased use of
antiplatelet agents at the 1-month follow-up in the stented group; however, the difference was small,
reflecting the advice given that both groups should be prescribed intensive medical therapy.

Recruitment to VIST was slower than expected. During the initial feasibility phase of the trial, funded by
the Stroke Association, we met the recruitment target of 100 patients in the planned recruitment period.
However, to reach the target for a definitive trial, it was clear that we needed to extend the study to
additional centres. To achieve this, in view of the limited number of neurointerventional sites in the UK,
the plan in the grant was to extend the trial to overseas centres, as described in the Health Technology
Assessment grant awarded for funding, to allow the main phase of the study to be performed. A number
of centres in Europe, Asia and Australia were keen to join, but set-up of these sites took longer than
anticipated owing to regulatory, insurance and contract issues, and sites were not opened (with the
exception of one site in Hong Kong, which was opened shortly before trial closure and did not recruit any
patients). Although the investigators and the patient and public involvement representative were keen to
continue the trial, the funder withdrew funding before the overseas sites could be opened, and at this
stage a decision was made to terminate recruitment and to continue follow-up for a minimum of 1 year.
Major issues delaying the set-up of overseas sites included the following.

l The cost of the stenting procedure itself was not reimbursed as part of the grant. This prevented some
countries taking part, although others were prepared to take part despite this.

l The chief investigator, and therefore the sponsor of the trial, moved to another institution during the
trial. The second sponsor required insurance to be in place not only for the trial protocol but also to
cover any medical negligence claims arising from the stenting procedure itself. This was a considerable
cost and one not covered in the grant. It took the chief investigator some time to obtain funding for
this, although it was eventually obtained to cover a number of overseas centres.

l It took a long time for the relevant contracts offices to set up contracts between the co-ordinating
centre and overseas centres.

The trial illustrated the challenges of conducting such research studies across countries, and highlighted
that the time scales required to overcome these challenges are sometimes longer than allowed in fixed-term

DISCUSSION
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grant funding. We also found that, in the UK, recruitment rates widely between centres. One factor that
influenced this was that not all patients with posterior circulation stroke received CTA or MRA as part of their
routine care. This would be likely to change if further data show that stenting is associated with improved
outcome.

It is important to note that a number of seminal trials of surgical interventions for cerebral artery stenosis,
which have transformed stroke prevention, have taken longer than planned to recruit, and have required
extension of original funding. This includes the ECST18 and the NASCET13 in symptomatic carotid stenosis,
which the Asymptomatic Carotid Surgery Trial19 in asymptomatic carotid stenosis. For example, the ECST18

demonstrated that carotid endarterectomy reduced stroke risk for recently symptomatic carotid stenosis,
which has transformed clinical practice. However, recruitment took much longer than anticipated, taking
13 years (from 1981 to 1994), and had to be extended well beyond the period estimated in the initial
grant application.18 This emphasises that funders should be very cautious about terminating recruitment to
such trials mid-way, as without extension these trials would not have had a major transforming effect on
health care.

Patient and public involvement input played a major role in identifying that better management of vertebral
stenosis is an area of research that is important to people who have had stroke and their families. The trial
design was reviewed by the St George’s Patient and Carer Stroke Group, its input helped to ensure that
the design was feasible and that the patient materials were easily understandable. In particular, there was
significant input from one member (Mr John Dennis), who had experience of vertebral stenting and played a
key role throughout the trial. He commented on study design and patient materials, assisted with preparation
of the grant application, on which he was a co-applicant, and was a member of the Trial Steering Committee.
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Chapter 5 Conclusions

V IST has demonstrated that stenting of extracranial symptomatic vertebral stenosis can be carried out in
a multicentre study with a low periprocedural risk and appears safe when compared with BMT alone.

There was a non-significant reduction in recurrent stroke risk in the stent group compared with the
medical group. Owing to early termination of recruitment, the projected sample size was not reached,
and further, larger trials are now required to confirm this finding.

Although the number of patients randomised to intracranial stenosis was small, this procedure was
associated with a higher perioperative risk, which is consistent with data from other trials. This suggests
that, at least based on current data, medical treatment is the preferred first-line treatment for intracranial
vertebral stenosis.

If stenting could be demonstrated to reduce the risk of recurrent stroke in symptomatic vertebral stenosis,
this would have a major impact on clinical practice in future. Although the VIST results suggest that stenting
of extracranial vertebral stenosis can be carried out with a low perioperative risk, and may be effective in
reducing recurrent stroke risk in symptomatic VA stenosis, further trial data are required before routine
clinical practice is likely to change. VIST confirms that, if possible, recruitment in RCTs should be continued
until the full sample size is obtained.

The VIST results suggest that further trials of stenting for extracranial vertebral stenosis are warranted.
If such trials are to be performed, a number of lessons could be learnt from VIST. First, any benefit is likely
to be greater for extracranial than for intracranial stenosis. Second, careful attention needs to be given to
ensuring that non-invasive imaging is accurate prior to randomisation; alternatively, patients could be
randomised after the results of intra-arterial angiography.
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Appendix 1 Rate of recruitment by UK site

Site

Number of

Recruited patients
Years of
recruitment

Patients recruited
per year

St George’s University Hospitals NHS Foundation
Trust

77 7.35 10.48

Oxford University Hospitals NHS Foundation Trust 38 5.71 6.65

University Hospitals of North Midlands NHS Trust 14 4.87 2.87

Sheffield Teaching Hospitals NHS Foundation Trust 11 4.94 2.23

The Walton Centre NHS Foundation Trust 8 6.74 1.19

King’s College Hospital NHS Foundation Trust 8a 3.33 2.40

Newcastle upon Tyne Hospitals NHS Foundation Trust 7 5.19 1.35

University College Hospitals NHS Foundation Trust 6b 4.44 1.35

Imperial College Healthcare NHS Trust 4 3.46 1.16

Cambridge University Hospitals NHS Foundation Trust 2 1.52 1.32

North Bristol NHS Trust 2 3.29 0.61

Leeds Teaching Hospitals NHS Trust 2 3.85 0.52

Nottingham University Hospitals NHS Trust 2 1.38 1.45

Royal Preston Hospital 1 2.95 0.34

a One patient withdrew after randomisation.
b Two patients withdrew after randomisation.
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