
Articles

www.thelancet.com   Vol 383   January 25, 2014 333

Aggressive medical treatment with or without stenting in 
high-risk patients with intracranial artery stenosis 
(SAMMPRIS): the fi nal results of a randomised trial
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Bethany F Lane, Helmi L Lutsep, Stanley L Barnwell, Michael F Waters, Brian L Hoh, J Maurice Hourihane, Elad I Levy, Andrei V Alexandrov, 
Mark R Harrigan, David Chiu, Richard P Klucznik, Joni M Clark, Cameron G McDougall, Mark D Johnson, G Lee Pride Jr, John R Lynch, 
Osama O Zaidat, Zoran Rumboldt, Harry J Cloft, for the Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in 
Intracranial Stenosis Trial Investigators†

Summary
Background Early results of the Stenting and Aggressive Medical Management for Preventing Recurrent stroke in 
Intracranial Stenosis trial showed that, by 30 days, 33 (14·7%) of 224 patients in the stenting group and 13 (5·8%) of 
227 patients in the medical group had died or had a stroke (percentages are product limit estimates), but provided 
insuffi  cient data to establish whether stenting off ered any longer-term benefi t. Here we report the long-term outcome 
of patients in this trial.

Methods We randomly assigned (1:1, stratifi ed by centre with randomly permuted block sizes) 451 patients with 
recent transient ischaemic attack or stroke related to 70–99% stenosis of a major intracranial artery to aggressive 
medical management (antiplatelet therapy, intensive management of vascular risk factors, and a lifestyle-modifi cation 
programme) or aggressive medical management plus stenting with the Wingspan stent. The primary endpoint was 
any of the following: stroke or death within 30 days after enrolment, ischaemic stroke in the territory of the qualifying 
artery beyond 30 days of enrolment, or stroke or death within 30 days after a revascularisation procedure of the 
qualifying lesion during follow-up. Primary endpoint analysis of between-group diff erences with log-rank test was by 
intention to treat. This study is registered with ClinicalTrials.gov, number NCT 00576693.

Findings During a median follow-up of 32·4 months, 34 (15%) of 227 patients in the medical group and 52 (23%) of 
224 patients in the stenting group had a primary endpoint event. The cumulative probability of the primary endpoints 
was smaller in the medical group versus the percutaneous transluminal angioplasty and stenting (PTAS) group 
(p=0·0252). Beyond 30 days, 21 (10%) of 210 patients in the medical group and 19 (10%) of 191 patients in the stenting 
group had a primary endpoint. The absolute diff erences in the primary endpoint rates between the two groups were 
7·1% at year 1 (95% CI 0·2 to 13·8%; p=0·0428), 6·5% at year 2 (−0·5 to 13·5%; p=0·07) and 9·0% at year 3 (1·5 to 
16·5%; p=0·0193). The occurrence of the following adverse events was higher in the PTAS group than in the medical 
group: any stroke (59 [26%] of 224 patients vs 42 [19%] of 227 patients; p=0·0468) and major haemorrhage (29 [13%]
of 224 patients vs 10 [4%] of 227 patients; p=0·0009). 

Interpretation The early benefi t of aggressive medical management over stenting with the Wingspan stent for high-
risk patients with intracranial stenosis persists over extended follow-up. Our fi ndings lend support to the use of 
aggressive medical management rather than PTAS with the Wingspan system in high-risk patients with atherosclerotic 
intracranial arterial stenosis.

Funding National Institute of Neurological Disorders and Stroke (NINDS) and others.

Introduction
Intracranial atherosclerosis is a common cause of stroke 
and is associated with a high risk of recurrent stroke, 
especially in patients with a recent stroke or transient 
ischaemic attack and severe arterial stenosis.1–4 The 
Stenting and Aggressive Medical Management for 
Preventing Recurrent stroke in Intracranial Stenosis 
(SAMMPRIS) trial was designed to assess whether 
percutaneous transluminal angioplasty and stenting 
(PTAS) plus aggressive medical treatment is more 
eff ective than aggressive medical treatment alone in 
high-risk patients with this disease.5 Enrolment in 

SAMMPRIS began on Nov 25, 2008, but was stopped for 
safety concerns on April 5, 2011, because the 30-day rate 
of stroke and death was higher in the PTAS group.6

When enrolment was stopped, fewer than half the 
451 patients had been followed up for longer than 1 year.6 
Since then, patients in both treatment groups have been 
followed up for 2 more years to establish whether the early 
benefi t in the medical group would persist over longer 
follow-up, or whether the medical group would have a 
high incidence of late strokes that would eliminate the 
early effi  cacy gap between the two groups. In this Article, 
we report the fi nal results of the SAMMPRIS trial.

Lancet 2014; 383: 333–41

Published Online
October 26, 2013
http://dx.doi.org/10.1016/
S0140-6736(13)62038-3

See Comment page 290

*Authors contributed equally

†Members listed in the appendix

Mallinckrodt Institute of 
Radiology and the 
Departments of Neurology and 
Neurosurgery, Washington 
University School of Medicine, 
St Louis, MO, USA 
(Prof C P Derdeyn MD); 
Department of Neurosciences, 
Medical University of South 
Carolina, Charleston, SC, USA 
(Prof M I Chimowitz MBChB, 
T N Turan MD); Department of 
Biostatistics and 
Bioinformatics, Emory 
University Rollins School of 
Public, Health, Atlanta, GA, 
USA (M J Lynn MS, 
J Montgomery RN, B F Lane RN, 
A Nizam MS); Department of 
Neurosurgery, State University 
of New York, Stony Brook, NY, 
USA (Prof D Fiorella MD); 
National Institute of 
Neurological Disorders and 
Stroke, National Institute of 
Health, Bethesda, MD, USA 
(L S Janis PhD); Department of 
Neurology, Oregon Health and 
Science University, Portland, 
OR, USA (Prof H L Lutsep MD); 
Department of Neurological 
Surgery and the Dotter 
Interventional Institute, 
Oregon Health Sciences 
University, Portland, OR, USA 
(S L Barnwell MD); Departments 
of Neurology and Neuroscience 
(M F Waters MD) and 
Department of Neurosurgery 
(B L Hoh MD) University of 
Florida, Gainesville, FL, USA; 
Department of Neurosurgery, 
University of Buff alo, NY, USA 
(Prof E I Levy MD); Dent 
Neurological Institute, Buff alo, 

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(13)62038-3&domain=pdf


Articles

334 www.thelancet.com   Vol 383   January 25, 2014

NY, USA (J M Hourihane MD); 
Department of Neurology 

(Prof A V Alexandrov MD), and 
Department of Neurosurgery 
(M R Harrigan MD), University 
of Alabama, Birmingham, AL, 

USA; Department of Neurology 
(Prof D Chiu MD), and 

Department of Radiology 
(R P Klucznik MD), Houston 

Methodist Hospital, Houston, 
TX, USA; Department of 

Neurology (J M Clark MD), and 
Department of Neurosurgery 

(Prof C G McDougall MD), 
Barrow Neurological Institute, 
Phoenix, AZ, USA; Department 

of Neurology and 
Neurotherapeutics 
(M D Johnson MD), 

Departments of Radiology and 
Neurosurgery (Lee Pride Jr MD), 

University of Texas 
Southwestern Medical Center, 

Dallas, TX, USA; Department of 
Neurology, Medical College of 

Wisconsin, Milwaukee, WI, USA 
(J R Lynch MD); Departments of 

Neurology, Radiology, and 
Neurosurgery, Medical College 

of Wisconsin, Milwaukee, WI 
(Prof O O Zaidat MD); 

Department of Radiology, 
Medical University of South 

Carolina, Charleston, SC, USA 
(Prof Z Rumboldt MD); and 
Department of Radiology, 

Mayo Clinic, Rochester, MN, 
USA (Prof H J Cloft MD) 

Correspondence to:
 Prof Colin P Derdeyn, Washington 

University School of Medicine/
Barnes Jewish Hospital, 510 South 
Kingshighway Boulevard, St Louis, 

MO 63110, USA
derdeync@wustl.edu

Methods
Patients and study design
The trial design and early results are available else-
where.5–7 SAMMPRIS was a randomised, superiority, 
multi-centre, clinical trial funded by the National 
Institute of Neurological Disorders and Stroke (NINDS). 
The US Food and Drug Administration (FDA) issued an 
Investigational Device Exemption to do the study with 
the Wingspan stent system (Stryker Neurovascular, 
Fremont, CA, USA; formerly Boston Scientifi c Neuro-
vascular),8 which had been approved under a 
Humanitarian Device Exemption in 2005 for patients 
with 50–99% intracranial stenosis who are refractory to 
medical treatment.9 Eligible patients were 30–80 years 
old and had non-disabling stroke or transient ischaemic 
attack within 30 days before enrolment that was 
attributed to 70–99% atherosclerotic stenosis of a major 
intracranial artery verifi ed by catheter angiography.10 

Exclusion criteria included tandem extracranial or 
intracranial stenosis (70–99%) proximal or distal to the 
target intracranial stenosis, intraluminal thrombus 
proximal to or at the target lesion, progressive neuro-
logical signs within 24 h before enrolment, any 
haemorrhagic infarct within 14 days before enrolment, 
non-atherosclerotic causes of intracranial stenosis, and 
the presence of a cardiac source of embolus. Other 
eligibility criteria are provided in the study protocol. All 
patients gave written informed consent to participate. 
Institutional review boards at all 50 participating sites in 
the USA approved the study protocol.

Randomisation and masking
We used a one-to-one ratio to randomly allocate patients 
to treatment, stratifying by centre. The randomisation 
sequence was produced at the Statistical Coordinating 
Center (Department of Biostatistics and Bioinformatics, 
Emory University, GA, USA), using a pseudo-random 

number generator with randomly permuted block sizes.5 
The study participants, coordinators, and primary 
neurologists were not masked to treatment assignment 
but a second site neurologist was masked to assess 
patients with mild stroke endpoints. All potential 
neurological, cardiac, and haemorrhagic endpoints were 
adjudicated by independent panels of neurologists and 
cardiologists who were masked to treatment.

Treatments
Details of the implementation of aggressive medical 
management have been reported elsewhere.7 Briefl y, 
with the exception of the peri-procedural antithrombotic 
treatment in the PTAS group, medical management was 
identical in both groups throughout the entire follow-up 
period. Treatment consisted of aspirin (325 mg per day) 
for the duration of follow-up, clopidogrel (75 mg per day) 
for 90 days after enrolment, management of the primary 
risk factors (systolic blood pressure [SBP] and low-density 
lipoprotein cholesterol [LDL-C]), targeting SBP lower 
than 140 mm Hg (<130 mm Hg if diabetic) and LDL-C 
lower than 1·81 mmol/L, and management of secondary 
risk factors (diabetes, non-high-density lipoprotein 
cholesterol, smoking, weight, exercise) with the help of a 
lifestyle modifi cation programme.11 We provided aspirin, 
clopidogrel, one drug from each major class of 
antihypertensive agents, and rosuvastatin. The lifestyle 
modifi cation programme was delivered by a coach who 
contacted the patients by telephone every 2 weeks for the 
fi rst 3 months after enrolment and then monthly. The 
programme included baseline assessment of risk factors, 
formulating an action plan (with a focus on exercise, 
correct nutrition, weight management, and tobacco 
smoking cessation), and follow-up counselling sessions 
to help patients acquire the skills, motivation, and 
support needed to implement and adhere to their 
individualised action plan. Written health education 
materials were also provided to the study patients. 

PTAS was done by neurointerventionists who were 
credentialed to participate in the trial based on review of 
20 consecutive intracranial angioplasty and stenting 
cases, at least three of which must have used the 
Wingspan system. Details on the credentialling process, 
monitoring of PTAS performance during the trial, and 
peri-procedure outcomes according to previous operator 
experience are available elsewhere.5,12 A 600 mg dose of 
clopidogrel was given to patients 6–24 h before PTAS if 
they had not been taking clopidogrel 75 mg daily for the 
previous 5 days. Intravenous heparin was used during 
the procedure to maintain an activated clotting time of 
250–300 s. Other details of the procedure and post-PTAS 
care are provided in the study protocol.

Duration of follow-up and outcomes
The original plan was to follow patients up for a 
maximum of 3 years and a minimum of 1 year, but when 
enrolment in the trial was stopped a decision was made 

Figure 1: Trial profi le
PTAS=percutaneous transluminal angioplasty and stenting. *Months after enrolment when PTAS was done: 0·1, 
0·9, 2·2, 2·6, 3·2, 3·8, 6·5, 8·2, 14·1. †See appendix for length of follow-up for these patients.

451 patients randomised

227 patients assigned to medical treatment only
 218 medical treatment only
 9 underwent PTAS during follow-up*

227 patients analysed 224 patients analysed

11 patients lost to 
 follow-up†
13 patients withdrew 
 consent†

7 patients lost to 
 follow-up†
3 patients withdrew 
 consent†

224 patients assigned to medical treatment plus 
 PTAS
 208 stent placed
 5 angioplasty only
 7 procedure aborted before lesion accessed
 4 procedure not done
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by the Executive Committee (MIC, CPD, MJL, DF, TNT, 
LSJ, JM, and BFL), NINDS, and the data and safety 
monitoring board to extend the follow-up of all patients 
to a common termination date 2 years after the last 
patient was enrolled.

We assessed patients at study entry, 4 days, 30 days, and 
then every 4 months. All follow-up visits were in person 
unless the patient could not return for the visit, in which 
case telephone follow-up was done. Every in-person visit 
included blood pressure measurement, an examination 
by the study neurologist, and management of the 
patient’s risk factors.  The schedule for doing laboratory 
tests, the National Institute of Health Stroke (NIH) 
stroke scale, the modifi ed Rankin scale, and the Barthel 
index are provided in the study protocol. Telephone 
follow-up was done by the site coordinator and included 
assessment of the patient’s functional abilities and 
mobility using the Barthel index and modifi ed Rankin 
scale, and establishing whether the patient had any 
adverse events. If so, we obtained the patient’s medical 
records for those events for review.

Patients with a suspected stroke underwent brain 
MRI or CT and were assessed by the primary site 
neurol ogist. Patients who had events that were 
potentially diffi  cult to classify (a transient ischaemic 
attack lasting >1 h or mild ischaemic stroke [an increase 
in the patient’s NIH stroke scale of <4 from study entry]) 
were assessed by a second site neurologist who was 
masked to treatment. Both neurologists’ assessments 
were sent for central adjudication.

The primary endpoint was any of the following: any 
stroke or death within 30 days after enrolment, ischaemic 
stroke in the territory of the qualifying artery beyond 
30 days of enrolment, or any stroke or death within 
30 days after a revascularisation procedure of the 
qualifying lesion during follow-up (ie, stenting of a 
patient in the medical group or angioplasty for sympto-
matic restenosis in a patient in the PTAS group). We 
defi ned ischaemic stroke as a new focal neurological 
defi cit of sudden onset, lasting for at least 24 h, that was 
not associated with a haemorrhage on brain CT or MRI. 
We categorised ischaemic strokes as either in or out of 
the territory of the qualifying artery. We defi ned 
symptomatic brain haemorrhage as parenchymal, sub-
arachnoid, or intraventricular haemorrhage detected by 
CT or MRI that was associated with new neurological 
signs or symptoms lasting 24 h or more or a seizure.

Statistical methods
The study was originally designed to detect a 35% relative 
risk reduction in the primary endpoint with PTAS 
compared with a projected rate in the medical group of 
24·7% at 2 years.5,6 This rate was based on the outcome of 
patients with recent symptoms and 70–99% intracranial 
arterial stenosis who participated in the WASID trial13 
and incorporated a proposed 15% relative risk reduction 
with aggressive medical management. With this eff ect 

size, probability of type I error of 0·05, power of 0·80, 
5% crossover rate from the medical to the PTAS group, 
and 2% loss to follow-up, the intended sample size based 
on a two-sided log-rank test was 382 patients per group.

The log-rank test was used to compare the treatment 
groups for the primary and secondary endpoints. 
Cumulative probabilities based on estimates of the 
primary endpoint from the Kaplan-Meier curves at 
specifi c timepoints (years 1, 2, and 3) were compared 
between the treatment groups with a Z test. We 

Medical group 
(N=227)

PTAS group
(N=224)

Age in years 59·5 (11·8) 61·0 (10·7)

Men 145 (64%) 127 (57%)

Ethnic origin (self-reported)

Black 49 (22%) 55 (25%)

White 162 (71%) 160 (71%)

Other 16 (7%) 9 (4%)

History of hypertension 203 (89%) 200 (89%)

History of lipid disorder 202 (89%) 195 (87%)

Smoking

Never 78 (34%) 90 (40%)*

Previously 80 (35%) 79 (35%)*

Currently 69 (30%) 54 (24%)*

Diabetes† 103 (45%) 105 (47%)

Systolic blood pressure (mm Hg) 146·8 (21·8) 143·9 (20·6)

Low-density lipoprotein cholesterol (mmol/L) 2·53 (0·95) 2·49 (0·99)

High-density lipoprotein cholesterol (mmol/L) 1·00 (0·26) 0·98 (0·27)

Non-high-density lipoprotein cholesterol (mmol/L) 3·02 (1·04) 3·01 (1·14)

Glycosylated haemoglobin in patients with diabetes‡ 8·2 (2·3) 7·8 (2·1)

Body-mass index (kg/m²) 30·7 (6·3) 30·3 (6·2)

History of coronary artery disease 59 (26%) 47 (21%)

History of stroke (not qualifying event) 58 (26%) 60 (27%)

Qualifying event

Stroke 152 (67%) 142 (63%)

Transient ischaemic attack 75 (33%) 82 (37%)

On antithrombotic therapy at qualifying event 140 (62%) 144 (64%)

Days from qualifying event to randomisation (median [IQR]) 7 (4–19) 7 (4–16)

Symptomatic qualifying artery

Internal carotid artery 49 (22%) 45 (20%)

Middle cerebral artery 105 (46%) 92 (41%)

Vertebral artery 22 (10%) 38 (17%)

Basilar artery 51 (22%) 49 (22%)

Percent stenosis of symptomatic qualifying artery§ 81 (7) 80 (7)

Categories of percent stenosis of symptomatic qualifying artery§

70–79% 102 (45%) 107/223 (48%)

80–89% 97 (43%) 92/223 (41%)

90–99% 28 (12%) 24/223 (11%)

Data are mean (SD) or n (%), unless otherwise stated. PTAS=percutaneous transluminal angioplasty and stenting. 
*Data for one patient missing, so denominator is 223. †Diabetic at baseline if history of diabetes or if haemoglobin A1c 
≥6·5%. ‡For this analysis, baseline haemoglobin A1c values for any patient with a history of diabetes, new diagnosis of 
diabetes during follow-up, or haemoglobin A1c ≥6·5% at any time in the study were included. §According to reading of 
angiogram by site interventionist. 

Table 1: Baseline characteristics

For the study protocol see 
http://sammpris.org/
protocolsammpris.html
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investigated longitudinal diff erences in risk factors 
between the treatment groups using generalised 
estimating equation regression models with an 
exchangeable correlation structure. Subgroup analyses 
for prespecifi ed baseline factors were done by fi tting a 
Cox proportional hazards regression model that included 
treatment, a treatment by time interaction (because the 
proportional hazards assumption for the treatment was 
not met), the factor, and the treatment by factor 
interaction (the p value for which is reported in this 
paper). All analyses were done by intention to treat. All 
reported p values are two-sided without adjustment for 
multiple testing.

We did three prespecifi ed sensitivity analyses to 
generate data for patients withdrawing or becoming 
lost to follow-up. First, all patients lost to follow-up or 
withdrawn were considered to have had a primary 
endpoint at last contact. Second, only patients in the 
PTAS group were considered to have had a primary 
endpoint at last contact. Third, only patients in the 
medical group were considered to have had a primary 
endpoint at last contact. Additionally, we used a 
simulation approach (appendix) in which a hazard rate 
per month for the primary endpoint was estimated for 
each treatment group from available data for all patients 
with patients lost to follow-up or withdrawn censored at 
their last study visit. For each patient lost to follow-up 
or withdrawn, we randomly determined whether a 
primary endpoint occurred for each study month 
according to the hazard rate. If a simulated primary 
endpoint did not occur in any month, the patient was 
censored at the longest possible follow-up time. The 
simulated data for patients lost to follow-up or 
withdrawn were combined with the actual data for the 
remaining patients and the p value for the log-rank test 
comparing the treatment groups and the probabilities 
of a primary endpoint by 2 years were computed. The 
process was repeated 10 000 times. We used SAS 
(version 9.3) for all statistical analyses.

Role of the funding source
The Executive Committee designed the study and 
oversaw trial activities. A representative of the study 
sponsor was on the Executive Committee of the trial 
(LSJ) and participated in oversight of the trial. Industry 
partners supplied the stents and rosuvastatin for study 
patients and supplemental funding for third-party 
monitoring and auditing of sites, but did not participate 
in the design, conduct, data analysis, or reporting of the 
trial. CPD, MIC, and MJL had full access to the study 
data and had fi nal responsibility to submit for publication.

Results
Between Nov 25, 2008, and March 31, 2011, we randomly 
assigned 451 patients to treatment: 227 to the medical 
group and 224 to the PTAS group (fi gure 1). Baseline 
characteristics were much the same between the two 

Figure 2: Patients achieving target systolic blood pressure (A) and low-density lipoprotein cholesterol (B) 
throughout the trial
(A) Target systolic blood pressure was <140 mm Hg (<130 mm Hg if diabetic). (B) Target low-density lipoprotein 
was <1·81 mmol/L. PTAS=percutaneous transluminal angioplasty and stenting.
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Low-density lipoprotein cholesterol (mmol/L) Systolic blood pressure (mm Hg)

Medical group PTAS group Medical group PTAS group

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Baseline 226 2·53 (0·95) 220 2·49 (0·99) 227 146·8 (21·8) 220 143·9 (20·6)

30 days 215 1·85 (0·69) 210 2·01 (0·73) 216 140·8 (21·7) 213 138·8 (20·0)

4 months 193 1·84 (0·67) 186 1·96 (1·03) 198 134·2 (17·0) 186 133·1 (15·8)

1 year 138 1·75 (0·71) 138 1·79 (0·76) 172 132·1 (16·1) 172 129·5 (17·4)

2 years 95 1·61 (0·58) 100 1·74 (0·80) 149 129·1 (14·1) 153 130·0 (15·4)

3 years 39 1·74 (0·66) 45 1·74 (0·79) 88 128·7 (16·3) 86 126·7 (14·2)

For low-density lipoprotein cholesterol at years 1, 2, and 3, we used the value that was closest to the designated timepoint 
within a window of 4 months before or after the timepoint. For systolic blood pressure, the value that was closest to the 
designated timepoint within a window of 2 months before or after the timepoint was used. PTAS=percutaneous 
transluminal angioplasty and stenting. 

Table 2: Primary risk factors according to treatment and visit
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groups (table 1). The median duration of follow-up in all 
patients was 32·4 months (IQR 24·2–40·5; range 
0 months to 52·6 months). A larger proportion of 
patients in the medical group were lost to follow-up or 
withdrew consent than in the PTAS group (24 [11%] of 
227 vs 10 [5%] of 224; p=0·0193). Most withdrawals in 
both groups occurred after 1 year of follow-up (appendix).

The percentages of patients who achieved SBP and 
LDL-C targets and the mean SBP and LDL-C values at 
various stages of follow-up in both groups are shown in 
fi gure 2 and table 2. Data for the secondary risk factors 
are shown in the appendix. In these analyses, we 
detected no statistically signifi cant between-group dif-
ference over time for any risk factors when analysed in 
terms of either the actual values or the percentage of 
patients in target range.

Throughout the trial, primary endpoint events occurred 
more often in the PTAS group than in the medical group 
(table 3, fi gure 3). The occurrence of primary endpoints 
in the medical group versus PTAS group was 5·8% versus 
14·7% at day 30 (p=0·0016), 12·6% versus 19·7% at year 1 
(p=0·0428), 14·1% versus 20·6% at year 2 (p=0·07), and 
14·9% versus 23·9% at year 3 (p=0·0193). Beyond 30 days 
of enrolment, 10% of patients in each group had a primary 
endpoint event (21 of 210 patients in the medical group 
and 19 of 191 patients in the PTAS group; appendix). 
Beyond 1 year of enrolment, six (3%) of 185 patients in the 
medical group and eight (5%) of 175 patients in the PTAS 
group had a primary endpoint event.

The results of all sensitivity analyses are provided in 
the appendix. The worst case scenario for the medical 
group in which only patients in the medical group who 
withdrew or were lost to follow-up were assigned 
primary endpoints at last contact still resulted in the 

probability of a primary endpoint being numerically 
higher in the PTAS group, although not statistically 
signifi cantly higher. In the simulation analysis, none of 
the 10 000 repetitions resulted in the probability of a 
primary endpoint being less common in the PTAS group 
than in the medical group.

Table 3 shows the secondary endpoints and other major 
adverse events in each group (additional details on all 
events in appendix). The rates of any stroke (p=0·0468) 
and any major haemorrhage (p=0·0009) were statistically 
signifi cantly lower in the medical group than they were 
in the PTAS group.

Results of subgroup analyses for pre-specifi ed 
baseline factors with rates of the primary endpoint at 

See Online for appendix

Medical group (N=227) PTAS group (N=224) p value*

Patients with 
event

Probability at 1 year Probability at 2 years Patients with 
event

Probability at 1 year Probability at 2 years

Primary endpoint 34 (15%) 12·6% (8·9%–17·8%) 14·1% (10·1%–19·4%) 52 (23%) 19·7% (15·0%–25·5%) 20·6% (15·9%–26·5%) 0·0252

Any stroke or death 51 (23%) 17·5% (13·1%–23·2%) 19·8% (15·1%–25·6%) 64 (29%) 22·8% (17·8%–28·9%) 24·1% (19·1%–30·3%) 0·13

Any death† 13 (6%) 4·0% (2·0%–7·8%) 4·5% (2·4%–8·5%) 13 (6%) 4·0% (2·1%–8·0%) 4·6% (2·4%–8·7%) 0·90

Any stroke 42 (19%) 14·9% (10·8%–20·3%) 17·2% (12·9%–22·9%) 59 (26%) 21·9% (17·0%–27·9%) 23·3% (18·3%–29·4%) 0·0468

Disabling or fatal stroke‡ 18 (8%) 6·7% (4·0%–11·1%) 7·8% (4·8%–12·4%) 21 (9%) 9·1% (5·9%–13·8%) 10·1% (6·7%–15·1%) 0·51

Myocardial infarction 9 (4%) 3·4% (1·6%–7·1%) 3·4% (1·6%–7·1%) 5 (2%) 2·1% (0·8%–5·5%) 2·7% (1·1%–6·4%) 0·34

Major non-stroke haemorrhage§ 9 (4%) 1·9% (0·7%–5·1%) 3·0% (1·4%–6·7%) 16 (7%) 4·4% (2·3%–8·3%) 7·9% (4·8%–12·7%) 0·11

Any major haemorrhage¶ 10 (4%) 2·4% (1·0%–5·7%) 3·5% (1·7%–7·2%) 29 (13%) 9·8% (6·5%–14·6%) 13·1% (9·1%–18·5%) 0·0009

Data are n (%) or probability (95% CI). PTAS=percutaneous transluminal angioplasty and stenting. *The p value is for comparison of time-to-event curves for the two treatment groups for each of the specifi ed 
adverse events, calculated with the log-rank test. †Causes of death in the medical group=brain haemorrhage (n=1), ischaemic stroke (n=1), myocardial infarction (n=2; one had an ischaemic stroke in the territory 
17 days before but the immediate cause of death was myocardial infarction), cardiac arrest after coronary artery bypass surgery (n=1), sudden cardiac death (n=1), and non-vascular death (n=7); causes of death 
in the PTAS group=brain haemorrhage (n=4), ischaemic stroke (n=2), sudden cardiac death (n=2), and non-vascular death (n=5). ‡Disability was based on the post-stroke assessment closest to 90 days after a 
patient’s stroke (a disabling stroke was defi ned as any of the following: modifi ed Rankin of ≥4, Barthel index of ≤80, composite National Institutes of Health (NIH) stroke scale of ≥7), NIH stroke scale of ≥3 for 
motor examination of arm or leg, NIH stroke scale of ≥2 for best language, NIH stroke scale of 3 for visual category—ie, cortical blindness; a stroke was considered fatal for this analysis if death occurred within 
30 days or if stroke was the adjudicated cause of death. §Any subdural or epidural haemorrhage or a systemic haemorrhage requiring any of the following: admission to hospital, blood transfusion, or surgery. 

¶Any intracranial haemorrhage or a systemic haemorrhage requiring any of the following: admission to hospital, blood transfusion, or surgery; one patient in the PTAS group had both a symptomatic brain 
haemorrhage and a major non-stroke haemorrhage.

Table 3: Comparison of treatment groups for the primary endpoint, secondary endpoints, and other major adverse events

Figure 3: Cumulative probability of a primary endpoint by treatment
PTAS=percutaneous transluminal angioplasty and stenting. 
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2 years for the medical and PTAS groups are shown in 
table 4. We detected no interaction with treatment for 
any of the factors.

Discussion
The early benefi t of aggressive medical treatment 
compared with PTAS in high-risk patients with 
intracranial arterial stenosis persisted over a median 
duration of 32·4 months of follow-up in this trial. 
Although we cannot rule out the possibility that longer 
follow-up would have shown less benefi t from medical 
treatment alone, we think this possibility is unlikely 
because there was no suggestion that the effi  cacy gap 
between the two groups narrowed over time—the 
absolute risk reduction from medical treatment was 
8·9% at 30 days and 9·0% at 3 years. These data imply 
that even if the 30-day rate of stroke and death had been 
as low as anticipated in the PTAS group (ie, similar to the 

30-day rate of 5·8% in the medical group), PTAS would 
still not have provided any long-term benefi t over medical 
treatment alone because the anticipated benefi t of PTAS 
over medical treatment beyond the peri-procedural 
period did not occur. This fi nding was mainly because 
the primary endpoint rate in the medical group (14·1% at 
2 years) was much lower than was projected (24·7% at 
2 years).

The much lower rate of stroke in the medical group in 
SAMMPRIS compared with patients in WASID who had 
similar entrance criteria,4,13,14 is probably explained by 
diff erences in medical treatment in these trials. Patients 
in WASID were treated with usual risk factor manage-
ment and either aspirin or warfarin, whereas patients in 
SAMMPRIS were treated with intensive risk factor 
management and combined aspirin and clopidogrel for 
90 days followed by aspirin alone. In SAMMPRIS, SBP 
lower than 140 mm Hg and LDL-C lower than 
1·81 mmol/L were attained in 34% (SBP) and 24% 
(LDL-C) of patients at enrolment and in 70% and 62% of 
patients at 1 year (fi gure 2), whereas in WASID these 
same risk factor levels were attained in 49% and 6% of 
patients at enrolment and in 50% and 12% of patients at 
1 year (the LDL-C target in WASID was <2·59 mmol/L, 
which was achieved in 42% of patients at 1 year).15 At 
30 days after enrolment, when the benefi ts of intensive 
risk factor management would be expected to be limited, 
the stroke or death rate in the medical group in 
SAMMPRIS (5·8%) was almost half the rate of that in 
those patients in WASID with similar entrance criteria 
(10·7%).14 This fi nding suggests that dual antiplatelet 
therapy could have played an important part in lower-
ing the early risk of stroke in the medical group of 
SAMMPRIS. Findings from two other trials have also 
shown that dual antiplatelet therapy can be more eff ective 
than aspirin alone in recently symptomatic patients with 
intracranial stenosis16 or at high risk of harbouring 
intracranial stenosis.17

Concerns have been raised that the medical manage-
ment used in SAMMPRIS is not real-world practice and 
that the early success in controlling risk factors would not 
be sustained over long-term follow-up.18 However, all 
the essential elements of medical manage ment in 
SAMMPRIS (dual antiplatelet therapy, intensive 
management of blood pressure and LDL-C, and the 
lifestyle programme) can be incorporated into clinical 
practice. Blood pressure and LDL-C were managed by 
study coordinators and neurologists who followed the 
study’s risk factor management algorithms. These 
algorithms are available elsewhere7 and could easily be 
used in practice. Provision of a lifestyle management 
programme to patients with stroke is not yet routine care. 
However, an American Heart Association Presidential 
Advisory committee recommended that third-party 
payers should cover the costs of evidence-based lifestyle 
pro grammes for secondary prevention.19 Concern 
regarding the durability of risk factor control in 

Medical group PTAS group p value†

n Probability 
by 2 years*

n Probability 
by 2 years*

Age (median) 0·75

<60 years 119 12% 107 16%

≥60 years 108 17% 117 25%

Gender 0·40

Male 145 11% 127 18%

Female 82 20% 97 24%

Symptomatic artery 0·63

ICA 49 23% 45 29%

MCA 105 13% 92 14%

Vertebral 22 10% 38 21%

Basilar 51 10% 49 25%

Qualifying event 0·12

TIA 75 7% 82 21%

Stroke 152 18% 142 21%

Days from qualifying event to enrolment (median) 0·55

≤7 115 13% 115 23%

>7 112 15% 109 18%

Old infarct in the territory of symptomatic artery‡ 0·35

No 147 9% 146 16%

Yes 75 23% 69 28%

On antithrombotic at time of qualifying event 0·68

No 87 12% 80 19%

Yes 140 16% 144 22%

Old infarct in territory and stroke as qualifying 
event while on antithrombotic treatment

0·21

No 186 10% 185 17%

Yes 36 35% 30 33%

ICA=intracranial carotid artery. MCA=middle cerebral artery. PTAS=percutaneous transluminal angioplasty and 
stenting. TIA=transient ischaemic attack. *The product-limit estimate of the cumulative probability of a primary 
endpoint by 2 years after enrolment. †p value for the interaction of treatment and the factor from a Cox proportional 
hazards model that included treatment, treatment by time interaction, factor, and treatment by factor interaction. ‡As 
assessed by brain imaging after qualifying event. 

Table 4: Comparison of treatment groups for the primary endpoint in pre-specifi ed subgroups
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SAMMPRIS should be allayed by the data showing 
continued improvement in patients achieving targets for 
both primary (fi gure 2) and most secondary risk factors 
(appendix) over a median follow-up of 32·4 months.

In our pre-specifi ed subgroup analyses, we did not 
identify any subgroup that benefi ted from PTAS 
compared with medical treatment (table 4). The subgroup 
with a qualifying event while taking antithrombotic 
treatment constitutes the type of patients treated with 
Wingspan under the original Humanitarian Device 
Exemption in clinical practice. These patients had a 
worse outcome in the PTAS group compared with the 
medical group in SAMMPRIS (table 4). After publication 
of the early SAMMPRIS results,6 the FDA narrowed the 
Humanitarian Device Exemption criteria for use of the 
Wingspan stent to patients with 70–99% stenosis who 
have had two or more strokes despite aggressive medical 
management, and whose last stroke occurred more than 
7 days ago.20 We cannot provide specifi c data for this 
small subgroup of patients (data for medical management 
at the time of a stroke before the qualifying stroke were 
not collected), but the closest surrogate is shown in the 
last variable in table 4. Although this subgroup seems to 
be at very high risk of stroke on aggressive medical 
management, there was a similarly high rate of stroke in 
this subgroup treated with PTAS. Therefore, there are no 
data suggesting that PTAS with the Wingspan stent is 
more eff ective than medical treatment for any subgroup 
of patients with intracranial stenosis. However, if other 
endovascular techniques, such as angioplasty alone,21,22 
can substantially lower the risk of the most frequent 
types of peri-procedural strokes that occurred in 
SAMMPRIS (ie, perforator stroke in the region of stent 
deployment, subarachnoid haemorrhage, and paren-
chymal brain haemorrhage related to reperfusion),23,24 
further randomised trials assessing these techniques in 
high-risk patients might be needed.

This study has some limitations. Because only one of 
the treatment groups underwent stenting, the trial could 
not be double masked. However, we tried to make the 
assessment of potential endpoints as unbiased as 
possible by making sure that a second site neurologist 
who was masked to treatment also assessed patients with 
potential mild stroke endpoints because these are the 
events that are most diffi  cult to judge and subject to 
potential bias. Although we selected and credentialled 
experienced neurointerventionists to participate in this 
trial, it is possible that the high rate of peri-procedural 
stroke in SAMMPRIS in part refl ects the fact that 
intracranial stenting is still an uncommon procedure 
compared with coronary stenting, and that the compli-
cation rates of intracranial stenting will decrease with 
more experience. However, the challenge is to obtain this 
clinical experience without putting patients at excessive 
risk. Additionally, even if the peri-procedural risk could 
be reduced substantially, it is unlikely to be lowered to 
the level needed for intracranial stenting to be more 

eff ective than aggressive medical management because 
of the inherent risk of the procedure.

The fi nal results of SAMMPRIS show that aggressive 
medical treatment is superior to PTAS with the Wingspan 
system at both early and later phases of follow-up (panel). 
Although aggressive medical management seems to have 
substantially lowered the risk of stroke in these patients 
compared with historical controls managed with usual 
medical management, there are still subgroups of patients 
at high risk of stroke on aggressive medical treatment. 
Future research should focus on the development of new 
treatments to lower the risk of stroke in these high-risk 
patients. In this regard, it is interesting that the risk of 
stroke in the territory of a stenotic artery beyond 1 year of 
follow-up was very low in the medical group in 
SAMMPRIS, as was the case in WASID.4,13 A lower risk of 
stroke over time has also been shown in patients with 
symptomatic atherosclerotic stenosis (70–99%) of an 
extracranial internal carotid artery.25 One possible 

Panel: Research in context

Systematic review
This study (SAMMPRIS) is the fi rst randomised trial to compare aggressive medical 
management alone with aggressive medical management plus percutaneous transluminal 
angioplasty and stenting (PTAS) with the Wingspan stent system in patients with 
atherosclerotic intracranial arterial stenosis. Wingspan is the only stent approved by the FDA 
(under a humanitarian device exemption) for use in patients with atherosclerotic intracranial 
arterial stenosis. We know that SAMMPRIS is the fi rst randomised trial to assess the Wingspan 
stent from participating in an FDA panel meeting (March 23, 2012; Washington, DC, USA) on 
the Wingspan stent after the early results of SAMMPRIS had been published. We also searched 
Medline, the Cochrane Central Register of Controlled Trials, the Internet Stroke Trials Center 
Registry, and ClinicalTrials.gov from 2005 (when Wingspan was approved by the FDA) for 
publications in English and identifi ed no other completed randomised trials using the 
Wingspan stent. We did our last search on Sept 15, 2013. Before SAMMPRIS began, three 
single-arm multicentre studies provided limited pilot data for the safety and potential effi  cacy 
of the Wingspan stent in patients with intracranial arteral stenosis and set the stage for the 
SAMMPRIS trial.

Interpretation
The fi nal results of SAMMPRIS show that aggressive medical treatment is superior to PTAS 
with the Wingspan stent in patients with recent transient ischaemic attack or stroke (within 
past 30 days) attributed to 70–99% atherosclerotic intracranial arterial stenosis. PTAS was 
inferior because of the high risk of peri-procedural stroke and because there was no benefi t 
from PTAS beyond the peri-procedural period. Other key fi ndings in the study were as 
follows. First, high success rates at achieving target levels for vascular risk factors, particularly 
the primary risk factors (systolic blood pressure and low-density lipoprotein cholesterol) 
throughout the duration of the trial (median follow-up 32·4 months) using the study’s risk 
factor protocols. This, in combination with the use of aspirin and clopidogrel for 90 days 
followed by aspirin alone, probably contributed to the much lower than expected risk of 
stroke in the medical group. Second, that the risk of stroke beyond 1 year in medically treated 
patients with severe intracranial arterial stenosis is low. And third, there was no suggestion 
that any subgroup of patients benefi ted from PTAS compared with medical management 
alone. Overall, these results lend support to the use of aggressive medical management 
rather than PTAS with the Wingspan system in high-risk patients with atherosclerotic 
intracranial arterial stenosis.
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