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Abstract
Background—Patients with recent transient ischemic attack or stroke caused by 70–99%
stenosis of a major intracranial artery are at high risk of recurrent stroke on usual medical
management, suggesting the need for alternative therapies for this disease.
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Methods—The Stenting and Aggressive Medical Management for Preventing Recurrent stroke
in Intracranial Stenosis trial is an ongoing, randomized, multicenter, two-arm trial that will
determine whether intracranial angioplasty and stenting adds benefit to aggressive medical
management alone for preventing the primary endpoint (any stroke or death within 30 days after
enrollment or after any revascularization procedure of the qualifying lesion during follow-up, or
stroke in the territory of the symptomatic intracranial artery beyond 30 days) during a mean
follow-up of 2 years in patients with recent TIA or stroke caused by 70–99% stenosis of a major
intracranial artery. Aggressive medical management in both arms consists of aspirin 325 mg per
day, clopidogrel 75mg per day for 90 days after enrollment, intensive risk factor management
primarily targeting systolic blood pressure < 140 mm Hg (< 130 mm Hg in diabetics) and low
density cholesterol < 70 mg / dl, and a lifetsyle modification program. The sample size required
todetect a 35% reduction in the rate of the primary endpoint from angioplasty and stenting based
on the log-rank test with an alpha of 0.05, 80% power, and adjusting for a 2% loss to follow-up
and 5% crossover from the medical to the stenting arm is 382 patients per group.

Conclusion—This is the first randomized trial to compare intracranial angioplasty and stenting
with medical therapy and to incorporate intensive management of multiple risk factors and a
lifestyle modification program in the study design. Hopefully, the results of the trial will lead to
more effective therapy for this high-risk disease.

Introduction
Intracranial arterial atherosclerotic stenosis is an important cause of ischemic stroke,
especially in Blacks, Asians, and Hispanics (1–5). Patients with recent transient ischemic
attack (TIA) or stroke and severe stenosis (70%–99%) are at particularly high risk of
recurrent stroke (23% at 1 year) despite the use of aspirin and usual management of risk
factors (6,7). As such, this patient cohort stands to gain the most from alternative therapies.
The Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in
Intracranial Stenosis (SAMMPRIS) Trial is the first randomized trial designed to compare
percutaneous transluminal angioplasty and stenting (PTAS) plus aggressive medical
management with aggressive medical management alone in high-risk patients with
intracranial stenosis (8). This paper describes the design of the trial, the rationale for key
components of the design, and summarizes the unique features of the design.

Methods
Overall Design

SAMMPRIS is an on-going, investigator-initiated, randomized, clinical trial funded by the
National Institute of Neurological Disorders and Stroke (NINDS) that is being conducted at
50 sites in the United States. The primary aim is to determine whether PTAS (using the
Gateway® PTA Balloon Catheter and Wingspan® Stent System, both manufactured by
Boston Scientific Corporation) combined with aggressive medical management is superior
to aggressive medical management alone for preventing the primary endpoint (any stroke or
death within 30 days after enrollment or after any revascularization procedure of the
qualifying lesion during follow-up, or stroke in the territory of the symptomatic artery
beyond 30 days) in high-risk patients with intracranial stenosis (see criterion # 1 in table 1
for definition of high-risk). The study protocol was approved by each site’s Institutional
Review Board and the Data Safety Management Board (DSMB) appointed by NINDS. The
Food and Drug Administration (FDA) issued an Investigational Device Exemption
(G050157) to carry out the study.
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Credentialing of Interventionists
Interventionists interested in participating in the trial were required to submit procedure
notes and discharge or follow up notes from their most recent 20 consecutive intracranial
stent or angioplasty cases. Only cases performed as the primary operator were accepted and
procedures performed during fellowship or as an assistant were not accepted. Follow up
clinic notes or discharge summaries were required for all cases to document outcome.
Accepted cases, in order of preference, were procedures using 1) the Wingspan stent for
intracranial atherosclerosis; 2) a balloon-mounted coronary stent for intracranial
atherosclerosis; 3) a self-expanding stent for aneurysm (owing to the similarity in the
delivery device to Wingspan); and finally 4) angioplasty alone for intracranial
atherosclerosis if the interventionist did not have 20 stenting cases. A minimum of three
Wingspan cases was required to be considered for credentialing. The clinical presentation,
procedural details, device used, lesion location, and outcome for each of the 20 cases were
abstracted to a spreadsheet. The spreadsheet and the supporting documents were reviewed
by the Credentialing Committee consisting of seven experienced, senior interventionists.
Cases with procedural or post-procedural complications were flagged for closer review and
discussion. Submissions were not reviewed until all case data were complete. The
committee’s charge was to determine if the interventionist demonstrated sufficient
experience, judgement and skill to participate in the trial. The results of the committee
deliberations were approval or non-approval, and approval required a unanimous vote. If the
only concern was insufficient experience with the Wingspan device, the recommendation
was to reject the application but reconsider after a requisite number of additional cases were
performed.

Patient Population
The population of interest in this trial includes both in-patients and out-patients at the
participating sites who have TIA or non-disabling ischemic stroke (modified Rankin score ≤
3) and intracranial stenosis. The diagnostic evaluation for intracranial stenosis at each site is
at the discretion of the local investigator and can include transcranial Doppler (TCD) (9,10),
magnetic resonance angiography (MRA) (10,11), or computerized tomographic angiography
(CTA) (12), but catheter angiography is ultimately required to confirm 70–99% stenosis by
the WASID criteria (13) for a patient to qualify. Patients are enrolled on the basis of
angiogram readings performed on-site but all angiograms are sent to the coordinating center
for central reading by the same neuroradiologist who read the angiograms in the WASID
trial. Early in the trial, a high percentage of angiograms were read as ≥ 70% by site readers
but < 70% by the central reader so we instituted a policy requiring that jpeg images of all
subsequent angiograms read locally as 70 – 79% stenosis be sent by email and one of the
interventional principal investigators had to confirm that the stenosis was at least 70% in
order for the patient to qualify. The inclusion and exclusion criteria for the trial are provided
in tables 1 and 2. Patients give written informed consent to participate and those who do not
undergo angiography as part of routine care give consent for angiography as part of the
study protocol.

Randomization and Treatments
Patients are randomized (1:1) to aggressive medical management alone or to PTAS plus
aggressive medical management. The sequence of treatment assignments are stratified by
center and produced at the Statistical Coordinating Center using a pseudo-random number
generator with randomly permuted block sizes.

Aggressive medical management is identical in both treatment arms and consists of enteric
coated aspirin 325 mg per day for the entire follow-up, clopidogrel 75 mg per day for 90
days after enrollment, intensive management of the primary risk factors (systolic blood
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pressure and low density lipoprotein (LDL)), as well as management of secondary risk
factors (diabetes, non-high density lipoprotein (non-HDL), smoking, weight, exercise). The
study provides aspirin and clopidogrel, rosuvastatin, one medication from each major class
of antihypertensive agents (diuretic, angiotensin converting enzyme inhibitor, angiotensin
receptor blocker, beta-blocker, long-acting calcium channel antagonist, potassium-sparing
diuretic, vasodilator, central alpha agonist), and the lifestyle modification program to study
patients. All study medications except rosuvastatin are provided through retail pharmacies
near where the patients live. The rosuvastatin is shipped to sites for distribution to the
patients by the study coordinators.

Patients randomized to PTAS are required to undergo PTAS within three business days of
randomization. Patients who have not been on clopidogrel 75 mg per day for five days prior
to PTAS are given a 600 mg loading dose of clopidogrel between 6 and 24 hours before the
PTAS procedure. The study protocol requires that the PTAS procedure is performed under
general anesthesia by a SAMMPRIS-credentialed interventionist who must be the primary
operator. The procedure is typically performed via a trans-femoral placed 6F long sheath or
guiding catheter but a radial or brachial artery approach is permitted if that is the operator’s
preference. The stenotic lesion is primarily crossed with a standard 0.014”microcatheter-
microwire system under high magnification fluoroscopic roadmap control. Once across the
lesion, the microcatheter is exchanged over a 300 cm, 0.014” microwire for a Gateway
angioplasty balloon. Following angioplasty, the balloon catheter is exchanged for a
Wingspan stent delivery system and the self-expanding Wingspan stent is deployed across
the stenosis. If the residual stenosis after inserting the Wingspan stent is ≥ 50%, the study
protocol allows for post-dilation with a new balloon catheter. The PTAS protocol requires
that intravenous heparin is given to maintain the activated clotting time (ACT) between
250–300 seconds throughout the procedure. IIb / IIIa agents can only be used if an
intraluminal thrombosis develops during the procedure. If so, the targeted ACT is to be
lowered to less than 220 seconds to minimize the risk of bleeding. The protocol requires
frequent measurements of blood pressure during the procedure and at least every two hours
over the next 24 hours while the patient is monitored in an intensive care or step-down unit.
If the blood pressure is greater than 150 mm Hg systolic or 95 mm Hg diastolic, intravenous
antihypertensive treatment is required to lower the risk of reperfusion injury once PTAS has
been performed (14).

Follow-Up Schedule
The site neurologist and the coordinator are required to evaluate study patients at
enrollment. To ensure that all adverse events that occur in the peri-procedural period (in the
PTAS arm) and in the equivalent peri-enrollment period (in the medical arm) are captured,
the study coordinator contacts the patient (by telephone or in person if patient still
hospitalized) 4 days after enrollment. If a potential adverse event has occurred, the
neurologist evaluates the patient as soon as possible. Follow-up visits continue to occur at 30
days, 4 months, and then every 4 months until the first of the following: 90 days after a
primary endpoint, death, 3 years of follow-up, or the close-out visit for the trial that will
occur when the last patient enrolled in the trial has been followed for 1 year. At each follow-
up visit, the patient’s medications are reviewed, the patient is weighed, and blood pressure
readings are taken in a standard way using the study-supplied Omron HEM-705CP
automated blood pressure device (Omron Healthcare, Inc., Vernon Hills, Illinois).
Additionally, the patient is interviewed and examined by the site neurologist to determine if
any adverse events have occurred, risk factors are managed as described below, rosuvastatin
is dispensed by the coordinator, prescriptions for the other study medications are provided
(or called in to the pharmacy), and the Modified Rankin, Barthel Index, NIH Stroke Scale,
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and the Montreal Cognitive Assessment evaluations are performed (latter assessed at study
entry, 4 months, 12 months and close-out visit).

Compliance with antithrombotic therapy is checked by counting study-supplied aspirin
tablets at each follow-up visit. Additionally, the coordinator calls the patient by phone 90
days after enrollment to obtain verbal pill counts of the aspirin and clopidogrel and, if there
are any clopidogrel tablets left, the patient is instructed to stop taking them. Patients are
permitted to take non-study provided clopidogrel beyond 90 days only if a physician not
involved in the trial recommends it for a non-neurologic indication (e.g. coronary or
peripheral vascular disease).

Risk Factor Management
Risk factor management at each site is managed by a team including the site neurologist and
study coordinator, and a lifestyle coach (from Nationwide Better Health – INTERVENT,
Columbus, OH). The neurologist and coordinator follow the study algorithms for managing
the primary risk factors, targeting systolic blood pressure < 140 mm Hg (< 130 mm Hg if
diabetic) and LDL < 70 mg / dl. At each follow-up visit, if a patient’s systolic blood pressure
is above target, an adjustment in the antihypertensive regimen is made and the patient
returns for a blood pressure check in 30 days. Once the reading is within target, the patient
resumes the regular follow-up schedule of every 4 months. Adjustments of the statin dose to
achieve an LDL < 70 mg are based on the patient’s blood samples sent to the Emory Lipid
Laboratory (Atlanta, GA) for measurement of direct LDL at study entry, 30 days and 4
months after enrollment. Beyond 4 months, adjustments are based on site LDL levels.

The site neurologists and coordinators are also responsible for overseeing the management
of secondary risk factors. In diabetics, the protocol recommends that hemoglobin A1c be
checked at enrollment and at least twice a year (quarterly if the patient is not meeting
glycemic goals or if diabetic medications are changed) targeting a level of < 7% (15). The
study neurologist works with the diabetic patient’s primary care physician and
endocrinologist (if needed) to achieve good diabetic control. Non-HDL cholesterol <100
mg/dL is also an important secondary target (16). Once the LDL is < 70 mg /dl or LDL
lowering has been maximized, if non-HDL cholesterol is ≥ 100 mg / dl and triglycerides are
≥ 200 mg / dl, fenofibrate 145 mg per day is recommended. The targets for other secondary
risk factors are smoking cessation (17), body mass index (BMI) < 25 kg/m2 if the enrollment
BMI is 25 – 27 kg/m2 or 10% weight loss if the enrollment BMI is > 27 kg/m2 (18), and
moderate intensity exercise at least 3 times per week for 30 minutes per session in patients
able to participate. To help set and achieve goals for lifestyle changes that assist with risk
factor management, the lifestyle coach performs an initial assessment of the patient’s current
health status, readiness for change, and eating, exercise, tobacco and other lifestyle habits in
order to develop the patient’s personal action plan, with recommendations for achieving
realistic short and long-term goals. This initial assessment is done within 2 weeks of
enrollment. Subsequently, the coach calls the patient every 2 weeks for the first 3 months
and then every 4 weeks throughout follow-up to provide on-going lifestyle health coaching,
support, motivation, re-evaluation and revision of the patient’s personal action plan. These
calls typically last 15–20 minutes. The goals and action plan reports, which are mailed to the
patient, are also available to the patient on-line and to the study investigators through the
study’s electronic data capture system.

Oversight of risk factor management at each site is performed by the Director of Risk Factor
Management at the Clinical Coordinating Center. With assistance from experts in
hypertension, lipid disorders, and diabetes on the Risk Factor Advisory Committee, the Risk
Factor Director also provides recommendations to site investigators on individual study
patients with difficult to control risk factors.
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Primary and Secondary Endpoints
Primary endpoints are 1) any stroke or death within 30 days after enrollment, 2) any stroke
or death within 30 days after a revascularization procedure of the qualifying lesion during
follow-up, or 3) ischemic stroke in the territory of the qualifying artery beyond 30 days. The
rationale for including 1 and 2 as primary endpoints is to capture these serious potential
complications of PTAS and general anesthesia. Ischemic stroke is defined as a new focal
neurological deficit of sudden onset, lasting at least 24 hours that is not associated with a
hemorrhage on brain CT or MRI. Ischemic strokes are classified as in or out of the territory
of the symptomatic intracranial artery. Symptomatic brain hemorrhage is defined as
parenchymal, subarachnoid, or intraventricular hemorrhage detected by CT or MRI that is
associated with new neurological signs or symptoms (headache, change in level of
consciousness, focal neurological symptoms) lasting ≥ 24 hours or a seizure, and is only a
primary endpoint if it occurs with 30 days after enrollment or within 30 days after a
revascularization procedure of the qualifying lesion during follow-up.

Secondary endpoints include 1) disabling stroke, 2) any stroke or death, 3) myocardial
infarction, 4) major non-stroke hemorrhage (i.e., major systemic hemorrhage, subdural
hemorrhage, epidural hemorrhage), 5) functional outcome at the end of follow-up measured
by the Rankin Scale and Barthel Index, 6) cognitive outcome at end of follow-up measured
by the Montreal Cognitive Assessment (MoCA). Major non-stroke hemorrhage is defined as
any subdural or epidural hemorrhage or a systemic hemorrhage requiring any of the
following: hospitalization, blood transfusion, or surgery.

Assessment of Adverse Events
If a potential endpoint occurs, patients are examined by the study neurologist as soon as
possible and preferably within 24 hours of the event. If a stroke is suspected, MRI or CT of
the brain is done. Given that the treatment assignment is known to the principal site
neurologist, a second site neurologist, who is unaware of treatment assignment, is also
required to evaluate a patient with an event that may be difficult to classify as a stroke, such
as a prolonged TIA (lasting > 1 hour) or mild stroke (an increase in the patient’s NIH Stroke
Scale of ≤ 4 from study entry). Both the blinded and unblinded neurologists’ assessments are
sent for central adjudication. All potential endpoints are adjudicated by independent panels
of neurologists and cardiologists who are unaware of treatment assignments.

Data Management and Imaging Center
Data management is the responsibility of the Statistical Coordinating Center. Study data are
entered electronically by the site coordinators into a central server running a commercial
software system called DataFax (www.datafax.com). A variety of secure web applications
are used for trial management including entry, tracking, and storage of all regulatory
documents. CDs of all brain imaging (MRI and CT) and diagnostic angiography done for the
qualifying event, the PTAS procedure angiograms, and any brain imaging or vascular
imaging (MRA, CTA, angiography) done during follow-up are sent to the Imaging Center
(at Washington University) where the images are uploaded to a web-based imaging data-
base that allows the central angiogram and brain imaging readers to read the brain and
vascular imaging remotely.

Site Monitoring Visits
Prior to beginning enrollment, all investigators attended a training conference. The
SAMMPRIS Project Manager visited each site for an initial monitoring visit after the first
1–2 patients at the site completed the initial 30 day follow-up visit. All sites subsequently
have a minimum of two monitoring visits per year (more if problems are identified). The
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follow-up monitoring is done by clinical monitors from the Regulatory and Clinical
Research Institute (RCRI) clinical research organization (Minneapolis, MN). Source
document verification is done for all case report forms in the electronic database. Patient
medical records are reviewed to verify that enrollment criteria were met, protocol
requirements are being followed, and adverse event reporting is accurate.

Statistical Considerations
The expected mean duration of follow-up is two years (range 1 – 3 years). The sample size
required to have 80% power to detect a 35% relative risk reduction in the primary endpoint
(estimated rate 24.7% at two years in the medical arm vs. 16.1% in the PTAS arm) using a
two-sided log-rank test with probability of a Type I error = 0.05, a 2% lost to follow-up rate,
and a 5% crossover from the medical to the PTAS arm is 382 patients per group. The
primary endpoint rate for the medical therapy alone group was based on analysis of WASID
patients with the SAMMPRIS high-risk criteria (i.e., 70–99% stenosis and TIA or minor
stroke within 30 days prior to enrollment) and assumed a 15% relative risk reduction from
aggressive medical management. The 35% relative risk reduction from PTAS was based
largely on the results of a national survey sent to stroke neurologists and interventionists to
determine the minimal benefit from PTAS that would make it the treatment of choice of a
majority of respondents if the primary endpoint rate was 25% at 2 years in the medical arm
(19). The data from two Wingspan registries suggested that a 35% relative risk reduction
was achievable (20, 21). The primary hypothesis will be tested using a two-sided log-rank
test to compare the time to primary endpoint between the treatment groups. Patients lost to
follow-up will be censored at the last contact date. A hazard ratio (medical arm / PTAS arm)
will be calculated using Cox proportional hazards regression. All analyses will be intention-
to treat unless specified otherwise. Pre-planned secondary analyses include identifying
subgroups most versus least likely to benefit from PTAS, comparing outcomes in patients
who achieve versus don’t achieve risk factor goals, and comparing outcomes of patients
treated with aggressive medical therapy alone in SAMMPRIS versus similar historical
controls in WASID (i.e. those with the SAMMPRIS entrance criteria).

Data Safety Monitoring Board (DSMB)
The DSMB meets every 6 months to review the study progress and accumulated data. The
main responsibilities of the DSMB are to ensure that study participants are not exposed to
unnecessary or unreasonable risks and that the trial is conducted with high scientific and
ethical standards. The DSMB is assisted by two safety monitors (one medical, one
interventional) who review data on individual cases with adverse events. Two interim
efficacy analyses are planned for when approximately 33% and 66% of the required primary
endpoints have occurred (22).

Monitoring the Performance of PTAS in the Trial
To ensure patient safety and adherence to the PTAS protocol, the procedure notes from all
PTAS procedures are reviewed. PTAS procedure data is first reviewed by the clinical
research nurse at the Statistical Center. If an adverse event is identified, data related to the
event (including the interventional procedure note) is promptly referred to the interventional
safety monitor for review. Any concerns regarding procedural technique or protocol
compliance are relayed to the DSMB and the interventional co-principal investigators for
investigation and potential action. All procedure notes from cases not referred to the
interventional safety monitor are reviewed by one of the two interventional co-principal
investigators. Interventionists are contacted by the co-principal investigators if there are any
questions raised regarding technique or protocol adherence. In addition to the case-by case
review, thresholds for automatic flagging of interventionists and sites are in place that result
in investigation of any single occurrence of vessel rupture or if any two of the first 10 cases
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at a site result in procedural-related serious adverse events or technical difficulties.
Examples of events that result in an investigation are if an operator fails to deploy the stent
in any two of the first 10 cases or if an ischemic stroke occurred in case 2 and a distal
embolus occurred in case 10 at a site. Outcomes of these investigations can range from no
action to a recommendation to suspend or terminate the interventionist or the site by
consensus opinion of the two co-principal investigators. Decisions to suspend or terminate
an interventionist or site must be presented to the Credentialing Committee for approval.

Rationale for Key Elements of Study Design
Why were patients with remote symptoms and 50–69% stenosis excluded
from SAMMPRIS?—WASID showed that severity of stenosis was the most powerful
predictor for recurrent stroke in the territory of the the stenotic artery. The cumulative rates
of stroke in the territory in patients with ≥ 70% stenosis were 18% at one year and 19% at
two years, whereas the rates of stroke in the territory in patients with < 70% stenosis were
6% at 1 year and 10% at 2 years (7). Time from qualifying event to enrollment was also a
powerful predictor of recurrent stroke, especially in patients with 70% – 99% stenosis: in
132 patients with 70% – 99% stenosis who had their qualifying events within 30 days prior
to enrollment, the 1 and 2-year rates of stroke in the territory were 22.9 % and 25%,
respectively, whereas in 71 patients with 70% −99% stenosis and a qualifying event more
than 30 days prior to enrollment, the 1 and 2-year rates of stroke in the territory were both
9% (unpublished data from WASID, Michael Lynn, Emory University, 2007). Given the
inherent peri-procedural risk of PTAS (30-day rate of stroke and death of 4.5 – 9.6%
(20,21,23,24)) and the relatively low risk of stroke in patients with remote symptoms or <
70% stenosis, including these patients in SAMMPRIS would have required a much larger
sample size. Studying these patients in a subsequent trial may be worth considering if
SAMMPRIS shows a benefit from PTAS in high-risk patients.

Why was the Wingspan stent chosen to be studied in SAMMPRIS?—Wingspan
is the only FDA approved stent for atherosclerotic intracranial stenosis and has been
available for clinical use since August 3, 2005 under an HDE (humanitarian device
exemption) for patients with 50–99% stenosis who have a TIA or stroke while on
antithrombotic therapy (24). As such, use of Wingspan in the USA far exceeds that of any
other stent (e.g. coronary stents) for treatment of intracranial stenosis. Moreover, the
Wingspan delivery system was based on the self-expanding Neuroform stent system to treat
intracranial aneurysms (both manufactured by Boston Scientific Corporation), which is a
device that most neuro-interventionists have used extensively. Lastly, two post-marketing
Wingspan registries led by the principal investigators of SAMMPRIS showed excellent
technical success rates (96.7–98.8%) and 30-day and longer stroke outcomes in patients with
70–99% (20, 21) that appeared favorable compared to the outcomes in medically treated
patients with 70–99% stenosis in WASID (7).

Why is combination antiplatelet therapy being used for 90 days in
SAMMPRIS?—Aspirin and clopidogrel are used for a minimum of 30 days after PTAS,
but the optimal duration of combination antiplatelet therapy is uncertain. The most common
practice amongst interventionists who we surveyed when designing SAMMPRIS is to use
aspirin and clopidogrel for 90 days after PTAS followed by aspirin alone. This, coupled with
the results of MATCH (25) and CHARISMA (26) that suggest the risk of major hemorrhage
on combination aspirin and clopidogrel increases after 90 days, provided the rationale for
limiting the use of combination clopidogrel and aspirin for 90 days following PTAS in
SAMMPRIS. We chose identical antiplatelet therapy for the medical arm for three main
reasons: 1) to keep medical management in both arms the same so that any difference in
outcome between the two arms of the study could be ascribed to PTAS alone; 2) MATCH
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and CHARISMA both suggested that combination antiplatelet therapy may be more
effective than monotherapy in patients enrolled within 30 days of their qualifying event
(25,26), a requirement for enrollment in SAMMPRIS; and 3) the pathophysiology of recent
TIA or stroke related to intracranial atherosclerotic stenosis is probably similar to the
pathophysiology of acute coronary syndromes, which the CURE trial showed was more
effectively treated with aspirin and clopidogrel than aspirin alone (27).

What is the rationale for the components of intensive risk factor management
in SAMMPRIS?—Several factors suggested that intensive management of atherosclerotic
risk factors should be incorporated into the design of SAMMPRIS: 1) WASID showed that
poorly controlled blood pressure and elevated cholesterol were significantly associated with
a higher rate of stroke, MI, or vascular death (28); 2) other secondary prevention stroke trials
have shown that treatment of elevated LDL (SPARCL trial) (29) and blood pressure
(PROGRESS trial) (30) reduce the risk of recurrent stroke; 3) intensive medical
management in patients with coronary artery disease had been shown to be as effective as
endovascular intervention and usual medical management for preventing cardiac ischemic
events (31) when SAMMPRIS was being designed (a subsequent trial showed that intensive
medical management was as effective as intensive medical management plus endovascular
treatment for stable CAD(32)). We chose hypertension and raised LDL as the primary risk
factors to target because WASID suggested that poor control of these two factors was
associated with major vascular events (28). The target level of systolic blood pressure < 140
mm Hg (< 130 mm Hg in diabetics) was based on the JNC7 recommendations (33) and the
target for LDL < 70 mg/dl was based on the NCEP-ATPIII guidelines for very high-risk
patients (16). Rosuvastatin was chosen for use in the trial because it is the most effective
statin for LDL reduction on a milligram-to-milligram basis (34, 35) and the manufacturer of
rosuvastatin generously agreed to provide it free of charge to study patients. Lastly, the
lifestyle modification program was included because there is a large gap between
recommended target levels for risk factors and those achieved in clinical practice (36–38)
and lifestyle modification programs have been shown to reduce that gap (39–40).

How does the design of SAMMPRIS reduce bias favoring one or the other
arm?—This was done by: 1) requiring identical aggressive medical management in both
arms (with the exception of not providing a loading dose of clopidogrel in the medical arm);
2) not requiring the study neurologist to evaluate patients after PTAS. If study neurologists
are required to see all patients after PTAS but do not examine patients in the medical arm at
the same time shortly after enrollment (which is impractical since most are not hospitalized),
that could lead to surveillance bias against the PTAS arm. Instead, we require the study
coordinators to contact patients in both arms on day 4 after enrollment to determine if any
adverse events have occurred; 3) defining ischemic stroke based on clinical criteria alone
(i.e., not including DWI positive MRI lesions without persistent neurological signs at 24
hours as strokes) to minimize surveillance bias that would result from differential use of
brain imaging in the two treatment arms (e.g., patients in the PTAS arm are more likely to
undergo MRI in the peri-enrollment period because they are hospitalized for the PTAS
procedure); 4) requiring a second neurologist, who is unaware of treatment assignment, to
evaluate patients with events that may be difficult to classify as a stroke (prolonged TIAs,
minor stroke); and 5) central adjudication of all potential endpoints by independent
neurologists and cardiologists who are unaware of treatment assignment and date of
enrollment so they cannot assume that early events are more likely to be in the PTAS arm.

Unique Features of SAMMPRIS Design
SAMMPRIS has several unique design features that may be worth incorporating into future
secondary prevention trials in stroke. First, we are using aggressive protocol driven
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management of multiple vascular risk factors as part of the study protocol, with regular
performance feedback and suggestions from the coordinating center to improve risk factor
management at each site. Second, a lifestyle modification program is used to coach patients
about healthy habits. Third, in deciding the hypothesized effect size for the benefit from
PTAS, we used a national survey of physicians to quantify the minimum benefit that most
physicians would want to see from PTAS to make it their treatment of choice. Historically,
the hypothesized effect size for the benefit of one treatment over another in many trials has
been based on estimating the treatment effect that physicians and patients would deem
important enough to adopt a new treatment, as well as the feasibility of recruiting the
required sample size with the estimated effect size. The use of physician surveys (and
ideally patient surveys) may provide a more reliable approach for determining the clinically
meaningful benefit that would lead to choosing one treatment over another. Finally, we
established a contract with a national retail pharmacy chain to dispense study medications to
patients wherever they live. This mimics clinical practice, is convenient to patients and study
coordinators, maximizes efficiency (no need to mail medications if patients run out, no need
to keep track of drug expirations), and lowers study costs (no need to have a drug
distribution center ordering medications in bulk and supplying the sites, no wastage of
medications, no need to monitor stocks at each site).
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Table 1

INCLUSION CRITERIA

1 TIA or non-severe stroke within 30 days of enrollment attributed to 70–99% stenosis * of a major intracranial artery (carotid artery,
MCA stem (M1), vertebral artery, or basilar artery)

* may be diagnosed by TCD, MRA, or CTA to qualify for angiogram performed as part of the study protocol but must
be confirmed by catheter angiography for enrollment in the trial

2 Modified Rankin score of ≤ 3

3 Target area of stenosis in an intracranial artery that has a normal diameter of 2.00 mm to 4.50 mm

4 Target area of stenosis is less than or equal to 14 mm in length

5 Age ≥ 30 years and ≤ 80 years.

• Patients 30–49 years are required to meet at least one additional criteria (i-vi) provided in the table below to qualify for
the study. This additional requirement is to increase the likelihood that the symptomatic intracranial stenosis in patients
30–49 years is atherosclerotic.

i. insulin dependent diabetes for at least 15 years

ii. at least 2 of the following atherosclerotic risk factors: hypertension (BP ≥ 140/90 or on antihypertensive therapy); dyslipidemia
(LDL ≥ 130 mg /dl or HDL < 40 mg/dl or fasting triglycerides ≥150 mg/dl or on lipid lowering therapy); smoking; non-insulin
dependent diabetes or insulin dependent diabetes of less than 15 years duration; family history of any of the following:
myocardial infarction,coronary artery bypass, coronary angioplasty or stenting, stroke, carotid endarterectomy or
stenting,peripheral vascular surgery in parent or sibling who was < 55 years of age for men or < 65 for women at the time of the
event

iii. history of any of the following: myocardial infarction, coronary artery bypass, coronary angioplasty or stenting, carotid
endarterectomy or stenting, or peripheral vascular surgery for atherosclerotic disease

iv. any stenosis of an extracranial carotid or vertebral artery, another intracranial artery, subclavian artery,coronary artery, iliac or
femoral artery, other lower or upper extremity artery, mesenteric artery, or renal artery that was documented by non-invasive
vascular imaging or catheter angiography and is considered atherosclerotic

v. aortic arch atheroma documented by non-invasive vascular imaging or catheter angiography

vi. any aortic aneurysm documented by non-invasive vascular imaging or catheter angiography that is considered atherosclerotic

6 Negative pregnancy test in a female who has had any menses in the last 18 months

7 Patient is willing and able to return for all follow-up visits required by the protocol

8 Patient is available by phone

9 Patient understands the purpose and requirements of the study, can make him/herself understood, and has provided informed
consent
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Table 2

EXCLUSION CRITERIA

1. Tandem extracranial or intracranial stenosis (70%–99%) or occlusion that is proximal or distal to the target intracranial lesion (NOTE: an
exception is allowed if the occlusion involves a single vertebral artery proximal to a symptomatic basilar artery stenosis and the
contralateral vertebral artery is supplying the basilar artery)

2. Bilateral intracranial vertebral artery stenosis of 70%–99% and uncertainty about which artery is symptomatic (e.g. if patient has pontine,
midbrain, or temporal – occipital symptoms)

3. Stenting, angioplasty, or endarterectomy of an extracranial (carotid or vertebral artery) or intracranial artery within 30 days prior to
expected enrollment date

4. Previous treatment of target lesion with a stent, angioplasty, or other mechanical device, or plan to perform staged angioplasty followed
by stenting of target lesion

5. Plan to perform concomitant angioplasty or stenting of an extracranial vessel tandem to an intracranial stenosis

6. Presence of intraluminal thrombus proximal to or at the target lesion

7. Any aneurysm proximal to or distal to stenotic intracranial artery

8. Intracranial tumor (except meningioma) or any intracranial vascular malformation

9. CT or angiographic evidence of severe calcification at target lesion

10. Thrombolytic therapy within 24 hours prior to enrollment

11. Progressive neurological signs within 24 hours prior to enrollment

12. Brain infarct within previous 30 days of enrollment that is of sufficient size (> 5 cms) to be at risk of hemorrhagic conversion during or
after stenting

13. Any hemorrhagic infarct within 14 days prior to enrollment

14. Any hemorrhagic infarct within 15 – 30 days that is associated with mass effect

15. Any history of a primary intracerebral (parenchymal) hemorrhage (ICH)

16. Any other intracranial hemorrhage (subarachnoid, subdural, epidural) within 30 days

17. Any untreated chronic subdural hematoma of greater than 5 mm in thickness

18. Intracranial arterial stenosis due to arterial dissection, Moya Moya disease; any known vasculitic disease; herpes zoster, varicella zoster
or other viral vasculopathy; neurosyphilis; any other intracranial infection; any intracranial stenosis associated with CSF pleocytosis;
radiation induced vasculopathy; fibromuscular dysplasia; sickle cell disease; neurofibromatosis; benign angiopathy of central nervous
system; post-partum angiopathy; suspected vasospastic process, suspected recanalized embolus

19. Presence of any of the following unequivocal cardiac sources of embolism: chronic or paroxysmal atrial fibrillation, mitral stenosis,
mechanical valve, endocarditis, intracardiac clot or vegetation, myocardial infarction within three months, dilated cardiomyopathy, left
atrial spontaneous echo contrast, ejection fraction less than 30%

20. Known allergy or contraindication to aspirin, clopidogrel, heparin, nitinol, local or general anesthesia

21. History of life-threatening allergy to contrast dye. If not life threatening and can be effectively pretreated, patient can be enrolled at
physician’s discretion

22. Active peptic ulcer disease, major systemic hemorrhage within 30 days, active bleeding diathesis, platelets < 100,000, hematocrit < 30,
INR > 1.5, clotting factor abnormality that increases the risk of bleeding, current alcohol or substance abuse, uncontrolled severe
hypertension (systolic pressure > 180 mm Hg or diastolic pressure > 115 mm Hg), severe liver impairment (AST or ALT > 3 x normal,
cirrhosis), creatinine > 3.0 (unless on dialysis)

23. Major surgery (including open femoral, aortic, or carotid surgery) within previous 30 days or planned in the next 90 days after enrollment

24. Indication for warfarin or heparin beyond enrollment (NOTE: exceptions allowed for use of systemic heparin during stenting procedure
or subcutaneous heparin for deep vein thrombosis (DVT) prophylaxis while hospitalized)

25. Severe neurological deficit that renders the patient incapable of living independently

26. Dementia or psychiatric problem that prevents the patient from following an outpatient program reliably

27. Co-morbid conditions that may limit survival to less than 3 years

28. Pregnancy or of childbearing potential and unwilling to use contraception for the duration of this study

29. Enrollment in another study that would conflict with the current study.
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