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Secondary Stroke Prevention: Review of Clinica Trids
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Summary: Patients who experience astroke or transent is-
chemic attack (TI1A) are at high risk for subsequent vascular
events, most commonly stroke. Thisarticlefocusesondlinical
trials examining secondary prevention of stroke and reviews
the various commonly used methods of stroke prevention:
surgical approaches, antihypertensive treatment, lipid- and
cholesterol-lowering medications, anticoagulant therapies,
and antiplatel et therapies.

Key wor ds: transient ischemic attack, stroke, stroke preven-
tion, antiplatelet

Introduction

Epidemiologica studies have established that patients ex-
periencing anonfatal strokeor transent ischemic attack (T1A)
are a high risk for subsequent vascular events. After stroke,
recurrence occurs in 3-8% of patients within the first 30
days.1-2 Long-term strokerecurrenceratesvary from 4t014%
annually, depending on the population studied and thetype of
stroke. Inthe Framingham Study, the 5-year cumulativerecur-
renceratefor atherothrombotic braininfarctionwashigher for
men than for women (42 and 24%, respectively).! The5-year
cumulative recurrence in Rochester, Minnesota, was 29%,
with no difference between genders. In northern Manhattan,
stroke recurred in 12% of patientswithin 1 year, and in 25%
within 5 yearsfollowingischemic stroke.

Petientswith TIA aresimilarly at very high risk of subse-
quent events. In one study among 1,707 patientsbelonging to
Health Maintenance Organizations (HMO), who had been
given adiagnosis of TIA by an emergency room physician
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and who werefollowed for 90 days, 25% experienced stroke,
desth, recurrent TIA, or other cardiovascular events. Therisk
of strokewasapproximately 10% at 90 days, with half of these
occurring within the first 2 days.> In fact, improved imaging
technologies, especidly diffusion-weighted magnetic reso-
nance imaging (DW MRI), which is exquisitely senditive to
theearliest changesof ischemia, have madethedistinction be-
tween stroke and TIA difficult. One-third of patients with
symptoms lasting < 1 h, and up to 70% of those with symp-
toms <24 h, will manifest DW MRI changes consistent with
infarction.6 Based on these data, in 2002 the TIA Working
Group proposed anew definition for TIA: abrief episode of
neurologic dysfunction caused by focal brain or retind is-
chemig, with clinical symptoms typicaly lasting <1 h and
without evidence of acuteinfarction. Any attack with persis-
tent clinical signs or imaging abnormalities would then be
classified asastroke.”

Fromtheneurologist’spoint of view, theclassification of an
event asstrokeor TIA must be considered secondary to under-
standing its cause and to preventing future eventsthat may be
moreseriousor evenfatd. Therefore, inthisarticleno ditine-
tion ismade regarding secondary prevention following stroke
or TIA.

The focus of this article is the secondary prevention of
stroke. However, brief reviews of primary prevention using
variousinterventions are a so included where appropriate, as
they provide a context from which to review secondary pre-
ventiontrias. In addition, although the scope of thisarticleis
limited to areview of clinical trids, it should be stressed that
the core of both primary and secondary stroke prevention re-
mainsthe reduction of risk from modifiable behaviorsidenti-
fiedin epidemiologica studies(including smoking cessation,
weight loss, exercise, and avoidance of acohol abuse), for
whichnoclinical tridshavebeenor likely will beundertaken.

Surgical I nterventions
Primary Prevention Overview

Theroleof endarterectomy in the management of patients
with asymptomatic carotid stenosisissomewhat controversidl.
Although four early trialsfailed to demongtrate definite bene-
fit for surgery in the reduction of stroke or death,811 dl had
methodological flaws, such as small sample size and inade-
quatefollow-up.
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The Asymptomatic Carotid AtherosclerosisStudy (ACAS)
randomized 1,662 patientswith carotid stenosis>60% to &i-
ther carotid endarterectomy and best medical therapy (aspirin
325 mg daily plus risk factor modification) or best medical
therapy adone. The ACAS demonstrated a significant reduc-
tioninrdativerisk (RR) of ipsilateral strokeand perioperative
stroke or death in the surgical group after 5 years (5.1 vs.
11.0%; RR reduction, 53%; p = 0.004). Therewasno correla
tion between benefit and degree of stenosi's, dthough the study
was not empowered to detect such differences.1? This study
needsto beinterpreted cautioudy for severa reasons, howev-
er. For example, the overall perioperative stroke or death risk
was 2.3%, but in subgroup anadyses it was greater among
women (3.6%) than men (1.7%). These gender differences
were not gatistically significant, but they might provide a
rationalefor greater caution in recommending carotid endar-
terectomy to women with asymptomatic disease. Moreover,
ACASwas designed to maintain arisk of perioperative mor-
bidity and mortality of <3%, excluding patients over age 79
and those with symptomatic vertebrobasilar disease or with
serious medical illnesses that could complicate surgery. For
thisreason, generalization of the ACASresultsto patients not
meeting these criteria remains speculative. Findly, sincethe
time ACA S was conducted, improved medica therapy, such
as the increased use of gtatins (discussed below), may have
narrowed the gap between medical therapy and carotid endar-
terectomy. Nevertheless, based ontheseresults, carotid endar-
terectomy may be considered for generally hedlthy personsup
to 80 yearsof agewith stenosis of = 60% to reducetherisk of
futurestroke.

Secondary Prevention

With regard to symptomatic carotid stenosis, the clinical
picture is somewhat clearer. The North American Sympto-
matic Carotid Endarterectomy Trial (NASCET) demongtrated
that among patients with TIA or minor stroke and ipsilateral
carotid stenosis of = 70%, the 2-year risk of ipsilatera stroke
was reduced from 26% in amedically treated group (aspirin
1,300 mg/day) to 9% in a surgical group (p<0.001). When
major or fatal ipslateral strokewas used asthe outcome mea-
sure, the risks were 13 and 2.5%, respectively (p<0.001).
Evenwhen al strokes and deathswereincluded intheanay-
sis, carotid endarterectomy was still associated with asignifi-
cant (p<0.001) reduction of risk. These benefits appeared to
be largely independent of the degree of stenosis within the
rangeof 70-99%.13

TheEuropean Carotid Surgery Trid (ECST) produced sm-
ilar results in symptomatic patients with a stenosis = 70%,
demondrating adecreasein 3-year risk for surgical stroke, sur-
gica death, or any ischemic stroke (endarterectomy, 12.3%;
medica-only treatment, 22%; p<0.005). Thiswasin contrast
to resultsfrom patientswith mild (< 30%) stenosis, in whom
the small risk of subsequent stroke was outweighed by the
risksof surgery.14

The Veterans Administration Cooperative Study, which
compared endarterectomy to medical-only therapy among pa-

tientswith a>50% stenosisand ahigtory of TIA or smdl com-
pleted strokes, demonstrated strokerisk of 19.4% inthe medi-
cal-only group versus 7.7% in the surgical group (mean fol-
low-up, 11.9 months; p = 0.011). In addition, the degree of
benefit wasgreater (absoluterisk reduction, 17.7%; p=0.004)
among patientswith astenosis> 70%.15

The NASCET results were recently extended to symp-
tomeatic patients with moderate stenosis (50-69%). Surgica
treatment was associ ated with a29% reduction in RR versus
medica-only treatment for the primary outcome measure,
5-year incidenceof ipdilatera stroke(surgical, 15.7%; medical
only, 22.2%; p = 0.045; 95% confidenceinterval [CI] for RR
reduction, 7-52%). The benefit was similar in magnitude
when outcome measures included any disabling stroke or
death from any cause (RR reduction, 27%; p=0.032).16

Subgroup analyses of the NASCET data for moderate
genosis suggested that the benefit of surgery is greater for
men than for women, probably becausethe underlying risk of
stroke with medica therapy islower in women than in men.
Theoverd| perioperativerate of disabling stroke or death was
2.0%. Certain characteristicsdoubled therisk of perioperative
stroke or mortality: diabetes, diastolic blood pressure (BP)
>90 mmHg, contraateral carotid occlusion, Ieft carotid ar-
tery disease, taking < 650 mg aspirin daily at study entry, ab-
sence of history of myocardial infarction (MI) or angina, and
animaged infarct. Symptomatic patientswith <50% stenosis
showed no benefit with carotid endarterectomy. 16

FutureDirectionsin Surgical Approachesto
StrokePrevention

Carotid angioplasty and stenting area so being evduatedin
clinica trials as an aternative to carotid surgery. In the
CArotid and Vertebral Artery Trandumina Angioplasty
Study (CAVATAS), 504 patients with carotid stenosis (97%
symptomatic) were randomized to surgery or angioplasty
with or without stenting. Petientswere excluded if they were
deemed at excessive risk from surgery. Stents were used in
26% of patients and angioplasty alone in 74%. The 30-day
rate of major outcomesdid not differ between thetwo groups,
with a 10% death or any stroke rate within that time. Minor
complicationswerelower inthegroup trested endovascularly
than surgically (crania nerve pasies 0 vs. 9%, p<0.0001;
groin or neck hematomarequiring surgery or extending hos-
pita stay 1vs. 7%, p<0.0015). Persistent severe stenosis of
the carotid artery at 1 year was present more commonly inthe
endovascular group (14 vs. 4%; p<0.001). During 3 years
therewere no significant differencesinipsilateral strokeorin
acombined outcome of death or disabling stroke 1’

In the recently completed Stenting and Angioplasty
with Protection in Petients at High Risk for Endarterectomy
(SAPPHIRE) trid, patientswith carotid stenosisat increased
risk for complicationswith surgery wererandomly assignedto
carotid endarterectomy or angioplasty and stenting. High-
risk conditionsincluded age> 80 years, congestive heart fail-
ure, recent M| or unstable angina, severe pulmonary disease,
contralateral internal carotid artery occlusion, neck radiation,
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and prior carotid endarterectomy. Patients could have either
symptomatic stenosis =50% or asymptomatic stenosis
>80%. A total of 307 patients were randomized. Technical
successwas achieved in 91% of stented patients. The 30-day
stroke, M1, and death rate was significantly reduced in the
group treated with stents (5.3 vs. 12.6%, respectively). The
30-day strokeratedid not differ significantly. Long-termfol-
low-upisongoing.18

These studies suggest that carotid angioplasty and stenting
may havearole, particularly in reducing minor complications
of carotid revascul arization proceduresand in patientsat high
risk of surgery, although thereisno evidencethat endovascular
proceduresaremoreeffectivefor patientsmoregeneraly. The
ongoing Carotid Revascularization Endarterectomy versus
Stent Trid (CREST) will comparetheefficacy of carotid end-
arterectomy and angioplasty and stenting in symptomeatic pa-
tientswith stenosisof at least 50%0.19

The observed difference in surgical benefits for symp-
tomatic patients with severe stenosis, moreover, compared
withthosewith mild to moderate stenosi's, suggeststhat strat-
ification of patients based on disease characteristics may be
the most effective approach to maximizing the benefits of sur-
gica intervention. A number of contemporary studies have
provided evidence that measures of cerebral hemodynamics
can provideimportant prognostic differentiation between pa-
tient groups.

Increased oxygen extraction fraction (OEF) isanindicator
of reduced hemodynamic reservethat can be evaluated using
positron emission tomography (PET); oxygen extraction is
increased in areas of thebrain inwhich blood flow isreduced
rel ativeto oxygen demand.

In a study of 81 patients with a history of TIA or stroke,
hemodynamicfailuredefined using PET criteria(OEF outside
thenormal range based on studiesin normal volunteers) distal
to carotid artery occlusion was strongly predictive of stroke;
among 39 patientswith hemodynamic failure, 11 (28%) suf-
fered ipsilateral strokes during follow-up, compared with 2
ipsilatera strokes among 42 patients (5%) without hemody-
namic failure (p = 0.004; mean follow-up, 31.5 months).2

Another potentia predictor of increased strokerisk ispoor
cerebrovascular reactivity, assessed using middle cerebra
artery transcranial Doppler testing during induced hypercap-
nia, which can identify patientswith both asymptomatic and
symptomatic carotid occlusion.? Among 94 patients with
asymptomatic carotid stenosis = 70%, increased cerebrovas-
cular reactivity wasd o highly predictive of areduced risk of
cerebrovascular ischemic events, even after adjusting for other
potential risk factors (hazardratio, 0.09; 95% Cl 0.02-0.38).2

Clinica serieshave shown that superficia temporal artery
to middle cerebral artery bypass surgery can restore normal
cerebra perfusion pressureand other markersof hemodynam-
ics, potentially reducing the risk of stroke in patients with
hemodynamic impairment.23 The Extracrania-Intracranial
(EC-IC) Bypass Study, however, failed to demonstrate abene-
fit for bypass surgery in this setting. The triad randomized
1,377 patients with symptomatic carotid or middle cerebral
artery disease(minor strokeor T1A) to undergo optimal medi-

cal careaone (n=714) or combined with superficia temporal
artery tomiddle cerebrd artery anastomosis(n=663). Despite
excelent bypass patency (96%), after a mean follow-up of
55.8 monthsthe prognosiswas clearly worse among surgical-
ly treated patients, with 30-day combined surgical mortality
and mgjor stroke rates of 0.6 and 2.5% in the medically and
surgically treated patients, respectively.? Becausethe EC-1C
bypass study, however, did not account preoperatively for dif-
ferencesin hemodynamicsamong patients, it may havefailed
to digtinguish those patients most likely to benefit from sur-
gery. A new clinicdl trid, the Carotid Occlusion Surgery Study
(COSS), will test theroleof bypasssurgery in patientswith ev-
idence of hemodynamic failure. Eligibility criteria include
complete occlusion of acarotid artery due to atherosclerosis
and hemispheric TIA or mild to moderateischemic strokein
the territory of that carotid artery within 120 days of enroll-
ment. Following PET measurement of OEF, patientswith in-
creased OEF will be €dligible for randomization to bypass
surgery or to continued medical therapy.

Medical Therapy

Antihypertensive Treatment in Secondary Prevention
of Stroke

Severd trialshave demonstrated the benefitsof blood pres-
surereductionin reducing therisk of afirst strokein hyperten-
sive patients.2>28 Until recently, however, very few clinical
trial datawereavailableto provide evidencethat antihyperten-
sivetherapy could reducetherisk of arecurrent strokeamong
those with hypertension and a first cerebrovascular event.
Theoretical concerns about reducing cerebral blood flow in
those with cerebrovascular disease mandated caution in re-
ducing BPinthisgroup of patients. Recent meta-analyses of
epidemiol ogica datafrom several large-scal e prospective co-
hort studies, however, have suggested that rel ative elevations
in BR, even within therangetraditionally considered normal,
are also associated with an increased risk of stroke.?® There
appearsto beno gtrict threshol d bel ow which further observed
decrementsin BP arenot associated with additional decreases
instrokerisk. Therisk of stroke associated with BPis, in oth-
er words, continuous. Whether treatment to reduce BPin non-
hypertensive patientswho experience astrokeor TIA lowers
the risk of future strokes has also remained a largely unex-
plored question. Recent results from the Perindopril Protec-
tion Againgt Recurrent Stroke Study (PROGRESS) address
therole of BPtherapy in secondary stroke prevention.

The PROGRESSwasaninternationa randomized, double-
blind, placebo-controlled tria of antihypertensive therapy
among 6,105 patientswith ahistory of stroke (hemorrhagic or
ischemic) or TIA withinthe preceding 5 years.® Patientswere
enrolled independent of hypertension status, and 52% were
considered nonhypertensive(i.e., systolic BP< 160 and dias-
tolic BP< 90 mmHg). Mean BPamong nonhypertensiveswas
136/79 at basdline. Activetrestment utilized the ACE inhibitor
perindopril 4 mg daily (or placebo) with or without the addi-
tion of diuretic therapy withindapamide 2.5 mg daily (or pla-
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cebo) according to the preference of the tresting physician.
Petientswerefollowed for 4 yearsfor the occurrence of stroke
and other mgjor vascular events. Active therapy (i.e., either
perindopril alone or the combination of both agents) led to a
mean BP reduction of 9/4 mmHg, with astatistically signifi-
cant 28% RR reduction in risk of recurrent stroke (absolute
risk reductionfrom 14%in the placebo group to 10%intheac-
tive treatment group). Mgjor vascular events were reduced
26%, from 5.5t0 4.1% annually in placebo and active groups,
respectively, but total mortality wasnot significantly different.
Treatment with perindopril alone achieved a 5/3 mmHg re-
duction in blood pressure, and no gtatiticaly significant de-
creasein stroke or other events compared with placebo, while
treatment with the combination perindopril plusindapamide
achieved a12/5 mmHg reduction in BP and a43% reduction
instrokerisk. Perhaps of most interest, the benefit of combin-
ation therapy was of asimilar magnitude among both hyper-
tensive and nonhypertensive patients (44 and 42% strokerisk
reduction, respectively). Thetrial therefore supportsthe con-
tention that among patients who experience afirst stroke or
TIA, BPreductionwithan ACE inhibitor and adiuretic, when
tolerated, can reduce the risk of recurrence, independent of
basdineBP.

Similar results were obtained in the Heart Outcomes Pre-
vention Evaluation (HOPE) study, which evaluated the effect
of the ACE inhibitor ramipril in patientsat high risk of cardio-
vascular events.3! Thetria may be considered in part tobea
secondary stroke preventiontrial, asgpproximately 10% of the
patientsin the study had ahistory of cerebrovascular disease.
The HOPE study demonstrated a22% reductionin therisk of
cardiovascular death and other vascular eventsin patientson
ramipril, despiteamodest decreasein BP compared with base-
line (approximately a 3/2 mmHg systolic/diastalic reduction
with ramipril compared with placebo). The resultsweresimi-
lar among patientswith or without ahistory of stroke, and with
or without ahigtory of hypertension. Ramipril usewasdso as-
sociated with a32% RR reductionfor stroke asan independent
outcome (strokeincidence: ramipril, 3.4%; placebo, 4.9%; p=
0.0002). Becausethereduction in blood pressure was modest
inHOPE, it may bethat the benefits of ramipril in strokerisk
reduction arerelated to propertiesof thedrug other thanitsBP
effects. Because these other BP-independent benefitsof ACE
inhibition were not seen in the PROGRESS tridl, the relative
meritsof BPreduction and ACE inhibition remain uncertainin
the context of secondary stroke prevention.

Ongoing Trials

The Secondary Prevention of Small Subcortical Strokes
(SPS3) trid isintended to compare” intensive’ control of BR,
to reach atarget systolic BP of <130 mmHg, with “usua”
management (target systolic BP of 130-149 mmHg). The pa-
tient population will be limited to those with small-vessd,
subcortica (“lacunar”) infarcts. Outcome measures include
recurrent strokerate, cognitive decline, and rates of other ma-
jor vascular events, as well as discontinuation and adverse
event rates resulting from intensive BP control. The goal of

SPS3 isto compare the effects of two levels of BP control,
rather than compare the efficacy of specific antihypertensive
agents. Management of hypertension in SPS3 to achievethe
assigned targetswill be based on “best practice” recommen-
dationsfrom nationa guidelines.

The hypothesisthat drugsthat affect the renin-angiotensin
system may have benefitsbeyond their effectson BPreduction
has led to the evaluation of angiotensin-I1 receptor blockers
(ARBs). TheONgoing Temisartan Aloneandin combination
with Ramipril Globa Endpoint Trid (ONTARGET) will
compare monotherapy with the ARB tel misartan to ramipril
monotherapy and to combination therapy with both agentsin
patientswith ahistory of CAD, stroke, peripheral vascular dis-
ease, or diabetes with demonstrated end-organ damage. The
Telmisartan Randomised AssessmeNt Study in ACE- iNtol-
erant subjects with cardiovascular Disease (TRANSCEND)
trid will evauatetelmisartan monotherapy againgt placeboin
asimilar populationthat isintolerant of ACE inhibitor therapy.
Inthe 2 X 2 factorial-design Prevention Regimen for Effec-
tively Avoiding Second Strokestrial (PROFESS), patientswith
ahigtory of ischemic strokewithin 90 dayswill be randomized
to telmisartan or placebo, aswell asto two different antiplate-
let regimens (described below). The primary outcomewill be
recurrent ischemic stroke.3

Trialsof Lipid- and Cholesterol-L owering M edications

The benefits of the hydroxymethylglutaryl-coenzyme A
(HMG-CoA) reductaseinhibitors, or statins, in reducing vas-
cular risk among patientswith coronary artery disease (CAD)
have been established for many years. However, trialsof ol der
cholesterol-lowering agents have produced inconsistent re-
sultswith regard to reducing the risk of stroke, which may be
duein part to the choice of the particular agent. Earlier prima:
ry and secondary prevention studiesfailed to show areduction
in stroke incidence in middle-aged men, despite showing re-
ductionsintheincidenceof MI. Infact, studiesof clofibrate, in
ameta-anaysis, demongtrated significantly increased treat-
ment-associated risk of fatal stroke (pooled oddsratio, 2.64).3

More recent studies utilizing statins have demonstrated
benefits in reducing stroke risk. Secondary analyses of the
Scandinavian Simvastatin Survival Study (4S) and Cholester-
ol And Recurrent Eventstrial (CARE), involving treatment of
patientswith ahistory of M1 using smvastatin and pravastatin,
respectively, reved ed treatment-associated reductions of ap-
proximately 30%inthe RR of strokeversus placebo.3* 35 The
recent Long-term Intervention with Pravastatin in |schaemic
Disease (LIPID) study demonsgtrated astatistically significant
19% RR reduction for stroke among patientswith ahistory of
unstableanginaor M1, aswell asareductioninoverall mortal-
ity; total cholesterol levelsin this patient population ranged
from 155271 mg/dl.36

BoththeLIPID and CARE trid srandomized patientswith-
out elevated basdline blood cholesterol levels, which suggests
that all survivors of afirst M1 or those with unstable angina
should be considered for treatment with statinsfor prevention
of both strokeandischemic heart disease. Inaprimary preven-
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tion trial among those with elevated cholesteral, the risk of
srokewasmoremodestly reduced by 11% among thosetreat-
edwith pravatatin.®”

Until recently, therole of statinsin secondary prevention of
grokein patientswithout CAD hasremained uncertain, espe-
cialy for stroke patientswith norma or low cholesterol levels.
Thelandmark Medica Research Council/British Heart Foun-
dation (MRC/BHF) Heart Protection Study, however, sug-
geststhat statins should be considered for amuch broader role
intresting patientswith ahistory of stroke.

The MRC/BHF study was a multicenter, randomized,
placebo-controlled trial of smvastatin therapy for the sec-
ondary prevention of ischemic eventsin patientsat high risk of
vascular disease. A tota of 20,536 patientsaged 40-80 years,
withtotal cholesterol > 135 mg/dl and ahistory of CAD, dia
betesmellitus, treated hypertension (among men > 65 yearsof
age), or other occlusive arteria diseases including stroke or
TIA, wererandomized to placebo or 40 mg simvastatin daily.
Of the total patient population, 3,280 had a history of cere-
brovascular disease.3®

After follow-up (mean = 5 years), therisk of afirst mgjor
vascular event among patients receiving simvastatin was
19.8%, compared with 25.2% for placebo (absolute risk re-
duction, 5.4%; p<0.0001). Mortality was aso significantly
reduced among patients receiving S mvastatin versus placebo
(12.9 vs. 14.7%; p = 0.0003), with the reduced mortality at-
tributable primarily to a 17% risk reduction for vascular
deaths. Simvastatin treatment was al so associated with asta-
tigtically sgnificant 25% RR reductionin occurrence of stroke
(from5.7t04.3%; p < 0.0001).38

Animportant finding of the MRC/BHF study wasthat these
benefitswere ohserved among patientswith normal |ow-den-
sity lipoprotein (LDL) levels, even for thosewith LDL <100
mg/dl. The benefitswere similar in magnitude among patients
withahistory of cerebrovascular diseesewith or without ahis-
tory of CAD. For patientswithout ahistory of CAD, theabso-
luterisk reduction for amgjor vascular event was 4.9% (23.6
to 18.7%), yielding anumber needed to treat of approximately
20. Smvagtatin did not increaserisk of cerebral hemorrhage,
and therapy wasvery well tolerated.38

Among patientswith ahistory of strokeor TIA, the MRC/
BHF study providesthefirst definitive evidencefor benefitsof
statin therapy in the reduction of risk for stroke, MI, vascular
death, and overdl mortality. It further provides evidence that
these benefitscan beredized independent of basdinelipid val-
ues. Theseresultsindicatethat statin therapy should be strong-
ly considered for all stroke patients, regardless of cholesterol
level. They also suggest that there may be benefits to gtatin
therapy beyonditsability tolower cholesterol.

Anongoingtrial, the Stroke Prevention by Aggressive Re-
duction of Cholesterol Levels(SPARCL) study, should help
clarify the results suggested by the MRC/BHF study. The
SPARCL study has been designed to eval uate prospectively
risk reduction resulting from aggressive li pid-lowering ther-
apy for recurrent cerebrovascular eventsamong patientswith
a history of stroke or TIA but no prior history of coronary
artery disease3®

Trialsof Anticoagulant Therapies

Triasof anticoagulant therapiesin primary stroke preven-
tion have generally evaluated efficacy in patients with atria
fibrillation (AF), astrong independent risk factor for stroke.
Severd randomized controlled trial shave demongrated the &f-
ficacy of warfarinin preventing afirst stroke among patients
with nonvalvular AF, with RR reductionsranging from 42 to
86%.40-42

The Stroke Preventionin Atrial Fibrillation study (SPAF )
demonstrated abenefit of aspirin (325 mg daily) versusplace-
boinreducing therisk of stroke associated with AR In con-
trast, other tridlsusing 75 mg of aspirin—Atrid Fibrillation,
Aspirin, AntiKoagulation (AFASAK),*2 300 mg aspirin—
European Atrid Fibrillation Tria (EAFT),* or 325 mg aspirin
plusminidosewarfarin (SPAF 111)*failed to demondratesig-
nificant benefit. For most patientsin thesetrids, warfarin use
in conjunction with AF was safe, with an annud rate of 1.3%
for major bleeding, compared with 1% in patients on placebo
or aspirin.

Inextending the use of anticoagulantsto secondary preven-
tion of stroke, EAFT randomized 1,007 patients with recent
minor stroke or TIA and established AF to open-label treat-
ment with warfarin or double-blind treatment with aspirin or
placebo. Warfarin treatment significantly reduced therisk of
recurrent strokein patientswith ahistory of stroketo adegree
consi stent with that observedin studiesof primary prevention
(4% warfarin vs. 12% placebo; RR reduction, 66%; p<
0.001).% Warfarin treatment also significantly decreased the
risk of the combined primary endpoint of vascular death, non-
fatdl stroke, M1, or nonfatal systemic embolism (8% warfarin
vs. 17% placebo; RR reduction, 47%; p=0.001).%

When compared with aspirin, warfarin significantly reduced
the risk of recurrent stroke (RR reduction, 62%; p<0.001),
which wasthe main effect underlying significant reduction in
risk of the combined primary endpoint (40% RR reduction; p=
0.008).%5 Although randomized trid shave not been performed
in personswith dl other formsof cardioembolic stroke, agen-
eral consensus has developed that in those who have experi-
enced strokeor TIA, the presence of ahigh-risk cardioembolic
source (gpart frominfective endocarditisor atrial myxoma) is
an indication for anticoagulation therapy.*” 48 Potentia car-
dioembolic sources, classfiedbyrisk levd, areligedin Tablel.

Based on the results of the Warfarin Aspirin Recurrent
Stroke Study (WARSS), the role of warfarin in secondary
stroke prevention among patients without definite cardioem-
bolism has been revised in recent years. The WARSS study,
designed totest theefficacy of warfarin (International Normal-
ized Ratio 1.4-2.8) versus aspirin (325 mg) in preventing
recurrent stroke, wasarandomized, blinded tria in 2,206 pa-
tients (2,173 evaluable) who had experienced an ischemic
stroke within 30 days of randomization in the absence of
severecarotid stenosisor cardioembolic stroke 4

The WARSS trial demonstrated no significant difference
between warfarin and aspirin in the combined primary end-
point of recurrent stroke or deasth among patientsoverall (war-
farin, 17.8%; aspirin, 16.0%; p=0.25) or among subgroupsof
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TaBLE |  Cardioemboalic sources

Highrisk Low or uncertainrisk
Atrid fibrillation Mitral valveprolapse
Mitra stenosis Mitral annular calcification
Prosthetic mechanical valves Patent foramenovae
Recent myocardid infarction Atrid septal aneurysm
Left ventricular thrombus Cdcificaorticstenosis

Dilated cardiomyopathies Mitral valve strands?
Marantic endocarditis
Atria myxoma

Infectiveendocarditis

aMitral valve strands are echocardiographically visible valvular
excrescences that are believed to represent fibrinous threads, al-
though they may have varying pathologies (also called Lambl’s
excrescences).

Adapted from Ref. No. 48 with permission.

pati ents defined by theetiol ogic subtype of the primary stroke.
Of equal importance, however, wasthefact that warfarinwas
nearly assafeasaspirin (annud risk for mgjor hemorrhage: 2.2
per 100 patient-yearsonwarfarin, 1.5 per 100 patient-yearson
aspirin; p=0.10).4°

Warfarinisdtill indicated for prevention of secondary stroke
among patientswith AF or other high-risk sources of cardio-
genic embolism, such as valvular heart disease and left ven-
tricular thrombus (Tablel). Itsutility inthe mgjority of stroke
patients, however, including those with patent foramen ovale,
may belimited.?0

Trialsof Antiplatelet Therapies

Antiplatelet therapy isindicated for secondary preventionin
patientswith symptomatic i schemic cerebrovascul ar disease,
with multiple studies consistently demonstrating significant
benefit. Themost recent meta-analysi s performed by the Anti-
thrombotic Tridlists' Collaboration,?! using pooled datafrom
more than 18,000 randomized patients with cerebrovascular
disease, demonstrated astatistically significant 22% oddsre-
duction in the composite endpoint of Ml, stroke, or vascular
death. The absolute benefit was approximately 4%, with
17.8% of those on antiplatel et therapy and 21.4% of those not
on antiplatel et therapy suffering avascular event or death. (The
Antithrombotic Tridists Collaboration is a collaborative
meta-analysisof randomized trials of antiplatel et therapy pre-
vention of death, M1, and strokein high-risk patients.)

Aspirin

Agpirin irreversibly acetylates an amino acid residue in
platelet cyclooxygenase, thereby reducing production of
thromboxane A2 and decreasing platel et aggregability for the
life of the platelet. The Canadian Cooperative Study showed
that 1,300 mg of aspirin daily reduced the risk of stroke or
death by 31% among those with TIA or minor stroke.52 The

placebo-controlled Swedish Aspirin Low-dose Tria (SALT)
randomized 1,360 patientsto trestment with either aspirin (75
mg/day) or placebo. The SALT demonstrated an 18% reduc-
tionintheprimary endpoint, strokeor death, in patientstreated
with aspirin versus placebo (p = 0.02). Therisk of the com-
bined secondary outcome used in the trial, stroke or two or
more TIAs within aweek necessitating a change in therapy,
was reduced 20% for aspirin versusplacebo (p=0.03). Tofa
cilitate comparison with meta-anal yses such asthose used by
the Antiplatelet Trialists' Collaboration, the composite end-
point of stroke, M1, and vascular desth was aso computed,
showing areductioninrisk with aspirin trestment of 17% ver-
susplacebo (p=0.03).53

In one of its arms, the factorial-design European Stroke
Prevention Study 2 (ESPS2) tested alow dose of aspirin, 25
mg twicedalily, versusplaceboin 6,602 patientswith ahistory
of ischemic stroke or TIA. Primary endpoints were stroke,
death, and combined stroke or death. Aspirin reduced therisk
of stroke by 18% (p = 0.013) compared with placebo, and the
risk of strokeor desth by 13% (p=0.016).>

Two studies have compared different dosesof aspirinin pa
tientswith strokeor TIA. TheDutch TIA trid compared aspirin
30 mg daily versus 273 mg daily in more than 3,000 patients
who had experienced aTIA inthe 3months preceding random-
ization. Theratesof vascular desth, nonfata stroke, or nonfatal
M1 were smilar between patients receiving the two dosage
regimens (14.7% for 30 mg, 15.2% for 273 mg).% The lower
aspirin dose was associated with 23% fewer major bleeding
complicationsand 42% fewer minor bleeding complications.>®

The United Kingdom Transient Ischaemic Attack (UK-
TIA) trid randomized 2,435 patients with TIA or minor is-
chemic stroketo 1,200 mg aspirin, 300 mg aspirin, or placebo,
and showed no differencein efficacy between thetwo aspirin
doses despite an increasein gastrotoxicity.> Thereisthusno
evidence that higher doses of aspirin provide greater protec-
tion againgt recurrent strokethan lower doses, above athresh-
old of 30 mg daily.*8 Although the optimal dosage of aspirin
for secondary prevention remainscontroversia, the American
College of Chest Physicians 5th Consensus Conference on
Antithrombotic Therapy states, “ Thereisno compelling evi-
dencethat any specific doseis more efficaci ousthan another,
and fewer sdeeffects occur with lower doses,” while recom-
mending astarting dose of 50 to 325 mg per day.*8

Other Antiplatelet Agents

Severd dternative antiplatelet agentsareavailableaswell.
Ticlopidineand clopidogrel arerelated thienopyridine-deriva:
tive compounds that inhibit adenosine diphosphate (ADP)-
induced platelet aggregation. In the double-blind Canadian
American Ticlopidine Study (CATS), 1,053 patientswho ex-
perienced arecent atherothrombotic or lacunar strokereceived
either ticlopidine 250 mg twice daily or placebo. Treatment
with ticlopidinewas associated with asignificant reductionin
therisk of the combined endpoint of stroke, M1, or vascular
death versusplacebo (ticlopidine, 10.8%; placebo, 15.3%; RR
reduction, 30.2%6; p=0.006).5"
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IntheTiclopidine Aspirin Stroke Study (TASS), ticlopidine
250 mg twicedaily demonstrated significantly gregter efficacy
than aspirin 650 mg b.i.d. in reducing the 3-year risk of fatal
and nonfatd strokeamong 3,069 patientswith ahistory of TIA
or minor stroke (ticlopidine, 10%; aspirin, 13%; RR reduction,
21%; p = 0.024); however, the benefit of ticlopidinein reduc-
ing the composite endpoint of nonfatal stroke or death by any
cause wasless clear (ticlopidine, 17%; aspirin, 19%; RR re-
duction, 12%; p=0.048).58

Similarly, in the recently completed African American
Antiplatel et Stroke Prevention Study (AASPS), therewasno
evidence of abenefit for ticlopidine over aspirin among black
men and women with a history of noncardioembolic stroke:
133 (14.7%) of 902 patients assigned to ticlopidine and 112
(12.3%0) of 907 patients assigned to aspirin reached the prima-
ry outcome of recurrent stroke, MI, or vascular degth (hazard
ratio, 1.22; 95% Cl 0.94-1.57).%°

The benefits provided by ticlopidine, moreover, may be
outweighed by its pronounced side-effect profile, which in-
cludesdiarrhea, skin rash, thrombotic thrombocytopenic pur-
pura, and severe but reversible neutropenia.”: 8

Clopidogrel, arelated compound, wasinitialy testedinthe
Clopidogrd versus Aspirin in Petients at Risk of Recurrent
Ischemic Events (CAPRIE) trid. The CAPRIE investigators
took the point of view that the significant overlap among pa-
tientswith i schemic cerebrovascular disease, coronary artery
disease, and peripherd arterid diseasewarranted inclusion of
patientswith any of these different manifestationsin onetrial.
The study demonstrated a satistically significant benefit of
clopidogrel over aspirinin reducing therate of the composite
outcome cluster of ischemic stroke, MI, or vascular desth
among 19,185 randomized patients with either recent is-
chemic stroke, recent MI, or symptomatic periphera artery
disease (annua outcome rates. clopidogrel, 5.32%; aspirin,
5.83%; absolute risk reduction, 0.51%; RR reduction, 8.7%;
p = 0.043). However, the reduction in risk for the combined
outcome cluster for thegroup of patientsenrolled with stroke
was not significant (RR reduction, 7.3%; p = 0.26). Clopido-
grel was generaly well tolerated, with a side-effect profile
similar tothat of aspirin.®

Recent reportsof clopidogrel-associated thrombotic throm-
bocytopenic purpura (at an estimated rate between 1in 1,600
to 1 in 5,000) have led to the suggestion that platelet levels
should beroutinely monitored after initiating therapy.61 In ad-
dition, arecent report has suggested that atorvastatin, acom-
monly used HM G-CoA inhibitor, may reducetheinhibition of
platelet aggregation by clopidogrel 52 athough thisview has
been challenged.®

An dternative approach to antiplatelet treatment involves
combination therapy using two different agents with distinct
modes of action. Dipyridamole is a well-known vasodilator
that dsoinhibitsplatel et aggregation; both effectsstemn primar-
ily fromitsinhibition of cellular adenosine uptake. Although
it demongtrated little efficacy when used as an immediate-
rel ease drug, the availability of an extended-rel ease formula
tion (withaplasmahalf-lifeof 13 h) hasledtoareeva uation of
its efficacy in secondary prevention. An in vitro study has

demongtrated an additiveeffect from combining dipyridamole
with aspirinin reducing shear-induced platel et aggregation, be-
lieved to be animportant thrombotic mechanism.5

The ESPS2 tested the use of aspirinin additionto extended-
release dipyridamole, asdescribed above. Inthisfactoria de-
sign study, an extended-release formulation of dipyridamole
was evauated as monotherapy (200 mg twice daily) and in
combination with low-dose aspirin (200 mg dipyridamole +
25 mg aspirin twice daily) versus aspirin alone (25 mg twice
daily) and placebo, in atota of 6,602 patientswith ahistory of
strokeor TIA. Therewas an additive benefit to the addition of
extended-release dipyridamole to aspirin. The risk of stroke
versus placebo was reduced 18% in the aspirin-only group,
16% in the extended-release dipyridamole-only group, and
37% in the combination group (p = 0.013, p = 0.039, and
p<0.001, respectively). Aspirin plusextended-rel ease dipyri-
damole reduced the risk of fatal and nonfatal stroke by 23%
versusaspirin alone. For the composite endpoint of strokeand
death, RR reductions versus placebo were 13.2% in the as-
pirin-only group, 15.4% in the extended-release dipyridam-
ole-only group, and 24.4% in the combination group (p =
0.016, p=0.015, and p< 0.001, respectively). The number of
strokeor desth events prevented per 1,000 patientstreated over
2 years, compared with placebo, was 30 for aspirin, 35 for ex-
tended-rel ease dipyridamol e, and 56 for aspirin and extended-
rel ease dipyridamole combined. Aspirin alonewasassociated
with significantly higher risk for al-site and gastrointestinal
bleeding versus either dipyridamole aone or placebo. The
addition of extended-rel ease dipyridamole to aspirin did not
increasetherisk of bleeding, nor wasit associated withany in-
creasein cardiac events>

These data suggest that the efficacy of dipyridamoleaone
inreducing therisk of secondary strokeiscomparablewith as-
pirin, but moreimportant, that the beneficial effectsof aspirin
and extended-release dipyridamole are additive. As aresult,
the combination of 25 mg aspirin and 200 mg extended-re-
lease dipyridamole has been approved by the U.S. Food and
Drug Administration as an agent for stroke prevention in pa-
tientswith ahistory of strokeor TIA.% Therecommendations
of the American College of Chest Physicians’ 5th Consensus
Conferenceon Antithrombotic Therapy satethat “thecombi-
nation of dipyridamole and aspirin bid may be more effective
than clopidogrel and has asimilarly favorable adverse event
profile” while acknowledging that “ expert opinionsvary re-
garding themeritsof individua agents.”48

Tablell summarizes sdlected trial s of antiplatel et agentsin
the secondary prevention of stroke.

FutureApproachesto Antiplatelet Therapy

A once-promising avenuefor antiplatel et therapy involves
theinhibition of thefinal common pathway in platel et aggre-
gation using antagoniststo the glycoprotein l1b/l11a(GP 11b/
I118) receptor. However, tridsof severd ord GPI1b/I11arecep-
tor agonists, including orbofiban, sibrafiban, and lotrafiban,
for chronic ord prophylaxis in patients at risk of vascular
eventshave been disgppointing. Inthesetrids, treatment using
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oral GP IIb/ll1a receptor agonists was associated with in-
creased mortdlity, increased frequency of bleeding complica-
tions, and noimprovement intherisk of recurrent eventscom-
pared with placebo.%6

The additive effects of aspirin and extended-release dipyri-
damole demonstrated in ESPS 2 suggest that combination
antiplatel et therapieswill play animportant rolein future pre-
vention strategies; there are several current trias in which
combination thergpiesare being eval uated. The ongoing Man-
agement of Atherothrombosiswith Clopidogrel in High-Risk
Patients (MATCH) study (7,600 patients) is evaluating the
combination of clopidogrel and aspirin for secondary stroke
prevention,’” based on the fficacy of thiscombinationin pre-
vention of coronary events demonstrated in the Clopidogrel
in Unstable Angina to Prevent Recurrent Events (CURE)
study.®8 Inclusion criteria for MATCH are not only recent
stroke or TIA, but also additional cardiovascular risk factors
such asdiabetesor prior vascular events; therefore, thisgroup
may not be representative of the overall population of patients
withstrokeand TIA.

It may not be appropriate smply to extrapolatethe CURE
resultsto patientswith stroke/ TI A, however.82 Despitethe ob-
vious similarities between patientswith strokeand Ml, clini-
cal data suggest that there are also important differences.
Petientswho had astroke tend to be ol der than thosewho had
an M1, and they experience ahigher rate of bleeding compli-
cations.%9 70 Patients with stroke al so tend to experience re-
current strokesmore often than M1 s. For example, inthe CA-
PRIE trid, patients with stroke suffered seven times more
strokesthan Mls; inthe CURE trial, which enrolled patients
with unstable angina or suspected M1, MIs were five times
more common than strokes.

The European Stroke and Australian Stroke Prevention in
ReversblelschemiaTria (ESPRIT), involving 4,500 patients,
will comparetheefficacy of dipyridamoleplusaspirinwithoral
anticoagulants (warfarin, phenprocoumon, or acenocoumarol)
and aspirin monotherapy, using acomposite endpoint of first
occurrence of deeth from al vascular causes, nonfatal stroke,
nonfatal M1, and major bleeding complication.™

Findly, in the largest prospective stroke prevention study
yet, PROFESS (described briefly abovein referencetotelmis-
artan) will evaluate the efficacy of two dual antiplatelet regi-
mens. aspirin plus extended-rel ease dipyridamol e versus as-
pirinplusclopidogre! .63
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