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ABSTRACT
PURPOSE OF REVIEW: This article reviews the evidence base and
recommendations for medical management for secondary stroke
prevention.

RECENT FINDINGS: Recent developments for secondary stroke prevention
include evidence to support the use of short-termdual antiplatelet therapy
after minor stroke and transient ischemic attack, direct oral anticoagulants
for nonvalvular atrial fibrillation, reversal agents for direct oral
anticoagulant–associated hemorrhage, and aspirin rather than
presumptive anticoagulation with a direct oral anticoagulant for embolic
stroke of undetermined source.

SUMMARY: Most strokes are preventable. The mainstays of medical
management for secondary stroke prevention include antihypertensive
therapy; antithrombotic therapy, with antiplatelet agents for most stroke
subtypes or anticoagulants such as warfarin or a direct oral anticoagulant
for cardioembolic stroke specifically; cholesterol-lowering therapy,
principally with statins, but with potential roles for ezetimibe or proprotein
convertase subtilisin/kexin type 9 inhibitors in selected patients; and
glycemic control to prevent microvascular complications from diabetes
mellitus or pioglitazone in selected patients with insulin resistance but not
diabetes mellitus.
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he high risk of recurrent stroke after an ischemic stroke or transient
ischemic attack (TIA) justifies an early and aggressive approach to
UNLABELED USE OF

PRODUCTS/INVESTIGATIONAL

USE DISCLOSURE:

Dr Kim discusses the
unlabeled/investigational use of
cilostazol and ticagrelor for
stroke prevention and direct
oral anticoagulants for embolic
stroke of undetermined source.

© 2020 American Academy
of Neurology.
secondary stroke prevention so that these risks can bemodified before
a recurrent stroke can occur. Since the risk of recurrent events is
particularly high in the first hours and days after an initial ischemic

event, a certain sense of urgency and opportunity is needed to ensure that
patients with stroke are rapidly evaluated so that properly targeted and
optimized secondary preventionmeasures can be applied. In the chronic phase, a
system of care to provide longitudinal management is important so that further
optimizations can be applied and the ongoing challenges of adherence and
tolerability of medications can be addressed. The stakes are high given that by
some estimates up to 80% to 90% of strokes are preventable.1
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Clinical trials and observational studies serve as the basis for several key
components of medical management for secondary stroke prevention, including
antihypertensive therapy, acute and chronic antithrombotic therapy with antiplatelet
agents or anticoagulants, cholesterol-lowering therapy, and medications to manage
diabetes mellitus and insulin resistance. Although procedural interventions, such as
carotid endarterectomy or stenting, or behavioral interventions, such as diet and
nutrition changes, reducing salt intake, increasing physical activity, and smoking
cessation, as well as a healthy appreciation for interventions to address the social
determinants of health are all part of a comprehensive approach to secondary stroke
prevention, the present discussion is limited to medical management.

ANTIHYPERTENSIVE THERAPY
The importance of blood pressure control for stroke prevention cannot be
overstated. Of all the major behavioral, environmental, occupational, and
metabolic risk factors, elevated systolic blood pressure is the leading risk factor
for global disease burden as measured by a combination of years of potential life
lost from premature death and morbidity from long-term disability, and a
substantial proportion of these burdens is due to stroke.2 Hypertension is an
important target for secondary stroke prevention because it is particularly
prevalent among those with a history of stroke or TIA, plays a major role in
promoting atherosclerotic disease, and is strongly associated with an elevated
risk of stroke.3,4 Achieving relatively modest reductions in blood pressure has
been shown to substantially decrease stroke risk.5

Choice of Antihypertensive Agent
Evidence to support the use of antihypertensive therapy for secondary stroke
prevention is based on extrapolations from primary prevention studies as well as
from studies that are specifically focused on secondary prevention. For example,
one of the largest meta-analyses of antihypertensive therapy trials, which
included data frommore than 37,000 patients in 14 randomized trials, found that
a reduction in diastolic blood pressure of just 5 mm Hg, achieved primarily with
diuretics or beta-blockers, led to a 42% reduction in stroke risk (95% confidence
interval [CI], 35% to 50% reduction).5

For secondary stroke prevention specifically, a similar meta-analysis of nearly
39,000 patients from 11 trials estimated that antihypertensive therapy in patients
with prior stroke or TIA led to a 19% reduction in stroke risk (95% CI, 7% to
30% reduction).6 The overall efficacy of blood pressure lowering in this
meta-analysis was largely driven by positive results from two clinical trials:
PROGRESS (the Perindopril Protection Against Recurrent Stroke Study) randomly
assigned 6105 patients with a history of stroke or TIA to an angiotensin-converting
enzyme inhibitor (perindopril) with or without a diuretic (indapamide) and
reported a 28% relative risk reduction in recurrent stroke (95% CI, 17% to 38%
reduction).7 The benefit was concentrated in patients who received both
antihypertensive agents, in part, because these patients had achieved greater
blood pressure reductions. PATS (the Post-stroke Antihypertensive Treatment
Study) randomly assigned 5665 patients to a diuretic (indapamide) or placebo
and reported a 29% decrease in recurrent stroke with treatment.8

Other classes of antihypertensive agents have been evaluated for secondary
prevention, including calcium channel blockers,9 beta-blockers,10,11 and
angiotensin II receptor antagonists.12 PRoFESS (the Prevention Regimen for
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KEY POINTS

● Prevention of recurrent
stroke requires an early and
aggressive approach.

● Most strokes are
preventable.

● Medical management is
but one component of a
comprehensive approach to
stroke secondary
prevention that may include
surgical or procedural
options, behavioral
interventions, and
addressing the social
determinants of health.

● The choice of
antihypertensive agents
used should be
individualized with a focus
on the degree of blood
pressure reduction
achieved.
Effectively Avoiding Second Strokes trial) evaluated the angiotensin II receptor
antagonist telmisartan in 20,332 patients with recent ischemic stroke and failed to
show an overall benefit, possibly because many patients in the study already had
lower blood pressures at baseline, and the blood pressure reductions achieved
with a single antihypertensive medication in this study were modest.13

In choosing an antihypertensive agent, the presence of concomitant conditions,
such as coronary artery disease, congestive heart failure, diabetes mellitus, chronic
kidney disease, or asthma, should be taken into account in order to individualize
therapy. Although available evidence may be strongest for diuretics or the
combination of an angiotensin-converting enzyme inhibitor and a diuretic, other
factors such as the extent of blood pressure reduction achieved, the long-term
tolerability of the agent chosen to enhance medication adherence, and the intensity
of longitudinal follow-up for ongoing chronic disease management may be more
important than the particular antihypertensive agent used.

Timing of Initiating or Restarting Antihypertensive Therapy After Stroke
Although definitive evidence to support the practice of allowing for permissive
hypertension after an acute stroke is lacking, blood pressure lowering in the acute
phase has the potential to extend infarcts and worsen stroke symptoms in some
patients and should be approachedwith caution. Acute blood pressure lowering can
be particularly problematic when autoregulation is impaired, when flow-limiting
stenoses or large vessel occlusions with tenuous collateral blood flow are present, or
when symptoms are fluctuating or appear to be blood pressure dependent. Small
vessel strokes are also prone to early worseningwith infarcts that can also extend in
the early phase as well, although the impact of acute blood pressure lowering or
permissive hypertension on this phenomenon is unclear.

Acute antihypertensive therapy is typically indicated when blood pressure is
>220/120 mm Hg, but more stringent goals can be justified when other
conditions such as end organ damage, aortic dissection, or preeclampsia/
eclampsia are apparent. For patients who have received intravenous (IV)
thrombolytic therapy, blood pressure should be maintained <180/105 mmHg for
the first 24 hours. The optimal management of blood pressure during and after
endovascular stroke treatment is not well established.

Although the benefits of antihypertensive therapy for secondary prevention
continue to accrue over the long term, the initial antihypertensive regimen
chosen during the acute hospitalization can anchor the management approach
during subsequent outpatient follow-up visits. Some patients are treatment
resistant and require early intensification of antihypertensive therapy, whereas
others have a temporary hypertensive response during the acute phase that
requires less intensive antihypertensive therapy to meet blood pressure goals
in follow-up. Most patients with TIA can be safely restarted or initiated on
antihypertensive therapy right away, especially since the acute observation
period may be brief. For patients with acute stroke, waiting 24 to 72 hours to
initiate or reintroduce an antihypertensive regimen is reasonable, and for those
deemed at high risk of neurologic deterioration or those who are neurologically
unstable, a longer waiting period can be justified.

Long-Term Blood Pressure Goals
Current American College of Cardiology/American Heart Association guidelines
recommend initiating or restarting antihypertensive treatment for patients with
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a history of stroke and an established blood pressure of >140/90 mm Hg.14 The
benefits of initiating antihypertensive therapy when the baseline blood pressure is
already <140/90 mm Hg are less certain. Although a secondary analysis of
PROGRESS demonstrated benefits of antihypertensive therapy that extend across
a wide range of initial blood pressures, conflicting evidence exists on the efficacy
of antihypertensive medications when the initial blood pressure and the absolute
risks are already low.15 The SPS3 (Secondary Prevention of Small Subcortical
Strokes) study failed to establish a clear benefit of a lower blood pressure goal
(<130/90 mm Hg) compared with standard care (130/90 to 149/90 mm Hg) for
secondary stroke prevention among 3020 patients with lacunar stroke.16

Numerically fewer recurrent strokes occurred with intensive blood pressure
management targets though, so current guidelines indicate that a systolic blood
pressure goal of <130mmHg for lacunar stroke and amore broadly applied goal of
<130/80 mm Hg may still be reasonable to consider.14 It is worth noting, though,
no specific threshold at which blood pressure begins to impact the risk of
complications has been identified, and normal blood pressure has been defined as
<120/80 mm Hg.

Intensive blood pressure goals have been evaluated in the SPRINT study
(Systolic Blood Pressure Intervention Trial).17 This trial was terminated early
after demonstrating fewer cardiovascular events with intensive blood pressure
lowering (systolic blood pressure of <120mmHg) comparedwith standard blood
pressure control (<140 mm Hg). Note that for the present discussion, though,
patients with a history of stroke (or diabetes mellitus) were specifically excluded
from this study, and the method used to measure blood pressure, automated
oscillometric blood pressure, produces readings that are systemically lower than
routine office measurements by 5 to 10 mm Hg. In practice, additional factors
such as medication side effects; cerebrovascular anatomy, particularly when
hypotension in the setting of a flow-limiting vascular lesion is a concern; other
comorbidities and frailty; and potential impacts of low blood pressure on
cognitive outcomes, should be taken into account to personalize blood pressure
targets for individual patients.
Selected Acute and Chronic Antiplatelet Therapy Regimens For Secondary
Stroke Prevention

ute Phase (hours to days) Chronic Phase (months to years)

pirin 160–325 mg daily Aspirin 81 mg daily

t specifically evaluated Clopidogrel 75 mg daily

r minor stroke or transient ischemic attack; clopidogrel
0–600 mg load, followed by 75 mg daily for 21 days and
n aspirin or clopidogrel monotherapy; reasonable to
rt within 24–72 hours of symptom onset

Not recommended

t recommended Extended-release dipyridamole
200 mg plus aspirin 25 mg 2 times
a day
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KEY POINTS

● For secondary stroke
prevention, a blood
pressure target of <140/
90 mm Hg is justified, and a
more stringent goal of <130/
80 mm Hg is reasonable for
selected patients.

● Aspirin 325 mg should be
administered initially for
most patients with stroke or
transient ischemic attack.
Regardless of the specific blood pressure goal chosen, a systematic,
longitudinal approach to antihypertensive therapy with a carefully coordinated
and methodical approach to treatment intensification and monitoring for
adverse effects may be even more essential to achieving any blood pressure goal,
especially since more stringent blood pressure goals can require multiple
medications and have greater risks for side effects. For example, PHASE
(Prevent Heart Attacks and Strokes Everyday), a comprehensive population
health approach to risk factor management developed by the Kaiser Permanente
integrated health care delivery system, includes initial therapy with lisinopril and
hydrochlorothiazide and a prespecified intensification schedule and monitoring
protocol to achieve blood pressure targets.18 This program has demonstrated
success in achieving population-level improvements in blood pressure control
and cardiovascular and stroke outcomes and is a testament to the value of an
integrated and comprehensive approach to hypertension management.19

ANTIPLATELET THERAPY
Antiplatelet therapy continues to be the default antithrombotic approach for
secondary stroke prevention formost stroke subtypes including lacunar stroke,20

aortic arch atheroma per ARCH (Aortic Arch Related Cerebral Hazard Trial),21

cervical artery dissection per CADISS (Cervical Artery Dissection in Stroke
Study),22 and intracranial atherosclerosis per SAMMPRIS (Stenting and
AggressiveMedical Management for Preventing Recurrent Stroke in Intracranial
Stenosis)23 with the notable exception of cardioembolic stroke including atrial
fibrillation and valvular heart disease (see Anticoagulation Therapy section
below) (TABLE 10-1).

Aspirin
Aspirin, or acetylsalicylic acid, is a nonsteroidal anti-inflammatory agent that
irreversibly blocks formation of thromboxane A2, thereby inhibiting platelet
aggregation and clot formation. It takes several days after stopping aspirin for
the circulating platelets to be replaced by a new population of unaffected
platelets, so the antithrombotic effects of aspirin are longer lived than the
daily dosing schedule and elimination pharmacokinetics might suggest.
Aspirin can be administered rectally if significant dysphagia and concern for
aspiration are present and a feeding tube to administer medications is not yet
in place.

Aspirin (at least 162 mg) is indicated within the first 48 hours of ischemic
stroke to prevent early recurrent stroke based on CAST (the Chinese Acute
Stroke Trial), IST (the International Stroke Trial), and subsequent systematic
reviews and meta-analyses.24,25 Accordingly, quality metrics for stroke care have
adopted the goal of administering antithrombotic therapy within this same 2-day
timeframe, although in practice most patients receive a 325-mg dose of aspirin
soon after brain hemorrhage is ruled out on the initial neuroimaging studies,
unless it is within the first 24 hours after IV thrombolysis.

Most patients with ischemic stroke should be continued on aspirin therapy
long term. Aspirin confers an approximately 13% reduction in the relative risk for
recurrent stroke based on meta-analyses of antiplatelet therapy trials.26 Aspirin
may be particularly beneficial during the early subacute period after stroke
(during the first 12 weeks) when the risk of recurrent stroke and benefits of
therapy are highest.27 For primary stroke prevention, aspirin is difficult to justify
CONTINUUMJOURNAL.COM 439
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because small, but nonzero, bleeding risksmay overwhelm any potential benefits
when absolute event rates for first stroke in the general population are low.

Most clinical trials have studied aspirin at doses of between 75 mg/d and
325 mg/d, but aspirin has been evaluated up to doses of 1300 mg/d. However,
bleeding risks begin to increase at doses greater than 325 mg/d,28 somost patients
taking aspirin for secondary stroke prevention chronically should be maintained
ABCD2 Score for Risk of Recurrent Stroke After Transient Ischemic Attacka

Clinical Characteristic Points

Age of 60 years or older

No +0

Yes +1

Blood pressure ≥140/90 mm Hg

No +0

Yes +1

Clinical features

Unilateral weakness +2

Speech disturbance without weakness +1

Other symptoms +0

Duration of symptoms

<10 minutes +0

10–59 minutes +1

≥60 minutes +2

Diabetes mellitus

No +0

Yes +1

Predicted Risk of Recurrent Stroke After Transient Ischemic Attacka

Stroke Risk (%)

ABCD2 Score Risk Category 2-day 7-day 90-day

0–3 Low 1.0 1.2 3.1

4–5 Moderate 4.2 5.9 9.8

6–7 High 8.1 11.7 17.8

ABCD2 = age, blood pressure, clinical features, duration, presence of diabetes mellitus.
a Modified with permission from Johnston SC, et al, Lancet.31 © 2007 Elsevier Ltd.
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KEY POINT

● A loading dose of
clopidogrel followed by
21 days of treatment with
aspirin and clopidogrel is
reasonable when initiated
up to 3 days after minor
stroke and transient
ischemic attack.
on the lower dose of 81mg/d. Enteric-coated aspirin is intended to reduce the risk of
gastrointestinal erosions, but lingering concerns about the potential for decreased
efficacy remain,29 and gastrointestinal bleeding may not actually be lower with
enteric coating.30 Regardless, enteric-coated aspirin is crushed or chewed to treat
acute coronary syndrome in order to promote absorption, so it seems reasonable to
consider this approach for acute stroke as well if only enteric-coated aspirin is
available, although this consideration may be less relevant for chronic therapy.

When a recurrent stroke occurs despite aspirin therapy, some clinicians suggest
switching to clopidogrel with the idea that aspirin has “failed,” but strong evidence
to support this approach is lacking. Although switching to a medication with a
different mechanism of antiplatelet effect than aspirin may seem attractive on the
surface, an ischemic event that occurs on aspirin therapy may not necessarily
indicate an aspirin “failure” because, even in the best case scenario, aspirin would
not be expected to prevent all subsequent ischemic events.

Clopidogrel
Clopidogrel is a thienopyridine prodrug that is activated by the CYP2C19
isoenzyme to produce an active metabolite that inhibits an adenosine
diphosphate receptor involved in platelet activation and aggregation. A loading
dose is required to reach therapeutic levels within hours rather than within days.

Given that aspirin was already established as standard of care therapy for
acute stroke before clopidogrel became available, much of the data to support the
use of clopidogrel for acute stroke has focused on adding clopidogrel to aspirin
rather than comparing clopidogrel and aspirin head to head. CHANCE
(Clopidogrel in High-risk Patients with Acute Non-disabling Cerebrovascular
Events) randomly assigned Chinese patients presenting with minor stroke
(National Institutes of Health Stroke Scale score of ≤3) or high-risk TIA (ABCD2

score [age, blood pressure, clinical features, duration, presence of diabetes
mellitus] of ≥4) (TABLES 10-2A and 10-2B)31 within 24 hours of symptom onset to
either aspirin and clopidogrel for the first 21 days, followed by clopidogrel
monotherapy until day 90 or aspirin and placebo for 90 days.32 POINT (the
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke trial)
enrolled similar patients drawn from North America, Europe, Australia, and
New Zealand presenting within 12 hours and randomly assigned patients to
aspirin and clopidogrel compared with aspirin and placebo for 90 days.33 The
loading dose of clopidogrel in POINT was 600 mg compared with 300 mg in
CHANCE. Both studies found a benefit with short-term dual antiplatelet therapy,
although reported bleeding risks were higher in POINT than in CHANCE. A
genetic substudy of CHANCE found that the benefits of clopidogrel plus aspirin
compared with aspirin alone were limited to the subgroup of patients who
were not carriers of CYP2C19 loss-of-function alleles.34

A secondary time course analysis of benefits and bleeding risks in POINT
suggested that dual antiplatelet therapymay still produce benefits when initiated
up to 3 days after symptom onset and supported the notion that the optimal
duration of dual antiplatelet therapy treatment was 21 days, which is precisely
concordant with the duration of dual antiplatelet therapy used in CHANCE.35

This was because the risks of a recurrent ischemic event as well as the benefits of
dual antiplatelet therapy were concentrated in the first hours and days, but the
risk of bleeding was low and relatively constant over the 90-day follow-up
period. A reasonable synthesis of these two studies would be to treat patients
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with minor stroke or TIA with 21 days of dual antiplatelet therapy followed
by single antiplatelet therapy thereafter. Choosing a 21-day course of dual
antiplatelet therapymay have another practical benefit over 30 or 90 days: 21-day
prescriptions may be less likely to be inadvertently renewed or mistakenly
continued for the long-term than 30- or 90-day prescriptions, since 30- or 90-day
prescriptions are often used for chronic long-term medications (CASE 10-1).

Short-term dual antiplatelet therapy has been used in studies of patients with
stroke or TIA attributable to intracranial stenosis. In the SAMMPRIS study,
A 69-year-old man with a history of hypertension developed the sudden
onset of right face and arm weakness and aphasia 10 hours before
presenting to the emergency department the following morning. He did
not seek medical attention because the symptoms lasted 15 minutes and
had completely resolved, but when he told his son about the symptoms
the next morning, his son who had just read a newspaper article about
how to recognize stroke symptoms advised him to seekmedical attention
right away.

The patient’s blood pressure was 165/80 mm Hg. His initial ECG
showed sinus rhythm. Once significant carotid disease was excluded on
an initial CT angiogram of the neck, he received a loading dose of
clopidogrel 600 mg as well as aspirin 325 mg in the emergency
department and continued aspirin and clopidogrel 75 mg daily to
complete a 21-day course. After discharge, his pharmacy requested
clarification on whether the original 21-day prescription of clopidogrel
should be refilled and continued long term. The physician clarified that
clopidogrel should not be continued beyond a 21-day course, and the
patient continued on aspirin monotherapy thereafter as intended.

This patient’s symptoms are consistent with a transient ischemic attack in
the left middle cerebral artery territory, and the patientmeets the eligibility
criteria for the POINT (Platelet-Oriented Inhibition in New TIA and Minor
Ischemic Stroke) and CHANCE (Clopidogrel in High-risk Patients with Acute
Non-disabling Cerebrovascular Events) trials. The ABCD2 (age, blood
pressure, clinical features, duration, presence of diabetes mellitus) risk
score was 5 (1 point for age ≥60 years, 1 point for blood pressure ≥140/
90 mm Hg, 2 points for unilateral weakness, and 1 point for duration
≥10 minutes), corresponding to a moderate risk of stroke. Because the risk
of recurrent stroke is highest in the first hours and days after the TIA, he
received a loading dose of clopidogrel and dual antiplatelet therapy for
21 days. Based on secondary analyses from POINT, short-term dual
antiplatelet therapy with aspirin and clopidogrel could reduce the risk
of recurrent stroke even if initiated up to 3 days after symptom onset.
Note that short-term triple antiplatelet therapy is not recommended, and
long-term dual antiplatelet therapy is not recommended for secondary
stroke prevention based on MATCH (the Management of
ATherothrombosis with Clopidogrel in High-risk patients trial).
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KEY POINT

● Chronic use of
combination aspirin and
clopidogrel therapy is not
recommended for stroke
secondary prevention.
451 patients with recently symptomatic intracranial stenosis (70% to 99% of the
diameter of a major intracranial artery) were randomly assigned to aggressive
medical management alone or aggressive medical management plus
percutaneous transluminal angioplasty and stenting.23 The study was stopped
early due to a significantly higher rate of stroke and death within 30 days in the
stenting group (14.7% versus 5.8%; P=.002), but the rate of recurrent stroke and
death in the aggressive medical management group was lower than previous
studies and historical controls would have suggested. The aggressive medical
management intervention was multifaceted: it included antihypertensive and
statin therapy with close monitoring and specific goals, as well as a lifestyle
modification program for diabetes mellitus, smoking cessation, weight loss, and
exercise, but a cornerstone of the intervention was 90 days of dual antiplatelet
therapy with aspirin 325 mg and clopidogrel 75 mg daily. While clearly
delineating the relative contributions of individual components of this
multimodal intervention is difficult and this study did not actually compare dual
antiplatelet therapy to monotherapy specifically, these data are concordant with
the role of short-term dual antiplatelet therapy suggested by POINT and CHANCE.

For long-term stroke prevention, aspirin was directly compared with
clopidogrel monotherapy in CAPRIE (Clopidogrel versus Aspirin in Patients at
Risk of Ischaemic Events), which enrolled 19,183 patients with ischemic stroke,
myocardial infarction, or symptomatic atherosclerotic peripheral arterial
disease.36 Patients were randomly assigned to clopidogrel 75 mg daily or aspirin
325 mg daily and followed for 1 to 3 years. An absolute risk reduction of 0.5% was
reported for the primary composite end point of stroke, myocardial infarction, or
vascular death with clopidogrel (5.3% for clopidogrel versus 5.8% for aspirin).

Long-term dual antiplatelet therapy with clopidogrel in combination with
aspirin was evaluated in MATCH (Management of ATherothrombosis with
Clopidogrel in High-risk patients) and SPS3. MATCH demonstrated that adding
aspirin to clopidogrel for high-risk patients with recent ischemic stroke or
transient ischemic attack was associated with a nonsignificant difference in major
vascular events but an increased risk of life-threatening ormajor bleeding.37 SPS3
identified similar concerns about bleeding risks with chronic dual antiplatelet
therapy for the subset of patients with small subcortical strokes as well.20 So
while certain patients with stroke benefit from short-term dual antiplatelet
therapy (eg, after a carotid artery stent placement, or based on POINT or
CHANCE criteria, or with intracranial atherosclerosis), routine long-term dual
antiplatelet therapy for secondary stroke prevention is not recommended.

Dipyridamole
Dipyridamole inhibits platelet aggregation by potentiating the effects of
adenosine and inhibiting the platelet response for adenosine diphosphate and has
potential vasodilatory effects. Unlike aspirin or clopidogrel, extended-release
dipyridamole and aspirin are dosed 2 times a day rather 1 time a day, which has
implications for medication adherence. For secondary stroke prevention, ESPS-2
(European Stroke Prevention Study 2) demonstrated that the combination of
extended-release dipyridamole and aspirin is more efficacious than aspirin alone
with a 3% absolute risk reduction for stroke and death with combination
therapy.38 ESPIRIT (the European and Australian Stroke Prevention in
Reversible Ischaemia Trial) also included a comparison of extended-release
dipyridamole plus aspirin with aspirin alone and found a similar 3% absolute
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risk reduction in a composite outcome of stroke, myocardial infarction, vascular
death, or major bleeding.39 The combination of extended-release dipyridamole
and aspirin was directly compared with clopidogrel monotherapy for secondary
stroke prevention in PRoFESS.12 Although recurrent stroke was similar in the
two arms, more bleeding was seen with extended-release dipyridamole and
aspirin compared with clopidogrel. Furthermore, more side effects were seen
with dipyridamole, particularly gastrointestinal side effects as well as headache
upon initiation, which can lead to early medication discontinuation.

Intensive triple antiplatelet therapy with aspirin, clopidogrel, and
dipyridamole for secondary stroke prevention is not recommended. The TARDIS
(Triple Antiplatelets for Reducing Dependency after Ischaemic Stroke) study
compared 30 days of combined aspirin 75 mg, clopidogrel 75 mg, and
dipyridamole 200 mg 2 times a day to guideline-based therapy (either clopidogrel
alone or combined aspirin and dipyridamole) among 3096 participants within
48 hours of onset of stroke or TIA.40 The trial was stopped early because recurrent
stroke incidence and severity were not reduced and more frequent and severe
bleeding events were seen with triple antiplatelet therapy.

Cilostazol
Cilostazol, a phosphodiesterase type 3 inhibitor, has antiplatelet and vasodilatory
activity and is currently approved in the United States to treat peripheral
vascular disease. CSPS 2 (the Cilostazol Stroke Prevention Study 2)41 enrolled
2757 patients across Japan and evaluated the noninferiority of cilostazol as
compared to aspirin for the end point of ischemic or hemorrhagic stroke
(cerebral or subarachnoid hemorrhage). Although the observed difference was
within the prespecified noninferiority margin (2.8% with cilostazol versus
3.7%with aspirin, P=.04), both ischemic stroke and bleeding were actually lower
with cilostazol. Certain methodologic issues weaken the impact of these results
on clinical practice. For example, the study was conducted exclusively in
Japan, which brings into question its generalizability to other patient populations
or health care systems; and patients were not followed after study drug
discontinuation, which could result in bias and informative loss to follow-up
given that headache, diarrhea, dizziness, and tachycardia were more common
with cilostazol than with aspirin. A similar pilot study in China using a similar
end point was neutral.42 The subsequent open-label CSPS.com (Cilostazol
Stroke Prevention Study for Antiplatelet Combination study) was stopped after
enrolling 1884 patients of a planned 4000 patients because of delays in
recruitment.43 In this study, patients were randomly assigned to open-label
cilostazol used in combination with either aspirin or clopidogrel compared with
aspirin or clopidogrel alone. The annualized rate of ischemic stroke was 2.2% with
combination cilostazol therapy compared to 4.5%with either aspirin or clopidogrel
monotherapy (P=.001), but the open-label design and various combinations of
interventions allowed for in this study make these results more difficult to
interpret. Cilostazol does not have an approved indication for secondary stroke
prevention in the United States.

Ticagrelor
Ticagrelor, a platelet inhibitor that binds to and antagonizes the same P2Y12
receptor as clopidogrel, has the advantage of not requiring metabolic activation.
Ticagrelor monotherapy was compared with aspirin for prevention of stroke,
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KEY POINTS

● Triple antiplatelet
therapy with aspirin,
clopidogrel, and
dipyridamole for secondary
stroke prevention is not
recommended.

● Cilostazol and ticagrelor
are investigational
antiplatelet agents, and
their precise role in
treatment of stroke is
unclear.

● Anticoagulation with
warfarin or direct oral
anticoagulants is indicated
for secondary stroke
prevention for cardioembolic
stroke including nonvalvular
atrial fibrillation and valvular
heart disease.
myocardial infarction, or death at 90 days among the more than 13,000
patients with minor stroke or TIA who were enrolled in SOCRATES (Acute
Stroke or Transient Ischaemic Attack Treated with Aspirin or Ticagrelor and
Patient Outcomes trial).44 Although potential efficacy signals were seen among
patients with atherosclerotic stroke or for the secondary outcome of ischemic
stroke, these analyses should be considered exploratory since SOCRATES
failed to meet its primary outcome, a composite of stroke, myocardial infarction,
or death, and the study’s hierarchical analysis plan specified that secondary
analyses were conditioned on meeting this primary outcome. One-third of
patients were already taking aspirin at the time of the qualifying event, which
means that aspirin would be discontinued if they were randomly assigned
to the ticagrelor group. The ongoing THALES (Acute Stroke or Transient
Ischemic Attack Treated with Ticagrelor and Aspirin for Prevention of
Stroke and Death) trial is comparing combination therapy with ticagrelor and
aspirin to aspirin alone and is expected to report results within the next
few years.45

ANTICOAGULATION THERAPY
The indications for antiplatelet therapy for secondary stroke prevention are
broad, but when risks are particularly high, as with most cardioembolic
strokemechanisms, anticoagulation therapy can be justified. The cardioembolic
indications that typically justify anticoagulation include nonvalvular atrial
fibrillation (discussed in detail below), known left atrial or left ventricular
thrombus, acute anterior ST-segment elevation myocardial infarction with
anterior apical akinesis or dyskinesis, mechanical left ventricular assist device,
left ventricular ejection fraction less than 35%, and valvular heart disease
including rheumatic mitral valve disease or mechanical prosthetic heart valves
in the aortic or mitral position. Most other noncardioembolic indications where
anticoagulation may once have been considered over antiplatelet therapy
have not withstood scrutiny after formal evaluations in clinical trials because
bleeding risks, particularly when there is recently injured brain, often outweigh
potential benefits. The availability of direct oral anticoagulants (see below),
which have lower intracranial bleeding risks than warfarin, has led
investigators to reevaluate whether direct oral anticoagulants might play a
role for indications where warfarin had previously failed.

Warfarin
Warfarin, a vitamin K antagonist that inhibits the activity of related clotting
factors (Factors II [prothrombin], VII, IX, and X), has been available as a
chronic oral anticoagulant for several decades. The optimal maintenance dose of
warfarin varies widely between patients and within the same patient over time
owing to differences in drug metabolism and the dietary intake of vitamin
K as well as potentially significant drug-drug interactions; intermittent
laboratorymonitoring is required for chronic therapy. The onset of anticoagulant
effect and the response to a dose adjustment is typically delayed by days,
which may mitigate certain risks associated with missing just a single dose
but makes overcorrection and undercorrection more likely. Warfarin also
has a relatively narrow therapeutic range; bleeding risks are higher when the
laboratory monitoring shows an international normalized ratio (INR) value
that is too high, and thromboembolic risks return when the INR is too low
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FIGURE 10-1
Risk of ischemic stroke and intracranial bleeding in
patients with atrial fibrillation by international
normalized ratio. Adjusted odds ratios for
ischemic stroke and intracranial bleeding in
relation to intensity of anticoagulation.
Data from Odén A, et al, Thromb Res.46

TABLE 10-3 Vitamin K Antagonist and Direct Oral Antico

Property Warfarin Rivaroxaban Dabigatran

Mechanism Vitamin K
antagonist

Factor Xa
inhibitor

Direct thromb
inhibitor

Typical dose for atrial
fibrillation

Variable 20 mg daily 150 mg 2 time
a day

Renal dose adjustment No Yes Yes

Half-life 20–60 hours 5–9 hours 12–17 hours

Onset of action 24–72 hours 3–4 hours 0.5–2 hours
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(FIGURE 10-146). Despite that
under the best of circumstances
INRs are typically in the
therapeutic range 55% to 65% of
the time, warfarin’s efficacy for
secondary and primary stroke
prevention in patients with
nonvalvular atrial fibrillation is
still firmly established. For
warfarin-associated hemorrhage,
reversing the anticoagulant
effect with fresh-frozen plasma
requires large-volume infusions
and many hours to complete and
vitamin K takes days to fully
restore the activity of clotting
factors, so initial treatment
with a prothrombin complex
concentrate is recommended when the anticoagulant effect of warfarin must be
reversed quickly.

Direct Oral Anticoagulants
The range of available direct oral anticoagulants includes dabigatran, a direct
thrombin inhibitor, as well as rivaroxaban, apixaban, and edoxaban, which are
direct factor Xa inhibitors (TABLE 10-3). All of these direct oral anticoagulants
appear to have similar efficacy for preventing thromboembolic events and lower
intracranial hemorrhage risks compared with warfarin. Direct oral anticoagulants
have fixed dosing without the need for frequent monitoring, as well as fewer
drug-drug interactions and a more rapid and predictable onset of action than
warfarin, although methods to monitor the anticoagulant activity of direct oral
anticoagulants have not been standardized. Unlike warfarin, direct oral
anticoagulants are either contraindicated or must be dose adjusted
when there is significant renal impairment. Nevertheless, a growing number of
patients are being treated with direct oral anticoagulants rather than warfarin.
Idarucizumab, a monoclonal antibody that binds dabigatran, and andexanet alfa,
agulants

Apixaban Edoxaban

in Factor Xa
inhibitor

Factor Xa
inhibitor

s 5 mg 2 times
a day

60 mg daily

Yes Yes

~12 hours 8–10 hours

3–4 hours 1–2 hours
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an engineered version of factor Xa, are now available to acutely reverse the
activity of dabigatran and Factor Xa inhibitors, respectively, which has served to
accelerate this shift.

Direct Oral Anticoagulants and Aspirin Therapy
Given the favorable bleeding risk profile of direct oral anticoagulants compared
with warfarin, there has been interest in revisiting certain comparisons of
warfarin and aspirin for noncardioembolic stroke indications using a direct oral
anticoagulant instead of warfarin. The COMPASS trial enrolled 27,395 patients
with stable atherosclerotic vascular disease and randomly assigned patients to
rivaroxaban 2.5 mg plus aspirin 100 mg daily, rivaroxaban 5 mg 2 times a day,
or aspirin 100 mg daily.47 The study was stopped early for efficacy after
demonstrating the superiority of rivaroxaban 2.5 mg plus aspirin to prevent
cardiovascular death, stroke, or myocardial infarction after a mean follow-up of
23months while rivaroxaban 5 mg 2 times a day (the dose typically used for atrial
fibrillation) did not result in better cardiovascular outcomes than aspirin alone
but did lead tomore major bleeding events. For the exploratory tertiary outcome
of stroke specifically though, a potential efficacy signal for the rivaroxaban and
aspirin combination over rivaroxaban alone or aspirin alone was apparent.48

However, patients with a history of strokewithin 1month, previous intracerebral
hemorrhagic, or history of lacunar stroke were specifically excluded from this
study, so the potential role for low-dose direct oral anticoagulants in combination
with aspirin for secondary stroke prevention more generally presents an
intriguing possibility for future research.

Atrial Fibrillation
The most important indication for anticoagulation therapy for secondary stroke
prevention is atrial fibrillation. Since the prevalence of atrial fibrillation increases
with age, with the aging of populations all over the world atrial fibrillation is
expected to account for an increasing proportion of strokes moving forward.
Most atrial fibrillation–related strokes are caused by embolization of clots that
form within the relative stasis of an enlarged left atrium or left atrial appendage,
which cause more severe, large vessel occlusion strokes. Episodes of atrial
fibrillation can often be asymptomatic, especially when the heart rate is not rapid
and cardiac output is maintained, but even relatively brief episodes of atrial
fibrillation can confer an increased risk of forming thrombus. Paroxysmal atrial
fibrillation and permanent atrial fibrillation seem to present similar risks of
thromboembolism, and medications for rate control or rhythm control for
atrial fibrillation, which can be helpful to reduce atrial fibrillation–related
symptoms, such as palpitations or presyncope, do not substantially modify the
risk of stroke.

Extending the duration of cardiac telemetry with extended cardiac event
monitoring can increase the yield for detecting intermittent atrial fibrillation
when cardioembolic stroke is suspected. With the advent of implantable loop
recorders and other long-term cardiac monitoring devices, episodes of atrial
fibrillation lasting even a few seconds over months or years of recording can now
be detected, but whether a threshold burden of atrial fibrillation is necessary to
confer significant thromboembolic risk is uncertain. For secondary stroke
prevention though, any duration of atrial fibrillation detected after an ischemic
event should not be taken lightly.
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Risk stratification schemes for estimating the risk of stroke with atrial
fibrillation are available but may not be as informative for secondary stroke
prevention because a history of stroke in isolation places a patient in a high-risk
category that would typically justify anticoagulation. The risk of stroke with
atrial fibrillation is approximately 5% a year overall, but the presence of other
factors can be used further stratify this risk: The CHA2DS2VASc (congestive
heart failure, hypertension, age 75 years or older [2 points], diabetes mellitus,
stroke [2 points], vascular disease, age 65 to 74 years, sex category [female])
score combines readily available clinical factors into a simple score to estimate
annual stroke risk (TABLE 10-449).

A corresponding HAS-BLED (hypertension, abnormal liver or renal function,
history of stroke or bleeding, labile INRs, elderly, use of drugs that promote
bleeding or alcohol use) score was developed to estimate the risk of hemorrhage
with anticoagulation and to highlight the contributions of various risk factors for
overall bleeding risk (TABLE 10-550,51). TheHAS-BLED score can be a component
of individualized clinical decision making, although anticoagulation is typically
underutilized among patients with stroke who would otherwise benefit from
this therapy.
The CHA2DS2VASc Score to Estimate Risk of Stroke in Patients with
Atrial Fibrillationa

CHA2DS2VASc
Scoreb

Annual Stroke Risk Percentage
(95% Confidence Interval) Recommendation

0 0.8 (0.6–1.0) No antithrombotic

1 2.0 (1.7–2.4) Antiplatelet or
anticoagulation

2 3.7 (3.4–4.1) Anticoagulation

3 5.9 (5.5–6.3) Anticoagulation

4 9.3 (8.7–9.9) Anticoagulation

5 15.3 (14.3–16.2) Anticoagulation

6 19.7 (18.2–21.4) Anticoagulation

7 21.5 (18.8–24.6) Anticoagulation

8 22.4 (16.3–30.8) Anticoagulation

9 23.6 (10.6–52.6) Anticoagulation

a Modified with permission from Olesen JB, et al, BMJ.49 © 2011 British Medical Journal Publishing Group Ltd.
b CHA2DS2VASc
Congestive heart failure 1 point
Hypertension 1 point
Age ≥ 75 years 2 points
Diabetes mellitus 1 point
Stroke/transient ischemic attack/thromboembolism 2 points
Vascular disease (prior myocardial infarction, peripheral artery disease, or aortic plaque) 1 point
Age 65–74 years 1 point
Sex category (female) 1 point
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Timing of Initiating Anticoagulation
Even when an indication for chronic anticoagulation such as atrial fibrillation or
valvular heart disease is present, the risk of hemorrhagic transformation
immediately after a large ischemic stroke could justify waiting for a few days or
even a couple of weeks to start anticoagulation therapy depending on the size of
the acute stroke given the higher bleeding risks of recently injured brain tissue.
The rapid onset of anticoagulant effect with direct oral anticoagulants as
compared with warfarin should be taken into account when deciding when to
initiate anticoagulation therapy (CASE 10-2).

EMBOLIC STROKE OF UNDETERMINED SOURCE AND ATRIAL
CARDIOPATHY
Previous studies of chronic anticoagulation for secondary stroke prevention
found that the elevated bleeding risks of warfarin were difficult to overcome
even when embolic stroke was suspected but atrial fibrillation has not been
detected. However, given the lower bleeding risks, particularly for intracranial
hemorrhage, seen with direct oral anticoagulants compared with warfarin,
interest in reevaluating direct oral anticoagulants for embolic stroke of
undetermined source exists. The recently reported NAVIGATE ESUS (New
Approach Rivaroxaban Inhibition of Factor Xa in a Global Trial versus ASA to
Prevent Embolism in Embolic Stroke of Undetermined Source)21 and RE-SPECT
TABLE 10-5HAS-BLED Score to Estimate the Risk of Hemorrhage with Warfarina

HAS-BLED Scoreb
Bleeding Risk Percentage
(95% Confidence Interval) Recommendation

0 0.9 (0.4–1.9) None

1 3.4 (2.5–4.6) None

2 4.1 (2.9–5.6) None

3 5.8 (3.9–8.3) Caution warranted

4 8.9 (5.2–14.0) Caution warranted

5 9.1 (1.1–29.2) Caution warranted

≥6 Insufficient data Caution warranted

a Modified with permission from Pisters R, et al, Chest.50 © 2010 Elsevier B.V. and Lip GY, et al, J Am Coll
Cardiol.51 © 2011 JACC: Journal of the American College of Cardiology.
b HAS-BLED Score
Hypertension (uncontrolled, systolic blood pressure >160 mm Hg) 1 point
Abnormal renal or liver function
Renal: chronic dialysis, renal transplantation, or creatinine ≥ 2.26 mg/dL 1 point
Liver: cirrhosis or bilirubin >2� the upper limit of normal and aspartate transaminase,
alanine transaminase, or alkaline phosphatase >3� the upper limit of normal 1 point

Stroke 1 point
Bleeding predisposition or history of major bleeding 1 point
Labile INRs (unstable/high INRs, time in therapeutic range <60%) 1 point
Elderly (age > 65 years) 1 point
Drugs or alcohol
Antiplatelet agents or nonsteroidal anti-inflammatory drugs 1 point
Excess alcohol use (8 drinks/wk) 1 point
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ESUS (Dabigatran Etexilate for Secondary Stroke Prevention in Patients With
Embolic Stroke of Undetermined Source)52 studies used very similar eligibility
criteria and study designs to test this hypothesis. The NAVIGATE ESUS study
was stopped early for futility, while the RE-SPECT ESUS study failed to
demonstrate the superiority of dabigatran over aspirin and reported more
clinically relevant nonmajor bleeding events in the dabigatran group than the
aspirin group. Therefore, presumptive anticoagulation with direct oral
anticoagulants in patients with embolic stroke of undetermined source rather
than aspirin therapy cannot be recommended.

The ongoing ARCADIA (the AtRial Cardiopathy and Antithrombotic Drugs
In prevention After cryptogenic stroke study) is testing the hypothesis that a
subset of patients with embolic stroke of undetermined source with an atrial
cardiopathy might benefit from apixaban over aspirin.53 In ARCADIA, atrial
cardiopathy is identified as the presence of an elevated serum biomarker
(N-terminal pro–B-type natriuretic peptide), an ECG marker of left atrial
abnormality (elevated P wave terminal force velocity in lead V1), or severe left
atrial enlargement on echocardiogram. Atrial cardiopathy predicts the
subsequent development of atrial fibrillation and its attendant risks.
ARCADIA is evaluating whether atrial cardiopathy is an important cause of
embolic events on its own without atrial fibrillation that might justify
anticoagulation therapy.

Formore information about embolic stroke of undetermined source and atrial
cardiopathy, refer to the article, “The Evolving Concept of Cryptogenic Stroke”
by Hooman Kamel, MD, in this issue of Continuum.54

CHOLESTEROL-LOWERING THERAPY
While antithrombotic therapy impacts the processes involved in formation of
clot and thrombosis, cholesterol-lowering therapy works, at least in part, by
A 64-year-old woman with a history of hypertension presented with an
acute right middle cerebral artery territory stroke. She was not a
candidate for IV thrombolysis or endovascular stroke treatment because
she presented 3 days after symptom onset. An echocardiogram showed
biatrial enlargement; no thrombus or valvular diseasewas seen. BrainMRI
showed a moderately large region of restricted diffusion in the right
middle cerebral artery territory, as well as three punctate foci of
restricted diffusion in the left hemisphere. She was initially started on
aspirin 325 mg daily. The admission ECG showed sinus rhythm, but on
hospital day 2, a 35-minute run of atrial fibrillation was identified on
telemetry.

The documented paroxysmal atrial fibrillation provides a clear justification
for anticoagulation therapy, but there is still a concern for the risk of
hemorrhagic transformation given the size of the acute infarct. The patient
was initially started on bridging aspirin therapy and then was switched to
anticoagulation therapy with apixaban approximately 1 week later.
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KEY POINTS

● Statins are a first-line
treatment for dyslipidemia
after stroke.

● Ezetimibe can be
considered with statin
intolerance or when the
response to statins is
inadequate.
targeting pathways that are involved in development and progression of
atherosclerosis.

Statins
Statins are a class of medications that inhibit 3-hydroxy-3-methlyglutaryl
coenzyme A (HMG-CoA), a key enzyme involved in the cholesterol synthesis
pathway. SPARCL (Stroke Prevention by Aggressive Reduction in Cholesterol
Levels trial) demonstrated the benefit of high-dose atorvastatin for patients with
a history of stroke within the past 1 to 6 months and an initial low-density
lipoprotein (LDL) cholesterol at presentation of 100 to 190 mg/dL.55 Among the
4731 patients enrolled in this trial, atorvastatin 80 mg resulted in an absolute risk
reduction for stroke of 2.2% over 5 years (11.2% with atorvastatin versus 13.1%
with placebo).

Other clinical trials have shown that statins reduce the risk of first and
recurrent stroke in various populations,56–61 and potential benefits may extend to
patients with a wider range of initial LDL cholesterol levels at presentation and
certain benefits of cholesterol-lowering therapy could be independent of the
effects on cholesterol levels. Although SPARCL enrolled patients within
6 months of the index stroke, statins are typically initiated during the index
hospitalization, and benefits of treatment shown in cumulative incidence curves
tend to diverge early, within the first few months of treatment.

Ezetimibe
Ezetimibe inhibits the absorption of cholesterol from the small intestine and
interferes with cholesterol trafficking, thereby lowering cholesterol levels in
the bloodstream. While ezetimibe can clearly lower LDL cholesterol levels, its
ultimate effects on clinical outcomes, such as cardiovascular events or stroke,
the outcomes that are of primary importance to patients and clinicians, are
less well established; although in a meta-analysis of seven trials with 31,048
patients comparing ezetimibe with placebo or ezetimibe plus another
cholesterol-lowering agent with that agent alone, ezetimibe was associated with
a relative risk reduction for stroke of 16%.62 Ezetimibe may be an option for
patients who are intolerant to statins or fail to achieve adequate LDL cholesterol
lowering (eg, an LDL cholesterol level that remains ≥70 mg/dL) with a
statin alone.63

Proprotein Convertase Subtilisin/Kexin Type 9 Inhibitors
Proprotein convertase subtilisin/kexin type 9 (PSCK9) inhibitors are monoclonal
antibodies that bind to PCSK9, a liver enzyme that inactivates LDL receptors,
thereby allowing additional LDL receptors to be available to remove LDL from
the bloodstream. PSCK9 inhibitors are administered subcutaneously and can
dramatically lower LDL cholesterol levels. In FOURIER (Further Cardiovascular
Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk),
27,564 patients with high cardiovascular disease risk already receiving statin
therapywere randomly assigned to evolocumab, a PSCK9 inhibitor, or placebo.64

There was a 1.5% absolute risk reduction in the primary end point of
vascular death, myocardial infarction, stroke, unstable angina, or coronary
revascularization and a 0.2% absolute risk reduction in a secondary outcome of
ischemic stroke. In ODYSSEY OUTCOMES (Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During Treatment With
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Alirocumab), 18,924 patients with acute coronary syndrome receiving
high-dose statin therapy were randomly assigned to alirocumab, another PSCK9
inhibitor or placebo and followed for amedian of 2.8 years.65 A 1.6% absolute risk
reduction was found for a composite end point of vascular death, myocardial
infarction, ischemic stroke, or unstable angina with a 0.4% absolute risk
reduction in a secondary outcome of fatal or nonfatal ischemic stroke. Apart
from questions about appropriate patient selection and the need for
subcutaneous injections, the precise role of PSCK9 inhibitors for secondary
stroke prevention more generally will also be influenced by the very high costs
associated with these medications (CASE 10-3).

GLYCEMIC CONTROL
Diabetes mellitus is an important risk factor for stroke, and current secondary
stroke prevention guidelines recommend screening for diabetes mellitus and
A 67-year-old woman with a history of hypertension, diabetes mellitus,
smoking, and prior myocardial infarction developed the sudden onset of
moderate left face, arm, and leg weakness and was found to have an
acute right capsular infarct. Her antihypertensive regimen included
hydrochlorothiazide and an angiotensin-converting enzyme inhibitor.
Laboratory testing revealed a low-density lipoprotein (LDL) cholesterol
level of 140mg/dL on presentation, and shewas discharged on high-dose
atorvastatin (80 mg at bedtime) and aspirin monotherapy.

On her first stroke follow-up visit, her angiotensin-converting enzyme
inhibitorwas increased in order to achieve better blood pressure control.
After 6 months of treatment and diet changes and close outpatient
follow-up, her LDL cholesterol was 110 mg/dL. After a discussionwith the
patient about her history of major atherosclerotic cardiovascular disease
(history of stroke and myocardial infarction) and high-risk conditions
(age, diabetes mellitus, hypertension, and smoking), ezetimibe was
added to her regimen, and her LDL cholesterol in follow-up was at goal
(≤70 mg/dL).

Although SPARCL (Stroke Prevention by Aggressive Reduction in
Cholesterol Levels trial) demonstrated a benefit for high-dose atorvastatin
after stroke or TIA for patients with an initial LDL cholesterol level of
100mg/dL, the study protocol did not specify that the dose of atorvastatin
be adjusted based on response to therapy or based on follow-up LDL
cholesterol levels, and recent debate has questioned the need to titrate
cholesterol-lowering medication to achieve a particular LDL cholesterol
level target. Per recent American College of Cardiology/American Heart
Association guidelines though, it was reasonable to add adjunctive
ezetimibe therapy to achieve a goal of 70 mg/dL or less.63 A proprotein
convertase subtilisin/kexin type 9 inhibitor was also considered but not
preferred because of the need for repeated subcutaneous injections and
cost considerations.
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KEY POINTS

● Proprotein convertase
subtilisin/kexin type 9
inhibitors can result in
dramatic reductions of
low-density lipoprotein
levels but are costly and
require subcutaneous
injections.

● Intensive glycemic
control may have benefits
for microvascular disease,
but intensive management
of glucose levels after acute
stroke or for chronic
secondary stroke
prevention may have limited
benefits over standard
therapy.

● Pioglitazone may have
benefits for secondary
prevention in patients with
documented insulin
resistance, but this is
partially outweighed by
adverse events.
applying American Diabetes Association guidelines for glycemic control for
secondary prevention. In the acute setting, the recently reported SHINE (Stroke
Hyperglycemia Insulin Network Effort) study evaluated the effects of intensive
blood sugar management with IV insulin compared with sliding scale insulin
administered subcutaneously on 90-day functional outcomes after acute
ischemic stroke.66 No significant differences in functional outcomes or early
recurrent stroke were seen.

For chronic management, despite the strong relationship between diabetes
and stroke risk, a potential benefit of more intensive glucose management over
standard therapy to reduce recurrent stroke risk has been difficult to establish, so
typical management is focused on preventing other microvascular complications
rather than macrovascular complications such as stroke specifically.

The IRIS (the Insulin Resistance Intervention after Stroke) study evaluated
whether pioglitazone, a thiazolidinedione that acts on the peroxisome proliferator–
activated receptor γ and α to improve sensitivity of muscle, adipose tissues, and
the liver to insulin, would improve outcomes in patients after stroke or transient
ischemic attack that have insulin resistance but not diabetes mellitus.67 Among the
more than 3800 patients enrolled in the study, the benefit of pioglitazone for
recurrent stroke and myocardial infarction risk was offset by an increased risk of
weight gain, edema, and bone fractures. In the course of the study, observational
studies had suggested a potential link to bladder cancer although more recent
studies have shown no significant association for any dose or duration of therapy.
Ultimately though, thiazolidinediones have largely fallen out of favor in the
interim, particularly within the ever-changing context of new diabetes
therapeutics, and patients in IRIS had to meet strict laboratory criteria for insulin
resistance. So while piaglitazonemay be a potential option for selected patients, an
expansive role for stroke secondary prevention more generally seems less certain.
CONCLUSION
Optimal medical management for stroke secondary prevention includes blood
pressure control, antithrombotic therapy, cholesterol-lowering therapy, and
glycemic control. Controlling hypertension is particularly impactful for reducing
recurrent stroke risk. Most stroke subtypes benefit from antiplatelet therapy,
while anticoagulation with warfarin or a direct oral anticoagulant is preferred for
cardioembolic stroke in particular. Cholesterol-lowering therapy with statins is
well established for secondary stroke prevention, and new approaches for
glycemic control may be considered for selected patients in order to reduce
recurrent stroke risk.
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