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Abstract

Stroke and ischemic heart diseases are among the most common causes of death and disability throughout the world. Even more
worrisome is the suggestion that stroke rates may further increase in certain developing nations. The purpose of this article is to review
the particular subtype of stroke known as cardioembolic stroke. A cardioembolic stroke occurs when the heart pumps unwanted
materials into the brain circulation, resulting in the occlusion of a brain blood vessel and damage to the brain tissue. The etiology, clinical
manifestations, diagnosis and management of cardioembolic stroke are reviewed.
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Introduction

Stroke and ischemic heart disease are among the most
common causes of death and disability in the world.™**
Even more worrisome is the suggestion that stroke rates
may actually be increasing in certain developing nations.
For example, when the stroke rates vary according to
the study, there has been a suggested escalation in the
prevalence and incidence of stroke in India over the last
30 years."!

The frequency of the specific causes of ischemic stroke
differs around the world, as well.! The purpose of this
review is to explore the subtype of stroke known as
cardioembolic stroke. A cardioembolic stroke occurs
when the heart pumps unwanted materials into the
brain circulation, resulting in the occlusion of a brain
blood vessel and damage to the brain tissue. The etiology,
clinical manifestations, diagnosis and management of
cardioembolic stroke will be discussed.

Etiology

Diagnostic criteria for cardioembolic stroke were
previously very strict. In the past, cardiogenic cerebral
embolism was diagnosed only when sudden focal
neurologic signs, maximal at onset, developed in
patients with peripheral systemic embolism and recent
myocardial infarction or rheumatic mitral stenosis.® With

these criteria, cardioembolic infarcts were diagnosed in
3-8% of stroke patients.[*l However, in various current
stroke registries, approximately 10-20% of patients
diagnosed with cardioembolic strokes did not have
maximal symptoms at the onset of their stroke.’!! In
addition, certain cardiac arrhythmias, presently the well-
accepted sources of embolic stroke, were not included
in the old diagnostic criteria. Finally, another problem
with the prior criteria is that only approximately 2% of
patients with cardiogenic brain embolism have clinically
recognized peripheral emboli. While necropsy studies
of patients with brain embolism note that infarcts are
often found in the spleen, kidneys and other organs,
the symptoms of peripheral embolism are typically
very minor and nonspecific (e.g., transient abdominal
discomfort, and leg cramp) that they are rarely diagnosed
correctly.['l

As a result, the criteria for the diagnosis of cardiac
embolism remain controversial even today. Cardiogenic
cerebral embolism is now thought to be responsible for
an estimated 20% of ischemic strokes with potentially
even higher rates in developing countries.[*!7] As more
advanced diagnostic techniques have been developed,
additional causative cardiac abnormalities (and their
association with stroke) have been recognized.!'

Causes of cardioembolic strokes can be divided into three
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basic groups:>'3 (1) cardiac wall and chamber abnormalities-
cardiomyopathies, hypokinetic and akinetic ventricular
regions after myocardial infarction, atrial septal
aneurysms, ventricular aneurysms, atrial myxomas,
papillary fibroelastomas and other tumors, septal defects
and patent foramen ovale; (2) valve disorders-rheumatic
mitral and aortic valve disease, prosthetic valves, bacterial
endocarditis, fibrous and fibrinous endocardial lesions,
mitral valve prolapse and mitral annulus calcification;
and (3) arrhythmias, particularly atrial fibrillation and
“sick-sinus” syndrome.

Some cardiac sources of stroke have a considerably
higher risk of initial and recurrent embolism than other
cardiac causes. Accordingly, the Stroke Data Bank!®
divided the potential cardiac causes of stroke into strong
sources (prosthetic valves, atrial fibrillation, sick-sinus
syndrome, ventricular aneurysm, akinetic segments,
mural thrombi, cardiomyopathy and diffuse ventricular
hypokinesia) and weak sources (myocardial infarct in
earlier months, aortic and mitral stenosis, aortic and
mitral regurgitation, congestive heart failure, mitral valve
prolapse, mitral annulus calcification and hypokinetic
ventricular segments).

The risk of brain embolism also varies even within
individual cardiac abnormalities according to a various
other factors. For example, in patients with atrial
fibrillation, associated heart disease, age, duration of
arrhythmia, chronic vs intermittent fibrillation and atrial
size all influence embolic risk. It is also important to
remember that the presence of a possible cardiac source
of embolism does not necessarily mean that the stroke
was caused by an embolus from the heart. Coexisting
atherosclerotic cerebrovascular disease is a common
cause of stroke in these patients as well.['>'l

Atrial fibrillation (persistent and paroxysmal) is a
potent predictor of first and recurrent stroke. In more
developed nations, patients with cardioembolic stroke
have a history of nonvalvular atrial fibrillation in roughly
half of the cases, a history of left ventricular thrombus in
almost one-third of the cases and a history of valvular
heart disease in one-fourth of the cases.[""'>*!

Intracavitary thrombus due to acute myocardial
infarction (MI) occurs in approximately one-third of
patients within the first two weeks after anterior MI
and in an even a larger proportion of those with large
left ventricular apex infarcts.["*** Patients with chronic
ventricular dysfunction due to coronary disease,
hypertension and dilated cardiomyopathy can also
develop ventricular thrombi. Stroke is less common
among uncomplicated MI patients, but may occur in
up to 12% of patients with acute MI complicated by a
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left ventricular thrombus [Figure 1]. The rate of stroke
is higher in those patients with anterior rather than
inferior infarcts and may reach up to 20% in those with
large anteroseptal MI. Whether the increased stroke risk
in these anterior wall MI patients is due to increased
aneurysm formation, left ventricular dysfunction or
other cause remains unclear. Regardless, the incidence
of embolism appears to be highest during the period of
active thrombus formation in the first 1-3 months, with
substantial risk remaining even beyond the acute phase
in patients who have persistent myocardial dysfunction,
congestive heart failure or atrial fibrillation.['#192%

Congestive heart failure affects greater than four million
Americans and increases stroke risk by a factor of 2-3,
accounting for roughly 10% of ischemic strokes in the
United States and other industrialized nations."** In
patients with nonischemic dilated cardiomyopathy, the
rate of stroke is similar to that of cardiomyopathy due to
ischemic heart disease. An estimated 72,000 initial strokes
annually have been associated with left ventricular
systolic dysfunction and the 5 year recurrent stroke rate
in patients with cardiac failure has been reported as high
as 45%‘[12,19,21]

Valvular heart disease

Rheumatic mitral valve disease. Although the incidence
of rheumatic fever and rheumatic heart disease has
dramatically declined, rheumatic heart disease is still
a very important cause of brain embolism, particularly
in developing countries such as Mexico, India and Iran.
1172223 The mitral valve is most often involved. Second in
frequency is the dual involvement of the mitral and aortic
valves, while isolated rheumatic aortic valve disease is
unusual. Pulmonic or tricuspid valve involvement
occurs rarely in rheumatic heart disease.”!

Figure 1: Transthoracic echocardiography with left ventricular thrombus
(arrows)

Annals of Indian Academy of Neurology - Supplement 2008



S54

Recurrent embolism occurs in 30-60% of patients with
rheumatic mitral valve disease and a history of a previous
embolic event.'”?%1 Sixty to sixty-five percent of these
recurrences develop during the first year and many occur
within the first 6 months.'***! Rheumatic mitral stenosis
is a more frequent cause of brain embolism than is mitral
regurgitation: among individuals with embolism in
one series, 93% had mitral stenosis, while only 7% had
mitral insufficiency.’?! Although embolism does occur
in patients with mitral stenosis who have normal sinus
rhythm, the development of atrial fibrillation greatly
increases the risk of embolism.”! Similarly, the incidence
of silent brain infarction - asymptomatic cerebral infarcts
detected with neuroimaging - was found to be 24.5% in
patients with rheumatic mitral stenosis. The presence
of left atrial enlargement and atrial fibrillation also
increased the incidence of silent stroke in patients with
rheumatic mitral stenosis.™ Mitral valvuloplasty does

not appear to significantly eliminate the risk of embolism.
[19,30,31]

Mitral valve prolapse (MVP) is the most common
form of valve disease in adults and is generally
benign.** MVP as a source of embolic stroke is still
controversial.’! That being said, several small clinical
series have reported cerebral embolism in MVP
patients who lacked other possible embolic sources.?+!
Occasional patients with MVP have thrombi attached
to the valve leaflets of their myxomatous valves. It is
important to remember, however, that patients with MVP
also may have other conditions such as atrial fibrillation
and migraine that in turn can potentially elevate stroke
risk. The rate of recurrent stroke in patients with MVP
as the lone cause is very low.’**! Given the very high
incidence of MVP, the frequency of solely MVP-related
stroke is exceptionally low.['>*"]

Mitral annulus calcification (MAC) is an important,
often under-recognized, cause of embolism. Several
series show a convincing relationship between MAC and
brain emboli and stroke.>***Bacterial endocarditis can
develop on the MAC, increasing the cardioembolic stroke
risk. While antibiotics may help reduce risk of future
embolism in the case of endocarditis, anticoagulation
does not prevent calcific emboli. The decision to use
antiplatelet agents vs anticoagulants in patients with
MAC should include the consideration of other potential
comorbid factors such as: atrial fibrillation (that can occur
12 times more often in patients with MAC in comparison
to those without MAC) or endocarditis.[>3341

Isolated aortic valve disease is not typically associated
with systemic embolism. While there are rare case reports
of patients with strokes from spontaneous aortic valve
calcific emboli, only a few studies have analyzed series
of patients with stroke and aortic valve disease.”*? One
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prospective analysis of 815 patients with calcification of
the aortic valve (with or without stenosis) showed no
association between either of the two aortic valvular
lesions and stroke.[*¥] As a result, current treatment
recommendations in these cases tend to be based on
larger antiplatelet trials of stroke and Transient Ischemic
Attack (TIA) patients.!'>”!

Paradoxical embolism

Thus far, the most common potential intracardiac
shunt is a residual patent foramen ovale (PFO). The
high frequency of PFOs in the normal adult population
has made it difficult for physicians to be certain in an
individual stroke patient with a PFO whether (1) a
paradoxical embolism through the PFO was the cause
of their stroke or (2) the PFO itself was merely an
incidental finding observed during stroke work-up.
Autopsy series have shown that up to 30% of adults have
a probe patent foramen ovale at necropsy.l*! Interestingly,
despite this observation, echocardiographic studies have
shown that PFOs are more common in patients with an
undetermined cause of stroke than in those in whom
another etiology has been determined.! %

Neuroimaging studies are not conclusive with regard
to the link between patent foramen ovale and embolic
stroke. However, in 1998, Steiner et al. reported on a series
of 95 patients with first stroke who had PFOs.["**1 Those
with large PFOs had more features of embolic strokes
with brain imaging in comparison to the patients with
small PFOs.

The review of a series of patients with paradoxical
embolismP** through a PFO as well as the experience
of the author allows the derivation of five criteria that
when four or more are met, establish the presence of
paradoxical embolism-related cerebral infarct with a
high degree of certainty.”! The findings are (1) a situation
that promotes thrombosis of leg or pelvic veins (e.g.,
sitting for long in one position such as a prolonged car
trip, airplane flight, being bedridden or recent surgery);
(2) increased coagulability (e.g., dehydration, the use of
oral contraceptives and presence of V Leiden factor);
(3) activity that includes a valsalva maneuver or that
promotes right-to-left shunting of blood (the sudden
onset of stroke during sexual intercourse, coughing,
straining at stool or weight lifting) (4) pulmonary
embolism within a short time before or after the
neurologic ischemic event and (5) the absence of other
clear causes of stroke after thorough evaluation.["”

Fibrous and fibrinous lesions of the heart valves and
endocardium are associated with particular medical
conditions.’! These valvular lesions traditionally
occur in patients with systemic lupus erythematosus
(Libman-Sacks endocarditis®®®), antiphospholipid

Annals of Indian Academy of Neurology - Supplement 2008



Leary, et al.: Cardioembolic stroke

antibody syndromeP and other debilitating diseases
such as cancer (nonbacterial thrombotic endocarditis).
Mobile fibrous strands are also often found during
echocardiography.'2*>% Fibrin-platelet aggregates may
attach to these fibrous and fibrinous lesions.

Infective Endocarditis commonly causes embolic
complications in patients.>*® Mycotic aneurysms can
result in fatal subarachnoid bleeding. Bleeding can also
result due to vascular necrosis as a result of an infected
embolus. Embolization usually stops once the infection
is controlled.”* Warfarin does not prevent embolization
in these cases and is probably contraindicated unless
there are other important lesions such as prosthetic valves
or life-threatening pulmonary embolism. In children and
young adults with congenital heart defects, particularly
those with right-to-left shunts and polycythemia, brain
abscess is an important complication.!'?

Cardiogenic embolism in underdiagnosed. Clinical
features and brain investigations such as computed
tomography (CT), magnetic resonance imaging (MRI)
and angiography (CT, MR and digital subtraction
angiography) may suggest emboli, but often a clear
source is not identified. These cases that are termed
infarcts of unknown causes (IUC) in the Stroke Data Bank
include as many as 40% of patients.[*123960]

Clinical Findings and Course

Strokes can have a wide range of different clinical
manifestations. Warning signs of stroke may include
sudden hemiparesis, hemisensory loss, confusion,
trouble speaking, difficulty understanding, visual loss,
diplopia, ataxia, vertigo or even sudden severe headache
with no known cause. Most embolic events occur during
typical activities of daily living but some embolic strokes
start during rest or sleep. Sudden coughing, sneezing or
rising at night to urinate are also activities that are known
to precipitate embolism.5% Although the deficit from
a cardioembolic stroke is typically maximal at outset,
11% of these patients in the Harvard Stroke Registry
had a stuttering or stepwise course, whereas 10% had
fluctuations or progressive deficits. Later progression,
if it occurs, often develops within the first 48 h. When
progression occurs, it is usually due to distal passage
of emboli.l*s

In recent years, a high incidence of acute MCA blockage
in patients with sudden-onset hemispheric strokes
has been shown via transcranial Doppler (TCD)
sonography. Eventually, the recanalization of the MCA
and normalization of the intracranial blood velocities
do occur.>®!l With regard to any large infarct, cerebral
edema may develop during the 24 to 72 h after stroke,
manifested typically by headache, diminished alertness
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and a worsening of neurologic symptoms. The edema
from an ischemic stroke is traditionally cytotoxic (with
swelling occurring inside brain cells), and thus, it
unfortunately does not tend to respond to corticosteroid
therapy.l'?

Diagnostic Testing

Emboli mainly occlude distal arterial branches within the
brain, resulting in surface infarcts that appear triangular
in shape with the base of the triangle at the brain’s
surface and the apex pointing inward. The presence of
embolism is suggested on CT or MRI by the location
and shape of the lesion,*” the presence of superficial
wedge-shaped infarcts in multiple different vascular
territories, hemorrhagic infarction and visualization of
thrombi within arteries [Figure 2]. Among 60 patients
with cardiogenic sources of embolism studied by CT
in whom occlusive atherosclerotic cerebrovascular
disease had been excluded, 56 had the above mentioned,
superficial, large or small cortical or subcortical infarcts
and only 4 had deep infarcts.®” Thus, although embolic
infarcts are typically triangular, it is possible for emboli
on occasion to block the MCA and cause a lone deep
infarct if the superficial territory has good collateral
flow. Tiny emboli may cause small deep or superficial
infarcts.[>%12626%

Magnetic resonance imaging is more sensitive for the
detection of acute brain infarcts in comparison to CT,
particularly with the use of MR diffusion-weighted and
MR gradient-recalled echo (GRE) imaging and it is also
superior in detecting hemorrhagic infarction by imaging
hemosiderin. For a long time, hemorrhagic infarction
has been considered as the characteristic of embolism,
particularly when the artery leading to the infarct is

Figure 2: Positive diffusion-weighted imaging MRI scan of the brain that
shows a cardiogenic shower of emboli. Typical wedge-shaped infarct
(area outlined by large arrows) as well as other bilateral hemispheric
smaller infarcts (small arrows)
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patent.® Hemorrhagic infarction results due to the
reperfusion of ischemic zones, which can occur with
either spontaneous passage of the embolus, iatrogenic
opening of an occluded artery (e.g., endarterectomy,
fibrinolytic treatment) or with restoration of the
circulation after a period of systemic hypoperfusion.
Typically, hemorrhage occurs into proximal reperfused
regions of brain infarcts.>*%! CT can image subacute
infarcts well and at times, it is also possible to image the
acute embolus itself on CT.[5126667]

Transthoracic echocardiography (TTE) has been variably
useful in detecting sources of embolism in stroke
patients.>*7 This technique is certainly useful in patients
with known heart diseases to clarify the potential embolic
sources and cardiac function® in young patients without
known stroke risk factors and in stroke patients who
do not have lacunar infarction or ultrasound evidence
of intrinsic atherostenosis of a major extracranial and
intracranial artery. Transesophageal echocardiography
(TEE) provides much better visualization of the atria,
cardiac valves, septal regions and aorta. This technique
reports suggest that its diagnostic yield is 2-10 times
that of TTE.""" Further, TEE clearly shows the aortic
plaques, atrial septal aneurysms and atrial septal defects

Figure 3: Transesophageal long-axis (90 degree) view of thoracic
aorta with complex plaque (white arrow)

Figure 4: Transcranial Doppler during carotid angioplasty shows a flurry
of microembolic signals (HITS) in the middle cerebral artery
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[Figure 3]. Utilizing an echo-enhancing agent (such as
agitated saline) while performing a TTE or TEE can also
help reveal an intracardiac shunt.!

There are definite limitations to echocardiography.
Particles with the size of 2 mm can block major brain
arteries, but they are beyond the imaging resolution of
current echocardiographic technology.”! In addition,
thromboembolism is a dynamic process: when a
clot forms in the heart and embolizes, there may be
no residual evidence until another intracardiac clot
reforms.>”®! Sequential echocardiograms image cardiac
thrombi differently;>””! it has been shown that even large
thrombi seen on one echocardiogram can disappear on
in the later studies.!">””!

Transcranial Doppler (TCD) monitoring can detect
cerebral embolic signals.>”*”l Embolic particles passing
under TCD probes produce transient, short-duration,
high-intensity signals referred to as HITS (high-intensity
transient signals). Examples of HITS are shown in
Figure 4 and 5. A relatively high frequency of embolic
signals has been detected with TCD in patients with atrial
fibrillation,™ cardiac surgery,®! prosthetic valves, left
ventricular assist devices,®? carotid artery disease and
carotid endarterectomy. The monitoring of emboli with
TCD may guide treatment decisions (e.g., performing
TCD pre- and postinitiation of anticoagulation to assess
whether HITS cease).!'

Prevention and Treatment

Atrial fibrillation (rheumatic and non rheumatic)

Studies in patients with both rheumatic mitral stenosis
and atrial fibrillation have shown that warfarin is
effective in preventing brain embolism.**#8] The use
of aspirin for primary cardioembolic stroke prevention
in the setting of rheumatic mitral stenosis and atrial
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Figure 5: Transcranial Doppler recording from the middle cerebral
artery during cardiac bypass surgery at a time when the aorta was
manipulated. The white streaks (HITS) represent microemboli
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fibrillation is not supported.® In early studies, the level
of anticoagulation was higher than that currently used
and brain hemorrhages and other bleeding complications
were commonplace. Trials have now shown that low-
dose warfarin [international normalized ratio (INR): 2.0-
3.0] is also effective in preventing brain emboli in these
patients as well as in patients with nonrheumatic AF.
Mitral valve repair and mitral valve replacement are also
considered in the prevention of cerebral embolism for
patients with hemodynamically significant rheumatic
mitral stenosis or insufficiency.'?

In the Copenhagen Atrial Fibrillation Aspirin
Anticoagulation (AFASAK) study, 1007 patients (median
age: 74.2 years) with chronic, nonrheumatic AF were
assigned to warfarin (INR: 2.8-4.2), aspirin (75 mg/day) or
placebo.® This study was halted prematurely when the
analysis of effectiveness reached a predetermined level of
significance in favor of warfarin treatment. The principal
outcome measured was the composite of ischemic or
hemorrhagic stroke, transient ischemic attack (TIA) and
systemic embolism. The observed reduction for warfarin
in comparison to placebo was 64%, an absolute risk
reduction of 3.5% per year. An analysis by intention to
treat, excluding TIA and minor stroke, indicated a risk
reduction of an estimated 50% (P < 0.05) and an absolute
reduction of approximately 1.5% annually.!™

Investigators for the Stroke Prevention in Atrial
Fibrillation (SPAF) study evaluated warfarin and aspirin
in nonrheumatic AF patients.®*¥”] In this study, two
groups of patients were evaluated on the basis of their
eligibility for warfarin. In the first group, 627 patients
determined to be eligible for warfarin were randomized
to open label warfarin (INR: 2.8-4.5; prothrombin time:
1.3-1.8 times control) or in a double-blinded fashion to
either aspirin (325 mg daily, enteric-coated) or a matching
placebo. In the second group, 703 patients ineligible for
warfarin were randomized (double-blind) to aspirin
(325 mg daily, enteric-coated) or placebo. During the
mean follow-up of 1.3 years, the principal outcome - a
composite of ischemic stroke and systemic embolism
- was significantly decreased by warfarin and aspirin.
Warfarin reduced the outcome of disabling ischemic
stroke or vascular death by 54% (P =.11): an absolute
reduction of 2.6% per year. Aspirin reduced the outcome
of disabling stroke or death by 22% (P =.33): an absolute
reduction of approximately 1% per year. The SPAF
investigators later compared low-intensity fixed-dose
warfarin (INR 1.2 to 1.5) plus aspirin (325 mg/day) with
adjusted dose warfarin (INR 2.0 to 3.0) in elderly patients
with one or more risk factors for embolism.™ Ischemic
stroke and systemic embolism were present in 7.9%
of patients on fixed dose warfarin plus aspirin vs only
1.9% on adjusted-dose warfarin. SPAF investigators later
studied the effectiveness of 325 mg aspirin in patients
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with low risk and found that the rate of ischemic stroke
was low in this particular group (2% per year)./'?*]

Three risk factors for thromboembolism were identified
by the SPAF study-recent congestive heart failure, history
of hypertension and previous thromboembolism.*%!
The results of this study suggested that anticoagulation
with warfarin was not indicated in patients without
any of the three risk factors (i.e., those who were at
low risk for thromboembolism). In such patients, the
danger of anticoagulant therapy was thought to possibly
outweigh its benefits. In conclusion, aspirin (325 mg
daily) is probably a reasonable and safe therapy for
patients with lone, nonrheumatic AF who are under 60
years of age and have none of the three identified risk
factors.”?? In all other patients with AF, long-term oral
warfarin therapy (INR: 2.0-3.0) should be used unless it is
contraindicated.>#92%

In the Boston Area Anticoagulation Trial for Atrial
Fibrillation (BAATAF), 420 patients with nonrheumatic
AF (mean age 68 years) were randomized (unblinded)
to warfarin (target prothrombin time ratio, 1.2 to 1.5 x
control; INR: 1.5 to 2.7) or to a control group who were
allowed to take aspirin.” Ischemic stroke or systemic
embolism was the principal outcome measured and the
mean follow-up was 2.2 years. The incidence of stroke
was reduced by 86% in the warfarin group compared to
control (P =0.002) This was equivalent to an absolute risk
reduction of 2.6% per year. There was no demonstrable
benefit noted with aspirin, but this specific study was
also not designed to test aspirin efficacy.!'

In the Canadian Atrial Fibrillation Anticoagulation
(CAFA) study, 191 patients were randomized to placebo
and 187 to warfarin (INR target range 2.0 to 3.0).”! The
composite of nonlacunar stroke, non-CNS embolism
and fatal or intracranial hemorrhage was the principal
outcomes. The relative risk reduction for warfarin was
37% (P = 0.17). This study ended prematurely when
the results of both the Copenhagen AFASAK and SPAF
studies became known."?

The question of the optimal level of anticoagulation
was addressed by the European Atrial Fibrillation Trial
(EAFT) Study Group.P® No treatment effect was noted
with anticoagulation responses below INRs of 2.0. The
rate of thromboembolic events was lowest at INRs from
2 to 3.9 and most major hemorrhages occurred at INRs
greater than 5.0. Thus, a target INR of 3.0 with a range
from 2 to 5.0 was recommended by the EAFT group.
Similar to the SPAF findings, fixed-dose warfarin with
a target of 1.3 to 1.5 was not as effective as standard
adjusted-dose warfarin at an average INR of 2.4, even
when aspirin 325 mg/day was added to the low fixed-
dose warfarin in another study.!'"”
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Warfarin is approximately 50% more effective than
aspirin in preventing stroke in patients with atrial
fibrillation who do not have valvular disease. Data
suggests that the optimal intensity of oral anticoagulation
for stroke prevention in patients with atrial fibrillation
appears to be a target INR of 2.0-3.0. Unfortunately,
warfarin is not without any problems. The narrow
therapeutic margin of warfarin and its known associated
food and drug interactions require the INR values to
be followed closely. Dosage adjustments are frequently
needed. These liabilities obviously contribute to the
underutilization of warfarin and alternative therapies are
sorely needed.l"? An additional study, Atrial Fibrillation
Clopidogrel Trial with Irbesartan for Prevention of
Vascular Events (ACTIVE), evaluated the safety and
efficacy of the combination of aspirin plus clopidogrel
in atrial fibrillation patients. Data suggests coumadin
was superior to the aspirin/clopidogrel combination in
this setting.[”!

Studies have also assessed ximelagatran’s efficacy in
stroke prevention.!"”!

Ximelagatran is a direct thrombin inhibitor that is
orally administered, has stable pharmacokinetics
independent of the hepatic P,,, enzyme system and
has a low potential for food and drug interactions. Two
large studies, Stroke Prevention Using the Oral Direct
Thrombin Inhibitor Ximelagatran in Patients with Atrial
Fibrillation SPORTIF-III and SPORTIF-V compared
fixed-dose ximelagatran (36 mg BID) with dose-adjusted
warfarin (INR: 2.0-3.0) in high-risk patients with AF. This
study was performed on 7329 patients. In both the trials,
ximelagatran was not inferior to warfarin and had fewer
major and minor bleeding complications. However,
serum alanine-aminotransferase levels rose transiently
to >3 times normal in 6% of patients with ximelagatran
(usually within the first 6 months).l'219%

Patent foramen ovale

Treatment options at this time for future stroke prevention
in patients with PFO and a prior cryptogenic ischemic
stroke include medical therapy, open or minimally
invasive cardiac surgical closure and transcatheter
closure. With regard to medical therapies, antiplatelet
therapy is a reasonable choice for future stroke
prevention in stroke patients with an isolated PFO and
firstischemic stroke/TIA. Warfarin is considered to be an
appropriate treatment option in the subgroup of PFO/
ischemic stroke patients who have been diagnosed with
a concomitant hypercoagulable state, venous thrombosis
or atrial-septal aneurysm. There is no clear evidence at
present that open surgical closure is superior to medical
therapy for secondary stroke prevention. Transcatheter
closure may ultimately show a benefit over medical
therapy for future stroke prevention: a recent review
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of 10 nonrandomized, unblended transcatheter closure
studies for secondary stroke prevention reported a 1
year rate of recurrent, neurological events of 0-4.9%
in transcatheter closure patients vs 3.8-12.0% in
medically treated patients. The incidence of minor and
major procedural complications was 7.9% and 1.45%,
respectively. Additional randomized trials evaluating
the efficacy of transcatheter closure devices are in
progress.'>19%1 At the time of this publication, trancatheter
closure is not FDA approved for use in the United States
after the first ischemic stroke or TIA in PFO patients;
however, in PFO patients who fail medical therapy and
have a second ischemic cerebral event, it is a treatment
option that may be considered.

Other cardiac conditions

The effectiveness of anticoagulation on embolic stroke
prevention from other cardiac conditions has not been
well studied. In the United States, the use of aspirin plus
warfarin in MI patients with left ventricular thrombus
is based on ACC/AHA guidelines for patients with ST-
segment elevation ML As for other conditions, the
rate of recurrent stroke in patients with MVP is so low
that warfarin is not recommended for stroke prophylaxis
except when a thrombus is noted on echocardiography.
Warfarin is also not thought to be effective in preventing
calcific, myxomatous, bacterial and fibrin-platelet emboli.
Finally, warfarin has even been suspected to worsen
cholesterol crystal embolization.['!°!

General stroke prevention considerations

When anticoagulation was initiated at the authors’
institution, the protocols shown in Tables 1 and 2
were used. On the occasions that warfarin is used, the
time to initiate anticoagulation post-stroke remains
controversial. Embolic brain infarcts have the potential to
become hemorrhagic, and serious cerebral hemorrhage
has occurred after anticoagulation.l'”!%! Large infarcts,
hypertension, large bolus doses of heparin and excessive
anticoagulation are factors that have been associated with
the potential to develop brain hemorrhage. Because most
hemorrhagic transformations occur within 48 h of stroke
onset, the recommendations of the Cerebral Embolism
Task Force are used to avoid early anticoagulation in
patients with large infarcts or in those patients with
hemorrhagic transformation noted on repeat CT.!071%]

In the vast majority of studies, patients with cerebral
and cerebellar hemorrhagic infarction are noted to
have an embolic cause. Despite the aforementioned
cautions, their hemorrhagic infarctions have been noted
to occur equally with and without anticoagulation
with the development of hemorrhagic infarction rarely
accompanied by clinical worsening.'! Interestingly,
the majority of patients with hemorrhagic transformation
who were continued on anticoagulants did not worsen.
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Table 1: Heparin treatment protocol

Routine hematology: Obtain a baseline PTT and CBC prior to initiation of heparin and repeat these labs daily while on heparin. In general,
the target PTT for ischemic stroke patients at our institution is 45-65s, which is reflected by the treatment schedule below. All PTTs must
be drawn in the opposite limb from the IV heparin infusion site.

Routine additional labs: Daily stool guaiacs while on anticoagulants as an inpatient. Check urinalysis every other day to screen for hematuria
as appropriate.

Nonroutine labs: If platelet count decreases, send heparin-induced thrombocytopenia antibody (HIT Ab) test. Heparin-induced
thrombocytopenia typically occurs 2-5 days after heparin exposure, although it can occur at any time. If HIT is suspected, switch heparin

to argatroban or lepirudin.

4. Routine medications: Consider placing all the anticoagulated patients on a daily H2 blocker, prilosec or carafate.
5. Initial infusion rate: Start heparin without a bolus - 15 units/kg/h IV (with @ maximum of 2000 units/h). Round dosage of heparin to

nearest 50 units.

6. Check PTT 6 h after starting heparin (and every 6 h until stable; then daily). PTT is considered stable when two PTTs drawn 24 h apart

are within the goal therapeutic range.
7. Follow-up dosing:

a. |If PTT < 35s: increase heparin by 3 units/kg/h

b. If PTT = 35-44s:  increase heparin by 2 units/kg/h
c. |If PTT = 45-65s:  no change in dose

d. If PTT = 60-90s decrease heparin by 2 units/kg/h
e. If PTT > 90s

hold infusion for 1 h, then restart heparin at a dose reduced by 3 units/kg/h

Table 2: Warfarin treatment protocol

1. Routine Hematology labs (inpatient): Obtain a baseline INR and CBC prior to initiation of warfarin and repeat these labs daily until INR is
stable while on warfarin. In general, the target INR for ischemic stroke patients that require warfarin is 2.0-3.0 (approximately 1.3-1.5 x
control), which is reflected by the treatment schedule below. Patients with mechanical prosthetic valves will require INR 2.5-3.5.

2. Routine additional labs (inpatient): Daily stool guaiacs while on anticoagulants as an inpatient. Check urinalysis every other day to screen

for hematuria as appropriate.

3. Routine medications: Consider placing all he anticoagulated patients on a daily H2 blocker, prilosec or carafate.
4. Nonroutine medications: Consider the use of Vitamin K if INR > 5. Use of Vitamin K will lead to warfarin resistance up to 1 week.

5. Initial dosing: start warfarin without a bolus as below.
a. If weight <50 kg or age > 85:
b. If weight 50-100 kg:
c. If weight > 100 kg:

6. Adjust warfarin as needed to maintain the goal INR.

start warfarin 2.0 mg/day
start warfarin 2.5 mg/day
start warfarin 4.0 mg/day

Thus, the risk of re-embolism should be balanced against
the small but definite risk of important bleeding. For
example, if the patient has a large brain infarct, heparin
should likely be delayed and when it is initiated, bolus
heparin infusions should be avoided. If the risk for re-
embolism is high, immediate heparinization is advisable
(again, without using a bolus), whereas if the risk seems
low, it is prudent to delay anticoagulants for at least 48
h if not longer. One study showed that in patients with
atrial fibrillation with embolic strokes who were treated
with well-controlled heparin anticoagulation soon after
stroke onset fared better than the patients who were
treated later.['>1+112

Acute stroke treatment: Chemical thrombolytics

For rational treatment to be given, the following basic
facts should be known: (1) past and present medical
history, including the time the patient was last known
to be well; (2) the patient’s medications; (3) vital signs;
(4) laboratory data such as blood counts, glucose level
and coagulability; (5) the location, nature and severity of
the occlusive lesion; and (6) finally, the location, extent
and reversibility of the brain lesion.’!'" Treatment
should not be guided solely by the temporal pattern
of the symptoms, such as TIA, progressing stroke or

so-called completed stroke.’'*I These time courses
do not predict the cause and mechanism of ischemia,
do not suggest if an infarct is present and do not
identify patients who will have further or recurrent
ischemia.l'*11!

The first decision a physician should make is whether
or not any thrombolytic therapy is indicated. Very
severe neurologic deficits, serious intercurrent illnesses
(dementia, cancer, etc.) and psychosocioeconomic
considerations may make patients unsuitable for specific
treatments. If treatment is a feasible option for the
patient, the next questions to be considered are what
brain tissue is at risk for further ischemia and what
may be the benefit/risk ratio of specific treatments.
To determine the tissue at risk, clinicians consider the
cause and the deficit. For example, a man with a slight
hemiplegia and numbness due to a small lacunar infarct
in the anterior limb of the internal capsule may have
infarcted the entire tissue supplied by an occluded small
artery. In that case, the treatment of choice may consist
of supportive care and ultimately controlling lacunar
stroke risk factors (such as hypertension, diabetes or
hypercholesterolemia). However, if that same patient
has waxing and waning symptoms and a small cortical
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infarct with a clot in the middle cerebral artery trunk, the
rest of the MCA territory is at risk for further ischemia.
Aggressive thrombolytic treatment may be warranted
in this case. Newer MRI techniques-diffusion-weighted
and perfusion MRI- along with MRA, can show the
brain that is already infarcted and brain tissue that is
underperfused but not yet infarcted, even very soon
after the symptoms begin.”!*!'¢118 Patients who have
little tissue at risk are not optimal candidates for specific
interventional therapy.

Thrombolytic drugs, especially recombinant-tissue-type
plasminogen activator (rt-PA) and streptokinase, have
been given intravenously and intraarterially in patients
with acute brain ischemia. In a study in which the arterial
lesions were not defined, intravenous therapy with
rt-PA given within 90 min and 3 h of ischemia onset in
the aggregate, provided a statistically significant benefit
is obtained.!""”! Unfortunately, in the present study
and other studies, approximately 6-12% of patients
treated with thrombolytic agents developed important
intracranial bleeding. Uncontrolled studies show
that patients with distal intracranial arterial embolic
occlusions do well with intravenous thrombolytic
therapy.!'*'»! Patients with ICA occlusions in the neck
and intracranially rarely reperfuse after intravenous
thrombolytic therapy, particularly if collateral circulation
is poor. Intraarterial therapy may be considered in these
patients. Intraarterially administered prourokinase
thrombolysis has also been shown to be very effective in
opening blocked intracranial arteries within the anterior
circulation.[! The dose, timing, mode of delivery
and target group for therapy remain unsettled. The
authors believe that vascular imaging should precede
the administration of thrombolytic agents. Brain and
vascular imaging can guide physicians as to who should
receive thrombolytics and by what route.[''#"]

Because all the stroke patients are at risk of developing
more lesions, the control of risk factors is very important
and should be begun in the hospital. Risk factors
include smoking, hyperlipidemia, obesity, inactivity and
hypertension. Blood pressure should not be excessively
lowered during the acute ischemic period as this may
decrease flow in collateral arteries. Blood pressure
control can be instituted 3-4 weeks after the stroke.
Rehabilitation must also begin early.
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