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The incidence of atrial fibrillation (AF), as well as the related mor-
bidity and mortality, is increasing in step with the aging of
the US population. Frequently, AF leads to untoward out-
comes, including a 5-fold increased risk of stroke, hospitaliza-
tion, impaired quality of life, and decreased work productivi-
ty. Therapeutic decision making for patients with AF at risk for
stroke is a process that varies from one physician to the next.
This lack of consistency in care is compounded by disrupted
communication among caregivers coupled with barriers to
health care resources. Improved application of evidence-based
treatment guidelines for the diagnosis, staging, and tracking of
AF-associated stroke is needed, especially because patients
with AF are at high risk. In addition to affecting practice guide-
lines, the latest anticoagulants are poised to change the stan-
dard of care for preventing stroke in patients with AF. These
novel agents, with their greater safety and ease of adminis-
tration, have the potential to improve treatment outcomes.
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trial fibrillation (AF) is the most

common cardiac arrhythmia seen
in clinical practice, affecting an esti-
mated 2.6 million to 3 million Ameri-
cans.” More than 529,000 hospitaliza-
tions for AF occur each year,® with
adults carrying a lifetime risk of 1 in
424> The prevalence of AF increases
with age, with 10% of individuals aged
80 years or older having AF. As a large
segment of the US population reaches
age 65 years or older, prevalence is
expected to double by 2020246 (Figure
1). Atrial fibrillation often triggers
stroke, impairs quality of life, decreas-
es work productivity, and increases
hospitalization rates and mortality.

The cost of managing AF itself
combined with the cost of managing

AF-related hospitalizations and long-
term complications such as stroke
places a substantial financial burden
on patients and the health care system.
Total annual treatment costs are esti-
mated to be $6.65 billion, including $3
billion for hospitalizations directly relat-
ed to AF diagnoses, $1.95 billion for
inpatient management of AF as a
comorbid diagnosis, $1.53 billion for
outpatient management of AF, and
$235 million for prescription drugs’
(Figure 2). The costs of care are com-
parable with those of other chronic con-
ditions such as diabetes mellitus.® A
comorbid diagnosis of stroke increased
the cost to $12 billion in 2006, primar-
ily because of the costs of rehabilita-
tion, long-term care, and lost income.”?
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AF and Stroke

Stroke risk in patients with AF increas-
es when stagnant blood in the fibrillat-
ing atrium forms a thrombus that can
embolize and enter cerebral circulation,
blocking arterial blood flow and caus-
ing ischemic injury.! This surge in risk
exists apart from other cardiovascular
abnormalities and is why AF causes
15% to 20% of all cerebrovascular
events.! Data from the Framingham
Heart Study indicate that nonvalvular
AF is associated with an annual stroke
rate that is approximately 5.6 times
greater than that in those without AF.10
The presence of significant valvular dis-
ease in patients with AF increases the
risk of stroke more dramatically, by 17-

fold." Further, the data indicate that
stroke risk attributable to AF escalates
with age, rising from 1.5% in patients
aged 50 to 59 years to 23.5% for patients
aged 80 to 89 years.!"2 Consequently,
it is the elderly—in whom AF is most
prevalent—who are at greatest risk for
stroke and its clinical, economic, and
social burdens.

The consequences of AF-related
stroke can be devastating. Outcomes
in patients with AF-associated throm-
boembolic infarctions are often poor,
leading to severe permanent neuro-
logic deficit or death.!® Results from
population-based studies'>!* indicate
that the presence of AF in patients with
ischemic stroke is associated with high-
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Indirect inpatient
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Outpatient costs, 23%

Direct inpatient
costs, 44%
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Figure 1. Projected number of adults with
atrial fibrillation (AF) in the United States
between 1995 and 2050. An estimated 6 mil-
lion Americans will be affected by AF by 2050.
Adapted from Go et al.b

er 30-day and 1-year fatality rates. The
1-year mortality rate for AF-related
stroke is approximately 50%.!* Strokes
related to AF have a 12% risk of recur-
rence and are more severe, predispos-
ing patients to longer hospital stays,
higher degrees of disability, increased
need for nursing home care, and high-
er direct and indirect costs.!®

Atrial fibrillation was also associ-
ated with a statistically significant high-
er rate of recurrent stroke within the
first year of follow-up and with a worse
survival rate after an average follow-up
of almost 4 years.'* Among stroke sur-
vivors, the average hospital stay for
patients with AF was significantly high-
er than that for patients without AF (50
days vs 40 days), with worse neuro-
logic and functional outcomes.'®

Stroke Prophylaxis in Patients

With AF

Anticoagulation therapy has been
shown to reduce the risk of stroke in
patients with AF by about two-
thirds.”1 An evidence-based guide-
line'” developed by the American Col-
lege of Cardiology, American Heart
Association, and European Society of
Cardiology recommends that treatment
selection be made on the basis of stroke

Figure 2. Distribution of direct and indirect
costs for treating atrial fibrillation (AF). Total
annual treatment costs for AF are approxi-
mately $6.65 billion, including $3 billion for
hospitalizations directly attributable to an AF
diagnosis, $1.95 billion for inpatient manage-
ment of AF as a comorbid diagnosis, $1.53 bil-
lion for outpatient treatment of AF, and $235
million for prescription drugs. Adapted from
Coyne etal.”
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risk stratification and bleeding risk
assessment.

Stratification of stroke risk uses
scoring systems—including CHADS,
(congestive heart failure, hypertension,
age =75 years, diabetes mellitus, and
stroke or transient ischemic attack [2
points]) or CHA,DS,-VASc (addition
of vascular disease, age 65 to 74 years,
sex category)—and is an important first
step in guiding selection of anticoagu-
lation therapy (Table 1 and Table 2).
These scores estimate risk by allocat-
ing points to patients on the basis of
their past and current medical condi-
tions. For example, CHADS, records
factors such as history of prior stroke or

Table 1.
CHADS, Scoring System?

Risk Factor Points

C Congestive heart failure 1

H Hypertension (blood pressure 1
>140/90 mm Hg or on
medication)

A Age =75 years 1

D Diabetes mellitus

S, Prior stroke or transient 2

ischemic attack

3 Risk Categories by total points: 0, low risk;
1 or 2, moderate risk; =3, high risk.

Table 2.
CHA,DS,-VASc Scoring System?

Risk Factor Points
C Congestive heart failure 1
H Hypertension (blood pressure 1

>140/90 mm Hg or on

medication)
A, Age =75 years® 1
D Diabetes mellitus 1
S, Prior stroke, transient 2

ischemic attack,

or thromboembolism
V Vascular disease® 1
A Age 65-74 years? 1
Sc Sex category? 1

@ Risk categories by total points: 0, low risk; 1,
moderate risk; =2, high risk.
b One point is added if the patient is aged

between 65 and 75 years, and a second point
is added if patient is aged 75 years or older.

¢ Vascular disease defined as previous
myocardial infarction, peripheral artery
disease, or aortic plaque.

4 One point is added if patient is a woman.
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transient ischemic attack, patient age,
and presence of hypertension and dia-
betes mellitus. Risk is then categorized
as low, moderate, or high.?’ The
CHA,DS,-VASc score complements the
CHADS, score by adding other “stroke
risk modifier” factors: lower age brack-
et (65-74 years), female sex, and vascu-
lar disease. In addition, the CHA,DS,-
VASc assigns an extra point if a patient
is aged 75 years or older.?!

In November 2010, a scoring sys-
tem to assess the risk of developing
bleeding complications while receiv-
ing anticoagulation therapy was vali-
dated.? This system, called HAS-BLED
(hypertension, abnormal renal/liver
function, stroke, bleeding history or
predisposition, labile international nor-
malized ratio [INR], elderly [age >65
years], and drugs or alcohol), assigns 1
point to each component (Table 3).
Higher scores indicate a greater risk
for a bleeding event while receiving
anticoagulant therapy. An important
issue to consider with HAS-BLED is
the overlap of risk factors for both
stroke and bleeding, wherein exces-
sive focus on bleeding avoidance will
result in failing to reduce stroke for
patients at higher risk.

Historically, aspirin or vitamin K
antagonists (eg, warfarin) have been the
primary therapeutic options for the pre-
vention of thromboembolism.!” Aspirin,
although modestly effective in reduc-
ing the risk of stroke for patients with
AF, is inferior to warfarin and is
reserved for patients at low risk for
stroke.l” Warfarin is highly effective,
reducing the stroke risk for patients
with AF by about two-thirds.!8? Yet,
despite the well-established benefits of
warfarin treatment, anticoagulant ther-
apy is underused and is inconsistently
prescribed for patients with AF, even
if those patients are at highest risk for
stroke.?*? In a systematic review,” 25 of
the 29 studies reported undertreatment
(defined as treatment in less than 70% of
high-risk patients) of AF patients with
a history of stroke or TIA who were
deemed eligible for oral anticoagula-
tion therapy according to published
guidelines. Even patients with a
CHADS, score of 2 or higher were sub-
optimally treated.

Table 3.
HAS-BLED Scoring System?
Risk Factor Points
H Hypertension 1
A Abnormal liver 1or2
or renal function®
S Stroke 1
B Bleeding tendency 1
L Labile international 1
normalized ratio®
E Elderly? 1
D Drugs or alcoholb® 1or2

o

Risk categories by total points: 0, low risk;
=2, high risk.

One point awarded for each.

o

.

Defined as a therapeutic time in range of less
than 60%.

Defined as age 65 years or older.

a

o

For example, antiplatelet agents or
nonsteroidal anti-inflammatory drugs.

Source: Adapted from Pisters et al.?

A meta-analysis® of 8 studies
assessed warfarin control among
patients with AF and found that
patients spent an average of only 55%
of their time within the therapeutic INR
range. However, when the data were
stratified by treatment setting, the
authors found that patients with AF
receiving care in a community-based
physician practice spent 11% less time
within target INR range (ie, a lower
limit INR between 1.8 and 2.0 and an
upper limit INR between 3.0 and 3.5)
compared with patients treated in a
specialized anticoagulation clinic. Thus,
fewer than half of patients with AF
receiving warfarin are achieving and
maintaining their target blood levels.

Unmet Needs in Stroke Prophylaxis

Left unmanaged or undermanaged, AF
results in substantial morbidity and
mortality. However, even traditional
warfarin regimens create prescribing
challenges for physicians who care for
patients with AF (Figure 3). The com-
plex pharmacokinetics and pharmaco-
dynamics of warfarin interact with
many medications and foods.** Fur-
thermore, warfarin is difficult to use
because of a narrow therapeutic win-
dow and the need for ongoing labora-
tory monitoring to avoid the risk of
major bleeding events and minimize
the risk of inadequate anticoagulation.

Ciervo et al  Stroke Prevention in Patients With Atrial Fibrillation



Requires frequent monitoring and
regular clinic visits

Narrow therapeutic window

Slow onset/offset of action; requires
3 to 6 days to achieve therapeutic
levels

Long half-life

Multiple drug-drug and drug-food
interactions

Genetic polymorphisms exist that
confer increased sensitivity or
resistance

Highly variable pharmacokinetics
and dynamics; inter- and intra-
individual variability in dosing and
metabolism common

Figure 3. Limitations of warfarin. Reprinted
with permission from Libertas Academica Ltd. %

Management challenges associated
with anticoagulation therapy are exac-
erbated by difficulties in accurately
identifying the patients who are at the
highest risk for stroke or bleeding.?! In
fact, many practicing physicians iden-
tify concerns about excessive bleeding
as the primary barrier to more
widespread use of anticoagulation ther-
apy 312

These issues, in addition to risks
associated with patient nonadherence,
have spurred efforts to improve the
safety, efficacy, and convenience of anti-
coagulation therapy by targeting spe-
cific steps in the coagulation cascade,
with a goal of reducing the number of
potential adverse effects. Emerging anti-
coagulants may overcome the limita-
tions of warfarin, potentially improving
overall patient outcomes while more
closely fitting the profile of the “ideal
anticoagulant” (Figure 4). There remains
an unmet clinical need for treatments
that do not require intensive monitor-
ing and frequent dose adjustments—2
of the shortcomings of traditional anti-
coagulation therapy. However, many
osteopathic primary care physicians
may be unable to fully evaluate the
available clinical trial data on emerg-
ing thromboprophylactic treatments,

Ciervo et al ® Stroke Prevention in Patients With Atrial Fibrillation

particularly data on hazards and ben-
efits of anticoagulants.*

The approach to stroke prevention
for patients with AF is changing now
that effective alternatives to warfarin
are available. Two new classes of oral
anticoagulants have recently been
shown to be at least equivalent to war-
farin in preventing stroke or systemic
embolism.>** Factor Xa inhibitors and
direct thrombin inhibitors (DTIs),
whether approved or under investiga-
tion, offer a rapid onset of action and
predictable pharmacokinetics and phar-
macodynamics, though they are not
without potential limitations (Figure 5).

Factor Xa agents act directly on
factor X in the coagulation cascade and,
unlike low-molecular weight heparins,
do not require antithrombin as a medi-
ator. The highly selective mechanism
of action of factor Xa agents limits the
number of effects outside of the clot-
ting cascade that theoretically may
result in fewer adverse events overall
than observed with vitamin K antago-
nists.* As of this writing, 1 factor Xa
agent, rivaroxaban, has been approved
by the US Food and Drug Administra-
tion (FDA) and 2, apixaban and edox-
aban, are in development. As indicated

At least equivalent efficacy to
warfarin

Better safety profile than warfarin,
including less intracranial
hemorrhage

Predictable response
Wide therapeutic window

Low inter- and intrapatient
variability

Simple oral dosing, ideally once
daily

Low potential for drug-drug and
drug-food interactions

No need for regular monitoring

Rapid onset and relatively short
half-life to result in short offset

Low incidence and severity of
adverse events

Figure 4. Features of the “ideal anticoagu-
lant.” Reprinted with permission from Libertas
Academica Ltd.*

No clinically proven antidote

Lack of validated tests to monitor
anticoagulant effect

Unknown long-term safety profile

Lack of features of regular monitoring
to enhance adherence

High cost

Figure 5. Potential limitations of the new oral
anticoagulants. Reprinted with permission
from Libertas Academica Ltd.*

in Table 4, rivaroxaban is an oral,
reversible, direct factor Xa inhibitor that
has a rapid onset of action and high
oral bioavailability.?” It is rapidly
absorbed, with a half-life of 5 to 9 hours
in patients aged 20 to 45 years and 11 to
13 hours in patients aged 65 years or
older.?® The pharmacokinetics of
rivaroxaban are dose-proportional and
generally unaffected by sex or body
weight.3® Although rivaroxaban can be
affected by drugs that interact with
CYP3A4, a low potential for clinically
significant drug interactions has been
reported.?

Apixaban is an oral, selective,
reversible, direct factor Xa inhibitor also
with a high oral bioavailability and an
onset of action of within 3 hours.*
Apixaban has a half-life of about 12
hours and is cleared via multiple path-
ways (about 25% by renal elimina-
tion).*’ Data indicate that apixaban does
not inhibit or induce cytochrome P450
enzymes, and its absorption is not
impacted by food.*! Edoxaban is a
potent, selective factor Xa inhibitor that,
like the other factor Xa inhibitors, has
good oral bioavailability.* It is rapidly
absorbed, with a half-life ranging from
9 to 11 hours. Neither food-related
effects nor dose-dependent increases
in adverse events have been observed
with edoxaban.

Dabigatran etexilate, a drug that
directly targets the thrombin enzyme,
was the first FDA-approved alterna-
tive to warfarin. It is absorbed as the
dabigatran etexilate ester that is con-
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Comparison of Pharmacokinetics Profiles of Warfarin and of the New Oral Anticoagulants

Profile Warfarin

Target Vitamin K-
dependent
factors

Administration Oral

Dose Variable

Half-life, h 40

Time to peak plasma 3-5d

level

Renal clearance, % 0

Interactions CYP2C9;
1A2; 3A4

Monitoring required Yes

Antidote Vitamin K

Table 4.

Dabigatran Rivaroxaban
Thrombin Factor Xa
Oral Oral
150 mg twice daily 20 mg once daily
12-17 5-9 (age 20-45 y);

11-13 (age =65y)

1h 2.5-4h

80 35

Inhibitors of Inhibitors of CYP3A4
P-glycoprotein and P-glycoprotein
transporter? transporter®

No No

None None

Apixaban

Factor Xa

Oral
5 mg twice daily
12

3h
25

Inhibitors of CYP3A4
and P-glycoprotein

Edoxaban

Factor Xa

Oral
30-60 mg once daily
9-11

1-2h
40

Inhibitors of CYP3A4
and prostaglandin

transporter? transporter®
No No
None None

a Includes amiodarone (cautions with interaction) and verapamil.

b Includes antifungals and protease inhibitors.

Abbreviation: CYP, cytochrome P450.

verted in the liver to its active com-
pound, dabigatran.®® As a competitive,
direct, and reversible inhibitor of throm-
bin, dabigatran inhibits fibrin produc-
tion.*3 It also prevents thrombin-medi-
ated activation of factors V, VIII, XI,
and XIII and thrombin-induced platelet
aggregation.* The peak onset of action
of dabigatran occurs within 1 hour, and
the half-life with multiple doses is
approximately 12 to 17 hours.** Dabi-
gatran is predominantly (80%) cleared
by the kidneys.** The P-glycoprotein
transporter pathway is involved in the
pharmacodynamics of dabigatran and
other factor Xa inhibitors; thus, plas-
ma levels of dabigatran will increase
modestly when used in combination
with drugs such as amiodarone and
verapamil. Neither the prodrug nor its
metabolite exerts an effect on the
cytochrome P450 system; thus, dabi-
gatran is associated with fewer drug-
drug and drug-food interactions than is
warfarin. Absorption of dabigatran
may be delayed by food, and there is an
age effect on pharmacokinetic param-
eters but no reported gender effect.*3
Although factor Xa and DTI agents
appear to circumvent many of the dis-
advantages of warfarin (Table 4), the
most important role these drugs play
are in improving clinical outcomes, as
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revealed in the large randomized tri-
als comparing them to warfarin. In the
RE-LY,® ROCKET-AF,* and ARISTO-
TLE® trials, the novel agents were each
shown to be at least as effective as war-
farin in preventing stroke, and their
use resulted in substantial (30% to 70%)
reduction in intracranial hemor-
rhage®354 (Table 5).

Role of Osteopathic Physicians

in the Management of Stroke
Prophylaxis

Osteopathic physicians, who often have
large patient panels, are in an excellent
position to improve outcomes for
patients with AF who are at risk for
stroke. By ensuring that all eligible
patients are treated with oral anticoag-
ulants and by improving the coordi-
nation of care and adherence, osteo-
pathic physicians can begin to reduce
the disability and mortality caused by
AF-associated strokes. In addition,
osteopathic physicians can be instru-
mental in the effort to manage patients’
expectations and minimize aversion to
potentially burdensome anticoagula-
tion therapy regimens.

Most patients with multiple
comorbidities receive care from sever-
al physicians within the same year.%
Fragmentation of care and its relation-

ship to rapidly rising health care costs
are well documented.* Coordination
of the entire patient care team—from
specialists to nurses to pharmacists—is
important for optimizing anticoagula-
tion therapy.’>#” An integrated
approach to health care can improve
patient adherence to recommended
treatment; reduce unnecessary hospi-
talizations, office visits, tests, and pro-
cedures; minimize use of expensive
technology or treatments when less
expensive options are equally effective;
and enhance patient safety.*

Like other health care providers,
osteopathic physicians must evolve
with the health care system. A patient
with AF who is at risk for stroke bene-
fits greatly from a coordinated, patient-
centered approach to anticoagulation
therapy. By adopting a model in which
continuity of care supersedes episodic
office visits, osteopathic physicians can
ensure optimal outcomes and reinforce
the risk-reducing benefits of regular
anticoagulation therapy.

Conclusion

Anticoagulation therapy plays a cru-
cial role in the prevention of stroke in
patients with AF. Until 2011, the only
oral anticoagulant approved in the
United States for treating patients with

Ciervo et al  Stroke Prevention in Patients With Atrial Fibrillation



Table 5.
Results of Large Randomized Controlled Trials Comparing New Oral
Anticoagulants With Warfarin

Profile Re-LY33
Drug Dabigatran
Dosage 150 mg twice daily
Stroke or systemic Superior
embolism

Major bleeding event Similar
Mortality Similar (P=.051)
Ischemic or uncertain Lower

stroke

Mean time in 62

therapeutic range, %

Stopped Drug, % 21

Withdrew Consent, % 2.3

Trial
ROCKET-AF3* ARISTOTLE3S
Rivaroxaban Apixaban
20 mg once daily 5 mg twice daily
ITT cohort: Superior
noninferior;
On Rx cohort:
superior
Similar Lower
Similar Superior (P=.047)
Similar Similar
55 62
23 23
8.7 1.1

Abbreviations: ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial
Fibrillation; ITT, intent-to-treat; RE-LY, Randomized Evaluation of Long-Term Anticoagulation Therapy;
ROCKET-AF, Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared With Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation.

AF at risk for stroke was warfarin.
Although warfarin is effective for pre-
venting ischemic stroke, reducing the
incidence by as much as 65%, it has a
number of disadvantages that have led
to its underuse. Recent advances in anti-
coagulation medication have provid-
ed clinicians with new evidence on
which to base treatment guidelines and
improvements in management strate-
gies, risk stratification schemes, and
anticoagulation therapy. The emer-
gence of novel anticoagulation thera-
pies means that warfarin is no longer
the only choice for effective stroke pro-
phylaxis. Physicians must recognize
and comprehend the strengths and
weaknesses of new therapeutic options
before employing them in clinical set-
tings.
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