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ABSTRACT

trial fibrillation is increasingly prevalent among older adults. It causes approximately 24% of strokes in
atients aged 80 to 89 years. The management of atrial fibrillation is directed at preventing thromboem-
olism and controlling the heart rate and rhythm. Stroke prevention is most effectively accomplished
hrough administering anticoagulants such as warfarin, although older patients have higher hemorrhagic
isk. Cognitive dysfunction, functional impairments, and increased fall risk further complicate warfarin
anagement in elderly patients. The use of risk stratification schemes can help guide the anticoagulation

ecision, although the benefits of warfarin generally outweigh the risks in most older patients with atrial
brillation. Pharmacologic rate control has been shown to result in similar outcomes compared with
harmacologic restoration of sinus rhythm and should be the initial therapy for elderly patients. Anti-
rrhythmic medications should be selected based on an individual patient’s coexisting medical conditions.
n symptomatic patients who fail pharmacologic therapy, invasive strategies such as AV nodal ablation
ay help improve quality of life and symptoms, although such strategies do not obviate the need for

ntithrombotic therapy. © 2007 Elsevier Inc. All rights reserved.

KEYWORDS: Anti-arrhythmic; Anticoagulants; Atrial fibrillation; Elderly; Hemorrhage; Rate control; Rhythm
control; Stroke
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trial fibrillation is a signature disease of aging, with a
revalence of about 5% in people aged 65 years and older
nd affecting approximately 10% of those over the age of 80
ears (Figure 1).1,2 The prevalence of atrial fibrillation is
ncreasing, in part because of the aging of the population.3

y year 2050, there will be an estimated 5.6 million people
n the United States with atrial fibrillation; of these, 50%
ill be over the age of 80 years.1 The management of atrial
brillation focuses on preventing thromboembolism and
eart rate and rhythm control.

Nonvalvular atrial fibrillation increases the risk of isch-
mic stroke by approximately 5-fold and causes an esti-
ated 15% of all strokes in the United States. In people
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ged 80 to 89 years, this proportion is even higher, approx-
mately 24%.3 Strokes occurring from atrial fibrillation re-
ult in higher mortality and disability, making the preven-
ion of atrial fibrillation-related stroke an important public
ealth concern. Oral anticoagulants are highly effective in
reventing atrial fibrillation-related stroke,4 but because the
ldest patients have both the highest risk for stroke off
arfarin and the highest risk for hemorrhage on warfarin,
rescribing anticoagulation is a central challenge in treating
trial fibrillation in the elderly. This review addresses the
anagement of atrial fibrillation in older patients, focusing

n the risks and benefits of anticoagulation, drug therapy for
eart rate and rhythm control, and invasive strategies for
ontrolling atrial fibrillation.

TROKE PREVENTION IN ATRIAL FIBRILLATION
ultiple randomized trials have convincingly demonstrated

he efficacy of oral vitamin K antagonists such as warfarin
n reducing the risk of stroke in patients with atrial fibril-

ation.4,5 Warfarin reduces stroke risk by about 68% and
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ortality by 33%, and it also appears to prevent the most
evere types of strokes.6

Despite its efficacy, warfarin’s narrow therapeutic
indow and associated hemorrhagic risks can make antico-

gulation management difficult. Optimal anticoagulation in-
ensity, as measured by the Inter-
ational Normalized Ratio (INR),
ppears to be between 2.0 and
.0.7 Low fixed-dose warfarin is
neffective in preventing strokes.8

lthough clinicians may target
ower INRs in older patients, it is
lear that INRs �2.0 significantly
aise the risk for stroke while fail-
ng to protect against intracranial
emorrhage.7,9

If warfarin is contraindicated,
herapy with aspirin provides
ome protection from stroke, al-
eit much less than warfarin.10

spirin reduces stroke risk by
bout 21% and has fewer hemor-
hagic complications than warfa-
in; still, gastrointestinal side ef-
ects and bleeding with aspirin
emain concerns in older patients.

recent small randomized trial
omparing warfarin with aspirin
n patients between the ages of 80
nd 90 years showed that more patients discontinued aspirin
herapy compared with warfarin, mostly due to gastrointes-
inal side effects.11

Investigations into the efficacy of other antithrombotic
rugs have thus far failed to identify alternative agents
quivalent to warfarin in terms of efficacy and safety. The
troke Prevention using an ORal Thrombin Inhibitor in
trial Fibrillation (SPORTIF) III and V trials found that the
irect thrombin inhibitor ximelagatran was not inferior to
arfarin, but the drug was eventually withdrawn from

CLINICAL SIGNIF
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Figure 1 Prevalence of atrial fibrillation by age and
he market due to an unacceptably high rate of hepatic
oxicity.12,13 The warfarin arm of the recent Atrial fibrilla-
ion Clopidogrel Trial with Irbesartan for prevention of
ascular Events (ACTIVE-W) study found warfarin supe-

ior to combined clopidogrel plus aspirin with similar rates
of hemorrhagic complications.14

Although investigations into other
antithrombotic agents continue,
for now warfarin remains the most
effective drug to prevent stroke in
atrial fibrillation.

BLEEDING COMPLICATIONS
IN THE ELDERLY
The risk for warfarin-associated
hemorrhage increases with
age,9,15,16 and the annual rate of sig-
nificant warfarin-associated hemor-
rhage ranges from 0.3% to nearly
10% in various patient popula-
tions.17,18 In one large cohort of
patients with atrial fibrillation,
hospitalization rates for intracra-
nial and extracranial hemorrhage
were 0.47% and 0.64% per year,
respectively (Figure 2).16 High an-
ticoagulation intensity and INR
variability are risk factors for

emorrhage, as is the period following warfarin initia-
ion.18,19 Numerous other risk factors for major hemorrhage
ave been identified, including prior stroke and gastrointes-
inal bleeding, hypertension, concomitant aspirin use, anemia,
enal insufficiency, neuropsychiatric disease, and malignan-
y.9,18-20 Polypharmacy and insufficient education about anti-
oagulation also have been linked to hemorrhage.21

Several risk schemes to predict hemorrhage are avail-
ble,22-24 although none thus far specifically predict intra-
ranial hemorrhage, the most lethal complication of warfa-
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in. One decision analysis examined the relative utilities of
troke versus gastrointestinal hemorrhage and concluded
arfarin to be the preferred option for the majority of
atients with atrial fibrillation unless the annual bleeding
isk exceeded 10%.25

RESCRIBING BASED ON RISK STRATIFICATION
lder patients are less likely than younger patients to re-

eive anticoagulation and are more likely to be under-
nticoagulated.26,27 Although the use of warfarin in the
lderly has been increasing, fewer than half of eligible
atients take warfarin.28,29 Surveys of physicians show that
ajor deterrents to prescribing warfarin are high fall risk,

istory of bleeding, nonadherence, and dementia, factors
hat are prevalent among the elderly.30,31 Physicians gener-
lly consider major hemorrhages worse outcomes than do
atients32 and may be disproportionately influenced by prior
dverse experiences,33 making guidelines and decision aids
elpful in quantifying the risks and benefits of therapy.

A more sophisticated approach to assessing the risks and
enefits of warfarin is through risk factor-guided decision-
aking. Clinical risk factors for stroke include prior stroke/

ransient ischemic attack (TIA), older age, female sex, hy-
ertension, left ventricular systolic dysfunction, and
iabetes mellitus.4,34,35 Although imperfect, risk stratifica-
ion schemes can help guide clinicians toward prescribing
arfarin for patients with the highest risks for stroke.4,34,36,37

ne widely cited risk scheme is the CHADS2 score, which
ssigns points according to the presence of 5 clinical risk
actors: 1 point each for congestive heart failure, hyperten-
ion, age �75 years, and diabetes mellitus, and 2 points for
rior stroke/transient ischemic attack (Figure 3).36 For pa-
ients with a CHADS2 score of 0 (annual stroke risk �1%),
he absolute benefit of warfarin is not substantially greater

igure 2 Annualized rates of warfarin-associated extracranial
nd intracranial hemorrhage by age in the ATRIA cohort. Adapted
rom Fang et al.16
han that for aspirin; for patients with a CHADS2 score of 2 G
r more (annual stroke risk �4%), warfarin is both cost-
ffective and associated with a net improvement in quality
f life.38 In patients with a CHADS2 score of 1, it is
articularly important to gauge an individual’s preferences
or care. Because most patients over age 75 years with atrial
brillation will have a CHADS2 score of 2 or higher, it
ollows that the majority of patients in this age group are
ppropriate candidates for warfarin. For most older patients,
aking warfarin does not appear to significantly reduce qual-
ty of life.39,40

The type of atrial fibrillation should not affect the anti-
oagulation decision. Because paroxysmal atrial fibrillation
nd atrial flutter are associated with similar stroke rates as
hronic atrial fibrillation, the anticoagulation decision in
hese situations should be guided by the same risk factor
chemes.4,41

PECIAL CONSIDERATIONS REGARDING
ARFARIN MANAGEMENT IN THE ELDERLY
side from the known hemorrhagic complications, warfarin
oses a number of other challenges in the elderly.

arfarin Initiation and Dosing
lder patients require lower doses of warfarin, are more

ikely to have INR values outside the therapeutic range, and
ave delayed return to therapeutic range if supratherapeu-
ic.42,43 Although studies have not generally found older
atients to have significantly worse INR control than
ounger patients, elderly patients are poorly represented
n most studies of warfarin initiation and the most effec-
ive starting dose and monitoring schedule is not well
elineated.44 One study showed that the weekly mainte-
ance warfarin dose was 0.4 mg lower for every additional
ear of age, and the average maintenance dose of warfarin
or patients older than 70 was �5 mg.45 It is thus appropri-
te to exercise greater caution in the initiation of warfarin in
lder patients (particularly in women, who require a lower
ose of warfarin), by using a starting dose of �5 mg daily
ithout a loading dose.
Studies also do not provide clear evidence regarding the

ptimal frequency of INR testing during initiation of war-

igure 3 Annual stroke risk by CHADS2 score in 1733 pa-
ients with atrial fibrillation not taking warfarin. Data from

age et al.36
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arin in elders. The clinical practice guideline from the
merican Geriatrics Society recommends daily INR test-

ng until stable, followed by INR testing 2 to 3 times a
eek for 1 to 2 weeks, weekly testing for 1 month, and
onthly testing thereafter.46 Such intensive monitoring
ay produce significant burden on individual patients,

articularly those with mobility impairments or lack of
ransportation. In these patients, home INR monitoring
ould have a positive impact.

ognitive Impairment
ognitive and functional impairments have been associated
ith supratherapeutic INR values and poorer INR control,

nd psychosocial risk factors for nonadherence have been
ssociated with worse outcomes on warfarin.47-50 Interest-
ngly, in at least one study older patients were more com-
liant with warfarin therapy than younger patients.51 At
resent, however, there are no guidelines addressing the use
f warfarin in patients with cognitive dysfunction or severe
unctional limitations.

all Risk
igh fall risk is an important deterrent to warfarin use,52 but

ew studies have quantified the absolute risk associated with
alls. Data are limited in part because most studies of anti-
oagulation excluded patients at high fall risk. One decision
nalysis estimated that a patient would have to fall nearly
00 times per year for warfarin to no longer be the preferred
herapy.53 Another study of Medicare patients found that
ospitalized patients with atrial fibrillation who had docu-
ented high fall risk had higher subsequent rates of intra-

ranial hemorrhage.54 This study concluded that for patients
ith high fall risk but low stroke risk, anticoagulation was
ot likely to be beneficial (Table). Conversely, patients with
igh fall risk at moderate or high risk for stroke still ap-
eared to benefit from warfarin.

Finally, warfarin decreases bone mineral density in ex-
erimental studies. One retrospective analysis found that
ong-term warfarin use increased the risk of osteoporotic
ractures by 25%.55 In this study, high fall risk and neuro-
sychiatric disease also were risk factors for fractures, em-
hasizing the importance of close monitoring in cognitively
nd functionally impaired older adults taking warfarin.

Table Hazard Ratio of Warfarin for Composite Outcome
(Out-of-Hospital Death or Hospitalization for Stroke,
Myocardial Infarction, or Hemorrhage) in 1245 Patients at
High Risk for Falls54

CHADS2 score
Hazard ratio
(95% CI) P Value

Recommended
Antithrombotic
Therapy

0-1 0.98 (0.56-1.72) .94 Aspirin or nil
2-6 0.75 (0.61-0.91) .004 Anticoagulant
s

EW APPROACHES TO ANTICOAGULATION
ANAGEMENT
nticoagulation clinics have been shown to improve the
roportion of time patients are in therapeutic INR range,
lthough data are less compelling on stroke and hemorrhage
utcomes.56 Multidisciplinary approaches targeted at anti-
oagulation management also may improve anticoagulation
ontrol and outcomes.57 For patients who have limited mo-
ility or highly variable INR control, home INR testing may
rovide anticoagulation control that is at least as effective as
onventional care.58,59 At present, however, poor reim-
ursement for such services is a barrier to widespread
issemination.

HARMACOLOGIC RATE AND RHYTHM CONTROL
andomized trials clearly demonstrate that pharmacologic

hythm control is not superior to rate control in the man-
gement of atrial fibrillation, nor do anti-arrhythmic medi-
ations prevent ischemic stroke or obviate the need for
hronic anticoagulation.60,61 Rhythm control, in fact, has
een associated with higher mortality in older patients60;
ate control, therefore, is a reasonable initial therapy for
lder patients to reduce symptoms and prevent tachycardia-
nduced cardiomyopathy. Beta-blockers, nondihydropyri-
ine calcium channel blockers, and digoxin are the most
requently used medications for rate control in atrial fibril-
ation,29 but all may induce excess bradycardia and heart
lock in elderly patients. Digoxin especially should be used
ith caution due to potential drug toxicity and is generally
est suited for patients with impaired systolic function. The
ptimal target heart rate is unclear, but one prominent
uideline suggests a target resting heart rate of 60 to 80
eats per minute and 90 to 115 beats per minute during
oderate exercise.62

Anti-arrhythmic drugs to maintain sinus rhythm may be
eneficial in patients who remain symptomatic despite ef-
ective rate control. However, older patients are at in-
reased risk for proarrhythmia and drug interactions
hen using anti-arrhythmic drugs, in part due to reduced
epatic and renal clearance and increased likelihood of
olypharmacy. Although some evidence supports amio-
arone as the most effective agent to maintain sinus
hythm, the choice of drug should depend on patient
afety and coexisting medical conditions. Drugs such as
ecainide and propafenone increase mortality in patients
ith structural heart disease,63 and sotalol and dofetilide

hould be avoided in patients with renal impairment.
miodarone appears effective and safe in patients with
eart failure, although careful monitoring of thyroid,
iver, and pulmonary status is required. In addition, war-
arin and digoxin dosages should be reduced when start-
ng amiodarone due to its effect on drug plasma levels.
inally, invasive strategies should be considered in

ymptomatic patients if pharmacologic therapy fails.
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NVASIVE TREATMENT OF ATRIAL
IBRILLATION IN THE ELDERLY
nvasive strategies for rate and rhythm control of atrial
brillation, including AV node ablation with pacemaker

mplantation, catheter-based ablation of atrial fibrillation,
nd the Cox-Maze procedure, may eventually prove more
ffective than pharmacologic agents. Currently, these strat-
gies should be considered for patients who remain highly
ymptomatic despite medical management.

AV node ablation provides effective rate control for
atients with rapid ventricular response rates refractory to
edical management. The procedure involves transvenous

blation of the AV node with radiofrequency energy and
lacement of a permanent pacemaker for the resulting com-
lete heart block. The procedure is associated with minimal
ortality and morbidity. In a study of 350 patients with

trial fibrillation (mean age 68 � 11 years), AV node ab-
ation with pacemaker implantation did not alter long-
erm survival when compared with patients who were
reated medically.64 Because it does not eliminate atrial
brillation, chronic anticoagulation continues to be

ndicated.
Percutaneous radiofrequency catheter ablation of atrial

brillation is based on the observation that focal sources of
ctopic beats, usually arising from the pulmonary veins,
ften initiate atrial fibrillation.65 The current technique in-
olves circumferential anatomical and electrical isolation of
he pulmonary veins from the left atrium.66 Success rates
pproach 75% to 85%, with complication rates of 1% to 5%
n experienced centers67; however, most data are in patients
ounger than 65 years without heart disease or comorbidi-
ies. In general, radiofrequency ablation for chronic atrial
brillation is less successful than for paroxysmal atrial fi-
rillation68 and associated with higher complication rates in
lder patients with structural heart disease.69 It is not clear
hat warfarin can be safely discontinued after ablation ther-
py, especially in patients over 65 years of age.70

The most invasive treatment of atrial fibrillation is the
ox-Maze procedure, which is performed only by experi-
nced cardiothoracic surgeons in selected centers and re-
uires cardiopulmonary bypass. The procedure involves
aking a series of incisions in the atria, eliminating the

lectrophysiologic substrate necessary for the development
nd propagation of atrial fibrillation, followed by atrial
econstruction. Performed since 1988, the procedure has an
stablished cure rate of �90% at 10 years, a perioperative
ortality of 2% to 3%, and is associated with a decrease in

troke risk to �1%.71 Sinus node dysfunction after surgery
pproaches 10% and often requires implantation of a per-
anent pacemaker. Because of the increase in complica-

ions that may result from prolonged cardiopulmonary by-
ass time, the procedure usually has not been considered a
esirable option for elderly patients. However, a more re-
ent technique (Cox Maze IV), using bipolar radiofre-
uency energy delivered between the jaws of 2 closely-

paced clamps, reduces the time and expertise required
elative to the original “cut and sew” technique; one study
f 100 patients demonstrated 91% freedom from atrial fi-
rillation at 1 year.72 Another study showed that, in patients
ndergoing concomitant cardiac surgery and Cox Maze IV,
atients �70 years old had pump times and total operation
imes similar to younger patients.73

ONCLUSION
trial fibrillation is a common medical problem affecting
lder adults that is associated with significant morbidity and
dverse effects on quality of life. The management of atrial
brillation is directed at preventing thromboembolism and
ontrolling the heart rate and rhythm. Because treatment
ptions for atrial fibrillation involve potential risks and
nconveniences, a clear determination of the individual pa-
ient’s goals of care and preferences should be elicited.

arfarin is highly effective in preventing strokes but cog-
itive dysfunction, functional impairments, and increased
all risk can complicate warfarin management in elderly
atients. The use of risk stratification schemes can help
uide the anticoagulation decision, although the net benefit
utweighs the harm in most patients with atrial fibrillation.
t present there are no risk stratification models that effec-

ively predict warfarin-associated intracranial hemorrhage;
uch information is needed to help weigh the risks associ-
ted with warfarin.

Heart rate control, generally with beta-blockers or cal-
ium channel blockers, is usually considered initial therapy
long with stroke prevention. If using anti-arrhythmic
rugs, side effects and coexisting medical conditions should
e considered. AV node ablation with pacemaker implan-
ation improves heart rate control and quality of life, albeit
ithout altering long-term mortality. The safety and effi-

acy of catheter ablation of atrial fibrillation in the elderly is
nproven and should be undertaken only in highly symp-
omatic patients with due consideration for potential com-
lications. In patients who require cardiac surgery, a con-
omitant Cox-Maze procedure, particularly in experienced
enters where radiofrequency techniques are available, can
e considered.
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