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Abstract

With aging, the pathogenesis processes of atrial fibrillation (AF) are heightened. In

this article, we review the mechanisms that predispose elderly patients to AF. We

also highlight the unique features in diagnosis, stroke prevention, and treatment

strategies for the elderly patient with AF.

K E YWORD S

aging, arrhythmia, atrial fibrillation

1 | BACKGROUND

Atrial fibrillation (AF) is one of the most common diseases in elderly

patients, and its prevalence increases with age.1 The prevalence is

estimated to be 0.3% in subjects of 40 years old, 5%-9% in those

between 60 and 80 years old, and approximately 10% of patients

more than 80 years old.2 There are two primary factors that con-

tribute to the high prevalence of AF in the elderly, the degenerative

changes of the aging heart itself and the accompanying structural

heart and systemic diseases, most notably coronary artery disease

and hypertension, whose incidences increase cumulatively over one’s

life.

2 | ATRIAL REMODELING IN AGING
HEARTS

The pathogenesis processes of AF are heightened by aging. The inci-

dence of comorbidities such as ischemic heart disease and heart fail-

ure that are risk factors for AF is significantly increased in the

elderly. Aging is associated with increased p-wave duration and dis-

persion, reflecting intra-atrial conduction abnormalities. Changes in

p-wave morphology may herald the onset of AF.3

Atrial structural remodeling predisposes aged atria to AF. Pro-

gressive atrial fibrosis is a hallmark of aging heart.4 Atrial fibrosis is

known to occur as the result of aging-related changes in the cardiac

collagen matrix and predisposes patients to AF.5,6 Aging was identi-

fied as the most significant factor in atrial fibrogenesis (Figure 1).7

An increase in fibrotic and a decrease in hypoxic signaling and

microvessel density coupled with a differential expression of matrix

metalloproteinases and tissue inhibitors of metalloproteinases that

favors fibrosis may contribute to age-related atrial fibrogenesis.

Cellular hypertrophy of atrial cardiomyocytes occurs as a com-

pensatory response to aging-related loss or apoptosis of atrial car-

diomyocytes.8 Hypertrophic myocytes in the rat left atrium

demonstrated an increased propensity to spontaneous Ca2+ tran-

sients with a potential to generate triggered arrhythmias.9

Electrical remodeling is an important pathophysiological mecha-

nism that promotes the progression from paroxysmal AF to perma-

nent AF. The shortening of the atrial action potential duration (APD),

and thereby the atrial effective refractory period (AERP), potentiates

the pathogenesis of AF and underlies the progression of AF as “AF

begets AF.”10 However, there have been conflicting data in age-

related changes in AERP although APD seems to be shortened with

aging.11-15 Such inconsistency in data could be a reflection of the

heterogeneity in AERP distribution and nonlinear nature of the cor-

relation between the APD and AERP, as well as the limited pacing

sites and pacing cycle lengths.

Although it is generally recognized that intra-atrial conduction is

slowed in the aging atria, the sodium channel current INa and

expression of Nav1.5 are not significantly affected by aging.16 The

effects of aging on atrial late sodium current (INa-Late) have not been

fully elucidated although INa-Late may be increased in age-related

comorbidities, such as heart failure that promotes AF. Depressed

ICa-L contributes to the aging-related deterioration of the normal

pace making activity of the sinoatrial node with reduced expression

of the Cav1.2 proteins, leading to sick sinus syndrome that is known

to predicate AF.17 Aging-related downregulation of connexin 43, not

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2018 The Authors. Aging Medicine published by Beijing Hospital and John Wiley & Sons Australia, Ltd.

Received: 30 March 2018 | Accepted: 2 April 2018

DOI: 10.1002/agm2.12015

Aging Medicine. 2018;1:67–74. wileyonlinelibrary.com/journal/agm2 | 67

http://orcid.org/0000-0001-5606-2372
http://orcid.org/0000-0001-5606-2372
http://orcid.org/0000-0001-5606-2372
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/AGM2


that of connexin 40 or 45, has been reported to increase the

propensity to AF.18

The effects of aging on repolarization currents are more complex.

The densities of the transient outward potassium current (Ito), and

sustained potassium current (Isus), are significantly increased in the

aged canine right atria,19 while such changes are not observed in

aged left atrial cells.20 The balance between an aging-related

increase in Isus and a decrease in L-type calcium current (ICa-L) may

dictate in either an unchanged or prolonged ERP in the right atria.

The acetylcholine-induced potassium current (IK-ACh) plays a vital role

in vagal-induced AF and increases the risk of AF in elderly patients.

Aging is associated with deterioration of calcium homeostasis in

the atrial cardiomyocytes.21 Cardiomyocytes in pulmonary veins (PV)

of aged rabbits exhibit larger delayed afterdepolarization (DAD) and

greater resting membrane potential and longer APDs with increased

incidence of both APD alternans and contractile alternans.22 These

focal mechanisms may underlie the increased incidence of PV-related

ectopy that initiates AF. Aged rabbit left atria tend to have a higher

incidence of DAD that could serve as the source of non-PV triggers

for AF.22 Furthermore, the effects of aging on atrial

arrhythmogenesis through dysregulation of sodium and calcium

homeostasis can be aggravated in disease states, such as heart fail-

ure, that is, associated with calcium overload.23

Mechanical loading on myocardial tissue may modulate the elec-

trical activities of the heart by altering the electrical function of the

cells, a phenomenon termed mechanoelectric feedback. Mechano-

electric feedback could alter APD and generate ectopic beats

through the activation of stretch-activated channels. Patients with

AF often have left atrial dilatation due to either volume or pressure

overload which increases vulnerability to AF through mechanoelec-

tric feedback.24 However, it is not clear whether aging itself impacts

directly on the mechanoelectric feedback or simply increases AF vul-

nerability due to the co-existing conditions commonly seen in elderly

that trigger the mechanoelectric feedback.

The role of autonomic dysfunction in AF has been well docu-

mented, and many of these changes are age related.25 There are

many other factors contributing to age-related atrial remodeling,

such as chronic activation of the renin–angiotensin–aldosterone axis,

excessive beta-adrenergic and endothelin signaling, activation of the

TGF-b1 pathway, recruitment of mononuclear cells, fibroblast
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F IGURE 1 Histological images of Sirius
red-stained atrial myocardium from
patients of different age groups. A, <50 y;
B, 51-60 y; C, 61-70 y; D, >70 y.
(Magnification 940. Reproduced with kind
permission of the American Aging
Association and permission from the
authors: Age-related atrial fibrosis. AGE,
2009;31:27-38.)
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progenitors, increased generation of reactive oxygen species and

diminished antioxidant capacity.26-32 Aging is reportedly associated

with oxidative damage in the atrium.12 Oxidative changes are pre-

sent in the atrial tissue of patients with AF and are associated with

upregulation of genes involved in the production of reactive oxygen

species.33

3 | DIAGNOSIS OF AF IN ELDERLY
PATIENTS

AF is often asymptomatic and under-diagnosed in the elderly even

though the incidence of AF increases dramatically with age.34 The

elderly patients with AF tend not to have a rapid ventricular

response due to intrinsic atrioventricular conduction abnormalities,

reduced physical activities, or antihypertensive medication that is

also negatively dromotropic. The clinical presentation is frequently

atypical with intermittent fatigue and sleepiness as the primary com-

plaints. Such mild and nonspecific symptoms are commonly ascribed

to “being old.” Tragically, many of them present with stroke as their

first clinical manifestation of AF. On the other hand, incidence of

heart failure is increased in the elderly patients with AF.35

Public awareness of the increased incidence of AF in elderly

patients and its embolic consequences is crucial in meeting this

major challenge of public health. Palpation of one’s pulses for irregu-

larity followed by electrocardiography (ECG) or event recorder in

those with an irregular pulse is the simplest and most cost-effective

means of screening for silent or mildly symptomatic AF. It is also

cost-effective to perform intermittent screening, either by standard

12-lead or by single-lead ECG, for silent AF in elderly population

(>65 years old, especially those with heart failure or other precipitat-

ing factors for AF) as well as in other at-risk populations.36-38 How-

ever, the sensitivity of such screening is low for paroxysmal AF even

with continuous Holter monitoring.38,39

Elderly patients with a history of cryptogenic stroke or transient

ischemic attacks (TIA) deserve special attention because the detec-

tion of AF in this patient subgroup fundamentally changes the treat-

ment approach from antiplatelet therapy to anticoagulation.

CRYSTAL-AF trial showed that, with an implantable recording device

(Figure 2), AF detection rate was reported to be 8.9% at 6 months,

12.4% at 12 months, and 30% at 3 years in those with cryptogenic

stroke. This finding is collaborated by other studies.40,41

Implantation ECG monitoring device was shown to dramatically

increase the detection rate of previously undiagnosed paroxysmal AF

(up to 40% over 30 months of monitoring) in an older population

(mean age � standard deviation: 71.5 � 9.9) with CHADS2 score of

3 or higher.42 Although it was a small-sized study involving only 446

patients, its implication is tremendous. It suggests the incidence of

AF has been grossly underestimated, and the ramification on public

healthcare delivery and costs almost reaches an unimaginable pro-

portion. Of important note, the very risk factors that constitute the

CHADS2 score, such as age, hypertension, diabetes, and heart fail-

ure, also predispose patients to AF.

4 | STROKE PREVENTION IN ELDERLY
PATIENTS

Aging increases the risks of embolic stroke from AF and hemorrhage

from anticoagulation. Stroke is one of the most serious complications

in patients with AF. The risk of stroke increases with age: it is 1.5%

at age 50-59 years and 23.5% at age 80-89 years.43 AF appears to

increase the incidence of dementia in patients with a history of

stroke,42 AF is responsible for around 10%-20% of all strokes, and,

in patients age 80 to 89 years, AF is accountable for over 25% of

strokes.44 Anticoagulation is the most effective treatment for stroke

prevention in elderly patients. The CHADS2 and CHA2DS2-VASc

scores emphasize the importance of aging in the evaluation of

thromboembolic risk.45,46 Elderly patients with AF will benefit from

using the anticoagulation therapy.2,47 However, age is also a risk fac-

tor for major bleeding and elderly patients are more likely to suffer

from untoward side effects of anticoagulation due to their tendency

to fall, especially those with dementia and Parkinson’s disease

(Table 1).48

4.1 | Warfarin

Warfarin is vitamin K antagonist and the oral anticoagulant with the

longest history of clinical use. The daily maintenance dose of war-

farin declines with the increasing of age; therefore, lower initiation

and maintenance dose should be considered in elderly to reduce the

risk of bleeding. The American Heart Association guidelines for AF

management suggests that the target of INR is 1.6-2.5 in patients

over 70 years old who were using warfarin.49 The primary difficulty

F IGURE 2 Implantable cardiac monitor.
Implantable cardiac monitor is smaller than
a pacemaker and capable of continuously
monitoring the patient’s
electrocardiography for up to several years
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in the clinical use of warfarin is its striking heterogeneity in pharma-

cological response among different races and age groups as well as

its significant interaction with a wide range of common drugs and

vitamin K containing foods. Even though warfarin use can be moni-

tored by a standardized test for prothrombin time (international nor-

malized ratio or INR), maintenance of appropriate levels of INR

requires frequent blood tests. Instead of routine laboratory measure-

ments of prothrombin time, fingerstick-based equipment is now

available that can be used at a point of care such as patients’ homes

and clinics and were shown to be accurate.50

4.2 | New oral anticoagulants

New or novel oral anticoagulants (NOACs) are now available for

patients with nonvalvular AF. NOACs have few interactions with

other drugs and food, and do not require INR monitoring. NOACS

are currently used in clinical practice including direct thrombin inhibi-

tor, such as dabigatran, and direct factor Xa inhibitors, such as

rivaroxaban, apixaban, and edoxaban. A recent meta-analysis showed

that NOACs, compared with warfarin, lead to a significant reduction

in strokes, intracranial hemorrhages, mortality, and comparable major

bleeding events.51 But, NOACs are associated with a greater risk of

gastrointestinal bleedings. With the exception of dabigatran whose

effect can be reversed by idarucizumab, there is no effective antago-

nist to reverse the effects of other NOAGs yet.52 Active research is

ongoing to develop such antidotes. In addition, the primary barrier

to the wide use of NOAGs is their costs which can be as high as

$3000 a year per patient. A recent meta-analysis study indicates the

incremental cost per quality-adjusted life-year versus warfarin

amounts to over $20 000.53

The recommended dose of dabigatran is 150 mg twice daily for

adults with CrCl at least 30 mL/min, but in elderly patients,

dabigatran 110 mg twice a day is recommended.54 The rivaroxaban

20 mg daily can be used in most patients, but in patients with high

bleeding risk or renal dysfunction, 15 mg daily is recommended.55

Apixaban has shown a significant reduction in stroke, systemic

embolism, major bleeding, and all-cause mortality compared with

warfarin, and apixaban 5 mg twice daily is recommended, but in

patients aged 80 years or older, the dosage should be adjusted to

2.5 mg twice daily.56

4.3 | Percutaneous left atrial appendage closure

For patients with AF at high stroke risk and have concerns over

long-term anticoagulation, left atrial appendage (LAA) closure should

be considered.57 There are several clinical trials enrolled elderly

patients over 75 years of age and proved the efficacy of percuta-

neous LAA closure devices.58-63 The 5-year outcomes of the PRE-

VAIL trial, combined with the 5-year outcomes of the PROTECT AF

trial, demonstrate that LAA closure using WatchmanTM device pro-

vides stroke prevention in nonvalvular AF comparable to warfarin,

with additional reductions in major bleeding, particularly hemorrhagic

stroke, and mortality.60 Therefore, LAA closure has been proposed

as a reasonable alternative to warfarin therapy for stroke prevention

in patients with nonvalvular AF who do not have an absolute con-

traindication to short-term warfarin therapy.61 The ASAP trial (ASA

Plavix Feasibility Study with Watchman Left Atrial Appendage Clo-

sure Technology) suggests that LAA closure with the Watchman

device can be safely performed without a warfarin transition and is a

reasonable alternative to consider for patients at high risk for stroke

but with contraindications to systemic oral anticoagulation.62 How-

ever, ASAP trial was a nonrandomized study and confirmation with

multicenter randomized trials is warranted. The question also

remains how LAA closure will stand against the NOAGs as NOAGs

outperform warfarin in stroke prevention and intracranial bleeding.51

On the other hand, LAA closure represents a rapidly expanding field

of research and technology innovation with newer devices under

clinical investigation that may offer better outcomes than the cur-

rently available devices.63,64

5 | CHOICE OF RATE VS RHYTHM
CONTROL IN ELDERLY AF PATIENTS

The primary objectives in AF management are (i) prevention of

stroke or embolism (see above: Stroke prevention in elderly

patients) and (ii) improvement of the quality of life in symptomatic

patients that could include those with tachycardia-induced heart

failure and existing heart failure exacerbated by AF. AF could wor-

sen heart failure, not only through uncontrolled ventricular

response but also by lack of atrial contribution (“atrial kick”) and

irregularity in heart rate, both of which compromise ventricular fill-

ing, particularly in patients with diastolic dysfunction. There are

two general approaches to achieve the second objective: rate con-

trol and rhythm control.

TABLE 1 Stroke and bleeding risk stratification with the
CHA2DS2VASc and HAS-BLED schemas

CHA2DS2-VASc Score HAS-BLED Score

Congestive heart

failure/LV dysfunction

1 Hypertension, that is,

uncontrolled BP

1

Hypertension 1 Abnormal renal/liver

function

1 or 2

Aged ≥ 75 2 Stroke 1

Diabetes mellitus 1 Bleeding tendency or

predisposition

1

Stroke/TIA/TE 2 Labile INR 1

Vascular disease [prior

MI, PAD, or aortic

plaque]

1 Age (eg, > 65) 1

Aged 65-74 y 1 Drugs (eg, concomitant

aspirin or NSAIDSs) or

alcohol

1

Sex category [ie, female

gender]

1

Maximum score 9 9
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5.1 | Rate control

There are several studies indicating that primary rate control is not

inferior to rhythm control in many patients, especially in elderly

without symptoms.65-70 In these patients, rate control is considered

as the first-line therapy. The most commonly used drugs for rate

control include beta-blockers, nondihydropyridine calcium channel

blockers, and digoxin. Beta-blockers are the most effective drugs of

choice for rate control. Calcium channel blockers can be used as an

alternative, especially in patients with intolerance to beta-blockers.

Digoxin is recommended to patients with left ventricular systolic

dysfunction when other drugs are not tolerated or contraindicated

with preexisting borderline blood pressure. However, the potential

drug toxicity, especially in elderly patients with renal dysfunction,

should be weighed against the benefit. Furthermore, digoxin primar-

ily affects the resting heart rate and is of much less effect in heart

rate during exertion. More importantly, recent randomized trial

showed no clinical benefit of a strict rate control, and it did not

improve the morbidity and mortality.69 One must be conscientious

about the potential risk of postconversion pause and bradycardia,

especially those patients with a complaint of syncope or near syn-

cope. For elderly patients, rate control targeting resting heart rates

about 115 beats per minute is acceptable.65

The ultimate means of rate control is ablation of the atrioventric-

ular node with the implantation of permanent pacemakers. This is

reserved for patients with refractory rapid ventricular response

despite maximum doses of rate control drugs that the patients can

tolerate. However, RV pacing could lead to left ventricular systolic

dysfunction.71 Therefore, in patients with the preexisting left ventric-

ular systolic dysfunction, re-synchronization therapy with a bi-ventri-

cular pacemaker should be considered.

5.2 | Rhythm control

Antiarrhythmic drugs are used to maintain sinus rhythm, but the

conversion of AF to sinus rhythm often requires electrical cardiover-

sion. It is difficult to control rhythm pharmacologically in elderly

patients with risk of AF recurrence.65 Moreover, the rhythm control

groups had more adverse drug effects, such as pro-arrhythmia, drug

interactions, and age-related comorbidities, without clear mortality

benefit.66-70 Therefore, antiarrhythmic drugs are only commonly

used in patients with symptoms.

Adverse events with flecainide and propafenone are increased

elderly, probably due to age-related pharmacokinetic changes and

comorbidities.72 Amiodarone is the most effective drug and safe in

heart failure patients, but its side effects on thyroid, hepatic, and

pulmonary function should be carefully monitored during the follow-

up. In patients using sotalol and dofetilide, abnormal QT prolonga-

tion and torsades de pointes should be observed carefully. In

patients with significant renal dysfunction, administration of sotalol

and dofetilide should be used with extreme caution or avoided alto-

gether.73 Dronedarone has a similar structure to amiodarone without

the iodine component, but it is contraindicated in heart failure

patients, patients with permanent AF, and those with severe hepatic

impairment. Overall, dronedarone has fewer thyroid, neurologic, der-

matologic, and other side effects than amiodarone and can be used

in elderly patients.74 However, the clinical efficacy of dronedarone

may be quite limited.

Catheter ablation has been accepted in selected elderly patients

with symptomatic paroxysmal or persistent AF, and it was recom-

mended as Class IIa indications as in young patients.49 Risk of

thromboembolism may persist in the elderly population over

75 years of age undergoing AF ablation regardless of whether sinus

rhythm is apparently maintained.75 A number of studies that have

specifically focused on reporting the outcomes of AF ablation in

older individuals76-84 and several randomized trials have included

patients who were >75 years of age.85-88 The results of these stud-

ies provide evidence that catheter ablation of AF has an acceptable

safety and efficacy profile in the elderly over the age of 75 or

80 years. Age has the significant impact on the long-term outcomes

of AF ablation; for every 10-year increase in age, there was a higher

multivariate-adjusted risk of AF recurrence, death, and major cardiac

events.83 Furthermore, the complications of the procedure are some-

what increased in older individuals, the need for concomitant antiar-

rhythmic therapy postablation is greater, and the efficacy is

somewhat reduced.76,89 It is important to emphasize that apparent

success in rhythm control does not eliminate the risk of stroke in

patients with AF, no matter whether the success in rhythm control

is achieved pharmacologically or through ablation.

6 | CONCLUSION

The prevalence of AF increases with aging because of age-related

changes that affect the underlying pathogenesis of AF as well as the

increased incidence of accompanying structural heart disease in

elderly patients. The reported incidence of asymptomatic AF likely

represents a significant underestimate, particularly paroxysmal AF of

short durations. However, new strategies with implantable cardiac

monitoring devices are under investigation for early identification

that could lead to improved prevention of stroke. Because of the

age-related difference in comorbidity, impaired hepatic and renal

functions, and the heightened risk of thromboembolism, choosing AF

treatment options in the elderly patient requires careful balancing

between benefits and risks. In particular, older age is not only the

risk factor of AF but also predispose patients to both stroke and

major bleeding at the same time that frequently represents a chal-

lenging dilemma. NOAGs provide effective alternative anticoagula-

tion with less bleeding side effects and without the need for regular

dose monitoring in comparison with warfarin. Nonpharmacological

approaches in AF management, including left atrial appendage occlu-

sion and AF ablation, offer new and innovative therapy to elderly

patients as well as to the patients with AF at large. Public aware-

ness, as well as technological breakthrough in both detection and

treatment, will be critical in combating AF that has emerged as one

of the major health issues in the world.
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