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Abstract

Advances in medical care have led to an increase in the number of octogenarians and even older 

patients, forming an important and unique patient subgroup. It is clear that advancing age is an 

independent risk factor for the development of most arrhythmias, causing substantial morbidity 

and mortality. Patients ≥80 years of age have significant structural and electrical remodeling of 

cardiac tissue; accrue competing comorbidities; react differently to drug therapy; and may 

experience falls, frailty, and cognitive impairment, presenting significant therapeutic challenges. 

Unfortunately, very old patients are under-represented in clinical trials, leading to critical gaps in 

evidence to guide effective and safe treatment of arrhythmias. In this state-of-the-art review, we 

examine the pathophysiology of aging and arrhythmias and then present the available evidence on 

age-specific management of the most common arrhythmias, including drugs, catheter ablation, and 

cardiac implantable electronic devices.
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The global population of people ≥80 years of age is currently 137 million and is expected to 

triple by 2050 (1). There is a high prevalence of cardiovascular disease in this age group, 

including arrhythmias. In the United States, estimated survival after age 80 years is 9.73 

years in women and 8.28 years in men (2). Therefore, the prevalence of arrhythmias in 

individuals ≥80 years of age will likely continue to rise, presenting significant treatment 

challenges to clinicians and an economic burden to society. Unfortunately, octogenarians 

and even older patients are under-represented in clinical trials. Therefore, guideline 

recommendations based on younger populations may not be relevant in the very elderly. In 

this state-of-the-art review, we examine the available evidence on age-specific management 

of arrhythmias in “very old” patients who are 80 years and beyond (Central Illustration). In 

the absence of more specific data, we discuss the evidence from “younger” geriatric 

populations, with the caveat that it is uncertain whether the inferences thus reached can be 

generalized to octogenarians.
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PATHOPHYSIOLOGY OF ARRHYTHMIAS IN THE ELDERLY

The heart undergoes complex changes during aging that affect cellular composition and the 

extracellular matrix. The increase in oxidative stress due to the increase in reactive oxygen 

species production with age results in an overall enhancement in the rate of cardiomyocyte 

death and increased fibrosis (3). In contrast to ischemia or an infiltrative process, which is 

characterized by acute or subacute cardiomyocyte damage and replacement fibrosis, aging-

related cardiac fibrosis is accompanied by significant degenerative changes. Matrix 

metalloproteinases are a family of proteolytic enzymes that are highly expressed in the left 

ventricle and are involved in the degradation of the extracellular matrix. Tissue inhibitors of 

metalloproteinases are low-molecular-weight molecules that bind to matrix 

metalloproteinases forming complexes that exhibit inhibitory control on matrix 

metalloproteinases. Changes in the matrix metalloproteinase/tissue inhibitor ratio may be a 

potential mechanism for increased extracellular matrix volume in aging ventricles that 

correlates with left ventricular hypertrophy and fibrosis (Figure 1). Fibrotic changes in aged 

hearts reduce the safety margin for conduction by promoting conduction block and re-entry 

when the availability of the fast sodium current is reduced by premature electrical 

stimulation. Oxidative stress, which is believed to be an independent mediator of age-related 

arrhythmias, reduces repolarization reserve by enhancing late sodium current (INa-L), late 

calcium current (ICa-L), and the Na-Ca exchanger to favor the formation of early after 

depolarizations. The latter can initiate ventricular tachycardia (VT) or ventricular fibrillation 

in structurally remodeled hearts (4). The effects of aging on the heart and its relationship to 

arrhythmias are shown in Figure 2.

ATRIAL REMODELING

Prior studies have shown remodeling of the left atrium in older patients with left ventricular 

diastolic dysfunction. Such effects are caused either by loss of mechanical atrial function or 

chronically elevated wall stress. Atrial structural heterogeneity due to fibrosis leads to a loss 

of synchrony, and stiffness leads to a loss of compliance. In search of the underlying atrial 

substrate for atrial fibrillation (AF) that often develops with aging, Kistler et al. (5) 

demonstrated age-associated electrical changes in the atria, including low voltages and 

conduction slowing. However, animal models have not shown significant age-related 

changes in sodium current density in either the right or left atrium. Similarly, basal calcium 

current reduction in aged cells was unaccompanied by changes in calcium channel 

availability or recovery from inactivation. Therefore, it is unlikely that conduction changes 

in aged atrial tissues are due to changes in intrinsic channel function, but rather due to the 

complex interplay between age-related fibrosis and a trigger mechanism for initiation and 

propagation of dysrhythmias (6).

REMODELING OF CONDUCTION SYSTEM

Studies demonstrate that aging is associated with deposition of fatty and fibrous tissue in the 

sinoatrial node and the conduction system and reduction in the density of autonomic 

innervation (7). In addition, pre-clinical studies in rabbits have shown an aging-related 

slowdown of electrical conduction velocity throughout the His-Purkinje network (8), which 

is manifested in humans by prolongation of the HV interval. Kuo et al. (9) showed that the 
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atrioventricular (AV) nodal recovery curve remains unchanged once one reaches adulthood, 

whereas the AV nodal effective refractory period becomes slightly longer after age 60 years 

(9).

MYOCARDIAL REMODELING

Compared to non-senescent hearts, aging hearts demonstrate excess collagen deposition, 

reduced cardiomyocyte density, and an altered geometrical configuration of collagen fibers 

(10). Such structural disarray can trigger ventricular arrhythmias. With aging, terminally-

differentiated cells like cardiomyocytes are associated with autophagy, apoptosis, and failure 

of cell repair. Cardiomyocyte apoptosis is associated with increased excitability and 

automaticity of the contractile elements, which can lead to the development of ventricular 

arrhythmias (11). Fibrotic and myocyte-depleted ventricles can also create the substrate for 

re-entrant ventricular arrhythmias.

Aging is associated with increased myocardial inflammation mediated by circulating pro-

inflammatory cytokines. Although the mechanisms underlying inflammation are not clear, 

there is evidence that inflammatory cytokines can lead to calcium channel dysfunction, 

action potential prolongation, and initiation of triggered activity predisposing to cardiac 

arrhythmias (12). Inflammatory processes in cardiac myocytes and the interstitium can lead 

to fluctuations in membrane potential. Ongoing chronic tissue damage and the reparative 

process favor the development of ectopic pacemakers, late potentials, and re-entry as a result 

of inhomogeneous stimulus conduction (13).

BRADYARRHYTHMIAS

The intrinsic rate of the sinoatrial node, which is around 85 to 105 beats/min after complete 

autonomic blockade, declines with age. However, resting heart rate does not significantly 

change with aging due to the relative balance in the sympathetic and parasympathetic 

nervous systems. There is also an age-related decline in maximal heart rate response to 

exercise by 0.7 beats/min annually after early adulthood (7). In patients ≥80 years of age 

without cardiovascular disease, there is a nocturnal decline in heart rate by about 14 

beats/min and sinus arrhythmia with pauses of 1.5 to 2 s in up to 12% of patients (14). The 

24-h ambulatory electrocardiography of 1,372 participants in the Cardiovascular Health 

Study showed an increased incidence of bradycardia with advancing age, about 10% in men 

≥80 years of age (15).

SINUS NODE DYSFUNCTION

Sinus node dysfunction (SND), also known as sick sinus syndrome, is most often diagnosed 

in the seventh or eighth decade of life. It is estimated that the incidence of SND in the 

United States will be around 172,000 annually by 2060, mainly due to an increased 

incidence in patients ≥75 years of age (16). In addition to dizziness or syncope, SND may 

cause fatigue and exercise intolerance due to “chronotropic incompetence,” an inability to 

mount the age-predicted maximal heart rate, which decreases with age, in response to 

exercise.

Curtis et al. Page 3

J Am Coll Cardiol. Author manuscript; available in PMC 2018 May 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ATRIOVENTRICULAR BLOCK

The prevalence of first-degree AV block follows a J-shaped curve (17). A prolonged PR 

interval is common in patients younger than 40 years of age and athletes, likely due to high 

vagal tone. The prevalence of first-degree AV block starts to increase again in the fifth and 

sixth decades of life, continues to increase with advancing age, and peaks in the ninth 

decade in Caucasians and the tenth decade in African Americans (17,18). This rise in 

prevalence of first-degree AV block is thought to be due to age-related and/or pathological 

fibrosis of the conduction system (17). Although largely considered benign, a prolonged PR 

interval has been associated with increased AF, left ventricular dysfunction or heart failure, 

and mortality (19). In a study of patients ≥85 years of age, first-degree AV block as a single 

electrocardiographic finding was the strongest predictor of mortality (20). However, patients 

with first-degree AV block are generally asymptomatic and progression to more advanced 

heart block is infrequent.

There has been some debate as to whether type 1 second-degree AV block is benign in the 

elderly, as they are likely to have more fibrosis of the conduction system and structural heart 

disease (21). In a retrospective study of propensity-matched, elderly veterans with type 1 

second-degree AV block, implantation of pacemakers or implantable cardioverter-

defibrillators (ICDs) was associated with longer survival, even when ICDs were excluded 

from the analysis (22). These results should be interpreted with caution and cannot be 

generalized to support routine implantation of pacemakers in asymptomatic elderly patients 

with type 1 second-degree AV block. Symptomatic type I second-degree AV block, on the 

other hand, is best treated with permanent pacing, regardless of the age of the patient.

Although elderly patients have a higher prevalence of distal (His or infra-His) conduction 

disease leading to type 2 second- or third-degree AV block, the evaluation and indications 

for pacemakers do not differ from younger patients. Advanced AV block caused by cardiac 

amyloidosis, a condition that is increasingly diagnosed in the elderly, requires implantation 

of a permanent pacemaker due to its progressive course. Many elderly patients with 

symptomatic severe aortic stenosis who were previously deemed inoperable are undergoing 

transcatheter aortic valve replacement that may cause advanced AV block. The rate of 

pacemaker implantation may vary depending upon the type of valve and was reported to be 

around 12% in the 2016 Transcatheter Valve Therapy (TVT) Registry (23).

BUNDLE BRANCH BLOCK

The prevalence of bundle branch block increases with age. In 1 study (24), 855 men ≥50 

years of age were followed for 30 years and were found to have an increasing prevalence of 

bundle branch block from 1% to 17%. At 80 years of age, the prevalence of right bundle 

branch block and left bundle branch block was 11.3% and 5.7%, respectively. After 18 years 

of follow-up, only 21% and 11% of patients with new right bundle and left bundle branch 

block, respectively, in the Framingham Heart Study cohort were free of cardiovascular 

disease (25). However, there is no specific evaluation recommended in asymptomatic elderly 

patients with bundle branch block.
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Bifascicular block typically occurs in the elderly and is associated with a high risk of 

subsequent advanced AV block, syncope, and even sudden cardiac death (SCD), especially 

in the presence of alternating bundle branch block, type 2 or advanced second-degree AV 

block, or transient third-degree AV block (26). Current guidelines recommend pacemaker 

implantation in patients with bifascicular block and unexplained syncope, or in 

asymptomatic patients with an HV interval ≥100 ms or atrial pacing-induced 

nonphysiological block during electrophysiological study. However, in a study of elderly 

patients (mean age 77 years) with bifascicular block and unexplained syncope treated with 

pacemakers, 16% still had recurrent syncope (27). This study underscores the need for 

comprehensive evaluation of syncope prior to pacemaker placement.

PACEMAKERS

An analysis of Dutch registry data of 96,900 patients undergoing initial pacemaker 

implantation showed that 32.6% of patients were ≥80 years of age (28). The most common 

indications for pacemakers were SND (42.3%) and AV block (38.9%). In an analysis of 

178,000 pacemakers implanted between 1997 and 2004 in the United States, patients ≥75 

years of age accounted for 64% of all implantations (29).

Pacemakers implanted to treat SND have not been shown to improve survival. Dual-chamber 

pacing (DDDR) can improve quality of life and functional status in elderly patients (30). In 

patients with SND treated with atrial pacing, the median annual combined incidence of 

second- and third-degree AV block is 0.6% (0% to 4.5%), with a mean prevalence of 2.1% 

(0% to 11.9%) (31). Although the incidence of AV block is low, many elderly patients are 

likely to require AV nodal blocking agents for AF, heart failure, or coronary artery disease, 

putting them at risk of developing symptomatic AV block. In addition, atrial-based pacing is 

associated with a higher risk of paroxysmal AF (hazard ratio [HR]: 1.27; 95% confidence 

interval [CI]: 1.03 to 1.56) and reoperation (HR: 1.99; 95% CI: 1.53 to 2.59) (32). Therefore, 

dual-chamber pacing (DDDR) is usually preferred in elderly patients with SND.

In many studies that included octogenarians and nonagenarians, the rates of survival and 

procedural complications after pacemaker implantation have been comparable to age- and 

sex-matched control subjects (33). In a pooled meta-analysis (34) of randomized clinical 

trials, the rate of early complications was 5.1% in patients ≥75 years of age (mean age 81.6 

years) compared with 3.4% in younger patients (p = 0.006), mainly driven by pneumothorax 

and lead dislodgement, whereas older patients had a lower risk of lead fracture. Atrial-based 

pacing was associated with more complications than ventricular pacemakers in both age 

groups (34). In a large population-based study (35) from the United States (n = 115,683 

patients), the unadjusted mortality rates after pacemaker implantation in patients 70 to 79 

years, 80 to 89 years, and ≥90 years of age were 0.60%, 0.99%, and 1.87%, respectively. On 

multivariate analysis, advancing age continued to predict mortality (odds ratio: 1.54 for age 

80 to 89 years and 2.8 for age ≥90 years). However, the presence of comorbidity was shown 

to be a stronger predictor for mortality (odds ratio: 2.69 for moderate comorbidity and 5.00 

for severe comorbidity), and there was a linear age-comorbidity interaction (Figure 3). The 

unadjusted rates of major complications for each age were 5.61%, 6.13%, and 6.31%, 

respectively. This age-related difference in the rates of procedural complications disappeared 
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on multivariate analysis. Therefore, the incremental risk of age in octogenarians and 

nonagenarians is clinically modest and should not preclude referral for pacemaker 

implantation.

Single-chamber leadless intracardiac pacemakers may be an attractive option for selected 

elderly patients, especially if they have persistent AF or are expected to need infrequent 

ventricular pacing. The studies of 2 different leadless pacemaker systems included relatively 

older patients (mean age 75.8 and 75.9 years) and showed lower complication rates (6.7% 

and 4%) compared with historical control subjects of transvenous pacemakers (36,37). There 

was a trend toward an increased risk of cardiac perforation or pericardial effusion (1.5% and 

1.6%), particularly in older female patients.

ECTOPIC BEATS

Premature atrial and ventricular complexes are frequently present in the healthy elderly 

population. In the Cardiovascular Health Study (15), 24-h ambulatory monitoring in 60- to 

85-year-old healthy individuals showed that 86% of patients had premature atrial complexes, 

with 26% having >36 premature atrial complexes/h. Premature ventricular complexes have 

been found in 82% of elderly subjects, including 3- to 5-beat runs of nonsustained VT. 

Dukes et al. (38) demonstrated in Cardiovascular Health Study participants that a high 

burden of premature ventricular complexes was associated with increased left ventricular 

systolic dysfunction, incident heart failure, and mortality. The specificity for predicting a 15-

year risk of heart failure was >99% for a PVC burden of 10%.

TACHYARRHYTHMIAS

SUPRAVENTRICULAR TACHYCARDIA

AV node reentrant tachycardia and AV re-entrant (accessory pathway-mediated) tachycardia 

commonly present earlier in life because they originate from congenital conduction 

substrates. Late-onset presentations are likely due to an age-related increase in triggers for 

reentry, changes in the relative conduction characteristics of the re-entrant pathways, and/or 

intolerance to tachycardia.

Atrial tachycardia represents 3% to 17% of supra-ventricular tachycardias (SVTs) that 

present for ablation (39). One large review showed that the proportion of atrial tachycardia 

increased with age and accounted for 23% of SVTs above the age of 70 years. Animal 

models suggest an age-related decline in the ability to modulate atrial electrophysiological 

responses to neurohormonal stimuli, which may contribute to the increased incidence of 

atrial tachycardia in the elderly (40).

Most published data on the mechanisms and relative frequency of SVTs come from older 

studies before catheter ablation became widespread. With increasing age, the atrial effective 

refractory period increases and conduction in the slow AV nodal or accessory pathway 

decreases, leading to increased tachycardia cycle lengths (41,42). Elderly patients tend to 

have slower rates with SVT, but they may more often present with angina or heart failure 

(42).
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In a comparison of younger versus older patients (oldest age 70 years) undergoing 

electrophysiological studies for pre-excitation syndromes, tachyarrhythmia rates in younger 

patients were higher, but there was no age-related difference in the ability to induce SVT. 

Anterograde conduction in the setting of AF was more rapid in younger patients (43).

Given that most patients with AV node re-entrant tachycardia or AV re-entrant tachycardia 

present at an earlier age and that catheter ablation is successfully pursued, few patients >80 

years of age present for ablation of these arrhythmias today. Older patients with pre-

excitation who have lived a lifetime without symptoms do not need routine 

electrophysiological studies for evaluation, especially because the conduction properties of 

the accessory pathway likely deteriorate with age. On the other hand, AF becomes more 

likely with advancing age. Although rapid conduction over the accessory pathway is not that 

likely, treatment of AF itself potentially creates some dilemmas, especially with respect to 

the use of AV nodal blocking drugs. Antiarrhythmic drugs (AADs) may be helpful in such 

cases, but most electrophysiologists would have a low threshold for accessory pathway 

ablation, perhaps in conjunction with pulmonary vein isolation. In a follow-up study after 

accessory pathway ablation, older age and longer duration of AF were found to predict AF 

recurrence (44).

Initial treatment for regular, narrow complex SVT usually involves beta-blockers or calcium-

channel blockers. AADs may be an acceptable approach when AV nodal blockers alone are 

ineffective and frailty/limited life expectancy/comorbidities make catheter ablation an 

unacceptable option.

CATHETER ABLATION OF SVT

The major theoretical concern with AV node re-entrant tachycardia ablation in the elderly is 

the creation of iatrogenic complete heart block (45). In a study by Rostock et al. (46), 

despite a higher incidence of baseline first-degree AV block in patients age ≥75 years, there 

was no post-ablative complete heart block at an average follow up of 37 months. Other 

studies have also shown no significant differences in recurrence or post-operative complete 

heart block between elderly and younger patients.

A retrospective evaluation of 961 patients with AV re-entrant tachycardia, about one-half of 

whom underwent ablation, compared long-term outcomes in their elderly (age >65 years) 

cohort compared with their younger patients at an average follow-up of 5.6 years (47). The 

incidence of poorly tolerated tachycardia (4.2% vs. 0.6%; p = 0.001) and the risk of major 

complications (10% vs. 1.9%; p = 0.006) were more frequent in elderly patients.

In patients with atrial tachycardia, older age is a predictor of multiple atrial foci, which 

affects the risk of recurrence (48). There are no large series specifically on ablation for atrial 

tachycardia in octogenarians that would provide information on major complications and 

success rates.

ATRIAL FIBRILLATION

AF is the most common arrhythmia in the elderly and affects about 1 in 10 individuals over 

the age of 80 years (49) (Figure 4). It has been projected that the prevalence of AF will 
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increase by 2.5-fold in the United States by 2050 and >50% of the patients will be ≥80 years 

of age (49). In addition to an increased risk of stroke and heart failure, AF in the elderly has 

been associated with a decline in physical performance and cognitive ability (50,51), shorter 

disability-free survival, and higher mortality (52,53). In elderly patients, AF is generally 

associated with comorbidities, and lone AF is less common compared with the younger 

population. The elderly with AF tend to have atypical presentations, with palpitations 

present in only 1 in 10 patients ≥80 years of age (54). In the STROKESTOP (Systematic 

ECG Screening for Atrial Fibrillation Among 75 Year Old Subjects in the Region of 

Stockholm and Halland, Sweden) study (55), population-based screening of 75- to 76-year-

old patients increased the detection of AF by 33%, highlighting the preponderance of 

asymptomatic AF in the elderly.

ANTICOAGULATION FOR STROKE PREVENTION

One-third of strokes in patients ≥80 years of age are attributable to AF. The cumulative 

effects of comorbidities such as hypertension and heart failure over many years, along with 

the known effects of aging on the heart, such as fibrosis, likely contribute to the increasing 

incidence of strokes in elderly AF patients. The CHA2DS2-VASc (Congestive heart failure, 

Hypertension, Age ≥75 years, Diabetes mellitus, Stroke or TIA, Vascular disease, Age 65–

74 years, and Female Sex) score for predicting the risk of stroke in AF highlights the 

importance of advanced age as a risk factor. The HAS-BLED (Hypertension, Abnormal liver 

or renal function, Stroke, Bleeding history or predisposition, Labile INR, Elderly [age ≥65 

years], Drugs/alcohol) score, which is used to predict the risk of major bleeding, also 

recognizes advanced age as a risk factor. However, a study of a Danish cohort of AF patients 

(56) demonstrated a greater net clinical benefit of warfarin in patients with a higher bleeding 

risk defined by a HAS-BLED score ≥3. Given that these scoring systems highlight the 

increased risk of both thromboembolism and bleeding in AF patients ≥80 years of age, the 

decision to initiate oral anticoagulation should be individualized (Table 1).

With the introduction of dabigatran and the factor Xa inhibitors (rivaroxaban, apixaban, and 

edoxaban), there has been a paradigm shift in the approach to anticoagulation in AF. Direct 

oral anticoagulants may be preferred over warfarin in elderly patients because of predictable 

pharmacokinetics, less interaction with other drugs and food, and no requirement for routine 

testing. Although the efficacy and safety of the direct oral anticoagulants have not been 

specifically studied in very elderly patients, they are fairly well represented in the 4 

landmark anticoagulation trials (Table 2). Apixaban was shown to be superior to warfarin in 

reducing the risk of stroke or systemic embolism with a lower risk of intracranial or 

extracranial hemorrhage in all age groups including ≥80 years of age (57). In separate 

analyses of rivaroxaban (58) and edoxaban (59) compared with warfarin, there was no age-

treatment interaction with respect to efficacy and safety. Dabigatran 150 mg twice daily 

compared with warfarin was associated with a higher risk of major extracranial bleeding in 

patients ≥80 years (60). The availability of a U.S. Food and Drug Administration–approved 

reversal agent, idarucizumab, may factor into the decision to choose dabigatran.

Despite strong evidence of effectiveness, anticoagulation is still underutilized in AF, 

especially in patients ≥80 years of age (61,62). Hylek et al. (61) demonstrated that warfarin 
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was discontinued in 26% of patients ≥80 years of age by the end of the first year, mostly due 

to concerns related to safety (Figure 5). However, randomized controlled trials have 

demonstrated that anticoagulation in the elderly can be managed safely and effectively. In 

the BAFTA (Birmingham Atrial Fibrillation Treatment of the Aged) study (63), dose-

adjusted warfarin was associated with a 2% absolute risk reduction of fatal or disabling 

stroke, intracranial hemorrhage, or systemic embolism in patients ≥75 years of age (mean 

age 82 years), with a trend toward a lower rate of extracranial bleeding. In a subsequent 

study, the greatest net benefit of warfarin in AF was demonstrated in patients ≥85 years of 

age and those with a prior history of ischemic stroke (64).

The higher bleeding risk in the elderly is often attributed to frailty and the propensity to 

falls, leading to withholding of anticoagulation in octogenarians. However, 1 analysis 

concluded that an individual would have to fall >295 times before the risk of subdural 

hematoma related to falls would outweigh the benefit of anticoagulation (65).

In elderly AF patients, the presence of dementia could pose a bleeding risk due to 

underdosing or overdosing of oral anticoagulants. However, in a recent study of veterans 

(mean age 80 years) with AF, continuation of warfarin after a diagnosis of dementia was 

associated with a reduction of stroke and mortality, without an increase in major bleeding 

(66).

There is an increased prevalence of cerebral microbleeds and cerebral amyloid angiopathy in 

the elderly, leading to an increased risk of intracranial hemorrhage (67). Evidence to support 

routine imaging of the brain for the screening of cerebral amyloid angiopathy before 

initiating anticoagulation is lacking, but it would be prudent to review a brain magnetic 

resonance image if previously performed.

The coexistence of AF with coronary artery disease is very common in patients ≥80 years of 

age. The use of triple antithrombotic therapy in the setting of percutaneous coronary 

intervention leads to a significantly increased risk of bleeding (68). Studies have shown that 

the combination of a P2Y12 inhibitor with either dose-adjusted warfarin or rivaroxaban 15 

mg daily could be an option in patients who require stent(s) and need anticoagulation for AF, 

without increasing the risk of adverse events (69,70). Recently, a study of dual therapy 

including dabigatran showed similar results when compared with triple therapy (71). 

However, there was a significant age-treatment interaction for the 150-mg dose of 

dabigatran, with a higher bleeding risk in patients age > 80 years.

Left atrial appendage occlusion devices have been approved by the U.S. Food and Drug 

Administration as an alternative to oral anticoagulants in AF patients with contraindications 

to anticoagulation. The PREVAIL (Prospective Randomized Evaluation of the Watchman 

Left Atrial Appendage Closure Device in Patients with Atrial Fibrillation Versus Long-Term 

Warfarin Therapy) Trial (72) included older patients (mean age 74 years) compared with 

prior studies. Although there was a lower rate of adverse events (2.2%), the study failed to 

show noninferiority of the Watchman device to warfarin in terms of efficacy. Left atrial 

appendage occlusion devices may be considered in carefully selected elderly AF patients 

with prohibitive bleeding risks.
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RATE VERSUS RHYTHM CONTROL

Randomized controlled trials have failed to show the superiority of a rhythm control strategy 

over a rate control strategy in patient populations with a mean age of 61 to 69 years. Because 

very elderly patients have more advanced structural and electrical remodeling of atria, the 

success rate of maintaining sinus rhythm in this age group may be even worse. Also, elderly 

patients are more likely to have associated comorbidities, which can limit the options for 

treatment. Fortunately, many elderly patients tend to be less symptomatic. Therefore, it can 

be argued that elderly patients should be treated initially with a rate control strategy. Beta-

blockers followed by calcium-channel blockers are the most effective rate-controlling 

medications. There are no data to suggest that the target heart rate in the elderly with AF 

should be any different than that for younger patients, but it is important to be aware that 

elderly patients have a higher prevalence of SND and/or AV block. Therefore, it is 

particularly important in elderly patients to obtain 24-h Holter monitors to ensure that there 

is not excessive bradycardia or pauses during the night when vagal tone is highest.

A rhythm control strategy is reasonable in symptomatic AF patients. The use of AAD 

therapy in very elderly patients is challenging because of the risk of proarrhythmia due to 

age-related changes in pharmacokinetics, frailty, and polypharmacy. Amiodarone is more 

likely to be used in the elderly for a number of reasons. Amiodarone is the most effective of 

the available AADs, and it is 1 of only 2 that have not been shown to adversely affect 

survival in patients with left ventricular dysfunction (the other being dofetilide) (73,74). The 

dose of amiodarone does not need to be adjusted for renal or hepatic function. The major 

concern about the use of amiodarone is the long-term risk of side effects, which is a less 

relevant concern in the very elderly.

CATHETER ABLATION

Pulmonary vein isolation is an option for rhythm control in patients with symptomatic 

paroxysmal or persistent AF when AADs fail to maintain sinus rhythm. In a prospective 

study of elderly patients (mean age 76 years) with symptomatic persistent AF, catheter 

ablation was more effective in maintaining sinus rhythm and improved quality of life (75). 

However, 19% of patients required redo ablation and 25% continued to take AADs to 

maintain sinus rhythm. There was also a greater risk of stroke with catheter ablation, 

especially if there was a prior history of transient ischemic attack. In multiple observational 

studies, radiofrequency catheter ablation of AF in octogenarians has been shown to be 

successful at rates similar to younger patients (76–78). The complication rates that ranged 

from 2.5% to 7.5% were also not significantly different from younger patients (Table 3). 

However, octogenarians are more likely to need ablation of nonpulmonary vein triggers and 

modification of the atrial substrate, which is at least partly related to aging-related atrial 

fibrosis.

In medically refractory AF, AV junction ablation with permanent pacing may be an attractive 

option for rate control in selected elderly patients who are not candidates for pulmonary 

venous isolation due to permanent AF, frailty, or severe comorbidities. In a study of older 

patients with AF refractory to medical therapy, AV junction ablation with permanent pacing 

led to better control of AF when compared with AF ablation, but it was associated with a 
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higher risk of heart failure (79). When AV junction ablation is performed in the setting of a 

left ventricular ejection fraction <50%, strong consideration should be given to implantation 

of a cardiac resynchronization therapy device, given the risk of adverse outcomes with 

chronic right ventricular pacing (80).

ATRIAL FLUTTER

Atrial flutter can be 100× more frequent in individuals ≥80 years of age compared with 

those younger than 50 years of age (81). The management of atrial flutter does not vary with 

age. Isthmus-dependent atrial flutter is often treated by radiofrequency ablation, given that it 

is a highly successful and safe procedure. In 1 study, there was no difference in the efficacy 

and safety of atrial flutter ablation between patients ≥75 years and those <75 years of age 

(82). In a larger study of 1,187 patients who underwent atrial flutter ablation, patients ≥80 

years of age had a procedural success rate (86%) similar to younger patients (83). The 

complication rates were similar in patients ≥80 years of age and those 70 to 79 years of age 

(7.0% vs. 7.5%), but modestly worse than in patients younger than 70 years (4.5%). Age 

≥75 years has been identified as one of the predictors of new-onset AF after atrial flutter 

ablation (HR: 1.046; 95% CI: 1.019 to 1.075) (84).

VENTRICULAR ARRHYTHMIAS AND SCD

The incidence of SCD increases with age, although the proportion of deaths that are sudden 

compared with total mortality declines in the elderly (85). Krahn et al. (85) demonstrated 

from the Amiodarone Trialists Meta-analysis database that 26% of all deaths in patients ≥80 

years of age were SCD, which decreased from 51% in those age <50 years (Figure 6) (85). 

Kim et al. (86) showed that, in octogenarians with out-of-hospital sudden cardiac arrest, 

rhythm was a stronger determinant of survival to hospital discharge than age. In fact, 

patients ≥80 years of age with VT or ventricular fibrillation had better survival to hospital 

discharge than younger patients who had non-shockable rhythms. The causes of ventricular 

arrhythmias and SCD differ from those of younger patients and mainly include coronary 

artery disease and heart failure.

IMPLANTABLE CARDIOVERTER-DEFIBRILLATORS

ICDs are effective in the prevention of arrhythmic SCD in high-risk patients. According to 

the 2013 National Cardiovascular Data Registry ICD Registry Report (87), 17.9% of ICD 

recipients were ≥80 years of age, with 23% undergoing generator replacement. The ICD 

guidelines are based on multiple randomized clinical trials, but patients ≥80 years of age 

were not well represented in these studies. Therefore, there has been considerable debate 

over the efficacy and safety of ICDs at an advanced age.

A pooled meta-analysis of secondary prevention ICD trials did not show a survival benefit in 

patients ≥75 years of age (88). The study was underpowered (n = 252) to show a mortality 

difference, and most patients had nonarrhythmic deaths. In contrast, an analysis of pooled 

patient-level data from 5 primary prevention ICD trials showed reduced mortality in patients 

≥75 years of age with a hazard ratio of 0.54 (95% posterior credible interval 0.37 to 0.78) 

(89). Recently, the DANISH (Defibrillator Implantation in Patients with Nonischemic 
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Cardiomyopathy) trial (90) failed to show a survival benefit of primary prevention ICDs, 

especially in elderly patients. However, use of ICDs was associated with a reduction in SCD 

by 50%.

The reported rates of procedural complications with ICD implantation in the very elderly 

have been inconsistent. In 1 study, the adjusted rate of adverse events in ICD recipients ≥80 

years of age was 4.5%, with an odds ratio of 1.15 (95% confidence interval: 1.01 to 1.3) 

compared with those age <65 years (91). In contrast, another study demonstrated a 20% 

lower complication rate in patients ≥80 years of age (92). The authors speculated that “a 

higher proportion of simpler cardiac implantable electronic device types” in the elderly may 

have accounted for the lower complication rate.

Clearly, there is a gap in evidence to routinely support or withhold ICD implantation in 

patients ≥80 years of age who otherwise meet current indications. According to the 

American College of Cardiology/American Heart Association/Heart Rhythm Society 2013 

appropriate use criteria, it “may be appropriate” to implant defibrillators in patients ≥80 

years of age with New York Heart Association functional class II or III symptoms, but it is 

“rarely appropriate” in patients age ≥90 years and New York Heart Association functional 

class I symptoms (93). Left ventricular ejection fraction <30% and renal dysfunction are 

predictors of poor outcomes after ICD implantation in octogenarians, with a mean survival 

of only 1.5 years when both risk factors are present (94). Similarly, left ventricular ejection 

fraction ≤20% is the strongest predictor of 1-year mortality (38.2%) in octogenarians after 

ICD implantation (95). Therefore, the patient’s underlying cardiovascular condition, 

competing non-cardiovascular comorbidities that would attenuate the benefit of ICD therapy 

or affect life expectancy, functional quality of life, patient preference, and advanced 

directives should be carefully considered when contemplating ICD implantation in an 

elderly patient. The same strategy of shared decision making applies when considering 

generator change due to end-of-battery-life, device malfunction, or infection.

Although subcutaneous ICDs have become available in the past few years, there are no 

studies specifically addressing their use in the elderly. The important limitation of such 

devices in the elderly could be the potential need for transvenous pacing, either because of 

underlying SND or AV block; the need for cardiac resynchronization therapy (CRT); or the 

desirability of antitachycardia pacing.

PREVENTION OF RECURRENT VENTRICULAR ARRHYTHMIAS

Although ICDs are effective in preventing SCD, appropriate ICD therapy (shocks or 

antitachycardia pacing) that occurs in about one-quarter of patients is associated with a 3- to 

5-fold increase in mortality as well as impaired quality of life (96). In a meta-analysis of 

randomized trials, both AADs and catheter ablation significantly reduced recurrent VT but 

without improving mortality (97). The benefit of AADs in reducing recurrent VT was 

mainly driven by amiodarone. All the evidence for catheter ablation of VT in very elderly 

patients comes from retrospective studies. In the largest retrospective study (n = 285) of 

catheter ablation for recurrent post-infarction VT refractory to AADs, patients ≥70 and <70 

years of age had similar rates of procedural success (79.2% vs. 87.8%), periprocedural 

complications (5.6% vs. 2.3%), and recurrent VT (63.9% vs. 60.1%) (98). A more recent 
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study of catheter ablation of VT refractory to AADs comparing octogenarians (mean age 82 

years) to a younger cohort (mean age 67 years) found a lower mean left ventricular ejection 

fraction (29% vs. 34%), more frequent complications (18% vs. 2%), more ICD shocks (28% 

vs. 15%), but a similar survival rate (99). Catheter ablation of refractory VT may be 

considered in selected patients of this age group who have reasonable functional capacity.

CARDIAC RESYNCHRONIZATION THERAPY

CRT is primarily a treatment for heart failure in patients with systolic heart failure and 

evidence of ventricular dyssynchrony manifested as a prolonged QRS duration and typically 

left bundle branch block. There is an antiarrhythmic effect of CRT that is seen in patients 

who have significant improvement of left ventricular end-systolic volume, reflective of 

reverse ventricular remodeling. A substudy of the MADIT CRT (Multicenter Automated 

Defibrillator Therapy Cardiac Resynchronization therapy) trial showed a 20% reduction in 

ventricular tachyarrhythmias for every 10% improvement in left ventricular end-systolic 

volume (100). Octogenarians do not differ from younger patients in terms of the 

antiarrhythmic response to CRT (101,102), and the procedural complication rates were not 

significantly different either. However, CRT is underutilized in the very elderly, as shown in 

the Swedish Heart Failure Study. Although 37% of octogenarians met an indication, only 

4% received a CRT device (103). CRT has also been shown to improve quality of life, gait 

speed, and frailty score in the elderly. In patients with frailty and multiple comorbidities 

including renal dysfunction, a CRT pacemaker may be preferable to a CRT defibrillator to 

achieve the benefits of CRT on symptoms and quality of life without adding defibrillator 

capability, if the latter is not desired by the patient. Thus, shared decision making with the 

patient and family is essential.

SPECIAL CONSIDERATIONS

Because of age-related changes in pharmacodynamics and pharmacokinetics, elderly 

patients often require dose adjustment of antiarrhythmic drugs and anticoagulants. 

Decreased hepatic metabolism and decreased renal elimination of antiarrhythmic drugs may 

necessitate the use of lower doses compared with younger patients. In addition, elderly 

patients usually require lower doses of warfarin and the direct oral anticoagulants for 

thromboprophylaxis in AF.

Although the indications for implantable devices and ablation do not differ based on age, the 

possibility of higher complication rates must be taken into account. The coexistence of 

multiple comorbidities as well as frailty may affect the outcomes, including survival, of 

therapeutic procedures.

FRAILTY

Frailty is more prevalent with advancing age, occurring in about one-fourth of patients ≥80 

years of age. Although AF patients with frailty are at a higher risk of stroke and stroke-

related mortality, 1 study found severe frailty as a predictor for withholding anticoagulation 

in octogenarians (104). In addition, frailty has been associated with less frequent use of a 

rhythm control strategy for AF (105). Frailty could also have implications regarding when to 
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recommend ICD therapy in octogenarians. An analysis of Medicare data of ICD patients 

showed that frailty was associated with a higher annual mortality rate (22%) that could 

attenuate the benefit of ICDs. In addition, CRT-defibrillator implantation in frail elderly 

patients with nonischemic cardiomyopathy is associated with a higher annual rate of 

decompensated heart failure compared with nonfrail patients (55.6% vs. 16.4%) (106).

END-OF-LIFE ISSUES

About one-fourth of patients may receive ICD shocks during the last 24 h of life, leading to 

unnecessary suffering (107). Although it is reasonable to consider deactivating ICDs in 

terminally ill patients, many patients are not aware of this option, as most physicians may 

not bring up the subject because they are uncomfortable with it or question the legality 

(108). It is important that a shared decision about ICD therapy be made with the patient and 

the family at the time of device implantation or generator change, and as a part of advanced 

care planning for terminally ill patients.

KNOWLEDGE GAPS AND FUTURE DIRECTIONS

There are critical knowledge gaps in the management of arrhythmias in the very elderly 

population, highlighted in a 2016 American College of Cardiology/American Heart 

Association/American Geriatrics Society scientific statement (109). We have summarized 

some important gaps in Table 4. Current evidence is mostly based on observational studies, 

registries, or post hoc analyses of randomized trials and are prone to inherent selection bias. 

Therefore, future randomized studies should include the elderly population and look at 

outcomes, such as quality of life, functional status, and health care costs, in addition to 

clinical endpoints and mortality.

CONCLUSIONS

The prevalence of arrhythmias in very elderly patients is rising. The management of 

arrhythmias in the very elderly is complex due to altered pharmacology, limited life 

expectancy, competing comorbidities, frailty, and varied treatment goals (Central 

Illustration). Key points related to management of arrhythmias in the elderly are summarized 

in Table 5.
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ABBREVIATIONS AND ACRONYMS

AAD antiarrhythmic drug

AF atrial fibrillation
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AV atrioventricular

CRT cardiac resynchronization therapy

ICD implantable cardioverter-defibrillator

SCD sudden cardiac death

SND sinus node dysfunction

SVT supraventricular tachycardia

VT ventricular tachycardia
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FIGURE 1. Pathophysiology of Arrhythmias in Elderly
Aging hearts demonstrate a typical milieu of sterile inflammation, with enhanced 

proinflammatory (IL-1, IL-6, tumor necrosis factor-α, and CRP) and profibrotic (TGF-β) 

cytokine release. Proinflammatory activity leads to progressive loss of cardiomyocyte 

numbers. The reduction in the proteolytic activity of MPs with increased expression of the 

tissue inhibitor of MPs, in association with a pro-fibrotic cytokine TGF-β, promotes fibrosis. 

Ca = calcium; CRP = C-reactive protein; ECM = extracellular matrix; IL = interleukin; 

MMP = matrix metalloproteinase; Na = sodium; TIMP = tissue inhibitor of matrix 

metalloproteinase; TGF = transforming growth factor;.
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FIGURE 2. Age-Associated Pathological Changes and Their Effect on the Initiation, 
Manifestation, and Recurrence of Cardiac Arrhythmias
The major culprit mechanisms are related to cellular oxidative damage, cardiomyocyte 

apoptosis, and increased extracellular matrix volume that can lead to abnormal automaticity, 

re-entry, and repolarization abnormalities. In addition, ischemic and inflammatory 

mechanisms are responsible for fluctuating membrane potentials, ectopic pacemakers, and 

ultimately, myocardial fibrosis. Overall, aging hearts show electrical signal heterogeneity, 

abnormal electromechanical coupling, atrial and ventricular remodeling, low conduction 

voltage, and an increased incidence of both atrial and ventricular arrhythmias. Fibrofatty 

changes of the conduction system lead to bradycardia, AV block, and chronotropic 

incompetence. AV = atrioventricular; Ca2+ = calcium; EADs = early afterdepolarizations; 

EM = electromechanical; HR = heart rate; MPs = membrane potentials; VF = ventricular 

fibrillation; VT = ventricular tachycardia.
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FIGURE 3. Role of Advanced Age and Existing Medical Comorbidities in Predicting Mortality 
Rate After Pacemaker Implantation
The bar diagrams represent mortality rates in patients with mild (group 1), moderate (group 

2), and severe (group 3) Charlson comorbidity indexes. In each group, patients who are 90 

years of age and older had significantly increased mortality rates after initial pacemaker 

implantation (age–comorbidity level interactions, p = 0.004). Study results are from a cross-

sectional analysis of 2004 to 2008 hospital discharge information from the Healthcare Cost 

and Utilization Projection Nationwide Inpatient Sample administrative database. 

Reproduced with permission from Mandawat et al. (35).
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FIGURE 4. Prevalence of Diagnosed Atrial Fibrillation Stratified by Age and Sex
Reproduced with permission from Go et al. (49).
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FIGURE 5. Risk of Stopping Warfarin in the First Year on the Basis of Perceived Safety 
Concerns by Age
The y-axis represents the smoothed hazard estimates over time for the 2 age groups (<80 and 

≥80 years). Numbers below the graph are the number of patients on warfarin at that time 

point (p < 0.001, log-rank test). The risk of stopping warfarin peaked early and then, 

beginning at 6 months, approximated that of younger patients. Reproduced with permission 

from Hylek et al. (61).
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FIGURE 6. Annual Sudden and All-Cause Death Rate in Amiodarone Trialists Meta-Analysis 
Database of 6,252 Patients With Structural Heart Disease
Both sudden death and nonsudden death rates increased with age, although the increase of 

nonsudden death with age was more dramatic. Reproduced with permission from Krahn et 

al. (85).
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CENTRAL ILLUSTRATION. Effects of Aging on Cardiac Arrhythmias: Etiology, Clinical 
Presentation, and Management
Aging leads to progressive degenerative changes of the contractile and conduction systems 

of the heart. Since the reparative process is slow, there is replacement fibrosis, which leads 

to structural and electrical conduction heterogeneity. Supraventricular and ventricular 

arrhythmias are then triggered. Pharmacotherapy can be challenging due to a narrow 

therapeutic window and risk of toxicity. Elderly patients often have concomitant structural 

heart disease requiring transcatheter or surgical procedures, which can lead to new 

arrhythmias requiring catheter ablation or implantable devices. AF = atrial fibrillation; AV = 

atrioventricular; TAVR = transcatheter aortic valvular replacement.
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TABLE 1

Anticoagulation for Very Elderly AF Patients

1. Very elderly AF patients are at an increased risk of both stroke and bleeding, but the benefit of anticoagulation outweighs the risk of 
bleeding.

2. Warfarin and DOACs are both good options.

3. Renal function may dictate choice of anticoagulation.

4. Although there are no head-to-head trials, dabigatran 150 mg twice daily compared with warfarin was associated with an increased risk of 
extracranial bleeding in octogenarians, whereas apixaban was superior to warfarin in both efficacy and safety, independent of age.

5. Compliance is key, so patient comprehension and shared decision making are important.

AF = atrial fibrillation; DOAC = direct oral anticoagulants.
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TABLE 2

The Risks and Benefits of Direct Oral Anticoagulants With Warfarin in Elderly Patients With Nonvalvular 

Atrial Fibrillation

Anticoagulants (Ref. #) Parent Trial

Proportion of 
Very Elderly 
Patients Efficacy Risk

Dabigatran vs. warfarin (60) RE-LY (n = 
18,113)

16.7% ≥80 yrs (n 
= 3,025)

150 mg bid:
Trend toward lower risk of 
stroke or systemic embolism 
with dabigatran in age ≥85 
yrs
Lower risk of stroke or 
systemic embolism in age 
<75 yrs
110 mg bid:
Trend toward lower risk of 
stroke or systemic embolism 
with dabigatran in patients 
age <75 and ≥85 yrs

Major extracranial bleeding
 150 mg bid:
 Higher risk with dabigatran in 

≥80 yrs of age* (HR 1.68)
 Lower risk with dabigatran in 
younger patients
 110 mg bid:
 No difference in ≥80 yrs
 Lower with dabigatran in 
younger patients
Major intracranial hemorrhage
 150 or 110 mg bid:
 Trend toward lower risk with 
dabigatran in age ≥85 yrs
 Lower risk with dabigatran in 
age <75 yrs

Apixaban†‡ vs. warfarin 
(57)

ARISTOTLE (n 
= 18,201)

13% ≥80 yrs (n = 
2,436)

Lower risk of stroke or 
systemic embolism with 
apixaban in all age groups

Lower risk of major bleeding and 
intracranial bleeding with apixaban 
in all age groups

Rivaroxaban§ vs. warfarin 
(58)

ROCKET AF (n 
= 14,276)

44% ≥75 yrs (n = 
6,229)
4.6% ≥85 yrs (n = 
663)

No difference in the risk of 
stroke or systemic embolism 
in all age groups

No difference in major bleeding or 
hemorrhagic stroke in all age 
groups

Edoxaban vs. warfarin (59) ENGAGE AF-
TIMI 48 (n = 
21,105)

17% ≥80 yrs (n = 
3,591)

No difference in the risk of 
stroke or systemic embolism 
in all age groups

Lower major bleeding or 
intracranial hemorrhage with 
edoxaban in all age groups

*
p value significant for age-treatment interaction.

†
The 2.5 mg twice daily (bid) dose was used in the study if patients had at least 2 of the following factors: ≥80 years of age, weight ≥60 kg, and 

creatinine >1.5 mg/dl.

‡
69% of patients age ≥80 years received 5 mg bid and 31% received 2.5 mg bid per pre-specified criteria.

§
Dose of rivaroxaban 20 mg daily, or 15 mg daily if glomerular filtration rate (GFR) <50 ml/min.

ARISTOTLE = Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; ENGAGE AF-TIMI = Effective 
aNticoaGulation with factor Xa next GEneration in Atrial Fibrillation-Thrombolysis In Myocardial Infarction; RE-LY = Randomized Evaluation of 
Long-Term Anticoagulant 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.
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TABLE 4

Key Areas With Knowledge Gaps in the Management of Arrhythmias in the Elderly

Atrial Fibrillation

The difference between rate and rhythm control strategies on quality of life and functional status.

The risks and benefits of AF ablation with respect to short- and long-term outcomes, including quality of life.

The impact of AV node ablation with pacemaker implantation outcomes, including quality of life.

Ventricular Arrhythmias

Better noninvasive risk stratification to predict sudden cardiac death.

Risks and benefits of catheter ablation of ventricular arrhythmias.

Device-Based Therapy

The impact of ICD implantation for primary and secondary prevention of sudden cardiac death on outcomes, including procedural 
complications, quality-adjusted life-years gained, and health care costs.

Decision making at the time of generator replacement for battery end-of-life.

Adapted from Rich et al. (109).

AF = atrial fibrillation; AV = atrioventricular; ICD = implantable cardioverter-defibrillator.
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TABLE 5

Key Perspectives on Management of Arrhythmias in the Elderly

Because of age-related changes in pharmacodynamics and pharmacokinetics, elderly patients often require dose-adjustment of antiarrhythmic 
drugs and anticoagulants.

Very old patients with AF have an increased risk of stroke and bleeding, but there is a net benefit favoring the use of oral anticoagulants.

The procedural success and complication rates of catheter ablation of AF, SVT, AV junctional arrhythmia, and ventricular tachycardia in very 
elderly patients are similar to those in younger patients. However, the results of observational studies may be due, at least in part, to selection 
bias. Therefore, these procedures may be performed in the elderly with careful consideration of comorbidities, life expectancy, frailty, and 
patient preference.

The indications for implantable device therapy (ICDs, pacemakers, or CRT) are the same as in younger patients, and complication rates are 
comparable. The use of primary prevention ICDs in the very elderly population should take into account the goals of therapy, life expectancy, 
and competing comorbidities that would attenuate the survival benefit of ICDs.

There should be emphasis on shared decision-making and advanced care planning based on a candid discussion about the relative efficacy and 
possible harm from various treatments, competing comorbidities, frailty, patient preference, and advanced directives.

CRT = cardiac resynchronization therapy; SVT = supraventricular tachycardia; other abbreviations as in Table 4.
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