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1 | INTRODUCTION

Abstract

Importance: Atrial fibrillation is the most clinically significant arrhythmia in humans
when viewed both from a global and also a national perspective. In the United States,
approximately 2.7-6.1 million people are estimated to have atrial fibrillation. With
the aging of the population, this prevalence is on an increasing trend and remains an
obstacle to cardiovascular health despite significant advancements specific to car-
diovascular disease management.

Observation: In this specific group of patients, healthcare utilization is a concern
from the public health perspective. Unfortunately, misconceptions dominate clinical
decision making; for instance, the avoidance of safe and effective anticoagulation
strategies in patients at the highest risk for embolic strokes continues to be wide-
spread in clinical practice and is often based on a skewed assessment of risk versus
benefit. Also, when there are contraindications to standard interventions for atrial fi-
brillation, a clear and nuanced understanding of second- and third-line interventions
with proven benefit is often lacking.

Conclusions and Relevance: An individualized approach should be followed by physi-
cians when managing atrial fibrillation in the elderly patient, taking into consideration
the risk of complications, particularly the embolic stroke and the availability of treatment
options for stroke prevention whether through pharmacological anticoagulation or left

atrial appendage occluding devices. The following review sets out to clarify these issues.
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to be an important cause of AF in the developing world, it is becoming
increasingly rare in Western societies. This review will primarily focus
on nonrheumatic AF.

Atrial fibrillation (AF) is usually, but not exclusively, associated with AF is a public health problem that continues to expand. The ris-

underlying cardiac disease. While rheumatic heart disease continues ing prevalence and incidence worldwide impose a health burden
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that requires an aggressive focus on mitigating risk factors, in ad-
dition to improving disease management. AF is common in the el-
derly; in this population, in whom comorbidities are widespread, a
tailored approach to adequate management is required in order to
provide maximum benefit, improve quality-of-life, and minimize
risk. Hemodynamic changes resulting in atrial hypertension, mor-
phologic changes showing fibrosis of the atria, and neurohumoral
changes have all been described in nonrheumatic AF.

1.1 | Epidemiology and risk factors

A systematic review conducted in 2010 on the number of individuals
with AF worldwide reported a prevalence of 33.5 million, while in
the United States, there were approximately a prevalence 5.2 million
in 2010 with a projected increase to a prevalence of 12.1 million in
2030.12 This prevalence is steadily rising as the population ages.>*
These numbers do not take into account subclinical AF, detected in-
cidentally using implantable cardiac devices such as pacemakers, im-
plantable cardioverter defibrillators (ICDs), and loop recorders. For
example, in the ASSERT study, which included 2580 patients with
pacemakers or ICDs above the age of 65 years and had no history
of AF, 10% of patients had subclinical AF at 3 months and 35% at
2.5 years.5 The true prevalence of AF in the United States is there-
fore unknown.

The prevalence is greatly dependent on factors such as age, sex,
ethnicity, and obesity. AF appears to be more common in men. It
appears to be more prevalent in the Caucasian population than in
African Americans.®

AF is quite unusual in infants and young children in the absence
of structural/congenital heart disease. In the developed world, age
has much to do with the occurrence of AF. As seen In the ATRIA
study, out of 1.89 million subjects, the prevalence of AF for individ-
uals under 55 years was 0.1%.% The risk of AF increases exponen-
tially with aging; in the Framingham Heart Study, participants who
were at least 40 years of age and had no history of AF had a 26% and
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23% chance of future AF for men and women, respectively. Figure 1
shows estimated prevalence in accordance with age.

There are associated risk factors that significantly increase the
risk of developing AF®7 (Table 1). In general, the risk of developing
AF increases with any heart disease.®’ Among the most common
diseases are hypertension, coronary artery disease, and heart fail-
ure (HF).1®' valvular disease such as stenosis or regurgitation is
another contributing factor to the development of AF by increasing
atrial pressure and/or stretch.}? Twenty percent of adults who have
had long-standing atrial septal defects will develop AF.!® Pathologies
that increase the right ventricular afterload, such as pulmonary em-
boli, chronic obstructive pulmonary disease, and obstructive sleep
apnea, can ultimately increase the risk of AF.**"Y? According to the
Framingham Heart Study, per one unit of BMl increase, the risk of AF
increases by 5%.2%%1 A few other known risk factors for the develop-
ment of AF are thyroid disease, metabolic syndrome, chronic kidney
disease,?? and the stress of surgery or infection.?® Inflammation
within the atria due to systemic mediators or localized processes can
contribute to further worsening of conduction within the atrial tis-
sue, leading to a higher susceptibility of AF.2°

1.2 | Classification of AF

AF can be classified under different subtypes as defined by the 2014
American Heart Association guidelines?®?” (Table 2). Paroxysmal
AF is defined as AF that terminates spontaneously or by interven-
tion (cardioversion) within 7 days. Most patients who have subclini-
cal AF also are categorized under paroxysmal AF. Subclinical AF is
typically diagnosed via ambulatory cardiac monitoring since the
episodes of AF can occur randomly and often lack symptomology.
Persistent AF is a failure of the arrhythmia to terminate within a
7-day period. Long-standing persistent AF is when it lasts for over
12 months, and permanent AF is a term used when rate control is
the preferred long-term strategy for managing the AF following a
discussion between the clinician and the patient.%”27
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TABLE 1 Riskfactors for atrial fibrillation with their
corresponding hazard ratio

The hazard ratio for

Risk factor developing AF
Age
45-54y old 2.40
55-64y old 4.65
65-74 y old 8.19
275 16.37
Male 1.32
Heart failure 1.72
Hypertension 1.31
Diabetes 111
Coronary artery disease 1.21
Chronic kidney disease 1.23
Obstructive sleep apnea 1.21
Current smoking 1.08
Moderate-heavy drinking 1.05
Left ventricular hypertrophy on 1.36

echocardiogram

TABLE 2 Classification of atrial fibrillation

Classification Definition

Paroxysmal AF Arrhythmia terminates

spontaneously or with intervention

within 7 d
Persistent AF Failure to terminate arrhythmia
within 7 d
Long-standing persistent Persistent AF over 12 mo
AF
Permanent AF Joint decision between physician

and patient to no longer restore or
maintain sinus rhythm

1.3 | Clinical presentation and diagnosis

AF may be asymptomatic or symptomatic. When asymptomatic,
the initial presentation may be in the setting of an embolic event or
during a medical evaluation for a different reason. Embolic stroke
is one of the most catastrophic sequelae of AF. In fact, >15% of all
patients who have experienced a stroke have had a history of AF.2®
Crystal-AF trial showed that using extended implantable cardiac
monitoring can detect subclinical AF in up to 30% at 36 months,
in patients with cryptogenic stroke. The trial included 441 patients
who were older than 40 years and diagnosed with cryptogenic
stroke without identifying AF during a complete diagnostic evalu-
ation up to 24 hours after their stroke presentation.?’ Additionally,
another study by Ziegler et al was conducted that followed patients
who had an intracardiac monitor placed for the purpose of AF detec-

tion following cryptogenic stroke.® They were monitored for up to

2 years to detect the frequency of AF episodes. In conclusion, this
study showed that one in every five patients was detected to have
at least one episode of AF (>2 minutes long). Conventional external
ambulatory monitoring would not have been able to detect this same
amount of AF episodes when compared to the insertion of an im-
plantable cardiac monitor.

When symptomatic, the common symptoms are irregular palpi-
tations, chest tightness, fatigue, and shortness of breath. As these
symptoms, particularly fatigue, are very nonspecific, the diagnosis
can be very difficult, particularly in the setting of infrequent parox-
ysms of AF.

Ultimately, the diagnosis is made on the basis of the electrocar-
diogram, which typically shows the absence of distinct organized
atrial activity, the presence of fibrillatory waves, and the irregularly
irregular nature of the cardiac rhythm. A standard 12-lead ECG taken
during an episode of AF is diagnostic. Extended ECG monitoring can
be invaluable when used appropriately; a 24- or 48-hour Holter is
of little to no value when paroxysmal AF is expected, except when
symptoms occur daily. Longer term event monitoring carries a higher
diagnostic yield but is often limited by expense and patient toler-
ance. There are several emerging technologies with variable sensitiv-
ities and specificities, including smartphone-based technologies. For
example, this includes Kardia, implantable cardiac monitors, which
can record single lead ECG tracings for a period of 3-4 years and the
Apple Watch.

The use of Apple Watch for detecting AF was supported by Perez

1,3 who conducted a prospective, single-arm, open-label, site-

et a
less study which included 419 297 individuals who had no prior history
of AF and have an Apple iPhone and Apple Watch. Those individuals
were followed for a median of 117 days. Out of the 419 297 individu-
als, 2161 received notification of irregular pulse through their smart-
watches. Out of 2161, 84% of the notifications were consistent with
AF, and 34% of individuals had AF on subsequent ECG patch analysis.

Additionally, there is an ongoing long-term prospective, randomized,
nationwide study conducted by Apple and Johnson & Johnson. One arm
of the study will be using the Heartline app on their iPhone, whereas the
other arm will be using an Apple Watch Series 5. The primary outcome
of this study is to assess the relationship of using technology such as an
iPhone with the Heartline app and the Apple Watch in the detection of
AF while also assessing if the clinical outcome is improved, such as mit-
igation of stroke risk. Other desired secondary outcomes of this study
consist of determining whether a heart health engagement program and
medication adherence intervention would benefit those with previously
diagnosed AF, understanding the overall impact of technology in iden-
tifying or managing other health problems beyond the heart, and lastly
to support the advancement of clinical studies in this field of medicine

where technology intersects with medicine.

2 | FINANCIAL IMPACT OF AF

The prevalence of AF is expected to significantly increase over the

next few years. This is partially explained by the improved survival
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of associated medical problems. Therefore, the economic burden of
AF will continue to worsen in the future due to the healthcare cost
for preventing and treating AF and its complications. For example,
between the years 1985 and 1999, hospitalizations due to AF have
doubled.®? Based on 2001 data, there were approximately 350 000
hospital admissions, 276 000 emergency room visits, and 5 million
office visits annually in the United States for AF diagnosis and man-
agement.®? During that year, the estimated total cost was about
$6.65 billion; 44% of which was for hospitalizations, and 4% was for

prescription medications.

3 | MANAGEMENT OF AF

Management of AF in the elderly population consists of an inte-
grated, systematic, and multidisciplinary approach to mitigate the
risk of catastrophic sequelae that may follow as a result of inade-
quate treatment. Patients at presentation may have new-onset AF
or may have been previously diagnosed, both of which require com-
plete evaluation and consideration of potential risk factors that may
affect the outcome of AF therapy. The management of AF should
focus first and foremost on assessing the risk of thromboembo-
lism and instituting appropriate and timely anticoagulation therapy.
Beyond that, there are two approaches to the management of AF,
these being a focus on either rate control or restoring and maintain-
ing sinus rhythm (rhythm control). Close follow-up should be main-
tained with a focused assessment on any change in the patient's
functional, cognitive, or clinical status.

Rate versus rhythm control has been a common debate
in the medical literature. A variety of studies have shown clear ben-
efits with either therapy. Therefore, the approach instituted should
be individualized, taking into account the clinical and socioeconomic
factors.®® Furthermore, the management of AF in the elderly popula-
tion requires an increased understanding of its relationship with falls
and HF, two very common comorbidities that often lead to clinical

confusion in the management of AF in this population.

3.1 | Impact of AF management in the
elderly population

AF is the most common arrhythmia to occur in the elderly population
and has a major impact on their health. Seventy percent of patients
who have AF are between the ages of 65 and 85 years old.®* Once
diagnosed, AF should be assessed in a multidisciplinary manner, tak-
ing into consideration factors such as the patient's functional and so-
cioeconomic status and any associated comorbidities. AF increases
the risk of mortality; in the Framingham cohort, patients with AF had
an odds ratio for mortality of 1.5 in male patients and 1.9 in female
patients.® Management should be initiated with an eye towards the
prevention of thromboembolic episodes, abnormalities in cardiac
function incited by arrhythmia, deterring side effects of the medica-

tions used, and improvement in the quality of life. The primary goals
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of AF management consist of anticoagulation to prevent thrombo-
embolic events and rhythm or rate control. Anticoagulation with
warfarin in the elderly population has been associated with a re-
duced risk of thromboembolism compared to aspirin.®¢ Careful ob-
servation of common comorbidities and polypharmacy should be
taken into consideration when treating these patients as this can
affect their long-term outcomes. However, therapeutic intervention
should not be withheld for common assumptions. Increased risk of
fall and concomitant HF are two common reasons associated with
withholding anticoagulation therapy. However, the benefit of anti-
coagulation in decreasing the risk of catastrophic thromboembolic

events outweighs these risks.

3.2 | Falls and AF management

Falls are among the major causes of morbidity and mortality in the
elderly population and the second leading cause of unintentional
death.®” Other than fall-induced injuries, falls also increase the risk
of bleeding, especially when international normalized ratio (INR)
levels trend above therapeutic levels. Therefore, frequent moni-
toring of INR level is paramount in patients on warfarin therapy.
Alternatively, subtherapeutic INR levels increase the risk of throm-
boembolic episodes. Hesitancy to prescribe adequate pharmaco-
logical anticoagulation for those with AF and increased risk of fall
persisted and has caused physicians to withhold potentially life-
saving treatment. Although anecdotally anticoagulation was be-
lieved to lead to increased risk of bleeding and devastating outcomes
in the elderly population, this has not been supported by a variety of
studies. With advances in medications and further understanding of
their risks and benefits within clinical trials, many pharmacological
modalities used in AF treatment highly benefit the elderly popula-
tion. In one study, patients with nonvalvular AF were assessed at
follow-up for their risk of intracranial hemorrhage following a his-
tory of falls. Results were consistent with no difference between
those with and without anticoagulation.38 Another study concluded
that a patient would have to fall approximately 295 times in 1 year
for the bleeding event outcome to outweigh the benefit of antico-
agulation.®” Therefore, the perception of a higher risk of falls in the
elderly should not be the justification for withholding anticoagula-
tion treatment. If pharmacological anticoagulation is absolutely con-
traindicated in this subgroup of patients, intervention such as left
atrial appendage (LAA) closure is an alternative therapy that could
be considered.*°

3.3 | HF and AF management

HF is a leading cause of hospital admissions, with medical costs ex-
pected to be around $30.7 billion by the year 2030.%* The preva-
lence of HF has significantly increased in the past few years due
to improved survival of patients treated with guideline-directed

medical therapy. The incidence and prevalence of HF are estimated



SALIH ET AL.

to increase by approximately 46% by the year 2030.*' AF is often
associated with HF and is associated with increased morbidity and
mortality.*>*? Furthermore, AF can trigger acute HF exacerbations.
Management of patients with AF and HF exacerbation should focus
on the management of the decompensation. Functionality and stag-
ing of a patient's HF is a major contributor to the prevalence of AF in
these patients. As the classification of HF progresses from stage 1
to stage 4 on the New York Heart Association (NYHA) classes, there
is about a 46% increase in the prevalence of AF, which in turn can
worsen the HF status.*®

AF can incite decompensatory episodes of a patient's HF
with consequent hemodynamic instability. The abnormal rhythm
seen in AF may lead to a decrease in cardiac output with resulting
acute decompensation, particularly in patients with HF with re-
duced ejection fraction. Persistent and prolonged tachycardia can
also lead to tachycardia-induced cardiomyopathy or worsen pre-
existing cardiomyopathy.** The loss of atrial systole, also known
as “atrial kick,” can exacerbate the inadequate filling seen in HF
with preserved ejection fraction. Volume overload in patients with
acute decompensated HF can lead to increased atrial stretch and
subsequently trigger episodes of AF with a rapid ventricular re-
sponse, which in turn can worsen diastolic filling and triggers a
vicious circle of HF decompensation.

Prompt recognition of acute decompensation of HF in the set-
ting of AF with rapid ventricular response is imperative. Timely ther-
apy should be instituted with diuretics, vasodilators, with a focus on
rate control. Patients with HF with preserved ejection fraction
(HFpEF) have stiff ventricles with reduced compliance. The short-
ened diastolic filling time that occurs with rapid rates can result in
progressive decompensation in these patients. Therefore, rate con-
trol of AF is paramount in addition to standard therapy of acute HF
decompensation.

During acute decompensation, beta blockers and calcium chan-
nel blockers should be avoided until euvolemia is achieved due to
the negative inotropic effects of these medications. Digoxin is effec-
tive at rate control and is particularly useful in the setting of acute
decompensated HF. Careful monitoring of digoxin levels and renal
function should be employed in order to avoid digoxin toxicity, given

its narrow therapeutic index.

3.4 | Cognitive impairment and AF management

Cognitive impairment is a common ailment affecting the elderly;
20% of individuals over the age of seventy have mild cognitive im-
pairment,*> and over 500 000 people develop dementia on a yearly
basis in the United States.*® Globally, there are about 7.7 million
new cases every year. AF and cognitive impairment often coexist.
Anticoagulation therapy in patients who have AF and dementia has
shown clear benefit. In the Swedish Dementia Registry, 8096 pa-

tients were found to have concomitant AF.%

Of these, one third were
treated with warfarin, one third with antiplatelet medications, and

the remainder were treated with no anticoagulation. Patients treated

with warfarin had a lower rate of ischemic stroke and death compared
to patients who received antiplatelet therapy or no anticoagulation.
These findings highlight the importance of anticoagulation in patients

with AF regardless of the degree of cognitive impairment.

3.5 | Frailty and its impact on treatment

Frailty is a common clinical syndrome in older adults that carries an
increased risk for poor health outcomes including falls, incident dis-
ability, hospitalization, and mortality. Frailty is defined as a clinically
recognizable state of increased vulnerability resulting from an aging-
associated decline in reserve and function across multiple physio-
logic systems. Frailty has been operationally defined by Fried et al.
as meeting three out of five phenotypic criteria indicating compro-
mised energetics: low grip strength, low energy, slowed walking
speed, low physical activity, and/or unintentional weight loss.*®
Four to sixteen percent of people above the age of 65 years suf-
fer from frailty.*”° Frailty should be taken into consideration when
managing chronic illnesses, as this would result in improved clinical
outcomes. A holistic approach should be implemented when man-
aging AF in the frail patient; this includes making clinical decisions

regarding the optimum mode of AF control and stroke prevention.

3.6 | Rate versus rhythm control

The optimal approach to managing AF, whether it be a focus on
rate control or restoring sinus rhythm, has been long the subject of
debate. A variety of studies have shown clear benefits with either
therapy. Therefore, therapy should be individualized based on the
clinical scenario and associated comorbidities.

Rate control therapy is favored in patients over the age of
80 years old, which accounts for 35% of patients with AF.>! This
age group is at a greater risk of adverse effects from rhythm control
medications, which tend to have proarrhythmic side effects. These
patients have a higher rate of long standing persistent AF and perma-
nent AF with significant left atrial enlargement, which leads to failure
of antiarrhythmic therapy in restoring sinus rhythm. Rate control is a
safe and effective approach in these patients as has been shown in
the AFFIRM and RACE trials, which showed no difference between
a rhythm control strategy and a rate control strategy in terms of im-
provement in the quality of life.>? In fact, a rhythm control strategy
has been shown to be associated with a higher rate of hospitalization.

More recently, the EAST-AFNET 4 trial has shown that an early
rhythm control strategy within the first year of AF diagnosis in pa-
tients with AF and associated cardiovascular disease is associated
with improved outcomes and reduction in the risk of stroke and car-
diovascular death. This is a practice changing trial that could lead to
a paradigm shift in the management of AF, particularly in younger
patients with cardiovascular comorbidities.>®

Additionally, a rhythm control strategy is associated with

greater exercise capacity and improved quality of life in younger
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patients. Patients who fail rate control therapy, HF patients, or
patients with new-onset AF can all be considered for a rhythm

control strategy.>?

3.7 | Pharmacological anticoagulation

Thrombus development within the left atrium can be associated with
disastrous outcomes, with a higherrisk in those who are inadequately
anticoagulated. Whether the AF is classified under subclinical, par-
oxysmal, persistent, or permanent, the risk of thromboembolic event
persists. Even with sufficient educational counseling regarding risks
of improper management of AF, low rates of pharmacological com-
pliance have persisted especially in the elderly who have a variety
of chronic disorders and other medications taken on a daily basis.>*

The CHADSVASC 2 scoring system has been validated as a tool
to assess the risk of thromboembolism in patients with AF. A score
of 2 or greater indicates the necessity of initiating anticoagulation
therapy, whereas a score of 1 requires clinical judgment to determine
whether or not treatment should be started. Studies have shown that
the annual risk of ischemic stroke with scores of 0, 1, and 2 were
0.2%, 0.6%, and 2.2% respectively.’® Based on the CHADSVASC
2 system, adults aged 75 years old and older are automatically as-
signed a score of 2; hence, anticoagulation is indicated in this group
of patients. Absolute contraindications to the use of anticoagulant
pharmacotherapy are quite rare, a few being major intracranial pa-
thology or decompensated liver disease.>® The risk of ischemic stroke
is reduced once the patient is started on anticoagulation and within
the therapeutic window. The benefits of anticoagulation typically

5758 as described earlier in

outweigh the risk of a bleeding episode
this article

The use of Vitamin K antagonists such as warfarin can introduce
a variety of challenges when managing elderly patients. Other med-
ications may interact with the metabolism of warfarin by interfering
with the activity of the enzymes responsible for warfarin metabo-
lism. Some of these medications are well-known to clinicians, while
some other medications have an unknown interaction profile with
warfarin, presenting potential for further complications. Some of
these medications can be enzyme inducers (i.e., decrease the effect
of warfarin) and some can be enzyme inhibitors (ie, increase the
effect of warfarin), as seen in Table 3.5 The clinical significance of
these interactions is vital for the patient's well-being since warfa-
rin's therapeutic range is quite narrow. For example, a highly ele-
vated INR may hold serious risks of bleeding events.

Although genetic variation (hepatic cytochrome P-450 variance
or Vitamin K epoxide reductase complex) in the population plays
a role in varying responses to treatment with warfarin, pharma-
cogenetic testing is not routinely recommended. Two large meta-
analyses of randomized trials demonstrated that testing for genetic
variation and incorporating this data into the dosing regimen has
not reduced the amount of bleeding or thromboembolic episodes.®°

Diet pattern may lead to abnormalities in adequate INR con-

trol. Certain foods®! that contain high, medium, and low amounts
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TABLE 3 List of medications that interfere with warfarin
metabolism

Inhibitor

Inducer medications medications

Rifampin Azole antifungals

Carbamazepine Doxycycline

Phenytoin Metronidazole
Primidone Amiodarone
Phenobarbital Sulfamethoxazole
Ritonavir Testosterone
Nafcillin Fluoroquinolones

Azathioprine Macrolides

Sucralfate Rosuvastatin

TABLE 4 Demonstrates how many MCG of Vitamin K available
in different kinds of vegetable that may interfere with Warfarin
metabolism

Name of food/serving size Amount of vitamin K

Fresh brussels sprouts, 1/2 cup

Frozen or fresh Turnip, 1/2 cup

Fresh or frozen kale, 1/2 cup

Fresh or frozen collard, 1/2 cup

Fresh or frozen cooked spinach, 1/2 cup
Fresh or frozen cooked asparagus, 4 spears
Frozen cooked broccoli, 1/2 cups

Raw, green or red cabbage, 1/2 cups
Sweet, pickle relish, 1 tablespoon

Fresh or frozen cooked carrots, 1/2 cup
Raw celery, 1/2 cup

Fast-food type coleslaw, 1/2 cup
Romaine lettuce, 1 cup

Canola oil, 1 tablespoon

Frozen okra, 1/2 cup

Avocado, 1 ounce

Chickpeas, 1/2 cup

Mayonnaise, 1 tablespoon

Olive oil, 1 tablespoon

Green or red peppers, 1/2 pepper
Potatoes, 1 potato

Tomatoes, 1 tomato

High, 110 mcg
High, 265-425 mcg
High, 530-565 mcg
High, 530-565 mcg
High, 444-514 mcg
Medium, 30-48 mcg
Medium, 80 mcg
Medium, 14-26 mcg
Medium, 13 mcg
Medium, 10 mcg
Medium, 17 mcg
Medium, 37 mcg
Medium, 57 mcg
Medium, 17 mcg
Medium, 44 mcg
Low, <10 mcg
Low, <10 mcg
Low, <10 mcg
Low, <10 mcg
Low, <10 mcg
Low, <10 mcg

Low, <10 mcg

of Vitamin K are portrayed in Table 4. The goal seen in patients on
warfarin therapy is to maintain a constant level of dietary Vitamin K
intake. Avoiding a significant decrease or increase in Vitamin K con-
taining foods may alter the INR pattern seen on the agreed warfarin
dose. Therefore, this is another reason of many why INR monitoring
is mandatory while on warfarin. This is also another limiting factor

for warfarin use, especially in the elderly population.
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In comparison, Direct Oral Anticoagulants (DOACs) have
shown superiority and better safety profile compared to warfarin,
particularly in the elderly population.®> DOACs have been associ-
ated with lower risks of major bleeding and thromboembolic epi-
sodes.®? There are multiple studies that support the use of DOACs
in the setting of nonvalvular AF; of them, the ARISTOTLE trial,
a randomized double-blind trial which included 18 201 patients,
apixaban was compared to warfarin by looking at the incidence
of stroke or systemic emboli, designated as primary outcome, and
secondary objectives that observed rates of major bleeding and
death from any cause.®® Primary outcomes occurred in 1.27% in
the apixaban group versus 1.60% in the warfarin group after a me-
dian duration of 1.8-year follow-up. Major bleeding risk was 2.13%
in the apixaban group versus 3.09% in the warfarin group, and the
rates of death from any cause were 3.52% in apixaban group and
3.95% in the warfarin group. Apixaban was considered to be supe-
rior to warfarin by preventing systemic emboli and stroke, while
also having a lower bleeding profile and a lower rate of death by
any cause.

Additionally, a retrospective cohort study using data from
November 2010 to February 2015 analyzed the risk of major
bleeding in 44 057 patients while on anticoagulation therapy with
warfarin versus various DOACs such as apixaban, rivoraxaban,
and dabigatran.64 An unadjusted rate of major bleeding episodes
was 2.8 per 100 person-years with dabigatran, 3.3 with apixaban,
5.0 with rivaroxaban, and 6.0 with warfarin. This supported the

conclusion that highest risk of bleeding is typically seen while on

TABLE 5 Demonstrates the available left atrial occluding devices

warfarin therapy. Furthermore, it did show that apixaban had a
lower risk of major gastrointestinal bleeding events when com-
pared with dabigatran. This study was consistent with many other
pivotal clinical trials that have compared safety profiles of antico-
agulant therapies.

Moreover, a prospective open cohort study, published in 2018,
compared the risk of major bleeding, embolic events and all cause
mortalities between DOACs and warfarin in patients with or with-
out AF.%% In the subset of patients with AF, apixaban was associ-
ated with a lower rate of major bleeding events (adjusted hazard
ratio: 0.66) and intracranial bleeding (adjusted hazard ratio: 0.40)
when compared to warfarin. On the other hand, in patients with-
out AF, apixaban was associated with a decreased risk of major
bleeding (adjusted hazard ratio: 0.60) and any gastrointestinal
bleeding (adjusted hazard ratio: 0.55) when compared to warfarin.
Interestingly, in patients both with and without AF, rivaroxaban
and lower doses of apixaban were associated with a higher risk of
all-cause mortality.

DOACs have less dietary and pharmacological interactions and
do not necessitate periodic INR monitoring. DOACs are typically
the preferred class of medication in the elderly population unless
contraindicated. DOACs should not be used in patients with me-
chanical heart valves or severe mitral stenosis, noncompliance with
daily medications, patients with enzyme-modifying antiepileptic or

).54

HIV drugs, or chronic kidney disease (except Apixaban).”” The use of

aspirin is not recommended for the prevention of thromboembolic

episodes in patients with AF.%

Placed in LAA for patients with nonvalvular AF who
also have sensible reasons to not take long-term
anticoagulation therapy

Shorter than the WATCHMAN device and may be
of greater benefit in patients with a short appendage

Can be implanted proximally in the LAA. Greater
benefit when compared to WATCHMAN if the LAA
is too small to accommodate deeper devices

Name of
device Type of device Characteristics
WATCHMAN A nitinol cage that is self-expandable
device implanted within the LAA. Covered
by permeable polyethylene
terephthalate membrane. Placed
via a transseptal approach.
Amplatzer Endovascular device constructed
cardiac plug of nitinol mesh, including proximal
left atrial disk and distal left atrial
appendage lobe which have a
polyester mesh
WaveCrest Endovascular device containing
device single-lobe nitinol based design to
occlude the LAA. Covered by foam
layer on the LAA side.
LARIAT system  Nonsurgical, percutaneous device

Requires access to the epicardial and endocardial
space. A magnetic guide would be placed within
the LAA to allow the epicardial lasso to tie off the
LAA. A highly valued benefit of this procedure is
that no foreign body is left behind, obviating the
need for anticoagulant or antiplatelet therapy post-
procedure. This device is also preferable for patients
who cannot tolerate endovascular procedures. This
device should not be used in patients with history
of cardiac surgery or unusual left atrial appendage
anatomy.

FDA approval

Approved by the FDA in the
United States in 2015

Has not yet received FDA
approval in the United
States

Has not yet received FDA
approval in the United
States

FDA approved for soft
tissue closure but not for
LAA occlusion. Has been
reported by the FDA that
complications including
laceration or perforation
of the heart, or complete
LAA detachment from the
heart have been reported
with the use of the LARIAT
system.
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3.8 | Appendage occlusion for stroke prevention

The left atrial appendage is the site of thrombus formation in pa-
tients with AF.%” In certain patients who are not candidates for
pharmacological anticoagulation (recurrent bleeding episodes), ap-
pendage exclusion using occluder or ligation devices could be con-
sidered,®® as seen in Table 5.

In the United States, the WATCHMAN device, a nitinol cage
covered in polyethylene terephthalate, is the most commonly used
device for occlusion of the left atrial appendage. This has been
demonstrated in the PROTECT AF which demonstrated that the
WATCHMAN device is non-inferior to pharmacological anticoagu-
lation with warfarin for prevention of stroke, embolization, and car-
diovascular death.®®

4 | COMPLICATIONS OF AF

AF management is vital for maintaining the well-being of patients.
Inadequate treatment of AF, which is more frequently encoun-
tered in the elderly population, may lead to catastrophic sequelae.
Complications of AF include ischemic stroke, silent cerebral is-
chemia, transient ischemic attack, and systemic embolization.®’

The annual incidence of strokes in the United States is estimated
to be around 795 000/year, most commonly in the elderly popu-
lation.”®”? Individualized risk factors that add to this risk profile are
prior stroke or transient ischemic attack, HF, hypertension, diabetes
mellitus, or older age (>65 years old). Strokes as a result of AF have
been known to be associated with worse outcomes when compared to
strokes from other etiologies.72 This is believed to be due to a greater-
sized thrombus that develops in the atrial cavity, which is relatively big-
ger than emboli from other sources. This finding has been supported
by comparing the rates of hemispheric versus retinal events in patients
with and without AF, concluding at 25:1 and 2:1, respectively.”?

Silent cerebral ischemia may also occur which would be ev-
ident only by imaging since there is a lack of clinical manifesta-
tions. Occurrence of this finding in patients with AF reported by a
meta-analysis of 17 different studies has been shown to be about
40% when using magnetic resonance imaging (MRI).”® This form
of cerebral ischemia is also more prevalent in patients with known
diagnosis of persistent AF, which is more common in the elderly
population.”*

Patients that are currently in sinus rhythm have better overall
long-term outcomes. In the Framingham Heart Study, an episode of
AF was associated with an increased risk of death even with adjust-

ment for pre-existing cardiovascular disease.”®

5 | SUMMARY

In the past few years, there have been many advances in the man-
agement of AF. However, reluctance to treat AF in the elderly popu-

lation is still a prevailing issue. AF is a significant public health crisis
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that is more common among the elderly and the management in this
population has been limited due to the hesitancy of healthcare pro-
viders to initiate these patients on adequate anticoagulation. Less
than two third of the elderly population with AF are on anticoagula-
tion, increasing their vulnerability to tragic outcomes.

There is a clear overestimation of the bleeding risk in these pa-
tients with an underestimation of the thromboembolic risk, lead-
ing to poor management. Physicians should take an individualized
approach when managing the elderly patient with AF, taking into
consideration the high risk of embolic stroke and the multitude of
options available for stroke prevention whether through pharmaco-

logical anticoagulation or LAA occluding devices.

CONFLICT OF INTEREST

Authors declare no conflict of interests for this article.

ORCID

Mohammed Salih https://orcid.org/0000-0002-5916-7257

REFERENCES

1. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M,
Benjamin EJ, et al. Worldwide epidemiology of atrial fibrillation:
a Global Burden of Disease 2010 Study. Circulation. 2014;129:
837-47.

2. Colilla’s, Crow A, Petkun W, Singer DE, Simon T, Liu X. Estimates of
current and future incidence and prevalence of atrial fibrillation in
the U.S. adult population. Am J Cardiol. 2013;112:1142-7.

3. Aronow WS, Banach M. Atrial fibrillation: the new epidemic of the
ageing world. J Atr Fibrillation. 2009;1:154.

4. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV,
et al. Prevalence of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA)
Study. JAMA. 2001;285:2370-5.

5. Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci
A, et al; ASSERT Investigators. Subclinical atrial fibrillation and the
risk of stroke. N. Engl. J. Med. 2012;366(2):120-9.

6. Chyou JY, Hunter TD, Mollenkopf SA, Turakhia MP, Reynolds MR.
Individual and combined risk factors for incident atrial fibrillation
and incident stroke: an analysis of 3 million at-risk US patients. J Am
Heart Assoc. 2015;4(7):e001723.

7. Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro JM,
D'Agostino RB, et al. Development of a risk score for atrial fibrilla-
tion (Framingham Heart Study): a community-based cohort study.
Lancet. 2009;373(9665):739-45.

8. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried
LP, et al. Incidence of and Risk Factors for Atrial Fibrillation in Older
Adults. Circulation. 1997;96(7):2455-61.

9. Krahn AD, Manfreda J, Tate RB, Mathewson FAL, Cuddy TE. The nat-
ural history of atrial fibrillation: Incidence, risk factors, and progno-
sis in the manitoba follow-up study. Am J Med. 1995;98(5):476-84.

10. Crenshaw BS, Ward SR, Granger CB, Stebbins AL, Topol EJ, Califf
RM. Atrial fibrillation in the setting of acute myocardial infarction:
the GUSTO-I experience. Global utilization of streptokinase and TPA
for occluded coronary arteries. J Am Coll Cardiol. 1997;30:406-13.

11. Santhanakrishnan R, Wang NA, Larson MG, Magnani JW, McManus
DD, Lubitz SA, et al. Atrial fibrillation begets heart failure and vice
versa: temporal associations and differences in preserved ver-
sus reduced ejection fraction. Circulation. 2016;133(5):484-92.
https://doi.org/10.1161/CIRCULATIONAHA.115.018614


https://orcid.org/0000-0002-5916-7257
https://orcid.org/0000-0002-5916-7257
https://doi.org/10.1161/CIRCULATIONAHA.115.018614

MW[ LEY_‘%MYM/ of Ctilbythmia

12.

13.
14.

15.

16.

17.

18.
19.
20.

21.
22.

23.

24.
25.

26.

27.

28.

SALIH ET AL.

Grigioni F, Avierinos J-F, Ling LH, Scott CG, Bailey KR, Tajik AJamil,
et al. Atrial fibrillation complicating the course of degenerative mitral
regurgitation: determinants and long-term outcome. J Am Coll Cardiol.
2002;40(1):84-92. https://doi.org/10.1016/50735-1097(02)01922-8
Tikoff G. Atrial fibrillation in atrial septal defect. Arch Intern Med.
1968;121(5):402-https://doi.org/10.1001/archinte.1968.03640
050012003

Davidson E, Weinberger |, Rotenberg Z, Fuchs J, Agmon J.
Atrial fibrillation. Cause and time of onset. Arch Intern Med.
1989;149:457-9.

Buch P, Friberg J, Scharling H, Lange P, Prescott E. Reduced
lung function and risk of atrial fibrillation in The Copenhagen
City Heart Study. Eur Respir J. 2003;21(6):1012-6. https://doi.
0rg/10.1183/09031936.03.00051502

Schulz R, Eisele HJ, Seeger W. Nocturnal atrial fibrillation in a pa-
tient with obstructive sleep apnoea. Thorax. 2005;60:174.

Gami AS, Pressman G, Caples SM, Kanagala R, Gard JJ, Davison
DE, et al. Association of atrial fibrillation and obstructive sleep
apnea. Circulation. 2004;110(4):364-7. https://doi.org/10.1161/01.
CIR.0000136587.68725.8E

Mooe T, Gullsby S, Rabben T, Eriksson P. Sleep-disordered breath-
ing: a novel predictor of atrial fibrillation after coronary artery by-
pass surgery. Coron Artery Dis. 1996;7:475.

Hald EM, Enga KF, Lachen ML, Mathiesen EB, Njglstad |, Wilsgaard
T, et al. Venous thromboembolism increases the risk of atrial fibril-
lation: the Tromso study. J Am Heart Assoc. 2014;3:e000483.
Wang TJ, Parise H, Levy D, D'Agostino RB, Wolf PA, Vasan RS,
et al. Obesity and the risk of new-onset atrial fibrillation. JAMA.
2004;292:2471.

Munger TM, Dong Y-X, Masaki M, Oh JK, Mankad SV, Borlaug BA,
et al. Electrophysiological and hemodynamic characteristics associ-
ated with obesity in patients with atrial fibrillation. J Am Coll Cardiol.
2012;60(9):851-60. https://doi.org/10.1016/j.jacc.2012.03.042
Watanabe H, Watanabe T, Sasaki S, Nagai K, Roden DM, Aizawa Y.
Close bidirectional relationship between chronic kidney disease and
atrial fibrillation: the Niigata preventive medicine study. Am Heart
J.2009;158(4):629-36. https://doi.org/10.1016/j.ahj.2009.06.031
Woeber KA. Thyrotoxicosis and the heart. N Engl J Med.
1992;327:94.

Watanabe H, Tanabe N, Watanabe T, Darbar D, Roden DM, Sasaki
S, et al. Metabolic syndrome and risk of development of atrial
fibrillation: the Niigata preventive medicine study. Circulation.
2008;117(10):1255-60. https://doi.org/10.1161/CIRCULATIO
NAHA.107.744466

Koyama T, Sekiguchi Y, Tada H, Arimoto T, Yamasaki H, Kuroki K,
et al. Comparison of characteristics and significance of immediate
versus early versus no recurrence of atrial fibrillation after cath-
eter ablation. Am J Cardiol. 2009;103(9):1249-54. https://doi.
org/10.1016/j.amjcard.2009.01.010

January Craig T, Samuel WL, Alpert Joseph S, Calkins H, Cigarroa JE,
Cleveland JC, et al. 2014 AHA/ACC/HRS guideline for the manage-
ment of patients with atrial fibrillation: executive summary: a report
of the American College of Cardiology/American Heart Association
Task Force on practice guidelines and the Heart Rhythm Society.
Circulation. 2014;130(23):2071-104.

Wann LS, Curtis AB, January CT, Ellenbogen KA, Lowe JE, Estes
NAM, et al. 2011 ACCF/AHA/HRS focused update on the man-
agement of patients with atrial fibrillation (Updating the 2006
Guideline): a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol. 2011;57(2):223-42. https://doi.
org/10.1016/j.jacc.2010.10.001

Reiffel JA. Atrial fibrillation and stroke: epidemiology. Am J Med.
2014;127(4):e15-e16. https://doi.org/10.1016/j.amjmed.2013.
06.002

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Sanna T, Diener HC, Passman RS, Di Lazzaro V, Bernstein RA,
Morillo CA, et al. Cryptogenic stroke and underlying atrial fibrilla-
tion. N Engl J Med. 2014;370(26):2478-86.

Ziegler PD, Rogers JD, Ferreira SW, Nichols AJ, Richards M,
Koehler JL, et al. Long-term detection of atrial fibrillation with in-
sertable cardiac monitors in a real-world cryptogenic stroke pop-
ulation. Int J Cardiol. 2017;244:175-9. https://doi.org/10.1016/j.
ijcard.2017.06.039

Perez MV, Mahaffey KW, Hedlin H, Rumsfeld JS, Garcia A, Ferris
T. Apple Heart Study, I. Large-Scale Assessment of a Smartwatch
to Identify Atrial Fibrillation. N Engl J Med. 2019;381(20):1909-17.
https://doi.org/10.1056/NEJM0a1901183

Coyne KS, Paramore C, Grandy S, Mercader M, Reynolds M,
Zimetbaum P. Assessing the direct costs of treating nonvalvular atrial
fibrillation in the United States. Value Health. 2006;9(5):348-56.
Carlsson J, Miketic S, Windeler J, Cuneo A, Haun S, Micus S, et al.
Randomized trial of rate-control versus rhythm-control in persistent
atrial fibrillation: the Strategies of Treatment of Atrial Fibrillation
(STAF) study. J Am Coll Cardiol. 2003;41(10):1690-6. https://doi.
org/10.1016/50735-1097(03)00332-2

Kistler PM, Sanders P, Fynn SP, Stevenson IH, Spence SJ, Vohra JK,
et al. Electrophysiologic and electroanatomic changes in the human
atrium associated with age. J Am Coll Cardiol. 2004;44(1):109-16.
https://doi.org/10.1016/j.jacc.2004.03.044

Lane DA, Lip GY. Quality of life in older people with atrial fibrilla-
tion. J Interv Card Electrophysiol. 2009;25(1):37-42.

Mant J, Hobbs FDR, Fletcher K, Roalfe A, Fitzmaurice D, Lip GYH,
et al. BAFTA investigators; Midland Research Practices Network
(MidReC). Warfarin versus aspirin for stroke prevention in an el-
derly community population with atrial fibrillation (the Birmingham
Atrial Fibrillation Treatment of the Aged Study, BAFTA): a ran-
domised controlled trial. Lancet. 2007;370(9586):493-503. https://
doi.org/10.1016/50140-6736(07)61233-1

Alshammari SA, Alhassan AM, Aldawsari MA, Bazuhair FO, Alotaibi
FK, Aldakhil AA, et al. Falls among elderly and its relation with their
health problems and surrounding environmental factors in Riyadh.
J Family Community Med. 2018;25:29-34.

Gage BF, Birman-Deych E, Kerzner R, Radford MJ, Nilasena DS, Rich
MW. Incidence of intracranial hemorrhage in patients with atrial
fibrillation who are prone to fall. Am J Med. 2005;118:612-617.
Man-Son-Hing M, Nichol G, Lau A, Laupacis A. Choosing anti-
thrombotic therapy for elderly patients with atrial fibrillation who
are at risk for falls. Arch Intern Med. 1999;159(7):677-85.

Letsas K, Karamichalakis N, Vlachos K, Georgopoulos S, Bakalakos
A, Efremidis M, et al. Managing atrial fibrillation in the very el-
derly patient: challenges and solutions. Vasc Health Risk Manag.
2015;555-62. https://doi.org/10.2147/VHRM.S83664
Heidenreich PA, Albert NM, Allen LA, et al. American Heart
Association Advocacy Coordinating Committee; Council on
Arteriosclerosis, Thrombosis and Vascular Biology; Council on
Cardiovascular Radiology and Intervention; Council on Clinical
Cardiology; Council on Epidemiology and Prevention; Stroke
Council. Forecasting the impact of heart failure in the United
States: a policy statement from the American Heart Association.
Circ Heart Fail. 2013;6:606-19.

Ziff OJ, Carter PR, McGowan J, Uppal H, Chandran S, Russell S,
et al. The interplay between atrial fibrillation and heart failure on
long-term mortality and length of stay: Insights from the, United
Kingdom ACALM registry. Int J Cardiol. 2018;252:117-21. https://
doi.org/10.1016/j.ijcard.2017.06.033

Aleong RG, Sauer WH, Davis G, Bristow MR. New-onset atrial fibril-
lation predicts heart failure progression. Am J Med. 2014;127:963.
Grogan M, Smith HC, Gersh BJ, Wood DL. Left ventricular dysfunc-
tion due to atrial fibrillation in patients initially believed to have id-
iopathic dilated cardiomyopathy. Am J Cardiol. 1992;69:1570.


https://doi.org/10.1016/S0735-1097(02)01922-8
https://doi.org/10.1001/archinte.1968.03640050012003
https://doi.org/10.1001/archinte.1968.03640050012003
https://doi.org/10.1183/09031936.03.00051502
https://doi.org/10.1183/09031936.03.00051502
https://doi.org/10.1161/01.CIR.0000136587.68725.8E
https://doi.org/10.1161/01.CIR.0000136587.68725.8E
https://doi.org/10.1016/j.jacc.2012.03.042
https://doi.org/10.1016/j.ahj.2009.06.031
https://doi.org/10.1161/CIRCULATIONAHA.107.744466
https://doi.org/10.1161/CIRCULATIONAHA.107.744466
https://doi.org/10.1016/j.amjcard.2009.01.010
https://doi.org/10.1016/j.amjcard.2009.01.010
https://doi.org/10.1016/j.jacc.2010.10.001
https://doi.org/10.1016/j.jacc.2010.10.001
https://doi.org/10.1016/j.amjmed.2013.06.002
https://doi.org/10.1016/j.amjmed.2013.06.002
https://doi.org/10.1016/j.ijcard.2017.06.039
https://doi.org/10.1016/j.ijcard.2017.06.039
https://doi.org/10.1056/NEJMoa1901183
https://doi.org/10.1016/S0735-1097(03)00332-2
https://doi.org/10.1016/S0735-1097(03)00332-2
https://doi.org/10.1016/j.jacc.2004.03.044
https://doi.org/10.1016/S0140-6736(07)61233-1
https://doi.org/10.1016/S0140-6736(07)61233-1
https://doi.org/10.2147/VHRM.S83664
https://doi.org/10.1016/j.ijcard.2017.06.033
https://doi.org/10.1016/j.ijcard.2017.06.033

SALIH ET AL.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Plassman BL, Langa KM, Fisher GG, Heeringa SG, Weir DR, Ofstedal
MB, et al. Prevalence of cognitive impairment without dementia in
the United States. Ann Intern Med. 2008;148:427-34.

Plassman BL, Langa KM, McCammon RJ, Fisher GG, Potter GG,
Burke JR, et al. Incidence of dementia and cognitive impairment,
not dementia in the united states. Ann Neurol. 2011;70(3):418-26.
https://doi.org/10.1002/ana.22362

Subic A, Cermakova P, Religa D, Han S, von Euler M, Kareholt I,
et al. Treatment of atrial fibrillation in patients with dementia: a
Cohort Study from the Swedish Dementia Registry. J Alzheimers
Dis. 2018;61(3):1119-28. https://doi.org/10.3233/JAD-170575
Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener
J, et al. Cardiovascular Health Study Collaborative Research Group.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol
Sci Med Sci. 2001;56(3):M146-M157. https://doi.org/10.1093/
gerona/56.3.M146

Fugate Woods N, LaCroix AZ, Gray SL, Aragaki A, Cochrane BB,
Brunner RL, et al. Frailty: emergence and consequences in women
aged 65 and older in the Women's Health Initiative Observational
Study. J Am Geriatr Soc. 2005;53(8):1321-30. https://doi.
org/10.1111/j.1532-5415.2005.53405.x

Cawthon PM, Marshall LM, Michael Y, Dam T-T, Ensrud KE, Barrett-
Connor E, et al. Frailty in older men: prevalence, progression, and
relationship with mortality. J Am Geriatr Soc. 2007;55(8):1216-23.
https://doi.org/10.1111/j.1532-5415.2007.01259.x.

Chung MK, Shemanski L, Sherman DG, Greene HL, Hogan DB,
Kellen JC, et al. Functional status in rate- versus rhythm-control
strategies for atrial fibrillation: results of the Atrial Fibrillation
Follow-Up Investigation of Rhythm Management (AFFIRM)
Functional Status Substudy. J Am Coll Cardiol. 2005;46:1891.
Snow V, Weiss KB, LeFevre M, McNamara R, Bass E, Green LA, et al.
Management of newly detected atrial fibrillation: a clinical practice
guideline from the American Academy of Family Physicians and the
American College of Physicians. Ann Intern Med. 2003;139:1009.
Kirchhof P, Camm AJ, Goette A, Brandes A, Eckardt L, Elvan A, et al.
Early rhythm-control therapy in patients with atrial fibrillation. N
Engl J Med. 2020;383(14) :1305-1316.

Oldgren J, Healey JS, Ezekowitz M, Commerford P, Avezum A, Pais
P, et al. Variations in cause and management of atrial fibrillation in
a prospective registry of 15,400 emergency department patients
in 46 countries: the RE-LY Atrial Fibrillation Registry. Circulation.
2014;129:1568.

Singer DE, Hughes RA, Gress DR, Sheehan MA, Oertel LB,
Maraventano SW, et al. The effect of low-dose warfarin on the risk
of stroke in patients with nonrheumatic atrial fibrillation. N Engl J
Med. 1990;323(22):1505-11.

Steinberg BA, Greiner MA, Hammill BG, Curtis LH, Benjamin EJ,
Heckbert SR, et al. Contraindications to anticoagulation therapy
and eligibility for novel anticoagulants in older patients with atrial
fibrillation. Cardiovasc Ther. 2015;33(4):177-83.

Stroke Prevention in Atrial Fibrillation Study. Final
Circulation. 1991;84:527.

Warfarin versus aspirin for prevention of thromboembolism in atrial
fibrillation: Stroke Prevention in Atrial Fibrillation Il Study. Lancet.
1994;343:687.

Greenblatt DJ, von Moltke L. Interaction of warfarin with drugs,
natural substances, and foods. J Clin Pharmacol. 2005;45:127.
Stergiopoulos K, Brown DL. Genotype-guided vs clinical dosing of
warfarin and its analogues: meta-analysis of randomized clinical tri-
als. JAMA Intern Med. 2014;174:1330.

US Department of Agriculture. Agricultural Research Service.
2013. USDA Nutrient Database for Standard Reference, Release
25. Nutrient Data Laboratory Home Page, Available from http://
www.ars.usda.gov/nutrientdata. Accessed August 7, 2013

results.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Sowwnal of O%z/fyf/f/u_wl LEYJ&

Ntaios G, Papavasileiou V, Diener H-C, Makaritsis K, Michel P, et al.
Nonvitamin-K-antagonist oral anticoagulants in patients with atrial
fibrillation and previous stroke or transient ischemic attack: a sys-
tematic review and meta-analysis of randomized controlled trials.
Stroke. 2012;43:3298.

Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM,
Hanna M, et al. Apixaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2011;365:981-92.

Adeboyeje G, Sylwestrzak G, Barron JJ, White J, Rosenberg
A, Abarca J, et al. Major bleeding risk during anticoagulation
with warfarin, dabigatran, apixaban, or rivaroxaban in patients
with nonvalvular atrial fibrillation. J Manag Care Spec Pharm.
2017;23(9):968-78.

Vinogradova Y, Coupland C, Hill T, Hippisley-Cox J. Risks and ben-
efits of direct oral anticoagulants versus warfarin in a real world
setting: cohort study in primary care. BMJ. 2018;4(362):k2505.
van Walraven C, Hart RG, Singer DE, Laupacis A, Connolly S,
Petersen P, et al. Oral anticoagulants vs aspirin in nonvalvu-
lar atrial fibrillation: an individual patient meta-analysis. JAMA.
2002;288:2441.

You JJ, Singer DE, Howard PA, Lane DA, Eckman MH, Fang MC,
et al. Antithrombotic therapy for atrial fibrillation: antithrombotic
therapy and prevention of thrombosis, 9th ed: American College
of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 2012;141:e531S.

Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil P, Huber
K, et al. Percutaneous left atrial appendage closure for stroke
prophylaxis in patients with atrial fibrillation: 2.3-Year Follow-up
of the PROTECT AF (Watchman Left Atrial Appendage System
for Embolic Protection in Patients with Atrial Fibrillation) Trial.
Circulation. 2013;127:720.

Friberg L, Skeppholm M, Terént A. Benefit of anticoagulation un-
likely in patients with atrial fibrillation and a CHA2DS2-VASc score
of 1. J Am Coll Cardiol. 2015;65:225.

Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al.
Heart disease and stroke statistics-2017 update: a report from the
American Heart Association. Circulation. 2017;135:e146.

Friberg L, Rosenqvist M, Lip GY. Net clinical benefit of warfarin
in patients with atrial fibrillation: a report from the Swedish atrial
fibrillation cohort study. Circulation. 2012;125:2298.

Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Vasan
RS, et al. Lifetime risk for development of atrial fibrillation: the
Framingham Heart Study. Circulation. 2004;110:1042.

Kalantarian S, Ay H, Gollub RL, Lee H, Retzepi K, Mansour M,
et al. Association between atrial fibrillation and silent cerebral in-
farctions: a systematic review and meta-analysis. Ann Intern Med.
2014;161:650.

Gaita F, Corsinovi L, Anselmino M, Raimondo C, Pianelli M, Toso
E, et al. Prevalence of silent cerebral ischemia in paroxysmal and
persistent atrial fibrillation and correlation with cognitive function.
J Am Coll Cardiol. 2013;62:1990.

Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB,
Levy D, et al. impact of atrial fibrillation on the risk of death: the
Framingham Heart Study. Circulation. 1998;98:946.

How to cite this article: Salih M, Abdel-Hafez O, Ibrahim R,
Nair R. Atrial fibrillation in the elderly population: Challenges

and management considerations. J Arrhythmia. 2021;37:

912-921. https://doi.org/10.1002/joa3.12580



https://doi.org/10.1002/ana.22362
https://doi.org/10.3233/JAD-170575
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1111/j.1532-5415.2005.53405.x
https://doi.org/10.1111/j.1532-5415.2005.53405.x
https://doi.org/10.1111/j.1532-5415.2007.01259.x
http://www.ars.usda.gov/nutrientdata
http://www.ars.usda.gov/nutrientdata
https://doi.org/10.1002/joa3.12580

