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You Asked for It! CE

Don't Skip a Beat
Taking the Pulse of Atrial Fibrillation

TARGET AUDIENCE: Pharmacists and pharmacy technicians who interact with pa-
tients who have atrial fibrillation.

ABSTRACT: Atrial fibrillation (AFib) is a growing problem in the United States and
globally. AFib occurs when the electric impulses of the heart's upper chambers
become chaotic and irregular. The result is a fast heart rate, pooling of blood in
the atria, and erratic pumping of blood by the ventricles. The treatments for AFib
include rate-control medications, rhythm-control drugs, anticoagulants, and non-
pharmacologic procedures. A standardized scoring system determines the need
for anticoagulation, with direct oral anticoagulants preferred over warfarin in
most cases. Providers choose rate-control medications like beta-blockers, calcium
channel blockers, and digoxin in selected patients; however, they may opt for
rhythm-control antiarrhythmics like flecainide, sotalol, and dofetilide for others.
Nonpharmacologic options include cardiac ablation, Watchman LLA and AtriClip
devices, and electrical cardioversion. Pharmacists are well-positioned to monitor
therapy, adjust anticoagulant dosing, and assist in the diagnosis of patients with
AFib. Pharmacy technicians can coordinate compliance mechanisms like medica-
tion synchronization and refill reminders.

FACULTY: Brian Gaul, B.S., PharmD, RPh is a freelance medical writer.
FACULTY DISCLOSURE: Dr. Gaul has no financial relationships with companies related to the material.

DISCLOSURE OF DISCUSSIONS of OFF-LABEL and INVESTIGATIONAL DRUG USE: This activity may con-
tain discussions of off-label/unapproved use of drugs. The content and views in this educational pro-
gram are those of the faculty and do not necessarily represent those of the University of Connecticut
School of Pharmacy. Please refer to the official prescribing information for each product for discus-
sion of approved indications, contraindications, and warnings.

INTRODUCTION

“My heart feels like it is pounding out of my chest.”

Dan Reeves, a 79-year-old white male, makes this statement to the pharmacy
technician at the counter while waiting to pick up his prescriptions for flecainide
and apixaban. He has his hand over his chest and states he feels tired and short
of breath when doing any activity. The pharmacy technician requests help from
the pharmacist, who notes that Daniel is showing signs of an arrhythmia. A check


https://pharmacyce.uconn.edu/login.php

of his records shows that he is two weeks late for his refill of fle-
cainide, a medicine to treat atrial fibrillation (AFib). Upon ques-
tioning by the pharmacist, Dan says the doctor has told him how
important it is to take the medication properly. However, he ad-
mits that he sometimes forgets to take the second dose at bed-
time.

AFib is the most common type of sustained heart rhythm disor-
der, also called an arrhythmia.® It occurs when the heart's electri-
cal activity is abnormal or irregular, usually resulting in a fast
heart rate.! If the rate does not return to normal, it can lead to
stroke, heart failure, or other medical problems.2 AFib is a lead-
ing cause of stroke.!

An estimated 2.3 million people in the United States have AFib,
according to the most recent data available.? Given the associa-
tion between advanced age and AFib occurrence, an estimated
5.6 million will experience AFib by the year 2050.3 It affects fewer
than 1% of people under the age of 60 to 65 but 8% to 10% of
those older than 80.3 It happens more often in males and
Caucasians.!

Risk factors for developing AFib include the following?:
e Advancing age

Chronic inflammation

Congenital heart disease

Endocrine disorders

Genetic factors

High blood pressure

Increased alcohol consumption

Neurological disorders

Obstructive sleep apnea

Underlying heart and lung disease.

Athletes who overtrain in intense cardiovascular sports, like com-
petitive bikers and marathon runners, also are at an increased
risk of developing AFib (see the SIDEBAR to the right).

AFib occurs when electrical impulses in the heart’s upper cham-
bers, called the atria, come from multiple foci, rather than just
the sinoatrial (SA) node. The atrial and ventricular depolarization
rate becomes rapid and chaotic rather than their normal, consis-
tent firing and propagation (called normal sinus rhythm).10.11
When different atrial defibrillation waves collide, they cancel
each other out meaning no one pacemaker exists. This causes
the atrial chambers to quiver, or “fibrillate” instead of contract-
ing in a normal manner from the top of the atria to the bottom.
As a result, blood pools in the left atrial appendage (a tissue sack
attached to the left atria) which can lead to blood clots. The clots
may dislodge from the left atrial appendage, travel to the brain,
and cause embolic strokes.*!

The atrial depolarizations bombard the atrioventricular (AV)
node separating the atria from the ventricle with approximately

UCONN You Asked for It Continuing Education

January 2025

SIDEBAR: IS OVERTRAINING TO BLAME
FOR AFIB IN ATHLETES?

According to studies, the prevalence of AFib in athletes is about
2 to 10 times higher than in the general population.* Most cases
occur in endurance athletes, such as marathoners, and may re-
sult from overtraining. In one study, a group of middle-aged men
who ran marathons had a higher incidence of AFib than their
sedentary counterparts.® The disease also occurs five times more
often in aging cyclists (average age of 66 years old) who continue
training.® The duration and intensity of exercise correlate to the
development of paroxysmal AFib.*

Reports cite “irrational” regimens involving overtraining as the
primary factors, along with obesity and diabetes.* Treatment
consists of removing the physical stress and prescribing flecain-
ide or propafenone.” Athletes may return to training in four to
six weeks but should remain on a beta-blocker to prevent
recurrence.®? Providers should consider the cardioselectivity of
the beta-blocker and the athlete’s sport when choosing a
therapy.* Prevention and treatment of future episodes may in-
clude a “pill-in-pocket” approach or cardiac ablation.”

300 depolarization stimuli per minute. The AV node tries to pre-
vent some of these depolarizations from reaching the ventricles,
but the resulting ventricular contractions become faster than
normal and irregularly spaced.!!

PATHOGENESIS

In a normal heart, electrical impulses travel in a coordinated way
through the heart’s pacemaker, the SA node, through the atrial
tissue, and to the AV node.?3 The AV node slows the impulse be-
fore it travels to and depolarizes the ventricles.!* When the SA
node in a normal heart initiates a depolarization wave, it spreads
across the atria from top to bottom. Once the cells depolarize,
they cannot depolarize again for a while; this is called the effec-
tive refractory period. Immediately after the refractory period,
the tissue is in a vulnerable period because the electrical charge
of the cells is normalized but the amount of sodium in the cell is
too high and the potassium inside the cell is too low. If another
depolarization stimuli hits tissue in the vulnerable period, fibrilla-
tion occurs. But this is rare in normal hearts because it is impossi-
ble for the wave of depolarization to circle behind the effective
refractory tissue to hit other tissue in the vulnerable period.
However, when there is a mixing of electrically active and inac-
tive cells together, the single wave of depolarization becomes
fractionated into multiple wavelets in a three-dimensional space
and one of the wavelets can emerge and hit tissue in the vulnera-
ble period.

AFib originates in the pulmonary vein-atrial border 95% of the
time because the pulmonary vein contains electrically active atri-
al cells and inactive pulmonary vein cells that are intermingled.!?
However, in people with longstanding AFib, the stress kills atrial
cells, which are replaced by electrically inactive connective tis-

Page 2



SIDEBAR: ECG Interpretation 1011617

An ECG is a visual representation of the heart's electrical activity.
For a 12 lead ECG, six electrodes are placed on the chest and
four on the limbs before connecting them to an ECG machine,
which produces a readout. A normal ECG consists of a small P-
wave, a large and narrow QRS complex, and a T-wave. The P-
wave is a small, positive, smooth wave that reflects atrial depo-
larization, which precedes contraction of the atria. The QRS com-
plex represents depolarization of the ventricles which precedes
ventricular contraction. The T-wave follows the QRS complex
and reflects rapid repolarization.” Abnormal results from an ECG
are a sign of potential heart problems like arrhythmias, ischemia
or infarction, or even ventricular hypertrophy.

sue, and the anatomic milieu is created to have AFib generated

in the body of the atria itself. Patients with AFib may present to
healthcare providers with or without symptoms.! Patients may
experience chest pain, palpitations, a fast heart rate, shortness
of breath, nausea, dizziness, sweating, or general fatigue when
they have symptoms.! The ventricular rate for a patient with AFib
is 110 to 140 beats per minute (bpm).!

When AFib occurs, the heart can usually quickly abolish it on its
own but as periods of AFib continue to occur, subsequent AFib
episodes last longer and longer until eventually AFib just contin-
ues.

Providers classify AFib into five types:

e Paroxysmal AFib will revert to normal sinus rhythm in
less than seven days with no antiarrhythmic medication
or electrical cardioversion.

e Persistent AFib occurs and then persists, requiring inter-
vention with antiarrhythmic medication or electrical car-
dioversion.

e Long-standing persistent AFib exists for longer than 12
months, either due to failure to attempt cardioversion
or failure of cardioversion.

e Permanent AFib is unresponsive to antiarrhythmic medi-
cation or electrical cardioversion and continues for the
rest of the patient’s life.

e Non-valvular occurs without rheumatic mitral valve dis-
ease, mitral valve repair, or prosthetic heart valves.

AFib can be viewed on an electrocardiogram (ECG), which will
show an “irregularly irregular” pattern with no discernable P-
waves and irregular RR spacing during rest (see SIDEBAR above).!
Failure to detect paroxysmal AFib on an ECG doesn’t preclude
having the arrhythmia because normal sinus rhythm can inter-
sperse between the arrhythmic episodes. In that case, a patient
may wear a Holter monitor (a small portable ECG machine) con-
tinuously for a few days or a patch monitor with 30-day readouts
to detect the arrhythmia.101>
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TREATMENT OF AFIB

The goals for treating AFib include reducing symptoms, prevent-
ing clots, and reducing the risk of heart failure and other cardiac
complications.'® According to the 2023 American Heart
Association/American College of Cardiology/American College of
Chest Physicians/Heart Rhythm Society (multi-society) guide-
lines, patient-specific factors direct the choice of antiarrhythmic
agent.? Among those factors is heart failure, cardiovascular dis-
ease, or other health conditions. Treatment also varies based on
where providers discovered the AFib: in the inpatient or outpa-
tient setting.?

PHARMACOLOGIC AGENTS

The multi-society guidelines divide the agents for treating AFib
into rate-control and rhythm-control medications.? Rate-control
agents control the ventricular rate when patients are in AFib for
better symptom management.'® Rhythm-control medications re-
store and maintain normal sinus rhythm.°

PAUSE AND PONDER: What medications treat AFib

symptoms most effectively?

Providers may choose from a wide range of medications, with
the treatment choice often determined by the patient’s clinical
picture and the setting in which the AFib occurs.

RATE CONTROL MEDICATIONS

Rate control medications slow the impulses through the AV
node, reducing the rate of contraction of the ventricles.'® While
the number of ventricular contractions per minute decrease (al-
lowing for better ventricular filling with blood during diastole),
the RR spacing remains irregular. This irregularity coupled with
the loss of atrial contraction in AFib reduces the cardiac output
versus normal sinus rhythm. The goal is better symptom control
with limited adverse effects. (See Table 1 on the next page.)'®

Beta-Blockers

Beta-blockers inhibit the activity of the beta-1 adrenoceptor at
the AV node, slowing conduction (negative dromotropic effect).!®
Providers may choose from various options, including atenolol,
bisoprolol, carvedilol, metoprolol (succinate and tartrate), and
propranolol. Atenolol, bisoprolol, and metoprolol are the cardi-
oselective beta-blockers, which means they less potently block
the beta-2 adrenoceptors in the lungs.'® While all beta-blockers
can cause drops in the Forced Expiratory Volume in 1-second
(FEV-1) in asthmatic patients, the cardioselective agents do so to
a lesser extent. Their effects are readily reversed with standard
dosing of inhaled beta-2 agonists. All beta-blockers control the
ventricular rate, and the multi-society guidelines consider them
first-line therapy.?

Non-Dihydropyridine Calcium Channel Blockers

The multi-society guidelines also list non-dihydropyridine calcium
channel blockers dilTIAZem and verapamil as first-line for treat-
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Table 1. Rate Control Medications in Afib

Metoprolol succinate (the XL form) and tartrate (the immediate release
form), as well as bisoprolol are beta-1 selective; metoprolol succinate,
bisoprolol, and carvedilol are preferred choices for patients with heart

Dihydropyridine CCBs do not block the AV node.

Not as effective as beta-blockers or non-DHP CCBs during exercise or

stress and has a narrow therapeutic index; may use in combination with
other rate-control agents.

Class Drugs Notes
Beta-blockers Atenolol
Bisoprolol
Carvedilol
Metoprolol | failure.
Nadolol
Pindolol
Propranolol
Nondihydropyridine calcium channel DilTIAZem
blockers Verapamil
Cardiac glycosides Digoxin
Class Il antiarrhythmic Amiodarone

Has antiadrenergic effects similar to beta-blockers and non-DHP CCBs;

many drug interactions and adverse effects; good choice in patients with
heart failure.

ABBREVIATIONS: CCBs = calcium channel blockers; DHP = dihydropyridine

ing AFib.? They block the L-type calcium channel to produce their
negative dromotropic effects and like the beta-blockers have
negative chronotropic and inotropic effects, meaning they slow
the SA nodal firing rate and decrease the force of muscle con-
traction, respectively.'® They provide reasonable rate control and
improve AFib-related symptoms compared to beta-blockers.? The
multi-society guidelines note that dilTIAZem and verapamil are
contraindicated in patients with pre-existing heart failure.'® How-
ever, if the signs and symptoms of heart failure are solely due to
the AFib and no other underlying diseases, verapamil and dilTI-
AZem can be used.

The Institute for Safe Medication Practices lists the generic name
dilTIAZem on the look-alike sound-alike list due to the potential
for confusion with diazePAM.?° The organization recommends
the use of TALLman lettering to distinguish the two drugs.?°

Digoxin

Digoxin provides a negative dromotropic and chronotropic ef-
fects but does not provide a negative inotropic effect. The ino-
tropic effect can be neutral at serum concentration below 1.2
nanograms/mL but can be positive at higher concentrations.®
Since digoxin slows AV nodal conduction through enhancing the
parasympathetic nervous system, it does not work as well in
times of higher sympathetic outflow like exercise or stress. The
multi-society guidelines indicate providers may use digoxin with
other rate-control medications because it will not augment the
negative inotropic effects of beta-blockers or non-dihydropyri-
dine calcium channel blockers.? The guidelines also recommend
digoxin in patients who do not tolerate or have an inadequate
response from other rate control agents.>*® It is a narrow thera-
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peutic index medication, with the recommended serum digoxin
level for AFib being <1.2 nanograms/mL.2 Providers should use
digoxin cautiously with verapamil, since verapamil is a P-glyco-
protein inhibitor and the combination may therefore increase
digoxin levels (see the SIDEBAR on the next page).'® However,
digoxin may be a good initial choice for acute rate control in
heart failure patients with AFib since the negative dromotropic
effects of beta-blockers and nondihydropyridine calcium channel
blockers could induce decompensated heart failure.? If patients
start with low dose beta-blockers and digoxin in heart failure pa-
tients, as the beta-blocker dose is increased to therapeutic levels
(doubled every two weeks until therapeutic doses are achieved)
the digoxin level can be reduced.

Other Rate-Control Options

The multi-society guidelines recommend amiodarone, drone-
darone, and sotalol for rate control, but only in extreme circum-
stances. Providers sometimes order amiodarone as a last resort
in a hospital setting. Still, it should be used sparingly due to its
many drug interactions and adverse effect profile.2 Dronedarone
has a chemical structure similar to amiodarone, except that it
does not contain iodine, making it safer.’® However, the guide-
lines do not recommend its use in patients with heart failure or
permanent AFib due to the risk of death.>'8 Sotalol is both a be-
ta-blocker and a potassium-channel blocker that also exerts
rhythm control properties.!® While it is a negative dromotropic
agent, it can also prolong the QTc interval on the ECG, which may
lead to a life-threatening arrhythmia called Torsade de Pointes.!®

In Torsade de Pointes, the ventricles beat in a fast, irregular
manner.?® Torsade de Pointes means “twisting of the points” in
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SIDEBAR: DIGOXIN IN AFIB: FRIEND OR
FOE?

Digoxin is the oldest medication used today in AFib, with records
of its use as early as 1250 AD.?! Dr. William Withering first de-
scribed its good and bad effects in 1785.2% Providers still pre-
scribe it today; however, its use has decreased in the 21st
century.?® In AFib, the multi-society guidelines recommend it as
a rate-control agent.? The guidelines suggest using it with either
beta-blockers or non-dihydropyridine calcium channel blockers
or as a standalone medication if the other rate-control options
are not tolerated.?

Digoxin has a wide variety of adverse effects triggered by toxici-
ty. These include arrhythmias, Gl symptoms like anorexia, fa-
tigue, and nausea, and central nervous system issues like mental
status changes and visual disturbances.?* Elevated drug levels
cause the most toxic effects, often triggered by drug interac-
tions. Other antiarrhythmics like amiodarone, dronedarone, fle-
cainide, non-dihydropyridine calcium channel blockers,
propafenone, and quinidine may block P-glycoprotein and in-
crease digoxin blood levels as a result.?>2% Antibiotics like mac-
rolides and tetracyclines may have similar effects.?®

According to reports, toxicity occurs in about 13 to 25 percent of
digoxin patients.?® It happens more often with blood levels
greater than 2.0 nanograms/milliliter.?> While providers may
stop digoxin and provide supportive therapy in milder cases, se-
vere cases require digoxin-specific antibody fragments (digoxin-
fab).?2 Derived from sheep, digoxin-fab is an intravenous medica-
tion that works in 30 to 45 minutes to reverse digoxin toxicity.?”
According to reports, providers use it in about 20% of cases of
digoxin toxicity.?®

French. It refers to a characteristic twisting pattern of QRS com-
plexes around the ECG baseline.?® QRS complexes are specific
waves or deflections on the ECG, representing electrical activa-
tion of the ventricles.'* Symptoms of Torsade de Pointes may in-
clude dizziness, fainting, or palpitations, or it may not present
with symptoms.?® The syndrome can be short-lived and self-limit-
ing or life-threatening.?®

RHYTHM CONTROL MEDICATIONS

The Vaughan Williams classification system divides commonly
prescribed rhythm control agents into two classes.!® Miles
Vaughan Williams, a British pharmacologist and fellow at Hert-
ford College in Oxford, created the classification system in
1970.3° Medications in Class Ic block sodium channels in the
heart.1° Class Ill medications alter potassium channels.® (See Ta-
ble 2 on the next page.)

Flecainide

Flecainide, a Class 1c agent, is effective in treating paroxysmal
AFib in patients without heart disease.'® However, it can trigger
other arrhythmias; the multi-society guidelines recommend ECG
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monitoring at initiation and dose changes.? Providers should
avoid flecainide in patients with structural heart disease or en-
larged left ventricles.'® Given twice daily for chronic use, it also
may serve as a “pill-in-pocket” option at a larger, loading dose to
convert an AFib episode to normal sinus rhythm.1°

Providers sometimes give patients “pill-in-pocket” prescriptions,
which may be taken at the time of an acute AFib episode to re-
turn the heart rate to normal sinus rhythm.? Typically, the ap-
proach is first tested under the supervision of a provider before
the prescription is written for the patient. Providers instruct the
patient to carry the dose with them and take it if and when
symptoms occur.?

Propafenone

Providers use propafenone, another Class 1c agent, in paroxys-
mal and sustained AFib.1° It blocks sodium channels and has
weak calcium channel-blocking and beta-blocking properties.1°
Like flecainide, it can cause arrhythmias, and the multi-society
guidelines recommend ECG monitoring at initiation, dosing
changes, and periodically during treatment.? Providers prescribe
propafenone every 8 to 12 hours as a chronic medication. They
may prescribe larger doses in a “pill-in-pocket” approach to con-
vert recent-onset AFib to normal sinus rhythm.©

Dofetilide

Dofetilide is a Class Il agent that blocks IKr, a key potassium
channel in the heart.2 It limits the maximum frequency of elec-
trical impulses without slowing conduction through the AV
node.® It can cause dangerous arrhythmias, including Torsade de
Pointes.? As a result, the multi-society guidelines recommend
providers place patients under observation with ECG monitoring
for three days when starting this medication.? The initial period
requires a hospitalization that lasts at least 12 hours after the pa-
tient converts to normal sinus rhythm.2 The guidelines indicate
providers should monitor potassium and magnesium blood levels
due to the risk of arrhythmia.? Providers must dose dofetilide
based on kidney function.®

Sotalol

Sotalol, another Class Ill antiarrhythmic, is a beta-1 and beta-2
blocker. It prolongs the length of electrical impulses to control
heart rhythm.1° Like dofetilide, it can cause dangerous arrhyth-
mias, including Torsade de Pointes.? The multi-society guidelines
recommend three days of inpatient ECG monitoring for patients
who start sotalol. The guidelines also suggest regular monitoring
of potassium and magnesium levels.? Providers must dose sotalol
based on renal function.!°

Amiodarone

While amiodarone is more effective at preventing recurrent AFib
episodes than sotalol, dotetilide, and dronedarone, the multi-so-
ciety guidelines recommend these other options preferably for
most patients, although it is a first line option (along with
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Table 2. Rhythm Control Medications in Afib

Agent Vaughan Williams | Dose
Class

Flecainide 1c 50-150 mg po q12h

Propafenone |1c 150-300 mg po g8h or 225-425
mg SR po g12h

Amiodarone |llI 400-800 mg po daily for 3-4
weeks, then 100-400 mg daily

Sotalol 1 80-240 mg po gql2h

Dofetilide I} 125-500 mg po BID

Dronedarone |l 400 mg po BID

Notes

Not indicated in patients with structural heart disease* (may
cause arrhythmias); pill-in-pocket dose: 300 mg

Weak calcium channel blocking and beta-blocking
properties; not for use in patients with structural heart dis-
ease;* pill-in-pocket dose: 600 mg

Also has rate-control action; toxicity and drug interactions a
concern; IV dosing: 5-7 mg/kg up to 1500 mg every 24 hours

Also has beta-blocking action useful for rate control;
requires dosing based on kidney function; potential for
life-threatening arrhythmias

Strict dosing based on renal function, body size and age;
started with patient in hospital on telemetry for 3 days

Contraindicated in patients with permanent AFib or
decompensated heart failure

ABBREVIATIONS: AFib = atrial fibrillation; BID = twice daily; IV = intravenous; SR = sustained release
*Denotes heart failure, post-myocardial infarction, or left ventricular hypertrophy.

dofetilide) in heart failure.? Amiodarone is a Class Il drug that
blocks both IKr and IKs potassium channels and exhibits rate-con-
trol properties.1® It blocks sodium and calcium channels and dis-
plays antiadrenergic properties as well.1° The multi-society
guidelines note that amiodarone has a long list of adverse effects
and drug interactions, making it a poor choice for chronic
therapy.? The adverse effects include thyroid disorders (see the
SIDEBAR on the next page), lung toxicity, liver toxicity, photosen-
sitivity, blue-green skin discoloration, corneal microdeposits, pe-
ripheral neuropathy, and the potential for Torsade de Pointes.1®
However, the balance of IKr and IKs potassium channel blockade
means it is less likely to cause Torsade de Pointes than Class Il
antiarrhythmics like dofetilide and sotalol.2 Amiodarone (like
dronedarone) blocks many CYP P450 isoenzymes and P-glycopro-
tein. Notable drug interactions include atorvastatin, calcium-
channel blockers, beta-blockers, digoxin, fluoroquinolone and
macrolide antibiotics, phenytoin, simvastatin, and warfarin.3®

Dronedarone

Like amiodarone, dronedarone is a Class Ill antiarrhythmic that
blocks sodium and calcium channels and features beta-blocking
properties.'? It resembles amiodarone in chemical structure but
lacks iodine. The absence of iodine makes it safer, removing or
reducing thyroid, lung, and liver effects.'° Dronedarone has
shown modest benefits for patients with non-permanent AFib.10
It is contraindicated in permanent AFib or New York Heart Asso-
ciation Class Ill to IV heart failure.>1018
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CONSIDERATIONS IN CHOICE OF RATE OR
RHYTHM CONTROL

Prescribers sometimes face difficult choices between rate control
or rhythm control. Many factors affect the decision, including the
patient’s clinical picture. How old is the patient? How severe are
the symptoms? Does the patient have heart disease?

PAUSE AND PONDER: In what situations would pre-

scribers use rate and rhythm control?

The goals of rate control include treating symptoms, preserving
heart function, and improving quality of life.'® Providers prefer
this strategy in older patients (age greater than 80 years) with no
or mild symptoms.8 Rate control also may be the only option if
rhythm control fails or the risks of it outweigh the benefits.!8 Fi-
nally, rate control is more cost-effective due to the medications'
wide availability and low cost.3®

However, the correct degree of rate control has been debated.
Previous sources have recommended a goal ventricular rate of
less than 80 bpm at rest in symptomatic patients, but newer rec-
ommendations suggest a more lenient approach of less than 110
bpm.2 A recent study showed no difference in outcomes with the
more lenient strategy, which the multi-society guidelines cur-
rently favor.>37 As a general rule, all AFib patients should have a
ventricular rate less than 110 bpm; those who can tolerate lower
heart rates should get the opportunity to see if this reduces their
hemodynamic symptoms during AFib. Once a patient’s ventricu-
lar rate is below 80 bpm though, further heart rate reductions
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SIDEBAR: THE TROUBLESOME ‘I’ IN AMIO-
DARONE

The antiarrhythmic amiodarone comprises 37% iodine (element
‘I’ on the periodic chart) by weight.3! The iodine content and the
molecule's shape can cause problems for patients prone to thy-
roid disorders.3! Depending on the patient’s susceptibility, amio-
darone may cause low thyroid, called hypothyroidism, or a high
thyroid condition, called thyrotoxicosis.?!

Each 200 mg of amiodarone contains 75 mg of iodine, with 7 mg
of free iodine released when enzymes process the medicine.3?
The free iodine is much more than the recommended daily re-
quirement of 0.15 to 0.3 mg, which leads to iodine overload.3!

lodine is critical in creating and processing thyroid hormones T3
and T4. Excess iodine in patients may lead to an overproduction
of thyroid hormone, especially in the short to moderate term.
Thyrotoxicosis may also occur due to direct damage to the thy-
roid, which is called thyroiditis.33 The consequences of thyrotoxi-
cosis may be severe, including arrhythmias.3® Treatment of
thyrotoxicosis depends on its subtype but may include methima-
zole, prednisone, or propylthiouracil 334

With longer term use of amiodarone, the thyroid produces simi-
lar or slightly higher levels of T4 hormone but this T4 is shunted
to reverse T3 (rT3) which is biologically inactive, instead of to T3
which is more potent than T4. It is this reduction in T3 that
drives signs and symptoms of hypothyroidism in susceptible
patients.?! The treatment of hypothyroidism is the use of
levothyroxine, following guidelines for its use in low thyroid
conditions.?3 In cases in which providers stop amiodarone, thy-
roid function may return to normal.3!

are unlikely to provide additional value and they should consider
a rhythm control strategy.

Rhythm control is preferred in most cases, even though it hasn’t
shown an advantage over rate control in risk of death.0 It pre-
vents stroke and improves quality of life but might increase the
risk of hospitalization, especially due to ventricular arrhythmias
such as Torsade de Pointes.3%3° Rhythm control is also the best
option in patients with a recent diagnosis and in the case of AFib
combined with heart failure.? It reduces symptoms and slows dis-
ease progress from paroxysmal AFib to more sustained forms of
the arrhythmia.2 Remember that rhythm control medication is
overlaid upon rate control medication, one does not replace the
other.

ANTICOAGULANTS

To reduce the risk of stroke in patients with AFib, the multi-soci-
ety guidelines recommend the use of anticoagulation in select
cases.? Determining the need for anticoagulation involves a risk
assessment using a scoring system — the CHA;DS,-Vasc (see Ta-
ble 3 to the right).2 In men, a score of 0 indicates low risk, 1 low-
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moderate risk, and 2 or more is moderate-high risk.! In women, a
score of 0 or 1 is low risk, a score of 2 is low-moderate risk, and a
score of 3 or more is moderate-high risk.2 Providers should start
anticoagulation in patients with moderate-high risk and consider
it in patients with low-moderate risk.! When uncertain about
whether the benefits of anticoagulation are greater than the risk
of bleeding, providers may use the HAS-BLED scoring system;
however, the multi-society guidelines indicate it should not re-
place clinical judgment.2 HAS-BLED considers age, renal and kid-
ney function, stroke history, and other factors to determine the
risk of bleeding events with anticoagulation.*°

Providers prescribe direct oral anticoagulants (DOACs) and war-
farin for anticoagulation (see Table 4 on the next page).*? In pa-
tients with AFib and no signs of stroke, providers should start
anticoagulation immediately.? The standard for patients with a
transient ischemic attack or stroke is the “1-3-6-12" rule. Provid-
ers should start anticoagulation in 1 day after a transient isch-
emic attack and 3, 6, and 12 days after mild, moderate, or severe
strokes, respectively.*! This is because there is an increased risk
of cerebral bleeding after a stroke for a short period of time and
anticoagulation would exacerbate it.

DOACs

In most cases, providers prescribe DOACs, including apixaban,
dabigatran, edoxaban, and rivaroxaban.? Studies show that each
is equal to, if not superior to, warfarin in preventing stroke and
has less bleeding.2 DOACs have fewer drug and food adverse ef-
fects, cost more than warfarin, but do not have INR laboratory
costs. Dabigatran binds to thrombin (Factor Ila) in the coagula-
tion cascade, and prevents it from activating coagulation
factors.*? Apixaban, edoxaban, and rivaroxaban are Factor Xa in-

hibitors and prevent the cleavage of prothrombin to thrombin.**-
45

Warfarin

Warfarin is a Vitamin K antagonist.2 Researchers believe it com-
petitively inhibits the vitamin K epoxide reductase complex 1
(VKORC1), which is important for activating Vitamin K in the

Table 3. CHA,DS,-VASc Scoring Considerations

Condition Score
Congestive Heart Failure 1
Hypertension 1
Age >75 2
Diabetes 1
Stroke/TIA 2
Vascular Disease 1
Age 65-74 1
1

Sex category (female sex)
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body.*® Without active Vitamin K, Factors VII, IX, X, and Il cannot
be activated. Warfarin has long been a standard of anticoagulant
therapy, although its many drug and food interactions and the
need for regular monitoring make its use challenging for clini-
cians and patients alike.2 However, providers still use warfarin
for the treatment of AFib in patients with mechanical heart
valves or mitral stenosis.? The goal international normalized ratio
(INR) for AFib is 2.0 to 3.0 in most cases, except in the presence
of certain mechanical heart valves where the INR is 2.5 to 3.5.1°

CONSIDERATIONS IN THE SELECTION OF
ANTICOAGULANTS

The choice of anticoagulant depends on several factors. Despite
their high costs, the multi-society guidelines consider DOACs
first-line therapy due to their advantages over warfarin.2 Com-
pared to warfarin, DOACs have lower bleeding risks, fewer drug
and food interactions, no dietary restrictions, and require less
therapeutic monitoring.? Providers must adjust DOACs based on
renal function.2 However, warfarin is the only anticoagulant indi-
cated for patients with mitral stenosis or mechanical heart
valves.? Multi-society guidelines do not recommend antiplatelet
drugs such as aspirin or P2Y12 inhibitors as a substitute for anti-
coagulants in treating AFib.?

In patients with both AFib and coronary artery disease, the use of
an oral anticoagulant can be used alone to treat both. If the pa-
tient requires dual antiplatelet therapy (DAPT), after an acute
coronary syndrome or the use of a drug eluting stent, but also
has AFib, there is a new recommendation. Instead of six to 12
months of DAPT plus an anticoagulant, they recommend a single
month of triple therapy, and then 5 months of the P2Y12 inhibi-
tor plus oral anticoagulant followed by the oral anticoagulant
alone.

PAUSE AND PONDER: What are the recommendations

for reversing anticoagulation with warfarin and DOACs?

Table 4. Anticoagulants

Providers must also consider reversal of anticoagulation in the
case of bleeding. Removal of the offending drug works in some
cases, but providers have options in life-threatening instances.
They may reverse warfarin by administering Vitamin K and 4-fac-
tor proprotein complex concentrate (PCC) in an acute setting.?
Reversal of DOACs occurs in only 2% to 4% of cases.? Providers
reverse dabigatran using idarucizumab.? Andexanet-a reverses
apixaban, edoxaban, and rivaroxaban.? Providers administer PCC,
idarucizumab, and andexanet-a intravenously.

NONPHARMACOLOGIC INTERVENTIONS
Electrical Cardioversion

Providers may attempt electrical cardioversion in emergencies or
when medications fail to treat AFib adequately.? The procedure
is completed in an outpatient facility. Providers place electrode
pads on the patient’s chest and back and connect them to a car-
dioversion machine.*” The patient receives anesthesia, and pro-
viders administer a high-voltage shock. The shock resets the
heart to its normal sinus rhythm. Providers monitor patients for
several hours and then patients may go home if they experience
no complications.*’

The multi-society guidelines recommend anticoagulation therapy
three weeks before and four weeks after electrical cardioversion
if AFib has been present for more than 48 hours (or an unknown
period).2 The anticoagulant reduces the risk that a clot may be
formed during or after the procedure that can be dislodged and
cause medical problems.*® Even after the AFib is shocked to nor-
mal sinus rhythm, it takes a few weeks for the atria to fully start
contracting normally again.

Catheter Ablation

Catheter ablation involves the insertion of small tubes directed
through the veins to the heart. The ends of the tubes contain
electrodes that damage the diseased heart tissue that is causing

Notes

Frequent monitoring and dosing changes; drug and food

interactions; required anticoagulant if patient has mitral stenosis
or mechanical valves

Class Agents Dosing
Vitamin K antagonists Warfarin Dependent on INR
Direct oral anticoagulants | Apixaban 5 mg po BID
(DOACs)
Dabigatran | 150 mg po BID
Edoxaban 60 mg po daily
Rivaroxaban |20 mg po daily

Renal dosing: 2.5 mg po BID in patients with > 2 of the following:
age > 80 yr, body weight < 60 kg, creatinine level > 1.5 mg/dL

Renal dosing: 75 mg po BID in patients with CrCl of 15-30 mL/min
Renal dosing: 30 mg po daily in patients with CrCl of 15-50 mL/min

Take with food; renal dosing: 15 mg po daily in patients with CrCl

of 15-50 mL/min

ABBREVIATIONS: BID = twice daily; CrCl = creatinine clearance; INR = international normalized ratio
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abnormal electrical pulses.*® Heat (radiofrequency ablation) or
cold (cryoablation) from the electrodes destroy the tissue.’® As a
result, ectopic foci or re-entry circuits are eliminated, and normal
electrical conduction resumes. Young, healthy patients are good
candidates for catheter ablation and the procedure is much more
effective in patients with paroxysmal AFib.1° The multi-society
guidelines recommend catheter abation when antiarrhythmic
therapy is ineffective, not tolerated, or non-preferred.? Catheter
ablation can be curative of AFib in 70% of cases but may take as
many as three attempts to fully resolve the arrhythmia.® Provid-
ers should continue anticoagulation during and after the proce-
dure unless it is clear that the procedure was curative months
down the line.?

Watchman LAA Device and AtriClip

In patients who require anticoagulation, but the risk of bleeding
outpaces the potential benefits, there are devices that occlude
the left atrial appendage (LAA, the pouch on the left atria where
most of the clots form in AFib). The Watchman LAA device is
placed inside the atria and then opens like an umbrella to block
off the LAA. The AtriClip is a clamp that is applied to close off the
LAA from the outside of the heart during open heart surgery. In
this case, the clots still form in the LAA but cannot get out in the
circulation. If a patient is having nonadherence to oral anticoagu-
lation due to bleeding, this is a potential option that a pharma-
cist could recommend a patient discuss with their cardiologist.

TREATMENT IN THE ACUTE SETTING
Providers in an acute setting order beta-blockers or non-dihydro-
pyridine calcium channel blockers as the first-line treatment.? If
ineffective, digoxin is the next choice. Amiodarone is also an op-
tion, but only if the previous treatments fail. Providers should
not use dilTIAZem and verapamil in patients with poor left ven-
tricular function or heart failure.?

Providers may attempt electrical or pharmacologic cardioversion
in the acute setting, especially in unstable patients.? Providers
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use one of three intravenous medications in pharmacologic con-
version. The multi-society guidelines recommend ordering
ibutilide if patients do not have reduced ventricular function or
risk for Torsade de Pointes.? lbutilide is a Class lll antiarrhythmic
available only in an intravenous form that quickly restores nor-
mal sinus rhythm.° Providers may also order amiodarone; how-
ever, converting to sinus rhythm takes longer than other
antiarrhythmics (8 to 12 hours).2 The multi-society guidelines
suggest procainamide as another option.? It is a Class 1a antiar-
rhythmic that quickly restores normal sinus rhythm; however,
the multi-society guidelines discourage its long-term use due to
its many adverse effects.?'° Procainamide may cause low blood
pressure, nausea, vomiting, and a Lupus-like syndrome.*® Provid-
ers should avoid using it in patients with heart failure, and it can
prolong the QTc interval, potentially leading to Torsade de
Pointes.®

LIFESTYLE MODIFICATIONS

The multi-society guidelines recommend lifestyle modifications
for patients with factors that may influence the disease course.?
Providers should recommend weight loss in overweight and
obese patients and moderate to vigorous exercise for all AFib pa-
tients. The guidelines also recommend screening for sleep apnea
with appropriate treatment if it is found. Finally, providers should
counsel patients to reduce or eliminate alcohol and tobacco use.?

AFIB AND HEART FAILURE

Several factors complicate the management of AFib in the pres-
ence of heart failure.? Providers should consider the degree of
left ventricular dysfunction, which determines the type of heart
failure and limits the choice of antiarrhythmic.2>!

The multi-society guidelines recommend rhythm control over
rate control in AFib with heart failure.2 However, the multi-soci-
ety guidelines recommend against certain rhythm control
agents—namely, flecainide, dronedarone, and propafenone—in
patients with heart failure.? Digoxin may be an appropriate
choice for rate control, as it has a role in treating both diseases
while non-dihydropyridine calcium channel blockers should not
be used.? Beta-blockers can be used, and actually provide en-
hanced survival in heart failure patients, but need to be started
with low doses and then slowly titrated up to therapeutic doses.

Besides treating AFib, an evaluation of the patient should reveal
whether their profile meets guideline-directed medical therapy

" for heart failure.2 In the case of heart failure with reduced ejec-

tion fraction, this includes one of three approved beta-blockers:
bisoprolol, metoprolol, or carvedilol.>! It also includes mineralo-
corticoid antagonists like spironolactone, a sodium-glucose
cotransporter-2 inhibitor, and either an angiotensin-converting
enzyme (ACE) inhibitor, angiotensin Il receptor blocker, or
sacubitril/valsartan.5!
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DIGITAL HEALTH AND AFIB

Smartphones, smartwatches, and handheld devices show prom-
ise for uncovering asymptomatic AFib.>? In approximately one-
quarter of patients with asymptomatic disease, providers do not
discover AFib until patients suffer a stroke.>? In recent years,
smart devices have provided a solution — ECG monitors. The de-
vices use a technology called photoplethysmography (PPG) sen-
sor technology.>? Reflected light from the device measures
changes in blood flow from the irregular heart rate.>?

Specific versions of the Apple Watch, the Garmin Venu, and the
Samsung Galaxy all use PPG technology to look for irregular
heart rhythms.>? Fitbit also has PPG capabilities in its Charge and
Sense models.>? A meta-analysis showed that smartphones de-
tect AFib with a sensitivity of 94% and a specificity of 96%.* Sen-
sitivity means that if a patient is having AFib, the device will
detect it 94% of the time. Specificity means that in 4% of cases,
when AFib is found, it is due to something other than AFib. PPG
technology is equally as effective at detecting AFib as a single-
lead ECG.>* Another meta-analysis confirmed that smartwatches
were not inferior to medical-grade devices.>

Some limitations of using smart devices in ECG monitoring in-
clude the potential for false positives, disparities in access, and
the possibility patients will overload providers with consumer da-
ta. ECG monitors may incorrectly indicate positives, especially for
young, healthy patients.>3 AFib patients older than 65 with a low
educational and socioeconomic status often do not own smart
devices.>® Experts also worry about the possibility of consumer
data overwhelming the overworked healthcare system.>?

Investigators are examining the possibility that mobile ECG moni-
toring can reduce stroke risk.>? A large initial trial of 75-year-old
patients using a Zenicor-ECG device twice daily for two weeks re-
vealed a small but significant reduction in endpoints, which in-
cluded strokes, at a five-year follow-up.>”

Application stores feature digital apps to help manage AFib.%8
The apps allow patients to record appointments, feelings, symp-
toms, and questions for their doctors, among other things. App
quality varies, and providers should advise patients to check rat-
ings and reviews and provide recommendations.>8

PHARMACY TEAM IMPACT ON AFIB MAN-
AGEMENT

Nearly 90% of Americans live within five miles of a community
pharmacy.>® That fact makes pharmacists one of the most acces-
sible healthcare providers.®® Pharmacists and technicians can le-
verage their familiarity with their customers in several ways.

For pharmacists, managing and monitoring anticoagulation is the
most obvious intervention that can improve outcomes. Providers
and administrators often ask pharmacists to dose INRs for warfa-
rin patients in clinics, hospitals, and outpatient settings. Pharma-
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cists may monitor for bleeding complications, both with warfarin
and DOACs.

Pharmacist medication review activities may catch meaningful
drug-drug and drug-food interactions in AFib patients. Pharma-
cists can also monitor for the toxic effects of medications like
digoxin and amiodarone and report any observations to provid-
ers. Even common agents like beta-blockers and calcium channel
blockers may cause troublesome interactions in patients with
complicated clinical pictures. Pharmacists may catch these prob-
lems and intervene with the prescriber.

Pharmacists can collaborate with pharmacy technicians to im-
prove patient adherence to medications. While technicians may
coordinate the adherence programs, pharmacists counsel pa-
tients on the importance of following providers’ medication or-
ders and communicate nonadherence to the prescriber.

Pharmacists also may counsel patients on lifestyle modifications.
If a pharmacy has a smoking cessation program, for example, the
pharmacist may refer AFib patients to it. The pharmacist may al-
so counsel on the need for weight loss or exercise and help the
patient set goals.

Finally, the advent of portable ECG monitors allows pharmacists
to set up screening programs for asymptomatic or suspected
AFib. The AliveCor KardiaMobile is a single-lead ECG that con-
nects through a smartphone. Pharmacists may use it to collect
ECGs and triage patients. A cardiologist then confirms any posi-
tive result and refers the patient for treatment.5?

Pharmacy technicians may also help manage AFib. Technicians
often coordinate medication adherence programs, such as auto-
mated refill reminders, medication synchronization, and compli-
ance packaging. Pharmacy technicians can then inform the
pharmacist of cases of nonadherence.
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Technicians may also coordinate filling pill-in-pocket prescrip-
tions for medications like flecainide or propafenone. They can
also use TALLman lettering for sound-alike look-alike medications
and place dosing labels on shelving for narrow therapeutic index
medications like warfarin or digoxin.2°

Finally, technicians can inform pharmacists when AFib patients
try to purchase inappropriate over-the-counter or herbal medi-
cations. Decongestants like pseudoephedrine can increase heart
rate, and herbals like St. John's wort and hawthorn can interact
with antiarrhythmics.6263 Medications like non-steroidal anti-in-
flammatory medications, aspirin, and herbals like vitamin E sup-
plements, ginseng, and ginkgo biloba may interfere with
anticoagulation.5%63

Finally, pharmacies can foster knowledge and understanding of
the disease by hosting community events in coordination with
local healthcare providers. For example, a pharmacy could hold
an event during AFib awareness month in September. Pharmacy
staff could invite representatives from local clinics and cardiolo-
gists’ offices.

CONCLUSION

AFib is the most common type of heart rhythm disorder or ar-
rhythmia, and its incidence and prevalence continue to grow as
the population ages. Goals for AFib patients include prevention
of stroke, control of heart failure symptoms, and improvement in
quality of life. Rate and rhythm control antiarrhythmics can treat

AFib. The rate control strategies help with symptoms by control-
ling the ventricular rate. Rhythm control medications restore the
normal sinus rhythm, but providers must carefully choose and
monitor them due to their side effects and contraindications.
Providers prefer rhythm control agents in many patients due to
their ability to reduce the risk of stroke and improve quality of
life. Anticoagulation is indicated in cases of higher stroke risk;
providers should choose DOACs over warfarin in most cases, ex-
cept for patients with mitral stenosis or mechanical heart valves.

Beta-blockers and calcium channel blockers are the first choices
in the acute setting, followed by digoxin. Providers have limited
options in both rate and rhythm control in patients with heart
failure. Beta-blockers, digoxin, dofetilide, sotalol, and amio-
darone provide options. Pharmacists can play essential roles in
managing and monitoring anticoagulation, performing drug use
reviews and adherence monitoring, and screening patients for
asymptomatic cases. Pharmacy technicians can aid pharmacists
by coordinating adherence mechanisms, filling pill-in-pocket re-
fills, and notifying the pharmacist of patients' improper OTC or
herbal selections.

Now let’s return to our patient case. Dan’s uncontrolled AFib re-
quires a quick call to his cardiologist, who suggests he go to a lo-
cal emergency room for examination. The pharmacy staff offers
to put his apixaban, flecainide, and other medications on a medi-
cation synchronization program with refill reminders. They also
suggest that he invest in a digital device that monitors ECG. He
promises to go straight to the emergency room. Figure 1 summa-
rizes some key points about AF.
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Figure 1. Differentiating and Advising about Atrial Fibrillation

Best
OBe COMMUNITY CHAMPIONS and whenever possible, edu-
cate your community about AF! It seems almost epidemic!
gEncourage discussion with patients about all of their medi-
cations, and help them understand the various treatment ap-
proached

eKeep up with technology and explain how new dea
help patients monitor their AF and report issue
healthcare team

Better
o Keep in mind that endurance training increases risk for A
o Be able to differentiate between rate-control and rhyth
control medications and explain it to patients in patient-frien
language '
e Take time to learn the pros and
monitor patients closely

Good
ORemember that atrial fibrillation occurs'in
various presentations

QKnow that many patients will need medica-
tion, and some may need surgery
e Keep in mind that anticoagulati

i
life-saving! © Can Stock Photo / ymgerman

UCONN You Asked for It Continuing Education January 2025 Page 12



REFERENCES

1. Nesheiwat Z, Goyal A, Jagtap M. Atrial Fibrillation. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; April 26, 2023.

2. Joglar JA, Chung MK, Armbruster AL, et al. 2023 ACC/AHA/ACCP/HRS
Guideline for the Diagnosis and Management of Atrial Fibrillation: A Re-
port of the American College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines [published correction
appears in Circulation. 2024 Jan 2;149(1):e167. doi:
10.1161/CIR.0000000000001207] [published correction appears in Cir-
culation. 2024 Feb 27;149(9):e936. doi:
10.1161/CIR.0000000000001218] [published correction appears in Cir-
culation. 2024 Jun 11;149(24):e1413. doi:
10.1161/CIR.0000000000001263]. Circulation. 2024;149(1):e1-e156.
doi:10.1161/CIR.0000000000001193

3. Kannel WB, Benjamin EJ. Current perceptions of the epidemiology of
atrial fibrillation. Cardiol Clin. 2009;27(1):13-vii.
doi:10.1016/j.ccl.2008.09.015

4. Achkasov E, Bondarev S, Smirnov V, et al. Atrial Fibrillation in Ath-
letes-Features of Development, Current Approaches to the Treatment,
and Prevention of Complications. Int J Environ Res Public Health.
2019;16(24):4890. Published 2019 Dec 4. doi:10.3390/ijerph16244890
5. Molina L, Mont L, Marrugat J, et al. Long-term endurance sport prac-
tice increases the incidence of lone atrial fibrillation in men: a follow-up
study. Europace. 2008;10(5):618-623. doi:10.1093/europace/eun071
6. Baldesberger S, Bauersfeld U, Candinas R, et al. Sinus node disease
and arrhythmias in the long-term follow-up of former professional cy-
clists. Eur Heart J. 2008;29(1):71-78. d0i:10.1093/eurheartj/ehm555

7. Rao P, Shipon D. American College of Cardiology. Latest in Cardiolo-
gy: Atrial Fibrillation in Competitive Athletes. Accessed 9/9/2024.
https://www.acc.org/Latest-in-
Cardiology/Articles/2019/08/16/08/20/Atrial-Fibrillation-in-
Competitive-Athletes

8. Bondarev, S.A. Drug correction of a pathological sports heart. Thera-
peutist 2018, 5, 36-43.

9. Wheeler MT, Heidenreich PA, Froelicher VF, Hlatky MA, Ashley EA.
Cost-effectiveness of preparticipation screening for prevention of sud-
den cardiac death in young athletes. Ann Intern Med. 2010;152(5):276-
286. doi:10.7326/0003-4819-152-5-201003020-00005

10. Al-Khatib SM. Atrial Fibrillation [published correction appears in
Ann Intern Med. 2023 Sep;176(9):1288. doi: 10.7326/L23-0291]. Ann
Intern Med. 2023;176(7):ITC97-ITC112. doi:10.7326/AITC202307180
11. What is Afib? John Hopkins Medicine. Accessed 9/10/2024.
https://www.hopkinsmedicine.org/health/conditions-and-
diseases/atrial-fibrillation

12. Brundel BJJM, Ai X, Hills MT, Kuipers MF, Lip GYH, de Groot NMS.
Atrial fibrillation. Nat Rev Dis Primers. 2022;8(1):21. Published 2022 Apr
7. doi:10.1038/s41572-022-00347-9

13. Heart Conduction System (Cardiac Conduction). Cleveland Clinic.
Accessed 9/11/2024.
https://my.clevelandclinic.org/health/body/21648-heart-conduction-
system

14. Priest BT, McDermott JS. Cardiac ion channels. Channels (Austin).
2015;9(6):352-359. doi:10.1080/19336950.2015.1076597

15. Zimetbaum P, Goldman A. Ambulatory arrhythmia monitoring:
choosing the right device. Circulation. 2010;122(16):1629-1636.
d0i:10.1161/CIRCULATIONAHA.109.925610

16. Electrocardiogram. John Hopkins Medicine. Accessed 9/27/2024.
https://www.hopkinsmedicine.org/health/treatment-tests-and-
therapies/electrocardiogram

17. ECG Interpretation: Characteristics of the Normal ECG (P-wave, QRS
complex, ST segment, T-wavve) EKG and ECHO Learning. Accessed
9/12/2024 https://ecgwaves.com/topic/ecg-normal-p-wave-qrs-
complex-st-segment-t-wave-j-point/

UCONN You Asked for It Continuing Education

January 2025

18. Alobaida M, Alrumayh A. Rate control strategies for atrial fibrilla-
tion. Ann Med. 2021;53(1):682-692.
doi:10.1080/07853890.2021.1930137

19. Tucker WD, Sankar P, Theetha Kariyanna P. Selective Beta-1 Block-
ers. In: StatPearls. Treasure Island (FL): StatPearls Publishing; January
30, 2023.

20. FDA and ISMP Lists of Look-Alike Drug Names with Recommended
Tall Man Letters. Institute for Safe Medication Practices. Accessed
9/12/24. https://www.ismp.org/sites/default/files/attachments/2017-
11/tallmanletters.pdf

21. Khandelwal R, Vagha JD, Meshram RJ, Patel A. A Comprehensive
Review on Unveiling the Journey of Digoxin: Past, Present, and Future
Perspectives. Cureus. 2024;16(3):e56755. Published 2024 Mar 23.
doi:10.7759/cureus.56755

22. Crane AD, Militello M, Faulx MD. Digoxin is still useful, but is still
causing toxicity. Cleve Clin J Med. 2024;91(8):489-499. Published 2024
Aug 1. doi:10.3949/ccjm.91a.23105

23. Angraal S, Nuti SV, Masoudi FA, et al. Digoxin Use and Associated
Adverse Events Among Older Adults. Am J Med. 2019;132(10):1191-
1198. d0i:10.1016/j.amjmed.2019.04.022

24. Beller GA, Smith TW, Abelmann WH, Haber E, Hood WB Jr. Digitalis
intoxication. A prospective clinical study with serum level correlations.
N Engl J Med. 1971;284(18):989-997.
doi:10.1056/NEJM197105062841801

25. Smith TW, Antman EM, Friedman PL, Blatt CM, Marsh JD. Digitalis
glycosides: mechanisms and manifestations of toxicity. Part I. Prog Car-
diovasc Dis. 1984;26(5):413-458. doi:10.1016/0033-0620(84)90012-4
26. Fromm MF, Kim RB, Stein CM, Wilkinson GR, Roden DM. Inhibition
of P-glycoprotein-mediated drug transport: A unifying mechanism to
explain the interaction between digoxin and quinidine [seecomments].
Circulation. 1999;99(4):552-557. d0i:10.1161/01.cir.99.4.552

27. Chan BS, Buckley NA. Digoxin-specific antibody fragments in the
treatment of digoxin toxicity. Clin Toxicol (Phila). 2014;52(8):824-836.
doi:10.3109/15563650.2014.943907

28. Hauptman PJ, Blume SW, Lewis EF, Ward S. Digoxin Toxicity and
Use of Digoxin Immune Fab: Insights From a National Hospital Data-
base. JACC Heart Fail. 2016;4(5):357-364.
doi:10.1016/j.jchf.2016.01.011

29. Cohagan B, Brandis D. Torsade de Pointes. In: StatPearls. Treasure
Island (FL): StatPearls Publishing; August 8, 2023.

30. Edward Miles Vaughan Williams. Royal College of Physicians. Ac-
cesssed 9/12/2024. https://history.rcplondon.ac.uk/inspiring-
physicians/edward-miles-vaughan-williams

31. Ylli D, Wartofsky L, Burman KD. Evaluation and Treatment of Amio-
darone-Induced Thyroid Disorders. J Clin Endocrinol Metab.
2021;106(1):226-236. d0i:10.1210/clinem/dgaa686

32. Cohen-Lehman J, Dahl P, Danzi S, Klein I. Effects of amiodarone
therapy on thyroid function. Nat Rev Endocrinol. 2010;6(1):34-41.
doi:10.1038/nrendo.2009.225

33. Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the treatment
of hypothyroidism: prepared by the american thyroid association task
force on thyroid hormone replacement. Thyroid. 2014;24(12):1670-
1751. doi:10.1089/thy.2014.0028

34. Bogazzi F, Tomisti L, Rossi G, et al. Glucocorticoids are preferable to
thionamides as first-line treatment for amiodarone-induced thyrotoxi-
cosis due to destructive thyroiditis: a matched retrospective cohort
study. J Clin Endocrinol Metab. 2009;94(10):3757-3762.
doi:10.1210/jc.2009-0940

35. Cordarone. Prescribing Information. Pfzier Wyeth Pharmaceuticals
Inc. Accessed 9/11/2024.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/018972s
054lbl.pdf

Page 13



36. Perez A, Touchette DR, DiDomenico RJ, Stamos TD, Walton SM.
Comparison of rate control versus rhythm control for management of
atrial fibrillation in patients with coexisting heart failure: a cost-effec-
tiveness analysis. Pharmacotherapy. 2011;31(6):552-565.
doi:10.1592/phco.31.6.552

37. Smit MD, Crijns HJ, Tijssen JG, et al. Effect of lenient versus strict
rate control on cardiac remodeling in patients with atrial fibrillation da-
ta of the RACE Il (RAte Control Efficacy in permanent atrial fibrillation Il)
study. J Am Coll Cardiol. 2011;58(9):942-949.
doi:10.1016/j.jacc.2011.04.030

38. Tsadok MA, Jackevicius CA, Essebag V, et al. Rhythm versus rate
control therapy and subsequent stroke or transient ischemic attack in
patients with atrial fibrillation. Circulation. 2012;126(23):2680-2687.
doi:10.1161/CIRCULATIONAHA.112.092494

39. Ha AC, Breithardt G, Camm AJ, et al. Health-related quality of life in
patients with atrial fibrillation treated with rhythm control versus rate
control: insights from a prospective international registry (Registry on
Cardiac Rhythm Disorders Assessing the Control of Atrial Fibrillation:
RECORD-AF). Circ Cardiovasc Qual Outcomes. 2014;7(6):896-904.
doi:10.1161/HCQ.0000000000000011

40. Gorman EW, Perkel D, Dennis D, Yates J, Heidel RE, Wortham D.
Validation Of The HAS-BLED Tool In Atrial Fibrillation Patients Receiving
Rivaroxaban. J Atr Fibrillation. 2016;9(2):1461. Published 2016 Aug 31.
doi:10.4022/jafib.1461

41. Fischer U, Koga M, Strbian D, et al. Early versus Later Anticoagula-
tion for Stroke with Atrial Fibrillation. N Engl J Med. 2023;388(26):2411-
2421. doi:10.1056/NEJM0a2303048

42. Pradaxa. Prescribing Information. Boehringer-Ingelheim Pharma-
ceuticals Inc. Accessed 9/10/2024. https://content.boehringer-
ingelheim.com/DAM/c669f898-0c4e-45a2-ba55-
afle011fdf63/pradaxa%20capsules-us-pi.pdf

43. Eliquis. Prescribing Information. Bristol-Myers Squibb. Accessed
9/10/2024. https://packageinserts.bms.com/pi/pi_eliquis.pdf

44, Savaysa. Prescribing Information. Daiichi Sankyo, Inc. Accessed
9/10/2024. https://daiichisankyo.us/prescribing-information-
portlet/getPIContent?productName=Savaysa&inline=true

45, Xarelto. Prescribing Information. Janssen Pharmaceuticals, Inc. Ac-
cessed 9/10/2024. https://www.janssenlabels.com/package-
insert/product-monograph/prescribing-informatio.RELTO-pi.pdf

46. Coumadin. Prescribing Information. Bristol-Myers Squibb. Accessed
9/10/2024.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/009218s
107Ibl.pdf

47. Electrical Cardioversion. John Hopkins Medicine. Accessed
9/11/2024. https://www.hopkinsmedicine.org/health/treatment-tests-
and-therapies/electrical-cardioversion

48. Luca F, Giubilato S, Di Fusco SA, et al. Anticoagulation in Atrial Fibril-
lation Cardioversion: What Is Crucial to Take into Account. J Clin Med.
2021;10(15):3212. Published 2021 Jul 21. d0i:10.3390/jcm10153212
49. Ghzally Y, Ahmed |, Gerasimon G. Catheter Ablation. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; July 30, 2023.

50. Catheter Ablation. Cleveland Clinic. Accessed 9/12/2024.
https://my.clevelandclinic.org/health/treatments/16851-catheter-
ablation

51. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA
Guideline for the Management of Heart Failure: A Report of the Ameri-
can College of Cardiology/American Heart Association Joint Committee
on Clinical Practice Guidelines [published correction appears in Circula-
tion. 2022 May 3;145(18):e1033. doi: 10.1161/CIR.0000000000001073]
[published correction appears in Circulation. 2022 Sep
27;146(13):e185. doi: 10.1161/CIR.0000000000001097] [published cor-
rection appears in Circulation. 2023 Apr 4;147(14):e674. doi:
10.1161/CIR.0000000000001142]. Circulation. 2022;145(18):e895-
€1032. doi:10.1161/CIR.0000000000001063

UCONN You Asked for It Continuing Education

January 2025

52. Mohamoud A, Jensen J, Buda KG. Consumer-grade wearable cardi-
ac monitors: What they do well, and what needs work. Cleve Clin J
Med. 2024;91(1):23-29. Published 2024 Jan 2.
doi:10.3949/ccjm.91a.23030

53. Jaakkola J, Mustonen P, Kiviniemi T, et al. Stroke as the First Mani-
festation of Atrial Fibrillation. PLoS One. 2016;11(12):e0168010. Pub-
lished 2016 Dec 9. doi:10.1371/journal.pone.0168010

54. Prasitlumkum N, Cheungpasitporn W, Chokesuwattanaskul A, et al.
Diagnostic accuracy of smart gadgets/wearable devices in detecting
atrial fibrillation: A systematic review and meta-analysis. Arch Cardio-
vasc Dis. 2021;114(1):4-16. doi:10.1016/j.acvd.2020.05.015

55. Elbey MA, Young D, Kanuri SH, et al. Diagnostic Utility of Smart-
watch Technology for Atrial Fibrillation Detection - A Systematic Analy-
sis. J Atr Fibrillation. 2021;13(6):20200446. Published 2021 Apr 30.
doi:10.4022/jafib.20200446

56. Dhingra LS, Aminorroaya A, Oikonomou EK, et al. Use of Wearable
Devices in Individuals With or at Risk for Cardiovascular Disease in the
US, 2019 to 2020. JAMA Netw Open. 2023;6(6):€2316634. Published
2023 Jun 1. doi:10.1001/jamanetworkopen.2023.16634

57. Svennberg E, Friberg L, Frykman V, Al-Khalili F, Engdahl J, Rosen-
gvist M. Clinical outcomes in systematic screening for atrial fibrillation
(STROKESTOP): a multicentre, parallel group, unmasked, randomised
controlled trial. Lancet. 2021;398(10310):1498-1506.
doi:10.1016/50140-6736(21)01637-8

58. Turchioe MR, Jimenez V, Isaac S, Alshalabi M, Slotwiner D, Creber
RM. Review of mobile applications for the detection and management
of atrial fibrillation [published correction appears in Heart Rhythm 02.
2021 Feb 19;2(1):111-112. doi: 10.1016/j.hr00.2020.12.001]. Heart
Rhythm 02. 2020;1(1):35-43. doi:10.1016/j.hro0.2020.02.005

59. National Association of Chain Drug Stores. Re: Health Care Work-
shop, Project No. P131207. Accessed 10/3/2024.
https://www.nacds.org/ceo/2014/0508/supplemental_comments.pdf
60. Kelling, Sarah K. Exploring Accessibility of Community Pharmacy
Services. Innov. Pharm. 2015;6(3):1-4. doi:10.24926/iip.v6i3.392

61. Ritchie LA, Penson PE, Akpan A, Lip GYH, Lane DA. Integrated Care
for Atrial Fibrillation Management: The Role of the Pharmacist. AmJ
Med. 2022;135(12):1410-1426. doi:10.1016/j.amjmed.2022.07.014
62. 6 Drugs to Avoid if You Have Atrial Fibrillation. My Heart Disease
Team. Accessed 9/12/2024.
https://www.myheartdiseaseteam.com/resources/drugs-to-avoid-if-
you-have-atrial-fibrillation

63. What supplements should you not take with Afib. Medical News
Today. Accessed 9/12/2024.
https://www.medicalnewstoday.com/articles/supplements-to-avoid-
with-afib

Page 14



