
Anti-arrhythmic drugs



Arrhythmias

q Arrhythmias consist in occasional or persistent alterations in the regular sequence
of depolarization and repolarization in the heart conduction system.

q Arrhythmias are usually classified according:
• to the site of origin (atrial, junctional or ventricular arrhythmias);
• to the heart rate (tachyarrhythmias or bradyarrhythmias).

q The most common test used to diagnose an arrhythmia is the electrocardiogram
(ECG).



Electrical system of the heart

Electrocardiogram (ECG)



Types of Arrhythmias

a) Paroxysmal supraventricular tachycardia (PSVT)

b) Atrial fibrillation

c) Atrial flutter

d) Extrasystoles 

e) Monomorphic ventricular tachycardia

f) Torsades de Pointes



Arrhythmias

Certain factors can precipitate arrhythmias:
• ischemia,
• hypoxia,
• acidosis or alkalosis,
• electrolyte abnormalities,
• excessive catecholamine
exposure,

• autonomic influences,
• drug toxicity (eg, digitalis or antiarrhythmic drugs),
• overstretching of cardiac fibers,
• presence of scarred or otherwise diseased tissue.

fcvm-09-987247 September 20, 2022 Time: 15:18 # 1

TYPE Review
PUBLISHED 26 September 2022
DOI 10.3389/fcvm.2022.987247

OPEN ACCESS

EDITED BY

Jonathan Chrispin,
Johns Hopkins Medicine, United States

REVIEWED BY

Giuseppe Mascia,
University of Genoa, Italy
Shirin Jimenez,
Stanford University, United States

*CORRESPONDENCE

Cicely Anne Dye
cicely_a_dye@rush.edu;
Cicelydye@gmail.com

SPECIALTY SECTION

This article was submitted to
Sex and Gender in Cardiovascular
Medicine,
a section of the journal
Frontiers in Cardiovascular Medicine

RECEIVED 06 July 2022
ACCEPTED 26 August 2022
PUBLISHED 26 September 2022

CITATION

Dye CA, Engelstein E, Swearingen S,
Murphy J, Larsen T and Volgman AS
(2022) Sex, Rhythm & Death: The
effect of sexual activity on cardiac
arrhythmias and sudden cardiac death.

Front. Cardiovasc. Med. 9:987247.
doi: 10.3389/fcvm.2022.987247

COPYRIGHT

© 2022 Dye, Engelstein, Swearingen,
Murphy, Larsen and Volgman. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided
the original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Sex, Rhythm & Death: The effect
of sexual activity on cardiac
arrhythmias and sudden cardiac
death
Cicely Anne Dye*, Erica Engelstein, Sean Swearingen,
Jeanine Murphy, Timothy Larsen and
Annabelle Santos Volgman

Division of Cardiology, Rush University Medical Center, Chicago, IL, United States

Arrhythmias and sudden cardiac death with sexual activity are rare. However,
the demographics are changing regarding the cardiovascular patients at
risk for these events. Recent studies have highlighted that the individuals
having cardiac events during sexual activity are becoming younger, with
a higher proportion of female decedents than previously described. There
needs to be an open dialog between the cardiovascular team and the cardiac
patient to provide the education and reassurance necessary for cardiovascular
patients to participate in sexual intercourse safely. This paper reviews how
sexual activity can lead to an increase in cardiac arrhythmias and sudden
cardiac arrest in patients that are not medically optimized or are unaware
of their underlying cardiac condition. The most common cardiovascular
diseases associated with sexually induced arrhythmias and arrest are discussed
regarding their potential risk and the psychosocial impact of this risk on these
patients. Finally, cardiovascular medications and implantable cardioverter-
defibrillators (ICDs) are addressed by reviewing the literature on the safety
profile of these cardiac interventions in this patient population. Overall, sexual
activity is safe for most cardiac patients, and providing proper education to
the patient and their partner can improve the safety profile for patients with
higher risk cardiovascular conditions. To give the appropriate education and
reassurance necessary, cardiovascular team members need an understanding
of the pathophysiology of how sexual activity can provoke arrhythmias and
sudden cardiac arrest. Healthcare providers also need to build comfort in
speaking to all patients and ensure that sexual partners, female patients, and
those in the LGBTQIA + community receive the same access to counseling
but tailored to their individual needs.
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FIGURE 1

The illustration shows the four phases of sexual intercourse and the potential risk for sex-induced cardiac arrhythmias or sudden cardiac death
for each phase. References are Bohlen et al. (15) and Masters and Johnson (16).

FIGURE 2

Device tracings of a 70 year old male with ischemic heart disease and prior myocardial infarction who experienced ventricular fibrillation that
resulted in delivery of anti-tachycardia pacing and then eventually defibrillation. This event occurred during sexual activity. AS, atrial sensing; VS,
ventricular sensing, F, fibrillation zone; STIM, anti-tachycardia pacing.
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Pro-arrhythmic effects of anti-arrhythmic drugs



The cardiac action potential



Vaughan-Williams classes of anti-arrhythmic drugs



I. Classes of anti-arrhythmic drugs



II. Classes of anti-arrhythmic drugs



An easy way to remember…

q IA Disopyramide Quinidine Procainamide (Double Quarter Pounder)

q IB Lidocaine Mexiletine (Letuce Mayo)

q IC Flecainide Propafenone (Fries Please)

Anti-arrhythmic drugs I sub-classes



q Anti-arrhythmic drugs included in the class I bind to and block the fast Na+
channels that are responsible for the rapid depolarization (phase 0) of the cardiac
action potential, although with differences in the efficacy.
Sub-class IC has the greatest effect on phase 0, IB drugs has the smallest, sub-class
IA is intermediate in its effect on phase 0.
IC > IA > IB

q Some anti-arrhythmic drugs included in the class I can also block the K+ channels
responsible for phase 3, affecting the effective refractory period (ERP).
IA (increase ERP) > IC > IB (decrease ERP)

Anti-arrhythmic drugs in Class I

↓ ERP



q Anti-arrhythmic drugs included in the sub-class IA
moderately block the open rapid Na+ channels;

q Anti-arrhythmic drugs included in the sub-class IA also
block the K+ channels, increasing the effective refractory
period.

q These electrophysiological effects are manifested in both
atrial and ventricular tissue, and therefore Class IA drugs
have the potential of treating both atrial and ventricular
tachyarrhythmias.

Anti-arrhythmic drugs: sub-class IA



Disopyramide

q Disopyramide is an oral agent.

q Disopyramide is prescribed in order to maintain the sinus rhythm in presence of
atrial flutter or atrial fibrillation and to prevent recurrence of ventricular tachycardia or
fibrillation.

q Marked pro-arrhythmic effects (especially in patients with a history of congestive
heart failure) and several drug-drug interactions.



Quinidine

q Quinidine is a stereoisomer of quinine, originally derived from the bark of the cinchona
tree.

q Quinidine is administered orally as one of three salts (sulfate, gluconate, or
polygalacturonate).

q Quinidine, combined with verapamil, is effective in treating atrial fibrillation.

q The most common side effects are gastrointestinal, mainly diarrhea (30-50% of
patients). Cinchonism, also after the first administration. Pro-arrhythmic effects.



Procainamide

q Procainamide is a derivative of the local anesthetic agent procaine.

q Because procainamide is available for relatively rapid intravenous loading, it has
often been used to treat atrial fibrillation or slow incessant ventricular tachycardias.

q The most common acute side effects are gastrointestinal (especially nausea,
vomiting, and diarrhea), and hypotension (when the drug is administered
intravenously). Chronic administration of procainamide can induce agranulocytosis
(rare but mortality in 25% of patients) and lupus (frequent, 20% of patients). Several
drug-drug interactions (cimetidine).



q Anti-arrhythmic drugs included in the sub-class IB weakly block
Na+ channels.

q Anti-arrhythmic drugs included in the sub-class IB decrease the
effective refractory period.
This effect is more visible in fibers that have a longer action
potential duration, like Purkinje fibers.

q Anti-arrhythmic drugs included in the sub-class IB have
profound effects on conduction velocity in damaged myocardium,
but they do not prolong conduction velocity in healthy cardiac
tissue.

Anti-arrhythmic drugs: subclass IB



Lidocaine 

q Lidocaine is a local anesthetic first introduced as an anti-arrhythmic drug in the
1950s.

q Lidocaine is administered intravenously with a plasma half-life of 1–2 hours. For
this trait, lidocaine is considered the drug of choice for emergency therapy of
arrhythmias.

q Lidocaine is one of the least cardiotoxic Na+ channel blockers. The predominant
side effects relate to the CNS: paresthesias, tremor, nausea of central origin,
lightheadedness, hearing disturbances, slurred speech, and convulsions. These
occur most commonly in elderly or otherwise vulnerable patients or when a bolus of
the drug is given too rapidly. Nevertheless, lidocaine may be ineffective in
hypokalemic patients.



Mexiletine

q Mexiletine is a structural analog of lidocaine, is resistant to first-pass hepatic
metabolism and effective by the oral route.

q The electrophysiological effects of mexiletine are virtually identical to those of
lidocaine and it is frequently combined with quinidine to increase efficacy while
decreasing the risk of pro-arrhythmia.

q Mexiletine is approved for treatment of ventricular arrhythmias.

q A very narrow therapeutic window limits mexiletine use. Tremor, dizziness, memory
loss.



q Anti-arrhythmic drugs included in the sub-class IC
produce a potent and selective blockade of the open rapid
Na+ channels.

q Anti-arrhythmic drugs included in the sub-class IC have
no effect on the effective refractory period.

q Flecainide and propafenone are first-line drugs for most of
the arrhythmias.

Anti-arrhythmic drugs: subclass IC



Flecainide

q Flecainide was synthesized in 1972 and approved by the FDA in 1984.

q Flecainide is recommended as one of the first line therapies for pharmacological
conversion as well as maintenance of sinus rhythm in patients with atrial
fibrillation and/or supraventricular tachycardias.

q Flecainide may cause severe exacerbation of arrhythmia. Flecainide may interact
with cimetidine, fluconazole, certain HIV protease inhibitors (such as ritonavir,
tipranavir), anticonvulsant drugs (such as phenytoin, phenobarbital), among others.



Propafenone

q Propafenone has some structural similarities to propranolol and possesses weak β-
blocking activity. Its spectrum of action is very similar to that of quinidine.

q Propafenone is useful for the treatment of supraventricular arrhythmias and life-
threatening ventricular arrhythmias in the absence of structural heart disease.

q Propafenone has pro-arrhythmic effects. The other side effects (neurological and
gastrointestinal mainly) are usually well tolerated and often resolve with continued
therapy or dosage reduction. Propafenone can cause a lupus-like facial rash, and also a
condition called exanthematous pustulosis, which is a nasty rash accompanied by fever
and a high white-blood-cell count. Numerous drug-drug interactions have been reported
with propafenone.



Anti-arrhythmic drugs class II: β-blockers



Features of β-blockers

q In both the SA and AV nodes, β-blockers slow the spontaneous firing rate by 
decreasing the slope of phase 4 and increasing the effective refractory period of 
the cardiac action potential;

q β-blockers have little effect on SA nodal conduction in normal individuals but they 
can markedly prolong SA nodal conduction in patients with intrinsic SA nodal 
disease;

q β-blockers can help to prevent the formation of reentrant arrhythmias in 
myocardium that has been damaged by ischemia;

q β-blockers depress the catecholamine-stimulated automaticity.



Anti-arrhythmic drugs class III: Agents that block K+ 

channels and prolong repolarization
q Anti-arrhythmic drugs included in the class III
block the K+ channels that mediate
repolarization, and thus increase the effective
refractory period.

q Dronedarone and sotalol are first-line drugs
for most of the arrhythmias.



Amiodarone

q Amiodarone is an iodine-containing benzofuran derivative.

q Intravenous amiodarone has been used to treat a wide range of arrhythmias,
particularly in the post-operative period. Oral amiodarone is effective in most forms of
supraventricular and ventricular tachycardia with its use limited by the frequency and
severity of its adverse effects.

q The most significant adverse effects include thyroid dysfunction (hypo or hyper),
chemical hepatitis, worsening sinus node dysfunction, and pulmonary fibrosis.

q Amiodarone inhibits hepatic metabolism, but it can also affect the bioavailability,
protein binding and renal excretion of several clinically important coadministered drugs.



Dronedarone

q Dronedarone is a close analogue of amiodarone, but since it lacks the iodine
moieties, dronedarone has fewer toxic effects on the thyroid and other organs. For these
reasons, dronedarone is a first-line drug for several arrhythmias.

q Dronedarone was developed to treat atrial fibrillation and then started to be used as
an antiarrhythmic drug.

q The most common side effects of dronedarone are gastrointestinal (diarrhea, nausea,
abdominal pain, vomiting) and weakness.

q Dronedarone has fewer drug interactions comparing with amiodarone. Concomitant
use with CYP3A4 inhibitors should be avoided (ketoconazole, itraconazole,
voriconazole, ritonavir, clarithromycin, nefazodone, verapamil, diltiazem & grapefruit
juice).



Sotalol

q Sotalol is formulated as a racemic mixture of d- and l-sotalol, because the l-isomer
has β-blocking activity, whereas both the d- and l-isomers share action potential
prolonging effects.

q Sotalol is approved for the treatment of significant ventricular and
supraventricular arrhythmias but can be useful for treating all types of
tachyarrhythmias. Sotalol can be usefull for the maintenance of sinus rhythm in
patients with atrial fibrillation. It is also approved for treatment of supraventricular and
ventricular arrhythmias in the pediatric age group. The drug is generally considered
more effective than Class IA drugs but not as effective as amiodarone, although
considered a first-line drug.

q Side effects include those attributed to both noncardioselective β-blockade and pro-
arrhythmia. Other adverse effects of sotalol include, in decreasing order of frequency,
fatigue, dyspnea, chest pain, headache, gastrointestinal disturbances (nausea and
vomiting).

q Sotalol may interact with IA and other class III antiarrhythmic drugs, antacids,
clonidine, diuretics, drugs prolonging the QT interval.



Ibutilide

q Ibutilide is a new Class III antiarrhythmic agent, structurally analog of sotalol.

q Ibutilide is approved for intravenous chemical cardioversion of recent onset atrial
fibrillation and atrial flutter in adults.

q The major adverse effect of ibutilide is its propensity to cause Torsades de pointes
due to QT prolongation occurring in approximately 4% of adult patients, usually within 40
minutes of initiating the infusion.

q No specific drug interaction studies have been performed. Concomitant β-receptor or
calcium channel antagonists apparently do not interact, although data are limited
(Clinical Pharmacology of Antiarrhythmic Drugs. Raymond L. Woosley, Farshad Shirazi,
in Cardiovascular Therapeutics (Third Edition), 2007).



Dofetilide

q Dofetilide is a “pure” class III drug.

q Dofetilide is approved for the maintenance/restoration of normal sinus rhythm in
patients with atrial fibrillation.

q The principal cardiac adverse effect is the risk of Torsades de pointes due to QT
prolongation, which is approximately 3% in adult trials. Most pro-arrhythmic events are
observed in the first 3 days. Dofetilide has been reported to cause occasional
noncardiac symptoms, including headache, gastrointestinal disturbances, sleep
disorders, and flulike symptoms.

q Concomitant use with CYP3A4 inhibitors should be avoided (ketoconazole,
itraconazole, voriconazole, ritonavir, clarithromycin, nefazodone, verapamil, diltiazem,
and grapefruit juice).



Anti-arrhythmic drugs class IV: Agents that block the 
slow inward Ca++ current

q Many Ca++-blocking agents have been developed, but only
two are commonly used (and have been approved) for the
treatment of cardiac arrhythmias: verapamil and diltiazem.

q Verapamil and diltiazem both block the slow inward Ca++
current (L-type calcium channel). The administration of class
IV drugs slows conduction velocity and increases the effective
refractory period.



Verapamil

q Verapamil has a structure similar to that of papaverine.

q Verapamil is useful for slowing the ventricular response to atrial tachyarrhythmias.
Verapamil is also effective in ectopic atrial tachycardia and supraventricular tachycardia.
Finally, verapamil causes peripheral vasodilation, which may be beneficial in
hypertension and peripheral vasospastic disorders.

q Orally administered verapamil is well tolerated by the majority of patients. Most
complaints are with respect to gastrointestinal side effects (constipation and gastric
discomfort). Other complaints include vertigo, headache, nervousness, and pruritus.

q Concomitant use with CYP3A4 inhibitors should be avoided (ketoconazole,
itraconazole, voriconazole, ritonavir, clarithromycin, nefazodone, diltiazem, and
grapefruit juice).



Diltiazem

q Diltiazem is a benzothiazepine derivative that shares electrophysiological effect and
clinical uses of verapamil.

q Diltiazem appears to be similar in efficacy to verapamil in the management of atrial
arrhythmias.

q The adverse effects are similar to verapamil with a lower incidence of ventricular
depression.

q Diltiazem is extensively metabolized through the CYP450 system. For this reason,
concomitant use with CYP450 inhibitors may increase diltiazem concentrations leading
to adverse effects even at clinically recommended doses.



Miscellaneous anti-arrhythmic agents

q Certain agents used for the treatment of arrhythmias do not fit the conventional
class 1–4 organization. These include:

1) Digoxin,
2) adenosine,
3) magnesium.



Digoxin

q Digitalis glycosides, especially digoxin, have been used in clinical medicine since the
1700s.

q The clinical utility of digoxin is twofold. First, it increases intracellular Ca++ during
muscle contraction, thus increasing inotropy. Second, digoxin inhibits the membrane-
bound Na+-K +ATPase enzyme.

q Since digoxin slows the conduction through the AV node, it can be administered for
significant ventricular arrhythmias.

q Digoxin has a narrow therapeutical window and potentially life-threatening cardiac
adverse effects. Gastrointestinal disorders (nausea, vomiting, anorexia, diarrhea, and
cramps), neuropsychological disorders (visual disturbances, restlessness, and delirium),
and bradycardia are warning signs. Some drug combinations can aggravate the cardiac
adverse effects of digoxin, or reduce its efficacy (cholestyramine, antacid gels, kaolin-
pectate, certain antimicrobial drugs and cancer chemotherapeutic agents).



Adenosine

q The nucleoside adenosine can activate the inward rectifier K+ current and inhibit the
Ca++ current.

q Intravenous adenosine is useful for the acute termination of supraventricular
tachycardia that utilizes the AV node. Adenosine is also helpful for the diagnosis of
narrow complex tachycardias by unmasking, such as atrial flutter and ectopic atrial
tachycardia.

q Adverse reactions to the administration of adenosine are not uncommon; however,
the short half-life of the drug limits the duration of such events.

q There are a few significant drug interactions with adenosine, in particular with
dipyridamole (including combination preparations with aspirin), carbamazepine (which
increases the action of adenosine), methylxanthine compounds (theophylline and
caffeine).



Magnesium Sulfate

q Originally used for patients with digitalis-induced arrhythmias who were
hypomagnesemic, magnesium infusion has been found to have antiarrhythmic effects in
some patients with normal serum magnesium levels.

q The precise mechanism by which magnesium can ameliorate arrhythmias has not
been established. Functionally, magnesium is required for the membrane-bound Na+/K+
ATPase, which is the principal enzyme that maintains normal intracellular potassium
concentration.

q Magnesium sulfate can be administered orally, intramuscularly, or intravenously, when
a rapid response is needed.

q The most well-established use of magnesium is in the therapy of Torsades de pointes.

q For the acute treatment of cardiac arrhythmias, the administration of intravenous
magnesium has proven very safe. There is some potential of pushing magnesium levels
into the toxic range in the presence of severe renal failure, but the overall risk of doing
so is low.


