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B ABSTRACT

REMATURE VENTRICULAR COMPLEXES (PVCs)

Premature ventricular complexes (PVCs) are a common
cause of palpitations. Related symptoms include difficulty
breathing, chest pain, fatigue, and dizziness. PVCs are
also commonly detected incidentally on electrocardiog-
raphy, outpatient ambulatory monitoring, and inpatient
telemetry. Treatment goals include palliating symptoms,
restoring cardiac function if affected, and preventing
progression to tachycardia-related cardiomyopathy if the
PVC burden is high, even in patients without symptoms.
Responses to caffeine reduction, cessation of stimulants,
and stress reduction are inconsistent. Aerobic exercise is
rarely effective and can sometimes exacerbate PVCs.

B KEY POINTS

Diagnostic evaluation should include an assessment for
structural heart disease and quantification of the total
PVC burden by ambulatory Holter monitoring.

Patients without structural heart disease and low-to-
modest PVC burdens do not always require treatment.
PVCs at higher burdens (typically more than 15% to 20%
of heartbeats) or strung together in runs of ventricular
tachycardia pose a higher risk of tachycardia-related car-
diomyopathy and heart failure, even if asymptomatic.

When necessary, treatment for PVCs involves beta-block-

ers, calcium channel blockers, or other antiarrhythmic
drugs and catheter ablation in selected cases.

Catheter ablation can be curative, but it is typically re-
served for drug-intolerant or medically refractory patients
with a high PVC burden.

doi:10.3949/ccjm.80a.12168
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are a common cause of palpitations, and
are also often detected incidentally on electro-
cardiography (ECG), ambulatory monitoring,
or inpatient telemetry. At the cellular level,
ventricular myocytes spontaneously depolarize
to create an extra systole that is “out of sync”
with the cardiac cycle.

Although nearly everyone has some PVCs
from time to time, people vary widely in their
frequency of PVCs and their sensitivity to
them.!? Some patients are exquisitely sensi-
tive to even a small number of PVCs, while
others are completely unaware of PVCs in a
bigeminal pattern (ie, every other heartbeat).
This article will review the evaluation and
management of PVCs with a focus on clinical
aspects.

B DIAGNOSTIC EVALUATION

Personal and family history

Symptoms. The initial history should es-
tablish the presence, extent, timing, and dura-
tion of symptoms. Patients may use the word
“palpitations” to describe their symptoms, but
they also describe them as “hard” heartbeats,
“chest-thumping,” or as a “catch” or “skipped”
heartbeat. Related symptoms may include dif-
ficulty breathing, chest pain, fatigue, and dizzi-
ness.

The interview should determine whether
the symptoms represent a minor nuisance or
a major quality-of-life issue to the patient, and
whether there are any specific associations or
triggers. For example, it is very common for
patients to become aware of PVCs at night,
particularly in certain positions, such as lying
on the left side. Patients often associate PVC
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symptoms with emotional stress, exercise, or
caffeine or stimulant use.

Medication use. An accurate and up-to-
date list of prescription medications should be
screened for alpha-, beta-, or dopamine-recep-
tor agonist drugs. Similarly, any use of over-
the-counter sympathomimetic medications
and nonprescription supplements should be
elicited, including compounded elixirs or bev-
erages. Many commercially available products
designed to treat fatigue or increase alertness
contain large doses of caffeine or other stimu-
lants. It is also important to consider the use
of illicit substances such as cocaine, amphet-
amine, methamphetamine, and their deriva-
tives.

The patient’s medical and surgical histo-
ry should be queried for any known structural
heart disease, including coronary artery dis-
ease, myocardial infarction, congestive heart
failure, valvular heart disease, congenital
heart disease, and heritable conditions such as
hypertrophic cardiomyopathy, prolonged QT
syndromes, or other channel disorders. Pul-
monary disorders such as sarcoidosis, pulmo-
nary hypertension, or obstructive sleep apnea
are also relevant. Similarly, it is important to
identify endocrine disorders, including thy-
roid problems, sex hormone abnormalities, or
adrenal gland conditions.

A careful family history should include
any instance of sudden death in first-degree
relatives, any heritable cardiac conditions, or
coronary artery disease at an early age.

Physical examination

The physical examination should focus on
findings that suggest underlying structural
heart disease. Findings suggestive of conges-
tive heart failure include elevated jugular
venous pressures, abnormal cardiac sounds,
pulmonary rales, abnormal arterial pulses, or
peripheral edema. A murmur or a pathologic
heart sound should raise suspicion of valvular
or congenital heart disease when present in a
young patient.

Inspection and palpation of the thyroid
can reveal a related disorder. Obvious skin
changes or neurologic findings can similarly
reveal a systemic and possibly related clinical
disorder that can have cardiac manifestations
(eg, muscular dystrophy).
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Electrocardiography, Holter monitoring,

and other monitoring

Assessment of the cardiac rhythm includes
12-lead ECG and ambulatory Holter monitor-
ing, typically for 24 or 48 hours.

Holter monitoring provides a continu-
ous recording, usually in at least two or three
leads. Patients are given a symptom journal
or are asked to keep a diary of symptoms ex-
perienced during the monitoring period. The
monitor is worn underneath clothing and
is returned for download upon completion.
Technicians process the data with the aid of
computer software, and the final output is
reviewed and interpreted by a cardiologist or
cardiac electrophysiologist.

Holter monitoring for at least 24 hours is
a critical step in assessing any patient with
known or suspected PVCs, as it can both
quantify the total burden of ventricular ec-
topy and identify the presence of any related
ventricular tachycardia. In addition, it can
detect additional supraventricular arrhyth-
mias or bradycardia during the monitoring
period. The PVC burden is an important mea-
surement; it is expressed as the percentage of
heartbeats that were ventricular extrasystoles
during the monitoring period.

Both ECG and Holter monitoring are limit-
ed in that they are only snapshots of the thythm
during the period when a patient is actually
hooked up. Many patients experience PVCs
in clusters every very few days or weeks. Such
a pattern is unlikely to be detected by a single
ECG or 24- or 48-hour Holter monitoring.

A 30-day ambulatory event monitor (also
known as a wearable loop recorder) is an im-
portant diagnostic tool in these scenarios. The
concept is very similar to that of Holter moni-
toring, except that the device provides a con-
tinuous loop recording of the cardiac rthythm
that is digitally stored in clips when the pa-
tient activates the device. Some wearable
loop recorders also have auto-save features
for heart rates falling outside of a programmed
range.

Mobile outpatient cardiac telemetry is
the most comprehensive form of noninvasive
rhythm monitoring available. This is essentially
the equivalent of continuous inpatient cardiac
telemetry, but in a patient who is not hospital-
ized. It is a wearable ambulatory device provid-
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ing continuous recordings, real-time automatic
detections, and patient-activated symptom re-
cordings. It can be used for up to 6 weeks. Ad-
vantages include detection and quantification
of asymptomatic events, and real-time trans-
missions that the physician can act upon. The
major disadvantage is cost, including coverage
denial by many third-party payers.

This test is rarely indicated as part of a PVC
evaluation and is typically ordered only by a
cardiologist or cardiac electrophysiologist.

Noninvasive cardiac evaluation

Surface echocardiography is indicated
to look for overt structural heart disease and
can reliably detect abnormalities in cardiac
chamber size, wall thickness, and function.
Valvular heart disease is concomitantly identi-
fied by two-dimensional imaging as well as by
color Doppler. The finding of significant struc-
tural heart disease in conjunction with PVCs
should prompt a cardiology referral, as this car-
ries significant prognostic implications.*>

Exercise treadmill stress testing is appro-
priate for patients who experience PVCs with
exercise or for whom an evaluation for coronary
artery disease is indicated. The expected find-
ing would be an increase in PVCs or ventricular
tachycardia with exercise or in the subsequent
recovery period. Exercise testing can be com-
bined with either echocardiographic or nuclear
perfusion imaging to evaluate the possibility of
myocardial ischemia. For patients unable to ex-
ercise, pharmacologic stress testing with dobu-
tamine or a vasodilator agent can be performed.

Advanced noninvasive cardiac imag-
ing—such as computed tomography, magnet-
ic resonance imaging, or positron-emission
tomography—should be reserved for spe-
cific clinical indications such as congenital
heart disease, suspected cardiac sarcoidosis,
and infiltrative heart disease, and for specific
cardiomyopathies, such as hypertrophic car-
diomyopathy and arrhythmogenic right ven-
tricular cardiomyopathy. For example, fre-
quent PVCs with a left bundle branch block
morphology and superior axis raise the con-
cern for a right ventricular disorder and may
prompt cardiac magnetic resonance imaging
for either arrhythmogenic right ventricular
cardiomyopathy or sarcoidosis.
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FIGURE 1. (A) A PVC originating in the right ventricular

outflow tract with the classic left bundle branch block

morphology, inferior axis with tall R waves in the inferior

limb leads, and precordial transition between V, and V,. (B)
Complete elimination of the PVC after successful catheter
ablation in the posteroseptal right ventricular outflow

tract.

B PVCs WITHOUT
STRUCTURAL HEART DISEASE

Outflow tract PVCs
and ventricular tachycardia
The right or left ventricular outflow tracts,
or the epicardial tissue immediately adjacent
to the aortic sinuses of Valsalva are the most
common sites of origin for ventricular ectopy
in the absence of structural heart disease.®”
Affected cells often demonstrate a triggered
activity mechanism due to cyclic adenosine
monophosphate-mediated and calcium-de-
pendent delayed after-depolarizations.”™®

Most of these foci are in the right ven-
tricular outflow tract, producing a left bundle
branch block morphology with an inferior
axis (positive R waves in limb leads II, III, and
aVF) and typical precordial R-wave transi-
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FIGURE 2. Electroanatomic activation map created during a
catheter ablation procedure of a right ventricular outflow
tract PVC. The map is limited to only the region of interest,
and is depicted in the right anterior oblique (RAO) projec-
tion, with a cartoon face on top and a heart model in the
left lower corner provided for orientation. The PVC site of
origin is marked by the white cross, and the red-to-blue
color scheme depicts its electrical propagation away from
its origin. The three red dots abutting the white cross rep-
resent the sites where radiofrequency energy was applied
to successfully ablate and eliminate this PVC. These appear
off the map as they were annotated on a sinus beat, rather
than a PVC, as a reference to deliver additional lesions if
desired at the successful site once the targeted PVCis elimi-
nated, as was done in this case. The remaining white and
yellow dots indicate locations where pace mapping was
performed with the ablation catheter.

tion in V5 and V, (RGure 1). A minority are
in the left ventricular outflow tract, producing
a right bundle branch block with an inferior
axis pattern, or in the aortic sinuses with a left
bundle branch block pattern but with early
precordial R transition in V, and V.

A study in 122 patients showed that right
and left outflow tract arrhythmias had similar
electrophysiologic properties and pharma-
cologic sensitivities, providing evidence for
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shared mechanisms possibly due to the com-
mon embryologic origin of these structures.’

Such arrthythmias are typically catechol-
amine-sensitive and are sometimes inducible
with burst pacing in the electrophysiology labo-
ratory. The short ventricular coupling intervals
can promote intracellular calcium overload in
the affected cells, leading to triggered activity.

Therefore, outflow tract PVCs and ven-
tricular tachycardia are commonly encoun-
tered clinically during exercise and, to an even
greater extent, in the postexercise cool-down
period. Similarly, they can be worse during pe-
riods of emotional stress or fatigue, when the
body’s endogenous catecholamine production
is elevated. However, it is worthwhile to note
that there are exceptions to this principle in
which faster sinus rates seem to overdrive the
PVCs in some patients, causing them to be-
come paradoxically more frequent at rest, or
even during sleep.

Outflow tract PVCs can be managed medi-
cally with beta-blockers, nondihydropyridine
calcium channel blockers (verapamil or diltia-
zem), or, less commonly, class IC drugs such
as flecainide. They are also highly curable by
catheter ablation (rGure 2), with procedure
success rates greater than 90%.71°

However, a subset of outflow tract PVCs
nested deep in a triangle of epicardial tissue
between the right and left endocardial sur-
face and underneath the left main coronary
artery can be challenging. This region has
been labeled the left ventricular summit, and
is shielded from ablation by an epicardial fat
pad in the adjacent pericardial space.!! Ab-
lation attempts made from the right and left
endocardial surfaces as well as the epicardial
surface (pericardial space) sometimes cannot
adequately penetrate the tissue deep enough
to reach the originating focus deep within this
triangle. While ablation cannot always fully
eliminate the PVC, ablation from more than
one of the sites listed can generally reduce its
burden, often in combination with suppres-
sive medical therapy (FIGURE 3).

Fascicular PVCs

Fascicular PVCs originate from within the
left ventricular His-Purkinje system!? and pro-
duce a right bundle branch block morphology
with either an anterior or posterior hemiblock
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pattern (FIGURE 4). Exit from the posterior fas-
cicle causes an anterior hemiblock pattern,
and exit from the anterior fascicle a posterior
hemiblock pattern. Utilization of the rapidly
conducting His-Purkinje system gives these
PVCs a very narrow QRS duration, sometimes
approaching 120 milliseconds or shorter. This
occasionally causes them to be mistaken for
aberrantly conducted supraventricular beats.
Such spontaneous PVCs are commonly asso-
ciated with both sustained and nonsustained
ventricular tachycardia and are usually sensi-
tive to verapamil.”

Special issues relating to mapping and
catheter ablation of fascicular arrhythmias in-
volve the identification of Purkinje fiber po-
tentials and associated procedural diagnostic
maneuvers during tachycardia.!*

Other sites for PVCs

Orther sites of origin for PVCs in the absence
of structural heart disease include ventricular
tissue adjacent to the aortomitral continuity,"
the tricuspid annulus,'® the mitral valve an-
nulus,!” papillary muscles,'® and other Purkin-
je-adjacent structures such as left ventricular
false tendons.'” An example of a papillary
muscle PVC is shown in FIGURES 5 AND 6.

Curable by catheter ablation

Any of these PVCs can potentially be cured by
catheter ablation when present at a sufficient
burden to allow for activation mapping in the
electrophysiology laboratory. The threshold
for offering ablation varies among operators,
but is generally around 10% or greater. Pace-
mapping is a technique applied in the electro-
physiology laboratory when medically refrac-
tory symptomatic PVCs occurring at a lower
burden require ablation.

B PVCs WITH AN UNDERLYING
CARDIAC CONDITION

Coronary artery disease

Tissue injury and death caused by acute myo-
cardial infarction has long been recognized as
a common cause of spontaneous ventricular
ectopy attributed to infarct border zones of
ischemic or hibernating myocardium.?®*! Ac-
celerated idioventricular rhythms and ectopy
can occur acutely from tissue reperfusion dur-
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FIGURE 3. (A) A very frequent PVC originating from the
left ventricular summit. The PVC is occurring in bigeminy

and has left bundle branch block morphology in V,, a very
early precordial transition in V,, an overall broad QRS with
a slurred rS appearance in limb lead I, and an overall infe-
rior axis. Despite efforts to characterize this PVC prospec-
tively, the pattern on ECG varies depending on the heart’s
rotation, and the diagnosis cannot always established until

the time of catheter ablation.

(B) Catheter ablation from the right and the left endocar-
dial and epicardial surfaces resulted in reduction of the
PVC burden, but not a complete and curative elimination.
The residual PVC burden required adjunctive medical sup-

pressive therapy with flecainide.

ing coronary revascularization. Spontaneous
ventricular ectopy can increase the likelihood
of re-entrant ventricular arrhythmias as a late
sequela following scar maturation along in-
farct border zones characterized by nonhomo-
geneous conduction and repolarization.
Suppression has not been associated with
improved outcomes, as shown for class IC
drugs in the landmark Cardiac Arrhythmia
Suppression Trial (CAST),? or in the amio-
darone treatment arm of the Multicenter
Automatic Defibrillator Implantation Trial 11
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FIGURE 4. (A) A PVC originating from the left posterior
fascicle with a characteristic right bundle branch block pat-
tern, left superior axis, and a relatively narrow QRS.

(B) Successful catheter ablation from the endocardial sur-
face of the left ventricle resulted in the curative elimina-
tion of this PVC.
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(MADIT-II).? Therefore, treatment of ven-
tricular ectopy in this patient population is
usually symptom-driven unless there is hemo-
dynamic intolerance, tachycardia-related car-
diomyopathy, or a very high burden of PVCs
in a patient who may be at risk of developing
tachycardia-related cardiomyopathy. Anti-
arthythmic drug treatment, when required,
usually involves beta-blockers or class I1I med-
ications such as sotalol or amiodarone.

Nonischemic dilated cardiomyopathy

This category includes patients with a wide va-
riety of disease states including valvular heart
disease, lymphocytic and other viral myocardi-
tis, cardiac sarcoidosis, amyloidosis and other
infiltrative diseases, familial conditions, and
idiopathic dilated cardiomyopathy (ie, etiol-
ogy unknown). Although it is a heterogeneous

group, a common theme is that PVCs in this
patient cohort may require epicardial mapping
and ablation.” Similarly, epicardial PVCs and
ventricular tachycardia cluster at the basal pos-
terolateral left ventricle near the mitral annu-
lus, for unclear reasons.?

While specific criteria have been pub-
lished, an epicardial focus is suggested by slow-
ing of the initial QRS segment, pseudo-delta
waves, a wider overall QRS, and QQ waves in
limb lead .26

Treatment is symptom-driven unless the
patient has a tachycardia-related cardiomy-
opathy or a high burden associated with the
risk for its development. Antiarrhythmic drug
therapy, when required, typically involves a
beta-blocker or a class III drug such as sotalol
or amiodarone. Sotalol is used in this popu-
lation but has limited safety data and should
be used cautiously in patients without an im-
plantable cardioverter-defibrillator.

Arrhythmogenic right ventricular
cardiomyopathy

Spontaneous ventricular ectopy and tachy-
cardia are common, if not expected, in pa-
tients with this heritable autosomal domi-
nant disorder. This condition is progressive
and associated with the risk of sudden car-
diac death. Criteria for diagnosis were es-
tablished in 2010, and patients with sus-
pected arrhythmogenic right ventricular
cardiomyopathy often undergo cardiac mag-
netic resonance imaging.’’ Diagnostic find-
ings include fibro-fatty tissue replacement,
which usually starts in the right ventricle
but can progress to involve the left ventricle.
PVCs and ventricular tachycardia can in-
volve the right ventricular free wall and are
often epicardial.

Catheter ablation is usually palliative, as
future arrhythmias are expected. Many pa-
tients with this condition require an implant-
able cardioverter-defibrillator for prevention
of sudden cardiac death, and some go on to
cardiac transplantation as the disease pro-
gresses and ventricular arrhythmias become
incessant.

Other conditions
Spontaneous ventricular ectopy is common
in other heritable and acquired cardiomyopa-
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thies including hypertrophic cardiomyopathy
and in infiltrative or inflammatory disorders
such as cardiac amyloidosis and sarcoidosis.
While technically falling under the rubric of
nonischemic heart disease, the presence of
spontaneous ventricular ectopy carries specif-
ic prognostic implications depending on the
underlying diagnosis. Therefore, an appropri-
ate referral for complete cardiac evaluation
should be considered when a heritable disor-
der or other acquired structural heart disease
is suspected.

@ TACHYCARDIA-RELATED
CARDIOMYOPATHY

Tachycardia-related cardiomyopathy refers
to left ventricular systolic dysfunction that
is primarily caused by arrhythmias. This in-
cludes frequent PVCs or ventricular tachy-
cardia but also atrial arrhythmias occurring
at a high burden that directly weaken myo-
cardial function over time. Although much
research has been devoted to this condition,
our understanding of its etiology and pathol-
ogy is incomplete.

PVCs and ventricular ectopy burdens in
excess of 15% to 20% have been associated
with the development of this condition.?®
However, it is important to note that car-
diomyopathy can also develop at lower bur-
dens.’® One study found that a burden greater
than 24% was 79% sensitive and 78% specific
for development of tachycardia-related car-
diomyopathy.’! Additional studies have dem-
onstrated specific PVC morphologic features
such as slurring in the initial QRS segment
and also PVCs occurring at shorter coupling
intervals as being associated with cardiomy-
opathy.’*

For these reasons, both quantification of
the total burden and careful evaluation of
available electrocardiograms and rhythm strips
are important even in asymptomatic patients
with frequent PVCs. Similarly, unexplained
left ventricular dysfunction in patients with
PVC burdens in these discussed ranges should
raise suspicion for this diagnosis. Patients with
tachycardia-related cardiomyopathy usually
have at least partially reversible left ventric-
ular dysfunction when identified or treated
early.?>®
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FIGURE 5. (A) A papillary muscle PVC occurring in a bigemi-
nal pattern and occasional couplets. The PVC has a right
bundle branch morphology with a left superior axis and a
slurred, notched appearance in the precordial leads. (B) Af-
ter successful catheter ablation at the base of the posterior

papillary muscle.

M MEDICAL AND ABLATIVE TREATMENT

Awailable treatments include medical suppres-
sion and catheter ablation. One needs to exer-
cise clinical judgment and incorporate all of the
PVC-related data to make treatment decisions.

Little data for trigger avoidance

and behavioral modification

Some patients report a strong association be-
tween palpitations related to PVCs and caf-
feine intake, other stimulants, or other dietary
triggers. However, few data exist to support
the role of trigger avoidance and behavioral
modification in treatment. In fact, an older
randomized trial in 81 men found no benefit
in a program of total abstinence from caffeine
and smoking, moderation of alcohol intake,
and physical conditioning.*®
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FIGURE 6. Electroanatomic activation map created dur-

ing catheter ablation of the papillary muscle PVC shown
in FIGURE 5. The map shows both the right and left ventricles
in the anterior projection. The successful ablation site is
demarcated by the blue dots at the base of the posterome-
dial papillary muscle. The catheter tip is depicted in align-
ment with the annotated blue reference point, whereas
the catheter body projects outside the shell of the map as
can occur with this mapping software. Catheter positions
are evaluated also in real time by fluoroscopy and some-
times by intracardiac echocardiography.

Nonetheless, some argue in favor of advis-
ing patients to make these dietary and lifestyle
changes, given the overall health benefits of
aggressive risk-factor modification for cardio-
vascular disease.’” Certainly, a trial of trigger
avoidance and behavioral modification seems
reasonable for patients who have strongly as-
sociated historical triggers in the absence of
structural heart disease and PVCs occurring at
a low to modest burden.

Beta-blockers are the mainstay
Beta-blockers are the mainstay of medical sup-
pression of PVCs, primarily through their effect
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on beta-1 adrenergic receptors to reduce intra-
cellular cyclic adenosine monophosphate and
thus decrease automaticity. Blocking beta-1 re-
ceptors also causes a negative chronotropic ef-
fect, reducing the resting sinus rate in addition
to slowing atrioventricular nodal conduction.

Cardioselective beta-blockers include ateno-
lol, betaxolol, metoprolol, and nadolol. These
drugs are effective in suppressing PVCs, or at least
in reducing the burden to more tolerable levels.

Beta-blockers are most strongly indicated
in patients who require PVC suppression
and who have concomitant coronary artery
disease, prior myocardial infarction, or other
cardiomyopathy, as this drug class favorably
affects long-term prognosis in these condi-
tions.

Common side effects of beta-blockers
include fatigue, shortness of breath, de-
pressed mood, and loss of libido. Side effects
can present a significant challenge, par-
ticularly for younger patients. Noncardio-
selective beta-blockers are less commonly pre-
scribed, with the exception of propranolol,
which is an effective sympatholytic drug that
blocks both beta-1 and beta-2 receptors.

Many patients with asthma or peripheral
arterial disease can tolerate these drugs well
despite concerns about provoked broncho-
spasm or claudication, respectively, and nei-
ther of these conditions is considered an abso-
lute contraindication. Excessive bradycardia
with beta-blocker therapy can lead to dizzi-
ness, lightheadedness, or overt syncope, and
these drugs should be used with caution in pa-
tients with baseline sinus node dysfunction or
atrioventricular nodal disease.

Nondihydropyridine calcium channel blockers
Nondihydropyridine calcium channel blockers
are particularly effective for PVC suppression
in patients without structural heart disease by
the mechanisms previously described involv-
ing intracellular calcium channels. In particu-
lar, they are highly effective and are considered
the drugs of choice in treating fascicular PVCs.
Verapamil is a potent drug in this class,
but it also commonly causes constipation as
a side effect. Diltiazem is less constipating but
can cause fatigue, drowsiness, and headaches.
Both drugs reduce the resting heart rate and
slow atrioventricular nodal conduction. Pa-
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tients predisposed to bradycardia or atrioven-
tricular block can develop dizziness or overt
syncope. Calcium channel blockers are also
used cautiously in patients with congestive
heart failure, given their potential negative
inotropic effects.

Opverall, calcium channel blockers are a
very reasonable choice for young patients
without structural heart disease who need
PVC suppression.

Other antiarrhythmic drugs

Sotalol merits special consideration be-
cause it has both beta-blocker and class III
antiarrhythmic properties, blocking potassium
channels and prolonging cardiac repolariza-
tion. It can be very effective in PVC sup-
pression but also creates some degree of QT
prolongation. The QT-prolonging effect is ac-
centuated in patients with baseline QT pro-
longation or abnormal renal function. Rarely,
this can lead to torsades de pointes. As a safety
precaution, some patients are admitted to the
hospital when they start sotalol therapy so
that they can be monitored with continuous
telemetry and ECG to detect excessive QT
prolongation.

Amiodarone is a versatile drug with mixed
pharmacologic properties that include a pre-
dominantly potassium channel-blocking class 111
drug effect. However, this effect is balanced by its
other pharmacologic properties that make QT
prolongation less of a clinical concern. Excessive
QT prolongation may still occur when used con-
comitantly with other QT-prolonging drugs.

Amiodarone is very effective in suppressing
PVCs and ventricular arrhythmias but has con-
siderable short-term and long-term side effects.
Cumulative toxicity risks include damage to
the thyroid gland, liver, skin, eyes, and lungs.
Routine thyroid function testing, pulmonary
function testing, and eye examinations are of-
ten considered for patients on long-term amio-
darone therapy. Short-term use of this drug
does not typically require such surveillance.

Catheter ablation

As mentioned in the previous sections, cath-

eter ablation is a safe and effective treatment

for PVCs. It is curative in most cases, and sig-

nificantly reduces the PVC burden in others.
Procedure. Patients are brought to the

CLEVELAND CLINIC JOURNAL OF MEDICINE

electrophysiology laboratory in a fasted state
and are partially sedated with an intravenous
drug such as midazolam or fentanyl, or both.
Steerable catheters are placed into appropri-
ate cardiac chambers from femoral access sites,
which are infiltrated with local anesthesia.
Sometimes sedative or analgesic drugs must be
limited if they are known to suppress PVCs.

Most operators prefer a technique called
activation mapping, in which the catheter is
maneuvered to home in on the precise PVC
origin within the heart, which is subsequently
ablated. This technique has very high success
rates, but having enough spontaneous PVCs
to map during the procedure is essential for
the technique to succeed. Conversely, not
having sufficient PVCs on the day of the pro-
cedure is a common reason that ablation fails
or cannot be performed at all.

Pace-mapping is an alternate technique
that does not require a continuous stream of
PVCs. This involves pacing from different
candidate locations inside the heart in an ef-
fort to precisely match the ECG appearance
of the clinical PVC and to ablate at this site.
Although activation mapping generally yields
higher success rates and is preferred by most
operators, pace-mapping can be successful
when a perfect 12-12 match is elicited. In
many cases, the two techniques are used to-
gether during the same procedure, particularly
if the patient’s PVCs spontaneously wax and
wane, as they often do.

Risks. Like any medical procedure, catheter
ablation carries some inherent risks, including
rare but potentially serious events. Unstable ar-
thythmias may require pace-termination from
the catheter or, rarely, shock-termination exter-
nally. Even more rare is cardiac arrest requiring
cardiopulmonary resuscitation. Uncommon but
life-threatening complications also include peri-
cardial effusion or cardiac tamponade requiring
percutaneous drainage or, rarely, emergency sur-
gical correction. Although such events are life-
threatening, death is extremely rare.

Complications causing permanent dis-
ability are also very uncommon but include
the risk of collateral injury to the conduction
system requiring permanent pacemaker place-
ment, injury to the coronary vessels requiring
urgent treatment, or diaphragmatic injury af-
fecting breathing. Left-sided cardiac ablation
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also carries a small risk of stroke, which is
mitigated by giving intravenous heparin dur-
ing the procedure.

More common but generally non-life-
threatening complications include femoral
vascular events such as hematomas, pseudoa-
neurysms, or fistulas that sometimes require
subsequent treatment. These complications
are generally treatable but can significantly
prolong the recovery period.

Catheter ablation procedures are typically
2 to 6 hours in duration, depending on the
chambers involved, PVC frequency, and other
considerations. Postprocedure bed rest is re-
quired for a number of hours. A Foley catheter
is sometimes used for patient comfort when a
prolonged procedure is anticipated. This car-
ries a small risk of urinary tract infection. Epi-
cardial catheter ablation that requires access
to the surface of the heart (ie, the pericardial
space) is uncommon but carries some unique
risks, including rare injury to coronary vessels
or adjacent organs such as the liver or stomach.

Overall, both endocardial and epicardial
catheter ablation can be performed safely and
effectively in the overwhelming majority of
patients, but understanding and explaining
the potential risks remains a crucial part of

B TAKE-HOME POINTS

e PVCs are a common cause of palpitations
but are also noted as incidental findings by
ECG, Holter monitoring, and inpatient
telemetry.

® The diagnostic evaluation includes an as-
sessment for underlying structural heart
disease and quantification of the total
PVC burden.

e Patients without structural heart disease
and with low-to-modest PVC burdens
may not require specific treatment. PVCs
at greater burdens, typically 15% to 20%,
or with specific high-risk features carry a
risk of tachycardia-related cardiomyopa-
thy and may require treatment even if
they are asymptomatic. These high-risk
features include initial QRS slurring and
PVCs occurring at shorter coupling inter-
vals.

e Treatment involves medical therapy with
a beta-blocker, a calcium channel blocker,
or another antiarrhythmic drug, and cath-
eter ablation in selected cases.

e (Catheter ablation can be curative but is
typically reserved for drug-intolerant or
medically refractory patients with a high

the informed consent process.
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