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The review article presents critical analysis of clinical studies over the last years, dedicated to ventricular ex-
trasystoles [VEs) detection in practically health individuals, i. e. patients without cardiac structural changes. The
development of frequent premature ventricular contractions can induce left ventricular [LV) dysfunction and lead
to the formation of arrhythmogenic cardiomyopathy. Therefore, the objective of this article is to determine, based
on the analysis of literature and research data, the main mechanisms of VEs development in patients without car-
diac structural changes, predictors of LV dysfunction and arrhythmogenic cardiomyopathy induced by premature
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ventricular complexes, and to evaluate the effectiveness of pharmacological and interventional antiarrhythmic
therapy. The analysis will show the direction of future clinical studies to improve VEs treatment in patients without

cardiac structural changes.
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Introduction

Ventricular premature contractions or ventricular ex-
trasystoles (VEs) are the most common ventricular
arrythmias [1]. Its prognosis depends on the pres-
ence of cardiac or extracardiac organic disease, and
it is usually considered benign in patients without
cardiac structural changes, according to the classifi-
cation of B. Bigger (1984) [1].

In the 1970s and 1980s, frequent VEs were con-
sidered triggers for the development of ventricu-
lar tachycardia, ventricular fibrillation, and sudden
cardiac death in patients after myocardial infarction
(MI) [1]. Therefore, the suppression of VEs was con-
sidered essential in these patients. The CAST study
showed that antiarrhythmic VEs treatment, espe-
cially using class | agents, increased mortality in
patients after MI, due to its arrhythmogenic effect,
despite effective suppression of premature ventricu-
lar complexes [1].

More recent studies have shown that, despite the
benign prognosis of VEs in patients without cardiac
structural changes, frequent premature ventricu-
lar contractions contribute to the development of
LV dysfunction and heart failure, and its suppression
improves cardiac function [1-3]. On the other hand,
VEs in patients without cardiac structural changes
can indicate the so-called "arrhythmic” form of ar-
terial hypertension, coronary artery disease, myo-
carditis, cardiomyopathies, stroke and other cere-
brovascular pathology onset, as well as be an inde-
pendent life-threatening ventricular arrhythmias,
atrial fibrillation, and sudden cardiac death predic-
tor [4-10].

Thus, mechanisms of premature ventricular con-
tractions development in patients without cardiac
structural changes, risk factors of arrhythmogenic
cardiomyopathy development, as well as the effec-
tiveness of VEs pharmacological and interventional
treatment are one of the main issues in modern car-
diology.
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The prevalence of premature ventricular
complexes in patients without cardiac
structural changes

In early 60s with the introduction of Holter monitor
or daily electrocardiogram (ECG) into clinical prac-
tice, from 1 to 5 VEs / hour were revealed in 75% of
healthy individuals without cardiac structural chang-
es, and over 60 / hour—in 4% during 48-hour ECG
monitoring [11-14]. The frequency of VEs detection
increased with age, with the presence of any extra-
cardiac pathology and with ECG monitoring dura-
tion, and reached about 80 % [14]. Similar premature
ventricular complexes frequency in patients without
cardiac structural changes was found in later studies,
the frequency did not differ significantly between men
and women [15-19].

Mechanisms of premature ventricular
complexes development in patients
without cardiac structural changes
Nowadays, it is known that VEs can be caused by
various mechanisms, including early or delayed af-
ter-depolarization, re-entry, and ectopic pacemaker
development [20]. The studies of these mechanisms
are mainly based on experimental models and its ex-
trapolation in the development of premature ventric-
ular complexes in patients without cardiac structural
changes is limited [21]. The development of delayed
after-depolarization is based on Ca++ ions overload
in cardiomyocytes [20]. Delayed after-depolarizations
are generated by a "transient inward currents” (iti),
carried by Na+ and partially K+ ions, controlled by
the intracellular concentration of Ca++ ions that are
also affected by the entry of Ca++ ions into the cell
[20]. Triggered activity induced by delayed after-de-
polarization is stimulated by heart rate increase, cat-
echolamines, "oxidative stress” in cardiomyocytes,
various substances or drugs toxic effects that inhibit
intracellular Na-K pumps, for example, digoxin, B1-
adrenoreceptor agonists, etc. [20,22].
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Early after-depolarization of cardiomyocytes oc-
cur during repolarization or before its completion
and cause the development of VEs at the low level
of membrane potential —30 mV. In case such after-
depolarization is sufficient, it leads to the appear-
ance of low amplitude action potential. Normally,
total ionic current during repolarization is directed
outward the cell. When inhibiting the outward and /
or increasing background inward current, total cur-
rent becomes inward that leads to the beginning of
membrane depolarization [20,22]. Depolarization
can cause cardiomyocyte re-excitation [20,22].
Outward (repolarizing) current decrease can oc-
cur in case of decreased membrane permeability to
potassium during pronounced extracellular potas-
sium concentration decrease due to hypoxia, heart
rate reduction, for example, due to increased vagal
tone or action of some toxic substances [20]. VEs
caused by early and delayed after-depolarizations
are associated with lower cell membranes hyper-
polarization compared with arrhythmias caused by
re-entry mechanism, thus, cardiomyocyte dysfunc-
tions are potentially reversible: in over 90% cases,
VEs, caused by trigger mechanisms were eliminated
after lifestyle modifications (elimination of acute or
chronic stress, excessive vagal effects, electrolyte
imbalance, autonomic, dysmetabolic disorders, hy-
poxia, alcohol abuse, coffee, energy drinks, etc.] or
after cardioprotective therapy (antihypoxants, anti-
oxidants, potassium preparations, etc.), as well as
after classes Il or IV antiarrhythmic agents treat-
ment [20-22]. Further membrane hyperpolarization,
caused by deeper metabolic disturbances, increases
action potential duration and decreases outward and
inward currents, for example, the lesion of calcium
channels in L-type cardiomyocytes increases repo-
larization heterogeneity that is usually seen in VEs
caused by re-entry mechanism [20-23]. The forma-
tion of this mechanism is associated with increased
risk of sudden cardiac death due to malignant ven-
tricular arrhythmias development [21,24]. To elimi-
nate premature ventricular contractions, caused by
the re-entry mechanism, mainly | and / or lll classes
of antiarrhythmic agents are used, while Il (IV] class-
es of antiarrhythmic agents have no positive effect
[20,21,23,24]. In the absence of positive antiarrhyth-
mic pharmacotherapy effect, the development of
VEs in patients without cardiac structural changes is
usually caused by ectopic pacemaker development,
that is mainly eliminated by radiofrequency ablation
[1,21,24].

Clinical evaluation of premature
ventricular complexes in patients without
cardiac structural changes

VEs in patients without cardiac structural changes
are considered “idiopathic” after eliminating poten-
tial causes of this arrhythmia and may manifest as
heart rate interruptions, subjective sensation of " a
beat followed by heart sinking”, inspiratory dyspnea
during physical activity, lightheadedness, chest pain
behind the sternum or in the left side of the chest
[1.16.17.21]. Some of these patients have asymptom-
atic premature ventricular contractions that are usu-
ally diagnosed during regular examination [1.17.21].
The absence of clinical symptoms in patients without
cardiac structural changes and with VEs may be one
of the risk factors for LV dysfunction development
that leads to the formation of arrhythmogenic car-
diomyopathy. It is also remarkable that many patients
without cardiac structural changes with asymptom-
atic VEs have normal LV function. Time before acci-
dental detection of VEs in these patients and the de-
velopment of LV dysfunction can be quite long. Some
patients have asymptomatic VEs for years or decades
before the development of heart dysfunction [1.17.21].

Clinical examination of patients without cardiac
structural changes and without clinical manifesta-
tions of heart failure often does not reveal any ab-
normalities, except for irregular heartbeat caused
by premature contractions. Standard ECG and 1-3
day 12-lead ECG monitoring can identify VEs and as-
sess its morphology and localization in such patients
[1,21]. It should be noted that patients without cardiac
structural changes often have variability of VEs dur-
ing the day, thus, it is better to assess the number
of premature ventricular complexes by continuous
48-72-hour ECG monitoring. It is also essential to
determine whether LV dysfunction developed before
VEs or was caused by premature complexes.

The initial absence of cardiac structural changes is
established by transthoracic echocardiography [25] and
exclusion of cardiac and extracardiac diseases (rheu-
matic heart disease, cardiomyopathies, heart defects,
mitral valve prolapse, myocarditis, thyrotoxicosis, post-
myocarditis cardiosclerosis, obesity, hyperlipidemia,
arterial hypertension, various clinical forms of coronary
artery disease, short and long QT syndromes, early re-
polarization, complete blockade of the bundle of His,
anemia, chronic lung diseases, nasopharynx, diabetes
mellitus, diseases of the gastrointestinal tract, etc.),
electrolyte disorders, the use of drugs and / or toxic
substances abuse (primarily diuretics, oral contracep-
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tives, inhaled beta-adrenoreceptor agonists, alcohol,
coffee, energy drinks, etc.) that directly or indirectly
cause VEs [1,16,17,21]. When heart dysfunction is de-
tected, it is necessary to assess if it preceded VEs de-
velopment or was its result [1,17,21]. In case patient’s
echocardiographic examination does not reveal any
structural and functions cardiac impairments [1,25] in
patients without any cardiac and extracardiac patholo-
gies, it is necessary to perform stress echocardiogra-
phy [1,21]. Patients with positive or doubtful results of
the stress test, as well as with one large or two small
criteria for right ventricular (RV) arrhythmogenic dys-
plasia, ventricular late potentials, unstable ventricu-
lar tachycardia, or who's profession is associated with
other people’s live risks (pilots, public transport driv-
ers, etc.), underwent invasive and / or non-invasive co-
ronagraph, contrast magnetic resonance heart imaging
or stress myocardial scintigraphy with technetium 99
or thallium-201 to determine latent myocarditis, car-
diomyopathy or latent myocardial ischemia. [1,21]. If
ventricular late potentials are detected in patients with
negative results of stress echocardiography, as well as
in the case of VEs frequency increase, the development
of unstable ventricular tachycardia after the stress test,
it is necessary to conduct non-invasive coronary angi-
ography and contrast magnetic resonance imaging,
since the results of these research methods identify
potential candidates for the surgical removal of prema-
ture ventricular contractions in patients without car-
diac structural changes [1,21].

Predictors of left ventricular dysfunction
development in patients with premature
ventricular contractions without cardiac
structural changes

LV dysfunction and arrhythmogenic cardiomyopathy
do not develop in all patients without cardiac structur-
al changes with premature ventricular contractions
[1,21,34]. Asymptomatic VEs may be seen before the
development of heart failure [1,17,21]. Predictors of
LV dysfunction in patients without cardiac structural
changes include the nature of the ventricular contrac-
tion (duration of the QRS complex, adhesion intervals),
its localization, frequency per hour and / or amount
per day of observation, and variability during the day.

The duration of QRS complex of premature
ventricular contraction, adhesion intervals,
the presence of interpolated VEs

The duration of QRS complexz 140 m/s and interpo-
lated VEs are independent predictors of LV systolic

and, less often, diastolic dysfunction [26-30]. The
causes of QRS complex expansion haven’t been well
understood yet, however, according to some authors,
they may include with cardiac impulse slowdown from
the cardiomyocyte to ventricular myocardiocyte dur-
ing premature contraction [31]. The adhesion inter-
vals 600 m / s with low variability (less than 60 m/s)
is associated with LV ejection fraction decrease, pos-
sibly due to incomplete LV filling and stroke volume
decrease [32,33]. However, larger studies are needed
to identify the causes of QRS complex changes [1,21].

Ventricular extrasystoles frequency

Previously, the detection of> 24 % VEs of all ventricu-
lar complexes was considered as independent pre-
dictor of arrhythmogenic cardiomyopathy develop-
ment [18]. However, recent studies have shown that
the detection of> 10-15% of premature ventricular
complexes of all ventricular contractions can already
induce the development of LV dysfunction [21,34]. It is
also remarkable that the amount of VEs is a modifi-
able risk factor for LV dysfunction: pharmacological
therapy and / or surgeries reduce total number of
premature ventricular complexes, as well as the risk
for arrhythmogenic cardiomyopathy [1,17,21].

Premature ventricular contractions
localization

About 70-75% of VEs originate from the right
ventricular outflow tract, and the rest—from inter-
ventricular septum, papillary muscles, left ventricle
free wall or His bundle [1,17,21]. Arrhythmias origi-
nating from the right ventricular outflow tract have
typical 12-lead ECG pattern — positive QRS complexes
in I, lll and aVF leads. This VEs morphology is similar
to blockade of the left leg of the bundle of His and of-
ten indicates origin from the right ventricular outflow
tract, although arrhythmias from the aortic valve can
also have similar pattern, but with earlier QRS tran-
sition [26]. On the other hand, premature ventricular
complex morphology, similar to blockade of the right
leg of the bundle of His, usually indicates origin from
the LV [1,16,17,21]. Nowadays, we can determine the
origin of VEs by its various morphologies on ECG: if
the QRS complex transition zone (when the R wave
of the ventricular extrasystole is approximately equal
to the S wave] is seen in the chest leads later than
in sinus rhythm, this indicates right ventricular out-
flow tract origin, and early transition zone in the chest
leads — LV origin [35,36]. If the QRS complex transi-
tion zone in sinus rhythm and in VEs is detected in
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Figure 1. Distribution of VEs during the day: 1 —sympathetic type — extrasystoles are mainly detected in the daytime; 2 —permanent or
mixed — extrasystoles are detected continuously throughout 24-hours; 3 —vagal or night type — extrasystoles are detected mainly in the
evening and in the nighttime, its frequency decreases after waking up.

lead V3, when the amplitude of the R wave of prema-
ture ventricular contraction compared with the am-
plitude of the R wave of the QRS complex of the sinus
rhythm in V2 lead is>0.6, premature ventricular de-
polarization from the left ventricle is determined with
95 % sensitivity of and 100 % specificity [37]. In addi-
tion, it was proposed to calculate premature ventricu-
lar contraction maximum deflection index —the ratio
of time from the beginning to the maximum of R or
S wave to the duration of QRS complex of premature
ventricular contraction. When premature ventricular
contraction maximum deflection index> 0.55, epicar-
dial origin of VE can be determined [38].

Discussed above ECG features are essential in the
initial assessment of VEs in patients without cardiac
structural changes to determine treatment strate-
gies to eliminate premature ventricular contractions.
Ventricular dyssynchrony can contribute to the devel-
opment of LV dysfunction, and the right ventricular
and epicardial origins of VEs are associated with the
highest risk of LV dysfunction and arrhythmogenic
cardiomyopathy [39,40].

Variability of premature ventricular
contractions during the day

Frequent VEs during the day (Fig. 1, type 2] is an inde-
pendent predictor of arrhythmogenic cardiomyopathy
development [1,21,26].

Gender effect on arrhythmogenic
cardiomyopathy development in patients with
VEs

Women are more sensitive, therefore, VEs in women
are diagnosed earlier than in men. For this reason,

women are less likely to develop arrhythmogenic car-
diomyopathy, since VEs treatment is usually started
earlier. Therefore, male gender is an independent
risk factor for the development of arrhythmogenic
cardiomyopathy in patients without cardiac structural
changes and VEs [1,21,39,40].

Treatment strategies in patients with
premature ventricular contractions
without cardiac structural changes

VEs treatment in patients without cardiac structural
changes with subjective arrhythmia feelings include
lifestyle modification, antiarrhythmic pharmacother-
apy and radiofrequency ablation to reduce or com-
pletely eliminate premature ventricular complexes
[1,21,41,42]. Therapy effectiveness was evaluated us-
ing 1-3 daily Holter ECG monitoring: before and after
pharmacotherapy (for 5-7 days) or catheter ablation,
the criterion for positive effect is the reduction of ex-
trasystoles frequency by over 75% compared with its
initial level, as well as the elimination of paired, group
extrasystoles and unstable ventricular tachycardia
[1,16,17,21].
duced caffeine / alcohol consumption, psycho-emo-
tional state monitoring, etc. has low effectiveness in
VEs frequency reduction in patients without cardiac
structural changes [1,21,39-41]. On the other hand,
interventional treatment is generally not considered
in patients without subjective arrythmia feeling with
frequent premature ventricular complexes and pre-
served heart function [1,21,41,42]. Most patients
without cardiac structural changes with frequent but
asymptomatic VEs have normal LV ejection fraction
and usually do not develop arrhythmogenic cardio-

Lifestyle modification, including re-
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myopathy [1,21,40,41,42]. Beta-blockers or calcium
channel blockers can be used to reduce VEs frequen-
cy. All patients using these antiarrhythmic agents
should be informed to contact physician on any heart
failure symptoms and conduct ECG at least once ev-
ery 3-6 months to assess LV ejection fraction [1,21].

Pharmacological treatment

According to the latest guidelines [1,21], radiofre-
quency ablation of the arrhythmogenic focus is rec-
ommended in patients without cardiac structural
changes who have over 10-15% VEs of the total ven-
tricular complexes, as well as in patients who refuse
to take antiarrhythmic pharmacotherapy or in case of
its ineffectiveness [1,21,34]. This recommendation is
the basis of initial antiarrhythmic pharmacotherapy
of VEs in this category of patients.

Beta-blockers or calcium antagonists are usu-
ally first-line pharmacological treatment for patients
without cardiac structural changes with subjec-
tive arrhythmia feeling. [1,21]. Numerous random-
ized studies have shown metoprolol, propranolol,
carvedilol and atenolol positive effect on VEs frequen-
cy in this category of patients. It is also remarkable
that these drugs were most effective in sympathetic
or daytime distribution of VEs (Fig. 1, type 1) [1,21,24,
34,40]. It should be noted that anticholinergics, be-
ta-blockers with intrinsic sympathomimetic activity
or non-dihydropyridine calcium channel blocker are
more effective in patients with vagal or nighttime type
of VEs distribution (Figure 1, type 3) [1,21,24,34,40].
The effectiveness of beta-blockers or calcium chan-
nel blockers ranges from 15 to 20 %, and its positive
clinical effect is observed for 1-2 or, rarely, 3 years
[1,21,24,34,40]. Meanwhile, beta-blockers and cal-
cium channel blockers are first-line treatment due
to its relative safety and the minimal amount of side
effects [1,21].

Classes | and / or Ill antiarrhythmic agents, such
as flecainide, propafenone, mexiletine, ethacyzin,
moricizine, allapinin, and sotalol, are referred to sec-
ond line treatment of VEs in patients without cardi-
ac structural changes [1,16,17,21]. It is known that
class | antiarrhythmic agents are contraindicated in
patients with LV dysfunction and cardiac structural
changes [1,16,17,21]. Therefore, amiodarone is rec-
ommended in patients with LV dysfunction, predomi-
nantly systolic, without cardiac structural changes to
reduce VEs frequency [1,21,24,40,41]. However, its
long-term use in patients without cardiac structural
changes, especially of a young age, is undesirable due

to numerous side effects [1,16,17,21]. Many studies
have shown that the efficacy of classes | and Il anti-
arrhythmic agents reaches about 90%, and positive
antiarrhythmic effect, in most cases, does not exceed
4-5years[1,16,17,21,24,40,41]. A few studies showed
that class | antiarrhythmic agents can be effective
after at least one unsuccessful radiofrequency abla-
tion [40,41,42]. Now it is known that combinations of
antiarrhythmic agents (class Il with class | or class
[l with 1) can be effective in VEs frequency reduction
in patients without cardiac structural changes, how-
ever, unfortunately, there are no large-scale clinical
studies on effectiveness and safety of these treat-
ment strategies.

Catheter ablation

Catheter ablation is recommended in patients with-
out cardiac structural changes with frequent mono-
morphic VEs, only in case of ineffective antiarrhyth-
mic pharmacotherapy or in patients refusing to take
antiarrhythmic agents [21,34]. Potential benefits of
radiofrequency ablation need to be weighed against
the risks of serious complications, that occur in 3% of
patients on average [43-45]. Vascular complications
include: ileal artery false aneurism, arteriovenous
fistula oringuinal hematoma, cardiac perforation with
tamponade, intraprocedural stroke, or sudden death
[45,46,47]. In addition, efficacy and risks of complica-
tions of catheter ablation depend on VEs anatomical
location, and surgeon experience [45,46,47]. These
factors are most important when choosing radiofre-
quency ablation center [45,46,47]. Nevertheless, con-
tinuous improvements in ablation technology, energy
sources, and advanced software for three-dimen-
sional mapping have allowed radiofrequency abla-
tion to become relatively safe and effective method
to reduce frequency or completely eliminate VEs in
patients without cardiac structural changes [43,45].
Nowadays, successful ablation can be performed
in patients without cardiac structural changes with
almost all known localizations of VEs [43,45]. The
key to successful interventional elimination of VEs
is fluoroscopy control, as well as cardiostimulation,
electroanatomical intracardiac mapping and intra-
cardiac echocardiography [43,45]. Cryoablation can
be a promising alternative to radiofrequency ablation
in cases of complex localization of VEs, for example,
left aortic root, the orifice of the left main coronary
artery or papillary muscles due to catheter stabili-
zation difficulties and high mobility of the papillary
muscles [43,45]. According to many authors, ra-
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diofrequency ablation of VEs, originating from right
ventricular outflow tract, in patients without cardiac
structural changes is superior to drug therapy [43-
45.48]. Some researchers showed that the duration of
ablation positive effect was longer compared with an-
tiarrhythmic pharmacotherapy [43,44], others — that
it was approximately the same [44, 45, 48].

Conclusion

VEs are often observed in patients without cardiac
structural changes and can cause LV dysfunction and
arrhythmogenic cardiomyopathy. Radiofrequency ab-
lation is recommended in patients with ineffective an-
tiarrhythmic pharmacotherapy, subjective arrythmia
feelings as well as with 10-15% monomorphic VEs
from of total ventricular complexes. Interventional
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