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Ventricular arrhythmias are more commonly associated with coronary artery disease. However, ventricular arrhyth-
mogenesis can be initiated by various trigger factors against its background. The substrate of arrhythmias in various 
nosological forms of stable coronary heart disease is heterogeneous. The patient may have stable exertional angina 
without severe fibrosis or have a history of myocardial infarction with significant scarring. Therefore the predictive value 
and prognostic significant of ventricular arrhythmias is not always unambiguous. Thus, for the successful treatment of 
arrhythmias as a main component of the prevention of sudden cardiac death, an individualized pathogenetic approach is 
the most important. The purpose of this article is to analyze and clinically interpret the results of studies, publications for 
1980-2023, in which the authors describe the etiological, pathophysiological, pathomorphological characteristics of ven-
tricular arrhythmias and their predictive value and prognostic significant for patients with stable coronary artery disease.

Key words: ventricular arrhythmias; coronary artery disease; sudden cardiac death; chronic coronary artery disease; 
triggers and modulation factors of arrhythmias; substrate

Conflict of interest: none.
Funding: The study was funded by the state assignment of the Ministry of Health of the Russian Federation (registration 
number 123021000126-0).
Received: 23.06.2023 Revision received: 25.09.2023 Accepted: 28.09.2023
Corresponding author: Elena A. Ryngach, E-mail: panochkaru@yandex.ru 

E.V.Shlyakhto - ORCID ID 0000-0003-2929-0980, E.A.Ryngach - ORCID ID 0000-0003-2795-5774, A.A.Tatarino-
va - ORCID ID 0000-0001-5955-2529, T.V.Treshkur - ORCID ID 0000-0002-7976-5588

For citation: Shlyakhto EV, Ryngach EA, Tatarinova AA, Treshkur TV. Clinical role of triggers and modulation factors of 
ventricular arrhythmogenesis in stable coronary artery disease. Journal of Arrhythmology. 2024;31(1):е16-е26. https://
doi.org/10.35336/VA-1224.

Despite advances in prevention, diagnosis and treat-
ment, coronary heart disease (CHD) remains one of the 
main causes of sudden cardiac death (SCD), and with 
increasing patient age its share reaches 85-90% of cas-
es [1, 2]. It is proved that the most frequent immediate 
mechanism of SCD is fatal ventricular tachyarrhythmias: 
monomorphic ventricular tachycardia (VT) with transition 
to ventricular fibrillation (VF) - in 62.4% of cases, VT of 
«torsades de pointes» type - in 12.7%, primary VF - in 
8.3% [3, 4]. The results of basic and clinical research in the 
pathogenesis of ventricular arrhythmias (VAs) suggest that 
they require a combination of several factors predisposing 
to myocardial electrical instability (MEI). Other things be-
ing equal, the qualitative and quantitative characteristics 
of VA may differ significantly in their prognostic value de-
pending on the combination of substrate, modulating and 
triggering factor (Table 1). 

The substrate of VA can be at the cellular and tissue 
level, fixed and dynamic, local and diffuse. In fact, the sub-
strate is the pathomorphologic component of the underly-
ing disease. Triggering factors are the immediate triggers 
for the development of arrhythmias. Modulating factors 
can be internal, developing against the background of the 
underlying disease, and external. They have the capacity to 
modulate the outcome of trigger factors in a manner that 
renders the same trigger capable of eliciting distinct effects 

on the progression of arrhythmias. The outcome of the 
interaction of modulating and triggering factors with the 
substrate always depends on the specific clinical situation, 
which must necessarily be taken into account. That is why 
VA cannot be regarded as an isolated electrocardiographic 
(ECG) phenomenon that implies unambiguous prognostic 
value and universal tactics of patient management. Since 
our review focuses on VA in stable CHD, the substrate, 
triggering and modulating factors will be considered with-
in its possible clinical scenarios, mainly in preserved and 
moderately reduced left ventricular (LV) ejection fraction 
(EF). In the following, the most prognostically dangerous 
and/or frequently occurring variants of substrate, trigger-
ing and modulating factors, including their interactions, 
will be discussed, taking into account the risk of life-threat-
ening arrhythmias and possible directions of influence on 
them. 

Several classifications have been proposed for strat-
ification of VA according to the degree of potential dan-
ger. In 1971, B.Lown and M.Wolf first developed a 5-point 
grading system of VA for patients with acute myocardial 
infarction (MI) [5]. Later M.Ryan (1975) modified it for 
patients with stable CHD, where 3-5 gradations were clas-
sified as «high» and considered as potentially dangerous 
[6]. This notion was based on studies showing that in CHD 
patients on cardiac electrophysiological study (EPS), VF 
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always developed after paired extrastimuli that contributed 
to shortened refractoriness and MEI formation. And fur-
ther progression of arrhythmia to VT further reduced the 
refractoriness of the heart muscle, contributing to the de-
velopment of fatal VAs.

The risk-stratification proposed by J.T.Bigger in 
1984 divides VAs into non-life-threatening, potentially 
dangerous and dangerous depending on clinical manifesta-
tions, as well as the presence of structural heart pathology 
[7]. The later classification developed by R.G.Myerburg 
(1984, 2001) also combined only quantitative and qualita-
tive characteristics of arrhythmias, still without taking into 
account the specific clinical situation of the occurrence of 
VA, substrate, trigger factors and modulators of arrhythmo-
genesis. Thus, in the absence of a comprehensive approach 
to the system of VA stratification, only the combination of 
CHD with high-grade arrhythmias was a priori considered 
as dangerous [8]. However, over time, studies began to ap-
pear, the results of which indicated that the isolated assess-
ment of qualitative and quantitative characteristics of VA 
is not sufficient to classify arrhythmias as prognostically 
unfavorable [2]. Thus, it has been shown that the most un-
favorable prognosis in patients with stable forms of CHD 
is associated directly with transient myocardial ischemia 
(TMI) - the incidence of SCD in such cases increased up 
to 20% in pro- and retrospective observations for 5-7 years 
[9-11]. Therefore, according to a number of authors, it is 
necessary, first of all, to analyze the relationship between 
VA and TMI. 

Multifactorial contribution of myocardial  
ischemia to the pathogenesis of ventricular  
arrhythmias 
Back in 1999-2002, ischemic VAs were clearly 

characterized as follows: exercise-induced (EI), repro-
ducible VAs accompanied by clinical and ECG signs of 
TMI (angina or its equivalents, as well as reliable isch-
emic ST-segment changes) [10-12]. [10-12]. An import-
ant argument of ischemic origin of arrhythmias is the 
antiarrhythmic effect (AAE) of nitroglycerin, against 
the background of sublingual administration of which 
there is a decrease (both in quantity and complexity), up 
to complete disappearance of TMI-related VAs [10]. In 
addition, the results of successful etiopathogenetic treat-
ment of ischemic VA are argued. Thus, it has been shown 
that the elimination of TMI after complete myocardial re-
vascularization (MR) had a high AAE [13]. The authors 
elucidated the findings by attributing them to the isch-
emic nature of VA, as confirmed during the preoperative 
phase. This ischemic condition was further compounded 
by the fortuitous alignment of the arrhythmogenesis fo-
cus with the territory supplied by the stenosed coronary 
artery (CA), subsequently subjected to MR. The possibil-
ity of predicting AAE of MR in CHD patients based on 
the performance of a load test with noninvasive topical 
diagnostics, in which the location of arrhythmia focus 
(registered during physical activity) was determined with 
the subsequent comparison of topical diagnostics results 
with the zone of myocardial ischemia was proposed. If 
they coincide, a high AAE of MR can be predicted in pa-
tients with ischemic VA, while in case of mismatch, AAE 
from MR should not be expected [14]. 

These data echo another work performed in a group 
of patients with CHD who had a single-vessel lesion with 
hemodynamically significant CA stenosis. This study also 
resulted in the conclusions that stenting of CA leads to the 
disappearance of VA when the focus of VA coincides with 
the area of blood supply of the stenosed CA [15]. Thus, 
MR can be considered as an opportunity to influence si-
multaneously both the substrate and the trigger factor of 
ischemic VAs. These views are based on evidence that 
ischemia has a large multifactorial influence on MEI and 
can act as both a substrate and their trigger factor, as well 
as a powerful modulator of VA [16-18]. Thus, the develop-
ment of myocardial ischemia is accompanied by inhibition 
of tissue respiration and simultaneously by activation of 
anaerobic glycolysis, retardation of fatty acids oxidation, 
which under normal conditions provide more than 70% of 
myocardial energy needs.

Adenosine triphosphate (ATP) deficiency is 
accompanied by impaired activity of ion pumps:  
sodium-potassium (Na+-K+), calcium (Ca2+), and ac-
tin-myosin pump. As a result, cardiomyocytes lose K+, 
intracellular Ca2+ and Na+ accumulate and, as a conse-
quence, myocardial contractility decreases. Accumulation 
of Na+ and water in the cytoplasm leads to swelling of or-
ganelles, and excess Ca2+ promotes activation of lipases, 
phospholipases, and lipid peroxidation enzymes. All these 
changes lead to destabilization of lysosomes, damage to 
membranes and enzymes of cardiomyocytes. Decreased pH 
<6.0 in ischemic myocardium combined with local accu-
mulation of catecholamines causes slowing of impulse con-
duction, decreased excitability with simultaneous increase 
in refractoriness. All this leads to cellular dissociation, a 
sharp decrease in the transmembrane resting potential, a de-
crease in the duration and amplitude of the action potential 
and the generation of spontaneous electrical activity. The 
accumulation of cell membrane degradation products and 
glucose reduction in the myocardium also contribute to the 
development of MEI and the formation of arrhythmogene-
sis foci [19]. Within 15 min after perfusion disruption, K+ 
accumulation occurs outside the ischemic cardiomyocyte. 
Extracellular hyperkalemia in the border zone serves as a 
crucial factor in conduction disturbance and conduction 
block in the early period of ischemia [20-22]. 

Against the background of acute ischemia, the rest-
ing potential of the cardiomyocyte becomes more positive. 
This is accompanied by slow spontaneous depolarization, 
including in cells that normally do not have automatism, 
shortening of the action potential [23]. Simultaneous pro-
longation of the effective refractory period, continues even 
after repolarization is completed, and the phenomenon of 
postdepolarization refractoriness develops [24]. It has been 
demonstrated that a series of complex and often asymp-
tomatic changes in cardiomyocyte metabolism (the «isch-
emic cascade») precedes the appearance of clinical symp-
toms of ischemia [20-22]. In addition, due to activation 
of neurohumoral mechanisms, levels of norepinephrine, 
cytokines, endothelin, vasopressin, angiotensin II (AT II), 
and aldosterone increase in response to the development 
of acute ischemia. The increase in aldosterone synthesis 
is realized through activation of type 1 AT II receptors, an 
increase in cardiac AT II levels and aldosterone synthase 
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mRNA activity [22, 23]. Hyperactivation of these, initially 
physiological processes, in stable forms of CHD acquires 
pathological character. Thus, aldosterone has been found 
to play a major role in the formation of a number of neg-
ative clinical manifestations: sodium and fluid retention, 
development of endothelial dysfunction (ED), myocardial 
hypertrophy and fibrosis [24]. 

Role of endothelial dysfunction in ventricular 
arrhythmogenesis
It is noted that ED has an important role in the oc-

currence and development of MEI as a link of ventric-
ular arrhythmogenesis in TMI. The oxidative stress that 
develops during ischemia promotes the production of 
vasoconstrictors. First of all, they include endothelin-1 
(ET-1), serotonin and products of the cyclooxygenase 
pathway - prostaglandin H2 (PGH2) and thromboxane 
A2 [25, 26]. In experimental studies, it was shown that 
due to its pronounced vasoconstrictor properties, ET-1 
can cause life-threatening VAs against the background 
of acute myocardial ischemia [27]. While other studies 
have also reliably established a direct arrhythmogenic ef-
fect of ET-1, which consists of prolongation or increase 
in the dispersion of the monophasic part of the action po-
tential, prolongation of the QT interval, development of 
early postdepolarizations, acidosis leading to increased 
cellular damage. At the ionic level, the observed elec-
trophysiologic effects of ET-1 are due to the release of 
Ca2+ ions from intracellular depots, formation of inositol 
triphosphate, inhibition of the delayed K+ current, and 
stimulation of the Na+/H+ pump. There is evidence that 
the use of endothelin receptor antagonists and endothe-
lin-converting enzyme inhibitors by neutralizing the ac-
tion of EN-1 leads to suppression of vasoconstriction and 
associated ischemic VA [28,29]. All this makes it possible 
to consider ET-1 as one of the most important «molecular 
targets» for treatment in vasospastic angina and primary 
microvascular angina.

Involvement of the autonomic nervous system  
in the occurrence of ventricular arrhythmias
The incidence of myocardial ischemia before the 

manifestation of life-threatening VT/VF has been shown 
to vary [30]. According to the results of the study by 
C.J.Pepine et al. ischemia preceded VT in 52% of cases, 
while in the study by Bayes de Luna et al. ischemia was 
detected in only 12.6% of patients with VT [3, 31]. It is 
possible that VA as a clinical manifestation of the «isch-
emic cascade» of myocardial metabolic disorders may 
even precede ECG and clinical signs of ischemia [16, 32]. 
There are indications that a higher incidence of SCD is 
associated with a decrease in the threshold of VF on the 
background of the combination of myocardial ischemia 
and hypersympathicotonia [9, 33]. Thus, simultaneous 
with ischemia, activation of the sympathetic link of the 
autonomic nervous system (ANS) significantly increas-
es the concentration of adrenaline/noradrenaline both in 
the systemic blood flow and in the interstitial space of 
ischemic myocardium and in the border zone. This fact is 
explained by local blocking of the mechanism of reverse 
neuronal capture of sympathetic neurotransmitters [33, 
34]. The pathological automatism formed in the distal 
parts of the conductive system may serve as a mechanism 

of arrhythmogenesis focus development, or the develop-
ing postdepolarizations at reaching the threshold potential 
may induce VT by the mechanism of trigger activity [31]. 
In experimental models, such a combination - hypersym-
pathicotonia on the background of ischemia - often led to 
the development of fatal VA [22, 35]. 

At the same time, there are works in which no con-
vincing data on the contribution of TMI to the development 
of VA in patients with stable CHD have been obtained. For 
example, during 24-hour ECG monitoring, the number of 
ventricular ectopic complexes (VECs) without signs of 
myocardial ischemia and against its background did not 
differ significantly. During stress tests in these patients, 
the number of VECs in pretest, during TMI episodes and 
during the recovery period (RP) remained without signif-
icant dynamics [36]. Presumably, such data can only sug-
gest that patients with stable forms of CHD may have LA 
that are both induced by TMI and unrelated, which is not a 
contradiction [10, 11]. 

Close correlations between the ANS state, the oc-
currence of VA and the development of SCD have been 
established [33, 37, 38]. In experimental and clinical 
studies, it has been observed that changes in ANS func-
tion can both precede the development of VA and, thus, 
be a modulating factor (by changing the ANS influence 
on myocardium on the background of undergone MI or 
chronic ischemia) and directly provoke VA - exercise-in-
duced ANS imbalance, which will already act as a trigger 
factor. Thus, M.Levy proposed a theory of interaction 
between sympathetic and parasympathetic parts of the 
ANS in the regulation of cardiac activity, called «accen-
tuated antagonism», which is currently recognized as the 
most reasonable [39, 40]. Its essence is that the inhibitory 
effect of parasympathetic activity in the heart is direct-
ly proportional to the level of sympathetic activity at the 
pre- and postganglionic levels, but vagus action occurs 
only in conditions of sufficient activity of the sympathetic 
section of the ANS. D.P.Zipes illustrated that denervat-
ed areas of myocardium are hypersensitive to the effects 
of catecholamines with disproportionate shortening of 
refractoriness, appearance of refractoriness dispersion 
and formation of arrhythmogenesis focus [41]. Whereas 
hypersympathicotonia promotes arrhythmogenesis, the 
parasympathetic nervous system inhibits negative adren-
ergic influences on the heart and exerts a protective role 
against the development of VA and SCD in patients with 
CHD [33, 42, 43]. However, there are works that, on the 
contrary, show that myocardial damage can also cause 
parasympathetic ventricular denervation, which leads, in 
general, to myocardial electrical inhomogeneity and the 
occurrence of VA [34, 35]. 

It is violations of sympathovagal balance that a num-
ber of authors explain the occurrence of VA only in the RP 
of the stress test, especially in the first minutes [44, 45]. 
VAs that are registered at rest (i.e., in the pre-test period; 
and at the 4th minute of RP and later), decrease or disappear 
altogether when sympathetic activity increases (during ex-
ercise) and appear/progress in phases with predominance 
of parasympathetic activity are referred to vagal/vagus-de-
pendent [10, 46]. Thus, one of the most studied, non-inva-
sive and physiologic ways to provoke the influence of the 
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ANS on VA is the physical exercise tests [11, 47]. It has 
been shown that in one third of patients in whom VAs were 
not recorded during diurnal ECG monitoring, arrhythmias 
were detected only during the physical exercise test. Thus, 
it is obvious that physical exercise tests occupy an import-
ant position in the analysis of LV behavior during exercise, 
which largely determines the choice of further tactics of 
patient management and treatment [11, 48, 49].

The value of left ventricular ejection fraction for 
risk stratification of sudden cardiac death
Among other parameters for risk stratification of 

SCD, the value of LV contractility has received the most 
attention. Based on the results of numerous studies and 
registries, patients with reduced LVEF less than 40% (ac-
cording to Simpson) are subject to close attention [49, 
50]. However, there is an increasing return to the discus-
sion that the isolated use of LV systolic function as a lead-
ing predictor of SCD does not fully satisfy risk stratifica-
tion. This is confirmed by the results of a study in patients 
with reduced LVEF and implanted cardioverter-defibril-
lator (ICD), which showed the absence of CD activation 
in the majority of the observed patients [50]. Given the 
proven high value of reduced LVEF in the prognosis of 
SCD, much attention is paid to EPS with programmed 
ventricular stimulation, particularly in patients with post-
infarction cardiosclerosis and moderately reduced LVEF 
(40-50%) [51, 52]. However, according to other authors, 
it does not make sense to perform intracardiac EPS in 
patients with indications for ICD implantation for the pri-
mary or secondary prevention of SCD (class III; level of 
evidence B-R) [53]. However, in a large percentage of 
cases, these patients did not develop VAs after CD im-
plantation that would have required its triggering. 

When comparing the incidence of CD triggering in 
patients with a history of MI and LVEF >40% with that in 
the group of patients with LVEF <35%, it was shown that 
they are comparable (22% and 21%, respectively) [54, 55]. 
In addition, ICD implantation is a palliative costly way to 
prevent SCD. In few population studies and registries with 
inclusion of thousands of observations it is shown that in 
absolute numbers among cases of SCD patients with nor-

mal LVEF predominate [56]. Thus, in a large Dutch reg-
istry (Maastricht Circulatory Arrest Registry) and a popu-
lation-based American study (Oregon Sudden Unexpected 
Death Study), patients with normal LVEF predominated 
[57,5 8]. In the 2019 PRESERVE EF study, most cases of 
SCD were reported in normal LVEF and, according to the 
authors, the number of such patients will increase expo-
nentially in the future [54]. Given the above-described lim-
itations of LVEF in risk stratification of patients with stable 
CHD, it became obvious that it should be supplemented 
with other markers of unfavorable prognosis.

Significance of postinfarction scar in the forma-
tion of ventricular arrhythmia foci
Analyzing other pathomorphological factors predis-

posing to the development of MEI in CHD patients after 
MI, it was shown that a potential arrhythmogenic substrate 
in them is the zone separating necrotic and intact myocar-
dium, where areas of fibrosis are interspersed with viable 
tissue. The microarchitecture of the border zone is the re-
sult of complex remodeling processes involving cardio-
myocytes, fibroblasts, inflammatory cells, local autonomic 
innervation, vascularization, and microcirculation [59-61]. 
Quantitative and qualitative characteristics of myocardial 
fibrosis are responsible for the reduction of elastic proper-
ties of cardiac muscle and the subsequent development of 
diastolic dysfunction, deterioration of myocardial contrac-
tility with the formation of systolic dysfunction, and the 
development of cardiac rhythm disorders [61]. 

Statistically significant correlations have been 
found between myocardial fibrosis and arrhythmic com-
plications, including SCD [62]. For example, a 3% in-
crease in connective tissue volume in the myocardium 
according to magnetic resonance imaging is associated 
with a 50% increase in the risk of cardiovascular com-
plications, including ventricular arrhythmias [63]. Proar-
rhythmic effects of myocardial fibrosis find evidence in 
cellular heterogeneity - different EP properties of cardio-
myocytes and fibroblasts [64, 65]. Such heterogeneity of 
cardiac muscle leads to slowing of depolarization prop-
agation and dispersion of refractoriness, and conditions 
for the formation of re-entry loops are formed. This re-

Substrate

Disturbance of intercellular contacts and ion homeostasis due to genetic variants; left ventricular 
hypertrophy; postinfarction scar with peri-scar zone (border with scar tissue) of heterogeneous 
myocardium; fibrosis diffuse and in the peri-scar zone of heterogeneous myocardium; left ventricular 
aneurysm; remodeling of cardiomyocytes and cells of the ventricular conduction system in the peri-
scar zone of heterogeneous myocardium and in myocardial areas remote from the scar; myocardial 
changes due to chronic ischemia; zones of hibernating myocardium; endothelial dysfunction; 
structural pathology of the right ventricle.

Modulating 
factors

Violation of intercellular contacts and ion homeostasis against the background of chronic ischemia 
or in the pericardial zone of heterogeneous myocardium; disorders of myocardial autonomous 
innervation against the background of chronic ischemia or in the pericardial zone of heterogeneous 
myocardium; metabolic changes in cardiomyocytes against the background of chronic myocardial 
ischemia; postinfarction damage of intramyocardial vascular network and microcirculation; 
impaired left ventricular systolic function; impaired left ventricular diastolic function; medications 
affecting de- and repolarization processes; chronic stress.

Triggers Transient myocardial ischemia; imbalance of the autonomous nervous system against the background 
of physical activity or psycho-emotional stress; electrolyte imbalance; endocrine pathology.

Table 1. 
Links in the pathogenesis of ventricular arrhythmias in stable coronary artery disease
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quires unidirectional conduction block in the myocardial 
area; the duration of the re-entry cycle must exceed the 
maximum refractory period of one of the links in this 
loop. Such conditions are realized due to anatomical pre-
requisites - presence of fibrosis/scar tissue areas or dis-
turbance of ionic currents, which cause different refrac-
toriness of myocardium, contributing to the occurrence 
of VA both by the mechanism of re-entry and patholog-
ical automatism [48, 49]. The results of the works of 
some authors demonstrate that it is of great clinical value 
to identify patients with insignificant fibrotic fields in 
myocardium at early stages of heart failure (with border-
line reduction of LVEF). However, in routine cardiolo-
gy practice, there are insufficient methods to suspect its 
presence in the early stages of examination. 

At the molecular level, a statistically significant cor-
relation was found between the concentration of N-termi-
nal propeptide of procollagen type III in serum and the 
volume fraction of collagen III in patients with CHD and 
heart failure during fibrosis development [67]. The main 
cells of fibrogenesis in myocardium are recognized as fi-
broblasts, which have the highest affinity for intact tissue 
and are also able to form as a result of epithelial-mesen-
chymal transition in response to injury that stimulates the 
expression of factors such as ED-1, transforming growth 
factor 1β (TGF-1β) and angiotensin II [67-70]. Oxidative 
stress, the final common pathway of myocardial damage 
in CHD, is of great importance for fibrosis initiation [71]. 
However, there are a number of questions that require fur-
ther study regarding the above biomarkers, which have the 
most convincing evidence base of diagnostic value at the 
present stage. An important aspect of the study of fibrosis 
is not only its interpretation as a typical pathologic process, 
but also its consideration as a systemic lesion of various 
organs and tissues. 

Since proving the role of fibrosis in the development 
of myocardial dysfunction as an arrhythmogenic substrate, 
it has been considered as a promising therapeutic target. 
Moreover, fibrogenesis is regarded as a dynamic process 
capable of regression or significant reduction in the rate 
of progression under certain conditions [72]. In particu-
lar, eliminating the provoking influence is one of the main 
and effective therapeutic approaches. However, in current 
practice, the most realistic therapeutic goal is to slow the 
progression of fibrosis rather than its regression as a pos-
sible effect on the substrate of ventricular arrhythmogene-
sis [72]. For example, treatment of the underlying disease, 
CHD, with drugs such as angiotensin-converting enzyme 
inhibitors, aldosterone antagonists, and statins have anti-
fibrotic effects. Such therapy is able to induce reverse car-
diac remodeling and reduce the incidence of potentially 
dangerous VAs [73]. 

At the same time, it is impossible not to point out that 
in some studies it was found that in 1.2% of cases in pa-
tients with undergone MI there is an occurrence of VT, the 
focus of which is localized in a part of the myocardium that 
is not associated with either TMI or postifarction scar. It is 
emphasized that patients with postifarction scar may have 
LV-derived but non-ischemic VTs. For example, VT with 
focal localization in the basal regions of the LV suggests a 
potential nonischemic perivascular substrate [74]. 

Right ventricular arrhythmias in patients with 
stable ischemic heart disease
Arrhythmias located in the right ventricle (RV) de-

serve special attention; more often they are considered ei-
ther as a manifestation of structural pathology of the RV 
(e.g., in arrhythmogenic cardiomyopathy of the RV) or as 
idiopathic rhythm disturbances. Only a few clinical works 
cover the problem of right ventricular localization in pa-
tients with CHD. As far back as 1996, J.L.Merino et al. 
described a case of a patient with postifarction scar in LV, 
in whom invasive mapping was used to verify VT, the ar-
rhythmogenesis focus of which was localized in RV [75]. 
Similar results were demonstrated in 3 clinical cases of 
successful treatment of VA in patients with left ventricular 
scar after IM, the focus of which was localized in the RV 
[76, 77]. In another observation, it was shown that VT in 
patients with postifarction scar typically involves the LV 
endocardium and involvement of the RV in the arrhyth-
mogenic substrate is considered uncommon but occurs in 
1.8% [78]. Thus, it is necessary to emphasize once again 
the role of topical diagnosis of VAs and detailing the caus-
es of their occurrence in the RV structures, which, in turn, 
is significant when choosing an approach to the correction 
of these arrhythmias.

Role of psychological factor in ventricular  
arrhythmogenesis in patients with stable forms  
of ischemic heart disease
Among the important triggers inducing VA, many 

authors consider the proven causal relationship of arrhyth-
mia with anxiety, anxiety-phobic, and neurotic disorders, 
both in the general population and among patients with 
stable CHD [78]. The XXI century is characterized by a 
high level of personal anxiety with simultaneous oppres-
sion of social ties, which indicates the tension of the psy-
choemotional sphere and, in turn, is the most important link 
in the etiopathogenesis of the background disease - CHD 
[79-81]. It is shown that CHD occurs more often in peo-
ple with an excitable nervous system, expressed desire for 
competition, constant emotional tension - behavioral type 
A. This personality type is characterized by elevated total 
blood cholesterol, low-density lipoproteins, triglycerides, 
and 17-hydroxycorticosteroids, which are potent modifi-
able risk factors for CHD. It was found that various neg-
ative emotions (despair, fear, anger, anxiety, longing) are 
accompanied by the same type of ANS changes, namely, 
an increase in the activity of the sympathoadrenal system, 
which leads to an increase in the secretion of catechol-
amines and triggers the humoral cascade that precedes the 
development and contributes to the progression of MEI. 
Such an imbalance of sympathetic and parasympathetic in-
fluence of the ANS on the heart is one of the main links in 
the development of arrhythmogenesis on the background of 
both acute and chronic stress [82]. Thus, Ch.Vega (2004) 
in laboratory conditions revealed that the test with repro-
duction of anger, as a model of acute psychological stress, 
caused the appearance of signs of MEI in patients with 
CHD and implanted CDs in comparison with the control 
group, and D. Magri, G. Piccirillo et al. showed that with an 
increase in sympathetic activity of the ANS the QT-interval 
variability index changed proportionally as a manifestation 
of temporal dispersion. Magri, G.Piccirillo et al. showed 
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that the QT-interval variability index, as a manifestation of 
temporal dispersion of myocardial repolarization, changed 
proportionally with increasing sympathetic activity of ANS 
[83]. In patients with stable forms of CHD, the QT-inter-
val variability index did not decrease compared to baseline 
during the «anger playback» test. At the same time in the 
control group of healthy people, there was a significant and 
significant decrease in the QT-interval variability index. It 
was suggested that in healthy individuals the decrease of 
this index may be a manifestation of the protective effect 
of vagus, while in CHD patients this protective mechanism 
is disturbed [84]. In a number of works, when analyzing 
electrograms and diary data of patients with ischemic car-
diomyopathy with implanted CDs, it was found that in most 
cases the CD discharge was preceded by anger. Such an as-
sociation between stress and fatal VAs was found in patients 
with implanted ICD at the time of the 2001 New York City 
tragedy [85]. The results of EFI studies have shown that the 
threshold for triggering recurrent VA in acute psychological 
stress is lower than in MI [86]. All these data emphasize the 
need to develop a multidisciplinary approach in cardiology: 
interaction with psychologists, psychotherapists, psychia-
trists, among others, to achieve success in the treatment of 
VA and prevention of SCD.

Other possible provoking factors of arrhythmogene-
sis in patients with stable forms of CHD are also described. 
Thus, attention is drawn to the publications that emphasize 

the role of a thorough collection of medical history with a 
detailed detailing of the time of onset of VA in relation to 
clinical manifestations of CHD, analysis of electrolyte im-
balance, the presence or achievement of the stage of com-
pensation in endocrine pathology, the volume of ischemia, 
the area and type of distribution of myocardial fibrosis, the 
use of antiarrhythmic drugs and basic therapy of CHD and 
heart failure, which, in turn, may contribute to the choice 
of the optimal path of patient management [2, 9, 11, 87]. 

CONCLUSION

Thus, the heterogeneity and multifactorial nature 
of the causes of VA in patients with stable forms of CHD 
necessitates an individualized approach to the elucida-
tion of trigger, modulating factors and pathophysiological 
conditions that underlie the genesis of arrhythmias: TMI, 
presence of postifarction scar, psychoemotional and phys-
ical stress, ANS influence, dyselectrolyte disorders, proar-
rhythmic effect of drugs and others. Addressing these fac-
tors and effective treatment (medication and surgery) of the 
underlying heart disease are the leading conditions for suc-
cess in treating VA and preventing SCD. Obviously, there 
is a need for a systematic approach to creating a classifica-
tion of VAs and their risk stratification in relation to SCD, 
which would take into account all of the above factors, pri-
marily the clinical scenarios in which arrhythmias develop.
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