
Germanova et al. Vessel Plus. 2025;9:15
DOI: 10.20517/2574-1209.2025.29

Vessel Plus

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, 
adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as 

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and 
indicate if changes were made.

www.oaepublish.com/vp

Open AccessOriginal Article

Functional classification of extrasystoles based on 
hemodynamic features and risk of arterial vascular 
complications
Olga A. Germanova1, Yulia B. Reshetnikova1, Ksenia V. Ermolayeva1, Giuseppe Galati1,2

1International Centre for Education and Research in Cardiovascular Pathology and Cardiovisualization, Samara State Medical 
University, Samara 443079, Russia.
2Istituto di Ricovero e Cura a Carattere Scientifico Ospedale Multimedica - Cardiovascular Scientific Institute, Milan 20065, Italy,

Correspondence to: Ass. Prof. Olga A. Germanova, International Centre for Education and Research in Cardiovascular Pathology 
and Cardiovisualization, Samara State Medical University, Samara 443079, Russia. E-mail: o.a.germanova@samsmu.ru

How to cite this article: Germanova OA, Reshetnikova YB, Ermolayeva KV, Galati G. Functional classification of extrasystoles 
based on hemodynamic features and risk of arterial vascular complications. Vessel Plus. 2025;9:15. https://dx.doi.org/10.20517/
2574-1209.2025.29

Received: 17 Mar 2025   First Decision: 3 Jul 2025   Revised: 17 Jul 2025   Accepted: 29 Aug 2025   Published: 18 Sep 2025

Academic Editor: Annie Laurie W. Shroyer   Copy Editor: Ping Zhang   Production Editor: Ping Zhang

Abstract
Aim: To develop a functional classification of extrasystoles (ES) based on cardiac biomechanics, arterial 
hemodynamics and kinetics, and the associated risk of arterial vascular events.

Materials and methods: This monocentric, prospective study included 634 patients with ≥ 700 ES per 24 h. The 
control group consisted of 106 patients with < 700 ES per 24 h. The main group was divided into two subgroups, A 
and B, according to the identified ES variant, categorized by the timing of ES ventricular systole within the cardiac 
cycle, independent of the ectopic focus location. Standard instrumental and laboratory assessments were 
performed. The prospective follow-up period was one year, with evaluations at 6 and 12 months. The composite 
endpoint was the occurrence of ischemic vascular events.

Results: Patients with ≥ 700 ES per 24 h had a significantly higher incidence of arterial vascular complications 
within 1 year, particularly those in subgroup A. The first postextrasystolic wave was characterized by an increase in 
hemodynamic parameters, especially in early ES occurring before the transmitral blood flow peak (E wave) on 
echocardiography.

Conclusions: Considering the impact on hemodynamics and the differences in ischemic vascular event rates 
(including cerebral ischemic events, myocardial infarction, and embolic events in other vascular territories), ES can 
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reasonably be classified based on the timing of ventricular systole within the cardiac cycle: ES with ventricular 
systole occurring before the transmitral blood flow peak, and ES with ventricular systole occurring after the 
transmitral blood flow peak.

Keywords: Premature complexes, extrasystole, arterial hemodynamics, classification of extrasystoles, cardiac 
biomechanics, arterial kinetics

INTRODUCTION
Extrasystoles (ES) is the most common form of arrhythmia, reported in up to 95% of individuals according 
to various studies[1-3]. The causes of this rhythm disturbance are diverse, encompassing both physiological 
and organic origins. The clinical significance of ES depends on its 24-h frequency, specific characteristics, 
clinical manifestations, and the presence of underlying structural heart disease[4-7].

Subsequent studies have explored the etiology, pathogenesis, and clinical manifestations of this arrhythmia. 
Sh. Kinoshita is particularly associated with describing the re-entry mechanism - a theory that remains 
highly relevant today. Several classifications (e.g., Lown, Ryan) were developed in the last century[8]. Current 
widely accepted classifications of ES primarily focus on electrocardiographic (ECG) patterns, determining 
the ectopic focus and the frequency of occurrences per hour[9-11]. However, these classifications do not 
account for the timing of ES in relation to the biomechanical phases of the cardiac cycle.

In clinical practice, cardiologists must not only establish the presence of ES but also determine its type, 
identify the underlying cause, and assess the necessity of intervention. Consequently, even rare or isolated 
ES events typically receive therapeutic attention, regardless of their timing within the cardiac cycle. 
Nevertheless, when evaluating the need for antiarrhythmic therapy and the risk of complications, the timing 
of extrasystolic ventricular contractions is often overlooked. Importantly, the term “early” ES currently 
refers specifically to the “R-on-T” phenomenon as detected on ECG, rather than to its placement within the 
heart’s biomechanical cycle.

Furthermore, assessments of cardiac biomechanics and arterial kinetics are not routinely performed in 
patients with ES. Non-invasive methods such as digital apexcardiography (ACG) and sphygmography (SG) 
are not included in the standard diagnostic workup for arrhythmias. Yet, clinical observations indicate that 
major kinetic parameters of the arteries undergo marked changes during rhythm disturbances, contributing 
to pathogenic mechanisms in patients with cardiovascular disease. Therefore, arterial and cardiac 
biomechanics should be considered when evaluating patients with arrhythmia.

Given that existing classifications of ES do not consider the timing of contractions within the cardiac cycle 
or their impact on arterial biomechanics, there is a need for a new functional framework. Therefore, the 
objective of this study is to develop a classification of ES based on cardiac biomechanics, arterial 
hemodynamics and kinetics, and the associated risk of vascular events.

MATERIALS AND METHODS
We conducted a monocentric, prospective study involving 634 patients with ≥700 ES per 24 h, without atrial 
fibrillation (AF). The control group consisted of 106 patients without AF who had < 700 ES per 24 h. The 
study was conducted at the Clinics of the Samara State Medical University. All participants (740 patients in 
total) were admitted for elective procedures to confirm the diagnosis of coronary heart disease, evaluate 
stable angina pectoris, and determine the necessity of surgical intervention for coronary atherosclerotic 
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lesions, including percutaneous coronary intervention, stenting, or coronary artery bypass grafting. The 
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the 
Ethics Committee of the Samara State Medical University (Protocol No. 248, dated April 27, 2022; 
Chairperson: Prof. L.T. Volova). Written informed consent was obtained from all patients.

Inclusion criteria for the main group: male or female; ≥ 18 years; ≥ 700 ES per 24 h on 24 h ECG monitoring; 
absence of AF; signed informed consent.

Inclusion criteria for the control group: male or female; ≥ 18 years; < 700 ES per 24 h; absence of AF.

Exclusion criteria (for both groups): arterial hypertension with blood pressure > 160/100 mmHg; 
familial hypercholesterolemia; chronic kidney disease with estimated glomerular filtration rate (eGFR) 
< 60 mL/min; chronic heart failure New York Heart Association (NYHA) class III or higher; chronic 
infections; intracardiac thrombosis; chronic obstructive pulmonary disease (COPD) of more than mild 
severity; hematological disorders with a hypercoagulable state; myocardial infarction, stroke, or transient 
ischemic attack within the past year; aortic or left ventricular aneurysm; prosthetic heart valves; obstructive 
atherosclerosis of the lower limb arteries; hemodynamically significant carotid bifurcation stenosis; 
cardiomyopathies.

Patients in the main group were further divided into two subgroups, A and B, based on the timing of 
ventricular systole in relation to transmitral blood flow, regardless of the ectopic focus location. Subgroup A 
(early variant) included 192 patients in whom ventricular systole occurred before the peak of transmitral 
blood flow (before peak E on Doppler echocardiography). Subgroup B (late variant) consisted of 442 
patients in whom ventricular systole occurred after the transmitral peak E. The smaller size of subgroup A 
reflects the lower prevalence of the early ES variant. The transmitral E peak is the first peak of transmitral 
flow measured by pulsed-wave Doppler echocardiography in the apical 4-chamber view, corresponding to 
the rapid filling phase of the left ventricle.

Figure 1 illustrates the rationale for selecting 700 ES/24 h as the cutoff for dividing patients into groups. 
Receiver operating characteristic (ROC) curve analysis identified 700 ES/24 h as the optimal cutoff, with an 
area under the curve (AUC) of 0.83, providing the best balance between sensitivity and specificity.

The overall study design is presented in Figure 2.

All patients underwent mandatory laboratory tests, including complete blood count with leukocyte 
differential and platelet count, urinalysis, and biochemical blood tests (urea, creatinine and clearance, 
glucose, alanine transaminase (ALT), aspartate transaminase (AST), bilirubin, fibrinogen, prothrombin 
time, antithrombin III, activated partial thromboplastin time (APTT), creatine kinase-MB (MB-CK), 
international normalised ratio (INR), troponin T, myoglobin, and lipid profile: total cholesterol, 
high-density lipoprotein (HDL), low-density lipoprotein (LDL), atherogenic index, and triglycerides). 
Instrumental examinations included transthoracic or transesophageal echocardiography, coronary 
angiography, exercise stress echocardiography, 24 h Holter ECG monitoring, Doppler ultrasound of the 
brachiocephalic arteries, lower extremity arteries, renal arteries, and abdominal aorta, as well as digital ACG 
and SG of the arteries (common carotid artery and posterior tibial artery). Additional investigations, when 
indicated, included renal ultrasound, computed tomography (CT) of the adrenal glands and brain, pan-
cerebral angiography, and thyroid ultrasound.
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Figure 1. Sensitivity and specificity analysis for determining the threshold of 700 ES/24 h. ES: Extrasystoles.

Figure 2. Study design scheme. ES: Extrasystoles.

In the main group, both supraventricular and ventricular ES were detected in subgroups A and B. Most 
patients in both the main and control groups received β-blockers (bisoprolol 2.5-10 mg/day), mainly as part 
of complex therapy for coronary artery disease (98 patients in subgroup 1A, 228 in subgroup 1B, and 76 in 
the control group). Since β-blockers are the first-line treatment for ES (Lebedev DS, Mikhailov EN, 2021), 
antiarrhythmic drugs from other classes were prescribed less frequently, and only in cases of symptomatic 
ES (propafenone in 4 patients in subgroup A and 8 patients in subgroup B). No patients in this study 
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underwent catheter ablation. To correct lipid profiles, all patients received statins (atorvastatin, rosuvastatin, 
or pitavastatin) or therapeutic doses of ethyl esters of omega-3 fatty acids starting at the outpatient stage. 
Under this therapy, lipidogram parameters were comparable between subgroups. Treatment was continued 
both during hospitalization and after discharge. Some patients in the main and control groups also received 
antiplatelet therapy (acetylsalicylic acid 70-100 mg/day) at the outpatient stage (101 patients in subgroup A, 
269 in subgroup B, and 68 in the control group). Coronary angiography was performed in all patients; 
Percutaneous coronary intervention (PCI) with coronary stenting was performed in 36, 92, and 24 patients 
in subgroups A, B, and the control group, respectively.

By days 2-7 after myocardial revascularization, some patients with symptomatic ES reported improvement 
or resolution of subjective arrhythmia symptoms. In all cases, drug-eluting stents were used. After PCI and 
stenting, patients received dual or triple antithrombotic therapy in accordance with clinical guidelines. 
Bleeding risk was assessed using the PRECISE-DAPT score. For patients with low risk (score < 25), dual 
therapy (clopidogrel 75 mg/day plus acetylsalicylic acid 70-100 mg/day) was prescribed for 6 months 
post-PCI, followed by acetylsalicylic acid alone. For high-risk patients, dual therapy was limited to 1-3 
months, after which monotherapy with acetylsalicylic acid was continued.

The prospective clinical phase involved one year of follow-up, with visits scheduled at 6 and 12 months. The 
composite endpoints included ischemic vascular complications within one year: cerebral ischemic events, 
myocardial infarction, and thrombosis or embolism in other vascular territories.

Data were analyzed using evidence-based medicine principles. Sample size was determined with free online 
power calculators (https://www.sealedenvelope.com/power/binary-superiority/), assuming a significance 
level (α) of 5%. Statistical methods were selected considering that with large sample sizes, the law of averages 
applies even when data distributions deviate from normality. Each parameter was tested for normality. If 
normally distributed, parametric methods were employed: quantitative variables were expressed as mean 
± standard deviation, and intergroup comparisons were conducted using one-way analysis of variance 
(ANOVA; reporting F-value, degrees of freedom, and P-value). If normality was not met, quantitative 
variables were summarized as medians with interquartile ranges (Q1 and Q3), and intergroup comparisons 
were performed with the Kruskal-Wallis test (reporting H statistic and P-value), followed by Steel-Dwass-
Critchlow-Fligner pairwise tests as needed. Categorical variables were summarized as frequencies and 
percentages. For pairwise comparisons, multiple-testing correction was applied using the Dunn method. 
Results were presented as bar charts with mean values and 95% confidence intervals, or medians with 
interquartile ranges, along with p-values for significant intergroup differences. Categorical distributions 
were analyzed with χ2 tests when expected cell frequencies exceeded 5, or Fisher’s exact test otherwise. Odds 
ratios (ORs) for ischemic vascular events (cerebral ischemia, myocardial infarction, and embolic events in 
other vascular territories) within 1 year were calculated according to ES types, categorized by the timing of 
ventricular systole within the cardiac cycle.

For all statistical tests, significance was defined as P ≤ 0.05. Analyses were performed using MedCalc® 
Statistical Software version 20.118 (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 
2022), GraphPad Prism version 10.1.0 (GraphPad Software, San Diego, California, USA; www.graphpad.
com), and the R open-source environment (https://cran.rstudio.com/).

Potential sources of bias were considered, and preventive measures were applied. Measurement errors were 
minimized by using standardized, authorized equipment and quantitative data evaluation. Selection bias 
was avoided through strict inclusion and exclusion criteria. Observation and recall biases were minimized 
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by relying on quantitative measurements. Confirmation bias was prevented by using objective data and 
prospective analysis.

The minimum required sample size was calculated as 512 participants using the above-mentioned online 
power calculators.

RESULTS
At baseline, the clinical and instrumental data showed no significant differences between the main 
subgroups and the control group. The primary distinction between subgroups A and B was related to the 
characteristics of the diagnosed ES - specifically, the timing of the onset of ventricular systole in relation to 
the cardiac cycle (i.e., whether it occurred before or after the peak of transmitral blood flow) [Table 1].

However, a follow-up analysis of control endpoints after one year showed a statistically significant increase 
in arterial vascular events - including ischemic stroke (IS), transient ischemic attack (TIA), and thrombosis 
or embolism of peripheral arteries - among patients experiencing 700 or more ES per 24 h. This effect was 
particularly pronounced in subgroup A, in which ES occurred before the peak of transmitral blood flow 
[Table 2].

In patients with ES occurring before the transmitral blood flow peak at rates of 700 or more per 24 h, the 
OR for arterial vascular complications was 7.923 (95%CI: 2.377, 26.406), z = 3.370, P < 0.001. Conversely, for 
ES occurring after the peak, the OR was 2.500 (95%CI: 0.748, 8.353), z = 1.489, P = 0.137. Overall, 
individuals with ES ≥ 700 per 24 h had an OR of 3.989 (95%CI: 1.231, 12.930), z = 2.306, P = 0.021 for 
developing any arterial vascular complication within one year. These findings indicate that the risk of 
arterial vascular complications is influenced not only by the quantity of ES exceeding 700 per 24 h but also 
by their timing within the cardiac cycle.

To better understand these results, we analyzed hemodynamic parameters for each ES type across 
subgroups and the control group. Primary parameters included linear blood flow velocity and volumetric 
blood flow in the common carotid and posterior tibial arteries, measured by Doppler ultrasound. For 
subgroups A and B, these parameters were calculated for regular, ES, and first postextrasystolic (1PES) 
cardiac cycles. Key hemodynamic parameters for each group are presented in Table 3.

In addition to the analyzed hemodynamic parameters, we calculated key data on cardiac biomechanics and 
arterial kinetics (common carotid artery and posterior tibial artery) using digital ACG and SG in patients 
with ES from subgroups A and B, as well as during regular heart contractions in the control group 
[Figure 3].

For subgroups A and B, we calculated key biomechanical and kinetic parameters (velocity, acceleration, 
power, and work) for ES, regular, and 1PES pulse waves. Comparing the 1PES parameters in patients of 
subgroups A and B with those recorded during regular pulse waves in the control group revealed a clear 
trend: all kinetic parameters measured by ACG and SG - velocity, acceleration, power, and work - increased 
during 1PES. This effect was most pronounced in subgroup A, representing patients with “early” ES, where 
the ventricular systole of the ES occurs before the peak of transmitral blood flow. The most comprehensive 
parameter, work, is presented in Figure 4. Work was calculated automatically based on the physical formula 
A = P*t (where A = work, P = power, t = time).  All analyzed parameters and detailed group data are 
provided in Supplementary Table 1

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202509/vp5029-SupplementaryMaterials.pdf
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Table 1. Clinical characteristics of the patients

Group
Parameter Category A 

N = 192
B 
N = 442

Control 
N = 106

Statistics

Age, years, Median (Q1, Q3)1 64 (59; 69) 64 (58; 68) 62 (55; 67) P = 0.056

Body mass index, Median (Q1, Q3) 1 27 (24.0; 31.0) 27 (23.0; 31.0) 27 (23.0; 30.0) P = 0.983

Men 98 (51.0) 226 (51.1) 54 (50.9)Gender, n (%)2

Women 94 (49.0) 216 (48.9) 52 (49.1)

P = 0.999

Smoking, n (%)2 39 (20.3) 97 (22.0) 22 (20.8) P = 0.887

None 16 (8.3) 44 (10.0) 7 (6.6)

Grade 1 78 (40.6) 174 (39.4) 44 (41.5)

Arterial hypertension, n (%)2

Grade 2 98 (51.0) 224 (50.7) 55 (51.9)

P = 0.852

Type 2 diabetes mellitus, n (%)2 20 (10.4) 48 (10.9) 18 (17.0) P = 0.175

NYHA I 115 (59.9) 238 (53.9) 61 (57.6) P = 0.347Chronic heart failure, n (%)2

NYHA II 77 (40.1) 204 (46.2) 45 (42.5) P = 0.348

None 32 (16.7) 68 (15.4) 18 (17.0)

Class I 95 (49.5) 220 (49.8) 54 (50.9)

Stable angina pectoris, n (%)2

Class II 65 (33.9) 154 (34.8) 34 (32.1)

P = 0.978

History of ischemic stroke or transient ischemic attack, n (%)2 13 (6.8) 34 (7.7) 7 (6.6) P = 0.880

History of myocardial infarction, n (%)2 38 (19.8) 87 (19.7) 21 (19.8) P = 0.954

History of arterial thrombosis or embolism of other arteries, n (%)2 1 (0.5) 3 (0.7) 1 (0.9) P = 0.913

Impaired local contractility of the left ventricle, n (%) 48 (25.0) 131 (29.6) 20 (18.9) P = 0.063

Coronary angiography: any narrowing, n (%) 160 (83.3) 374 (84.6) 88 (83.0) P = 0.877

Carotid stenosis, hemodynamically insignificant, n (%) 67 (34.9) 156 (35.3) 38 (35.9) P = 0.986

Carotid atheroma with signs of instability (Doppler ultrasound), n (%) 31 (16.2) 69 (15.6) 16 (15.1) P = 0.970

Peripheral arterial atheromas, hemodynamically insignificant, n (%) 21 (10.9) 53 (12.0) 13 (12.3) P = 0.917

Notes: 1Kruskal-Wallis test; 2Pearson’s χ2 test.

Table 2. Arterial vascular complications within 1 year by group

Group
Complication A 

N = 192
B 
N = 442

Control 
N = 106

P, Fisher’s exact test

Yes 18 (9.4) 17 (3.9) 1 (0.9)Ischemic stroke or transient ischemic attack, n (%)

No 174 (90.6) 425 (96.2) 105 (99.1)

0.002

Yes 11 (5.7) 12 (2.7) 2 (1.9)Myocardial infarction, n (%)

No 181 (94.3) 430 (97.3) 104 (98.1)

0.131

Yes 7 (3.7) 1 (0.2) 0 (0.0)Peripheral arterial thrombosis or embolism, n (%)

No 185 (96.4) 441 (99.8) 106 (100.0)

0.001

Yes 36 (18.8) 30 (6.8) 3 (2.8)All complications mentioned before, n (%)

No 156 (81.3) 412 (93.2) 103 (97.2)

< 0.001

During 1PES, hemodynamic parameters notably increase, particularly during early type of the ES, prior to 
the peak of transmitral blood flow E observed on EchoCG within the cardiac cycle. This indicates that the 
timing of ventricular systole during ES is critical in modulating hemodynamic parameters associated with 
the subsequent 1PES.

The timing of ventricular systole in ES plays a decisive role in determining changes in cardiac 
hemodynamics, heart biomechanics, and arterial kinetics (velocity, acceleration, power, and work). 
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Table 3. Linear and volumetric blood flow in 1PES for subgroups A, B, and controls

Group
Parameter/Group Artery A 

N = 192
B 
N = 442

Control 
N = 106

Statistics

Common carotid 
artery

108.0  
(82.8; 126.0)

89.0  
(75.0; 102.0)

61.0  
(52.3; 74.8)

H = 239.380, P < 
0.001

Linear blood flow velocity (cm/sec), Median (Q1; 
Q3)1

Posterior tibial artery 63.0  
(52.0; 70.3)

54.0  
(46.0; 63.0)

39,5  
(30.0; 48.8)

H = 187.833, P < 
0.001

Common carotid 
artery

507.5  
(489.0; 
522.3)

420.0  
(408.3; 
432.0)

318.5  
(306.3; 
335.0)

H = 566.521, P < 
0.001

Volumetric blood flow (ml/min), Median (Q1; Q3)1

Posterior tibial artery 45.0  
(38.0; 52.0)

37.0  
(31.0; 42.0)

29.0  
(24.0; 34.0)

H = 239.191, P < 
0.001

Each parameter differed significantly between groups (P<0.001; 1Kruskal-Wallis test). 1PES: First postextrasystolic.

Figure 3. Apexcardiography (1) and sphygmography of the common carotid artery (2) and posterior tibial artery (3) in patients with ES. 
R - regular pulse wave; ES - extrasystole; 1PES - first postextrasystolic wave. 1PES: First postextrasystolic; ES: extrasystole.

Specifically, it affects the 1PES’s ability to restore adequate blood flow, thereby determining cardiac output, 
the characteristics of the 1PES contraction, and the magnitude of its hemodynamic effect.

Discussion
The study of intra-arterial hemodynamics and arterial kinetics is both scientifically and clinically important 
for tailoring management to individual patients with ES, particularly in effectively managing ES and 
preventing potential complications.
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Figure 4. Work parameter based on digital ACG and SG data from the common carotid and posterior tibial arteries (P < 0.001) in 
subgroups A, B, and the control group. Data are presented as medians (horizontal line), means (cross), 1st and 3rd quartile boundaries 
(box edges), and minima and maxima (whisker ends). ACG: Apexcardiography; SG: sphygmography.

Research on ES has generally focused on several key areas: identifying the etiology and pathogenesis of 
various ES types and characterizing their features; classifying ES based on the location of the ectopic focus 
within the cardiac conduction system, fundamentally distinguishing between supraventricular and 
ventricular ES; investigating functional and structural causes; analyzing associated risk factors and their 
relative significance; examining ES in the context of diseases affecting other organs and systems (e.g., 
gastrointestinal diseases); and classifying ES according to their potential to trigger life-threatening 
arrhythmias. Current classification frameworks primarily rely on the ectopic focus location 
(supraventricular vs. ventricular), the regularity of ES occurrences, and their potential danger in provoking 
fatal arrhythmias.

In our study, all patients underwent echocardiography, Doppler ultrasound of the common carotid and 
posterior tibial arteries, as well as digital ACG and SG. Typically, during instrumental examination, the 
ultrasound specialist records hemodynamic parameters based on the regular pulse wave, while 
measurements taken during ES are excluded from the final report.

Analysis of hemodynamic parameters - including linear blood flow velocity and volumetric blood flow in 
the common carotid and posterior tibial arteries - revealed an increase in these parameters during the 1PES 
contraction. This increase was most pronounced during “early” ES, which occurs before the transmitral 
blood flow peak in the cardiac cycle, regardless of ectopic location.

We recorded and analyzed parameters such as velocity, acceleration, power, and work derived from digital 
ACG and SG for patients in subgroups A, B, and the control group. Digital SG provides integral curves 
representing the mechanical displacement of a section of the arterial wall beneath the sensor. Since the first 
derivative of displacement represents the rate of change (velocity) and the second derivative represents 
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acceleration, we used these derivatives to quantify arterial wall motion. These values further enabled us to 
compute power and work associated with wall movement. We have previously applied these methods to 
evaluate cardiac biomechanics and arterial kinetics[12,13].

Our analysis revealed a significant increase in velocity, acceleration, power, and work - key parameters of 
cardiac biomechanics and arterial kinetics - in subgroup A patients during the 1PES compared with 
subgroup B and the control group. Subgroups A and B were defined by the timing of ventricular systole in 
ES relative to the transmitral flow peak: either before (“early”) or after (“late”). The earlier the ventricular 
systole occurred, the greater the observed increase in velocity, acceleration, power, and work during the 
1PES wave.

The occurrence and timing of ventricular systole in ES affect left ventricular stroke volume, the 
characteristics of the 1PES, and the contribution of arterial vessels to the transmission of stroke volume to 
the periphery. Digital ACG and SG provide valuable information in conjunction with other methods, 
enabling assessment of left ventricular mechanical activity and analysis of arterial wall parameters across 
different cardiovascular phases, particularly when blood flow is discrete.

We also determined that the risk of arterial events (such as cerebral ischemia, myocardial infarction, and 
thrombosis or embolism in other vascular territories) is 3.989 times higher in patients with ≥ 700 ES per 24 
h compared to those with fewer than 700, assuming other risk factors are equal. This risk is particularly 
elevated in patients with “early” ES. Based on predictors of complication risk in ES patients, we developed a 
predictive model for ischemic vascular events across arterial territories, named “Ex-Prognosis”[14]. Possible 
mechanisms include propagation of the 1PES pulse wave, which elevates key hemodynamic parameters, 
potentially causing mechanical injury to unstable atherosclerotic plaques and resulting in atherothrombosis 
with subsequent arterial embolism. Patients with multifocal atherosclerosis are particularly vulnerable, as 
even a single 1PES pulse wave with such characteristics may trigger cardiovascular complications.

Based on observed differences in hemodynamics, cardiac biomechanics, arterial kinetics, and complication 
risks, we propose a functional classification of ES, independent of the electrical ectopic focus. This 
classification is primarily based on the timing of ventricular systole within the biomechanical cardiac cycle:

(1) Early ES - ventricular systole occurs before the peak of transmitral blood flow.

(2) Late ES - ventricular systole occurs after the peak of transmitral blood flow.

This classification reflects the differing contributions of each ES type. The timing of ventricular systole in 
the cardiac cycle is crucial for hemodynamic changes and for the 1PES contraction’s ability to restore 
adequate blood flow.

Implementing this functional classification in clinical practice is both relevant and justified, complementing 
existing classifications. It is physiological, intuitive, and clinically informative. Identifying the ES type can 
guide management strategies, optimize pharmacological interventions for rhythm disturbances, and 
influence the prognosis of thrombotic and embolic complications. Both the quality of ES (early vs. late 
ventricular systole) and the frequency of occurrences should be considered, as the likelihood of 
complications increases notably when ES frequency exceeds 700 per 24 h.
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Limitations of the study
This was a prospective, single-center study conducted on a cohort of patients admitted for elective 
procedures aimed at confirming the diagnosis of coronary heart disease, clarifying the presence of stable 
angina pectoris, and evaluating the necessity of surgical intervention for atherosclerotic coronary lesions 
(including percutaneous coronary intervention, stenting, or coronary artery bypass grafting). The findings 
may be generalizable to patients with frequent ES in other centers. The methods described in the research 
are standard and reproducible, and the proposed classification can be applied to individual clinical cases. 
We believe that the next step in this line of research is to investigate whether oral anticoagulants can be 
administered to patients with frequent ES at the same dosages used for atrial fibrillation, with the goal of 
preventing arterial thrombotic and thromboembolic complications.

CONCLUSIONS
Given the impact on hemodynamics and the differences in the occurrence of ischemic arterial events (such 
as cerebral ischemic events, myocardial infarction, and thrombotic or embolic events in other vascular 
territories), it is reasonable to further classify ES based on the timing of ventricular contractions within the 
cardiac cycle.

This classification includes:

(1) Early ES: ventricular systole occurs before the peak of transmitral blood flow in the cardiac cycle.

(2) Late ES: ventricular systole occurs after the peak of transmitral blood flow in the cardiac cycle.

The highest risk of ischemic vascular events in various arterial regions is associated with early ES, in which 
ventricular contractions occur before the peak of transmitral blood flow (the E wave on echocardiography). 
This risk becomes clinically significant when ES frequency reaches 700 or more episodes per 24 h, regardless 
of the ectopic origin.
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