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The aim is to assess the relationship between systolic, diastolic, and pulse blood pressure (SBP, DBP, PBP) during
ventricular extrasystoles (VE) and the individual characteristics of ectopic beats.

Methods. The primary method of investigation was BP measurement for each heartbeat. Inclusion criteria were the
presence of >10000 monomorphic VE per day. A total of 53 patients were included, either without structural heart changes
or with minimal structural alterations. The mean of systolic, diastolic, and pulse BP (SBP, DBP, and PBP) during VE (SBP
VE, DBP VE, PBP VE) and during post-extrasystolic sinus contraction (post VE SBP, post VE DBP, post VE PBP) were
calculated for each patient as fractions of 1.0.

Results. The QRS complex width in VE originating from the right ventricular outflow tract is greater than from the
left ventricular outflow tract; fragmentation of the QRS complex is more commonly observed in these VE. Significant
correlations were observed between SBP VE and mean coupling interval (CI), PBP VE and CI, and SBP VE and PBP
VE, though not between DBP VE and CI. DBP VE was significantly associated with VE count and daily VE percentage,
while PBP VE was associated with left ventricular ejection fraction. It has been shown that post-VE SBP and post VE
DBP are lower, while post VE PBP is higher compared to the corresponding parameters of sinus beats preceding the VE.
Significant relationships were found between post VE SBP and post VE PBP, the duration of the post-extrasystolic pause,
and the presence of paired VE; between post VE DBP and post VE PBP, DBP VE, CI VE, the presence of non-sustained
ventricular tachycardia, and daily VE percentage; between post VE PBP and DBP VE, the presence of non-sustained
ventricular tachycardia, daily VE percentage, and post-extrasystolic pause duration. Post VE PBP was equally determined
by values of post VE SBP and DBP.

Conclusion. With the shortening of the VE coupling interval, its SBP decreases, while DBP increases slightly,
which may determine its hemodynamic significance. In post-extrasystolic sinus beats, both SBP and DBP decrease.
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When evaluating the clinical significance of any car-
diac rhythm disturbances, three primary aspects are typ-
ically considered: symptomatology and its impact on the
patient’s quality of life; increased risk of sudden cardiac
death (SCD); and the development and progression of
chronic heart failure (CHF). These aspects are relevant for
both supraventricular and ventricular arrhythmias.

© Autors 2024

For example, the potential for psychogenic reactions
in patients with supraventricular tachycardias (SVTs), vari-
ous forms of atrial fibrillation (AF) and flutter, and ventric-
ular extrasystole (VE) and tachycardia is well-established
[1, 2]. All these arrhythmias are associated with increased
mortality, including SCD [9-15]. VEs, in particular, are
recognized for their potential to trigger life-threatening
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ventricular arrhythmias, such as monomorphic and poly-
morphic ventricular tachycardias, ventricular flutter, and
fibrillation, which may result in SCD [14-16]. The risk is
especially high in patients with underlying structural or ge-
netic heart diseases, including channelopathies and cardio-
myopathies [17-29].

Another significant clinical consequence of rhythm
disturbances is their potential to cause arrhythmia-associ-
ated cardiomyopathies (AACs). Contemporary guidelines
on managing AF, SVTs, ventricular arrhythmias, and SCD
prevention have dedicated sections discussing AACs [17-
19, 30, 31]. AACs are linked to tachyarrhythmias due to a
high heart rate and, in the case of VEs, to the frequency of
ventricular ectopy. The greater the VE burden detected via
24-hour Holter electrocardiography (ECG), the higher the
likelihood of AAC development.

The 2020 Russian Ministry of Health guidelines
recommend addressing VEs either pharmacologically or
via catheter ablation if they are associated with clinical
symptoms or lead to ventricular dilation and reduced left
ventricular (LV) myocardial contractility, provided they
exceed 15% of total daily heartbeats [18]. The presence
or absence of structural heart disease does not affect this
recommendation. Meanwhile, the 2022 ESC guidelines
set the “critical” VE burden at 10% [17]. For asymptom-
atic patients with “idiopathic” VEs exceeding 20% of dai-
ly beats, catheter ablation may be considered to prevent
AAC. Similar criteria are being debated for inclusion in the
forthcoming 2025 Russian Ministry of Health recommen-
dations. Thus, VE burden is often viewed as the primary
determinant of AAC risk.

However, VE burden alone may not fully capture the
hemodynamic significance of VEs. Even a burden exceed-
ing 20% does not always result in AAC over decades [32].
Factors such as QRS width and fragmentation (markers of
ventricular dyssynchrony), morphology, coupling interval,
polymorphism, and others may play a role [19, 33-35],
potentially influenced by the arrhythmogenic substrate’s
location.

The hemodynamic insufficiency of premature beats
can be assessed using parameters such as reduced systol-
ic blood pressure (SBP), elevated diastolic blood pressure
(DBP), and changes in pulse blood pressure (PBP) as an
integral metric. The clinical significance of postextrasys-
tolic potentiation (PESP)-the hemodynamic characteristics
of sinus beats following compensatory pauses after VEs-
is also discussed in the literature [36-39]. Studies suggest
a prognostically adverse role for PESP in CHF patients,
those with prior myocardial infarction, and individuals
with AAC caused by frequent VEs. Investigating SBP,
DBP, and PBP of postextrasystolic contractions may pro-
vide insights into this phenomenon. These metrics are like-
ly individualized, and their accurate assessment has been
methodologically challenging.

Currently, blood pressure for individual heartbeats
can be measured invasively (using an arterial catheter con-
nected to a transducer) or noninvasively through methods
such as photoplethysmography, continuous tonometric
monitoring (Volume Clamp Method), impedance cardiog-
raphy, or applanation tonometry. Beat-to-beat BP measure-
ment is particularly relevant for evaluating patients with
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syncope [40, 41]. In this study, a method based on the “un-
loaded artery” principle, capable of capturing the complete
BP waveform, was utilized. The degree of BP alteration
during VEs largely determines their hemodynamic signif-
icance.

This study aimed to assess the relationship between
systolic, diastolic, and pulse blood pressure during ven-
tricular extrasystoles and the individual characteristics of
ectopic beats

METHODS

The clinical study adhered to the standards of Good
Clinical Practice (GCP) and the principles of the Declaration
of Helsinki. Approval was granted by the local ethics com-
mittee at the “Northwest Center for Diagnosis and Treatment
of Arrhythmias” (St. Petersburg, Russia). Written informed
consent was obtained from all participants.

The primary inclusion criterion was the presence of
at least 10,000 monomorphic VEs per day, as determined
by Holter ECG monitoring. Exclusion criteria included the
presence of any cardiomyopathy (including arrhythmia-in-
duced cardiomyopathy) or channelopathy, clinically signif-
icant chronic heart failure, reduced left ventricular ejection
fraction (LVEF), and acute or exacerbated chronic condi-
tions. Patients with polymorphic VEs were also excluded if
VEs of other morphologies accounted for more than 1% of
their total daily count.

A total of 53 patients (21 men), aged between 16 and
87 years (mean age 56.5 + 2.4 years), were included in the
study. In 21 cases, idiopathic VE was the sole manifesta-
tion of the condition, constituting Group 1. Hypertension
was diagnosed in 20 patients, and an additional 9 patients
presented with a combination of hypertension and ischemic
heart disease (Group 2). Myocarditic cardiosclerosis, as con-
firmed by gadolinium-enhanced magnetic resonance imag-
ing (MRI), was diagnosed in 3 patients (Group 3). Structur-
al, functional, and electrocardiographic characteristics of the
patients are summarised in Table 1.

Additionally, paired VEs were detected in 32 cases,
nonsustained ventricular tachycardia (VT) in 14 cases, and
QRS complex fragmentation in VEs in 19 cases. Based
on the results of 12-lead electrocardiograms (ECG) [44-
47], the approximate localization of the arrhythmogenic
substrate was assessed as follows: in 23 patients, the right

Table 1.
Some structural-functional and electrocardiographic
characteristics

Indicator M-=+m
LV EF, % 61.7+1.35
LV thickness, mm 9.93+0.33
QRS complex width during VE, ms 140.38+2.19
Average CI during VE, ms 539.3+£13.59

1053.86+28.92
Average number of VEs per day 18611.0+£1743.8
Average % VEs* 17.8+1.7

Note: hereinafter, LVEF - left ventricle ejection fraction;
CI - coupling interval; VE - ventricular extrasystole; * - of
the total number of heartbeats per day.

Post-extrasystolic pause, ms
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ventricular outflow tract (RVOT); in 12 patients, the left
ventricular outflow tract (LVOT); and in 18 patients, other
locations.

In addition to the aforementioned data, the following
key parameters were assessed in patients:

e Mean SBP, DBP, and PBP of the sinus beat preceding
the VE;

* Mean SBP, DBP, and PBP during the VE;

* Mean SBP, DBP, and PBP of the sinus beat following
the VE (designated as post-VE SBP, post-VE DBP, and
post-VE PBP, respectively).

The average SBP, DBP, and PBP during VE (SBP
VE, DBP VE, and PBP VE) and the average post-VE SBP,
post-VE DBP, and post-VE PBP for each patient were de-
termined as fractions of 1.0. The value of 1.0 corresponded
to the average SBP, DBP, and PBP of the sinus beats pre-
ceding the VE.

The primary method of investigation was beat-to-
beat blood pressure measurement using the “Cardiotech-
nika-SAKR” device (NAO Incart, St. Petersburg, Russia,
patents RU 2694737 C1 by V.V. Pivovarov et al. and RU
2698447 C1 by V.V. Pivovarov et al.). This method has
been previously described in our publications on beat-to-
beat blood pressure measurement during persistent atrial
fibrillation and VE [42, 43].

The method involves continuous analysis of the fin-
ger vessel volume using a photoplethysmographic signal
and a tracking electropneumatic system, which generates
pressure to counteract changes in the arterial diameter of
the finger under a cuff. The distal blood pressure mea-
surement is calibrated against brachial blood pressure by
adjusting the continuous pressure signal to align with the
moments of Korotkoff sounds, simultaneously recorded
during conventional blood pressure measurement on the
contralateral arm.

This technique enables measurement of SBP and
DBP and the calculation of PBP for each individual heart-
beat, whether sinus or ectopic. The duration of each mea-
surement session, determining SBP, DBP, and PBP for ev-
ery beat, was 15 minutes.

TTable 2.

Indicators characterizing the hemodynamic significance
of ventricular extrasystole
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Statistical analysis

Statistical analysis was performed using the SPSS
software package. Student’s t-test was applied to compare
the means of two groups. One-way analysis of variance
(ANOVA) with Tukey’s post hoc test was used for com-
parisons involving more than two groups. The Chi-square
test (% test) was employed for the analysis of categorical
data. Pearsons correlation coefficient was used to assess
the linear relationship between two quantitative variables.
Multiple linear regression was applied to evaluate the in-
fluence of several independent variables on a dependent
variable. A p-value of <0.05 was considered the threshold
for statistical significance.

RESULTS

The first stage of data analysis involved character-
ising patient groups and identifying the features of VE.
As expected, a statistically significant correlation was ob-
served between patient age and the presence or absence of
heart disease. The mean age of patients with heart disease
was 65.00+2.10 years, while for those without heart dis-
ease it was 42.85+3.82 years (p<0.0001).

Age was also correlated with the localisation of the
arrhythmogenic substrate. The mean age of patients with
VE originating from the right ventricular outflow tract
(RVOT) was 46.61£3.19 years, compared to 59.42+4.73
years for VE from the left ventricular outflow tract (LVOT),
and 67.6143.45 years for other localisations. Differences
between RVOT and LVOT were not statistically significant
(p=0.059), whereas differences between RVOT and other
localisations were highly significant (p=0.0002). Among
the 23 patients with RVOT-originating VE, the arrhythmia
was idiopathic in 17 cases. In contrast, only 2 of 12 pa-
tients with LVOT-originating VE and 1 of 18 with other
localisations had idiopathic VE. The differences were sta-
tistically significant between RVOT and LVOT (p=0.003),
and even more so between RVOT and other localisations
(p=0.00002).

The left ventricular (LV) wall thickness in pa-
tients with idiopathic VE was 8.5+1.17 mm, compared
to 11.42+1.02 mm in patients with hypertension
(HTN) or a combination of HTN and coronary
artery disease (CAD), and 10.83+1.22 mm in
patients with post-myocarditis cardiosclerosis.

Indicator Value

Statistically significant differences were found

SBP VE across the entire group of patients

0.73£0.09. p<0.0001

between the first and second groups (p<0.05)

DBP VE across the entire group of patients

1.11+0.10. p<0.0001

and between the first and third groups (p<0.05),
but not between the second and third groups

PP VE across the entire group of patients

0.12+0.19. p<0.0001

(p>0.05). Similar differences were observed in

Correlation between SBP VE and CI

=0.65. p<0.0001

LV wall thickness based on the localisation of the

Correlation between DBP VE and CI

r=0.04. p=0.76

arrhythmogenic substrate: RVOT 8.50+0.34 mm,
LVOT 11.42+0.42 mm, and other localisations

Correlation between PP VE and CI

r=0.81. p<0.0001

10.83+0.41 mm. Significant differences were

Correlation between SBP VE and PP VE

1=0.75. p<0.0001

found between RVOT and LVOT (p=0.0001)

Correlation between DBP VE and % VE

r=0.51. p<0.008

and between RVOT and other localisations

Correlation between DBP VE and nVE

1=0.45. p<0.02

(p=0.0004).
The LVEF did not differ significantly be-

Correlation between PP VE and LVEF

1=-0.43. p<0.02

tween groups with and without organic heart dis-

Note: hereinafter, DBP - Diastolic Blood Pressure; VE - Premature
Ventricular Contraction; PP - Pulse Pressure; SBP - Systolic Blood

Pressure; nVE - Number of VEs per day

ease. No significant differences were found in the
number of VE per day on Holter ECG monitoring
or the percentage of VEs over 24 hours among
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patients with different arrhythmogenic substrate localisa-
tions. The mean QRS duration of VEs was significantly
longer for VEs originating from the right ventricular out-
flow tract (RVOT) (147.8+3.3 ms) compared to those from
the left ventricular outflow tract (LVOT) (131.743.7 ms;
p=0.049). These findings align with data on QRS fragmen-
tation: fragmentation was not observed in any of the 12
patients with LVOT-originating VEs, but was present in 13
of 23 patients with RVOT-originating VEs and in 6 of 18
patients with other localisations. The differences in QRS
fragmentation between RVOT and LVOT were also statis-
tically significant (p=0.0008).

The mean coupling interval (CI) of VEs originat-
ing from the RVOT was 518.7£11.9 ms, compared to
525.0+29.4 ms for LVOT-originating VEs and 575.2+30.7
ms for other localisations. No statistically significant dif-
ferences were observed between these groups. When com-
bining RVOT and LVOT localisations and comparing them
to all other localisations, the mean CI values (520.7+12.5
ms vs. 575.2430.7 ms) also did not differ significantly. Ex-
cluding patients with interpolated VEs, allorhythmias, or
obvious parasystole from the analysis did not significantly
affect these findings.

The second stage of analysis focused on assessing
SBP VE, DBP VE, and PBP VE as parameters largely de-
fining the hemodynamic significance of VEs. These values
were calculated as fractions of 1.0, where 1.0 represented
the SBP, DBP, and PBP of sinus beats preceding the VEs.
The results are presented in Table 2. SBP VE, DBP VE, and
PBP VE did not significantly differ across patient groups
with varying arrhythmogenic substrate localisations, nor
were they influenced by QRS duration or fragmentation.
Similarly, no differences in these parameters were observed
between patients with idiopathic VEs and those with hy-
pertension (HTN), combined HTN and coronary artery dis-
ease (CAD), or myocarditis-related cardiosclerosis.

However, SBP VE was closely associated with mean
CI: as mean CI decreased, SBP VE also decreased. This
relationship is illustrated graphically in Figure 1.

The correlation between the mean coupling interval
(mean CI) and diastolic blood pressure during VEs (DBP
VE) was not statistically significant. Pulse blood pressure
during VEs (PBP VE) was more strongly associated with
mean CI than systolic blood pressure during VEs (SBP
VE): as mean CI decreased, PBP VE also decreased. Thus,
PBP VE was determined by SBP VE but not by DBP VE. A
close correlation was observed between SBP VE and PBP
VE. Figure 2 graphically illustrates the relationships be-
tween SBP VE, DBP VE, and PBP VE. It is evident that
the reduction in PBP VE was minimally influenced by an
increase in DBP VE and was primarily determined by a
decrease in SBP VE.

Apart from these relationships, DBP VE showed a
statistically significant correlation (in decreasing order of
strength) with the percentage of VEs over 24 hours and the
total number of VEs per day on Holter ECG monitoring. The
relationships of DBP VE with DBP post-VE (DBPpost VE),
PBP post-VE (PBPpost VE), and the duration of the postex-
trasystolic pause are discussed in a subsequent section.

For PBP VE, a statistically significant correlation
was found with LVEF. No correlations were found with
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other parameters. Excluding patients with interpolated
VEs or apparent parasystole did not significantly alter
these findings. However, the correlation between SBP
VE and LVEF became statistically significant (r =-0.47,
p=0.02).

The third stage of analysis focused on characterising
the phenomenon of PESP. No significant differences were
observed in the duration of the postextrasystolic pause be-
tween groups with and without organic heart disease or
across different arrhythmogenic substrate localisations.
The pause duration correlated with mean CI (r = 0.39,
p=0.004) and DBP VE (r = 0.24, p=0.03).

Postextrasystolic SBP (SBPpost VE), DBPpost VE,
and PBPpost VE were evaluated as indicators reflecting
PESP characteristics. These values were calculated as frac-
tions of 1.0, where 1.0 represented SBP, DBP, and PBP
of sinus beats preceding the VEs. Unlike most published
studies, which compared postextrasystolic SBP with SBP
from 8-10 subsequent sinus beats, this study evaluated
PESP based on single postextrasystolic beats due to the
high VE burden (>10,000 VEs/day, up to 45,000/day) per
the inclusion criteria.

The results are presented in Table 3. Differences in
SBPpost VE, DBPpost VE, and PBPpost VE compared to
their respective pre-VE sinus values were relatively mi-
nor but highly statistically significant, with small standard
deviations. These values were independent of the arrhyth-
mogenic substrate localisation, QRS width, or QRS frag-
mentation. Similarly, no differences were found between
patients with idiopathic VEs, those with hypertension (in-
cluding combined hypertension and CAD), or myocardi-
tis-related cardiosclerosis.

0.9

0.6 s

400 500 600 700 800
Coupling interval, ms

Figure 1. Relationship between CI and SBP during VE.
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Figure 2. Relationship among SBP, DBP, and PBP
during VE.
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Excluding interpolated VEs and apparent parasystole
from the analysis did not affect the results, except for the
correlation between PBPpost VE and the number of VEs
per day, which, along with the percentage of VEs, became
statistically significant (r = -0.56, p=0.007).

A statistically significant correlation was observed
between SBPpost VE and the duration of the compensa-
tory pause (Figure 3), as well as between PBPpost VE and
the duration of the compensatory pause. In contrast, the
correlation between DBPpost VE and the postextrasystolic
pause duration was not statistically significant.

The formation of the integral PBPpost VE parameter
differed substantially from PBP VE. While the latter was
primarily determined by SBP VE with minimal depen-
dence on DBP VE, PBPpost VE was equally influenced by
SBPpost VE and DBPpost VE, as shown in Figure 4.

DISCISSION

The determination of treatment strategies for VEs,
as outlined in modern guidelines, is primarily based on
the presence or absence of structural heart changes. An-
other crucial factor is symptomatology and the frequency
of VEs. The number of ectopic beats directly correlates
with the likelihood of developing AAC, regardless of the
presence or absence of organic heart disease. However, in
clinical practice, the progression to AAC varies among pa-
tients: some with a high VE burden develop AAC relative-
ly quickly, while others remain unaffected over many years
or even decades of observation[32].

In limited publications, several additional hemo-
dynamically significant characteristics of VEs have been
proposed as contributors to AAC formation. These include
QRS width and fragmentation, morphology, prematurity
index, and polymorphism. The beat-to-beat blood pressure
measurement method allows the evaluation of these and
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other properties of VEs, enabling an understanding of their
potential hemodynamic significance.

A key feature of VEs, as premature cardiac contrac-
tions, is their significant reduction in SBP. This reduction
is attributed to insufficient ventricular filling, leading to
decreased stroke volume and impaired cardiac pump func-
tion. Increased DBP may also play a role as a potential
contributor to LV diastolic dysfunction. Additionally, the
shortening of diastolic duration-the phase during which
myocardial perfusion via coronary arteries occurs-can
further compromise the blood supply to the myocardium.
PBP, as a composite measure of SBP and DBP, emphasizes
these changes when present.

The method also facilitates the evaluation of an
intriguing, yet underexplored, property of VEs termed
PESP. The existing literature on PESP presents conflict-
ing findings. Physiological increases in SBP during sinus
contractions following a compensatory pause have been
attributed to enhanced contractility caused by elevated
intracellular calcium levels in cardiomyocytes during
the pause. Conversely, pathological conditions, such as
chronic heart failure and myocardial infarction, have
been associated with reduced SBP due to inadequate ven-
tricular filling, which diminishes stroke volume. DBP
typically remains unchanged but may increase in cases of
LV diastolic dysfunction.

This study included patients with a high number
of monomorphic VEs. Arrhythmogenic substrate local-
ization was determined approximately using a standard
12-lead ECG. Following current guidelines, two groups
were identified: those with RVOT arrhythmogenic sub-
strate” and “all other localizations,” which differ in treat-
ment approaches. Additionally, a third group with “LVOT
arrhythmogenic substrate” was analyzed based on ECG
characteristics.

Inclusion criteria mandat-

Table 3. .

Indicators characterizing the hemodynamic significance of ventricular ed either the absence of structural
extrasystole heart changes or minimal structural
abnormalities. Patients with sig-
Indicator Value nificant LV hypertrophy, previous
Post VE SBP across the entire patient group 0.98+0.05. p=0.02 n.lyo%ardwl lllnfarFtlol?’ cll;n‘clally
Post VE DBP across the entire patient group 0.91£0.01. p<0.0001 significant chronic . cart fatlure,
reduced pump function, or cham-
Post VE PBP across the entire patient group 1.12+0.03. p=0.0001 | per enlargement-including  those
Correlation between post VE SBP and post VE PBP r=0.58. p=0.002 with a history of myocarditis-were
Correlation between post VE SBP and PEP =0.40. p=0.003 exc.luded. . Among hypelrltelllf“lie
Correlation between post VE SBP and the presence of paired VEs r=-0.40. p=0.04 patients, the mean LV wa thick-
ness was 11.4 mm, while in other
Correlation between post VE DBP and post VE PBP r=-0.61. p=0.001 groups, it remained within normal
Correlation between post VE DBP and VE DBP r=0.51. p=0.008 limits. LVEF was within normal
Correlation between post VE DBP and CI of VE r=0.48. p=0.01 ranges and did not .differ signifi-

Correlation between post VE DBP and the presence of NSVT r=0.44. p=0.03 cantly among the patient Eroups.

. _ The present study includ-
Correlation between post VE DBP and daily VE percentage =0.43. p=0.03 ed patients with a high number of
Correlation between post VE PBP and VE DBP r=-0.52. p=0.01 monomorphic  VEs. Arrhythmo-
Correlation between post VE PBP and the presence of NSVT r=-0.48. p=0.03 genic substrate localization was

. . determined approximately using a

1 E PBP ly VE =-0.41. p=0.04 -
Corre atlf)n between post V and daily VE percentage r=-0.41. p=0.0 standard 12-lead ECG. Following
Correlation between post VE PBP and PEP r=0.38. p=0.005 current guidelines, patients were

Note: hereinafter, PEP - Post-extrasystolic pause NSVT - Non-sustained ventricular

tachycardia.

divided into two groups: “RVOT
arrthythmogenic substrate localiza-
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tion” and “all other localizations,” which differed in treat-
ment approaches. Additionally, a third group of patients with
“LVOT arrhythmogenic substrate localization,” easily iden-
tifiable by ECG, was included.

Inclusion criteria required the absence of structural
heart changes or minimal structural abnormalities. Patients
with significant left ventricular hypertrophy, prior myocar-
dial infarction, clinically significant chronic heart failure,
reduced pump function, or chamber enlargement-including
those with a history of myocarditis-were excluded. Even
among patients with hypertension, the mean LV wall thick-
ness was only 11.4 mm, and for others, it did not exceed
normal limits. LVEF was within normal ranges and did not
differ significantly among the patient groups.

As expected, patients with “idiopathic” VEs were sig-
nificantly younger. These patients were more likely to have
arrthythmogenic substrates localized in the RVOT. Patients
with LVOT VEs were older, while those with VEs from oth-
er sources were the oldest.

An interesting finding was the differences in the char-
acteristics of the QRS complex during VEs based on ar-
rhythmogenic substrate localization. VEs originating from
the RVOT were wider than those from the LVOT. Half of
the RVOT VEs showed fragmentation (similar to VEs from
other localizations), whereas none of the LVOT VEs exhib-
ited this phenomenon. These differences may reflect the na-
ture of excitation propagation during VEs, even though the
RVOT and LVOT are anatomically close.

The mean CI of VEs did not differ significantly be-
tween different arrhythmogenic substrate localizations. Fac-
tors such as a large number of interpolated VEs or evident
parasystole with classical signs could have influenced the
analysis. However, excluding such patients from the sample
did not substantially alter the results.

In the second stage of the analysis, SBP, DBP, and PBP
during VEs were evaluated as indicators that largely charac-
terize the hemodynamic significance of ectopic contractions.
Significant reductions in SBP and non-significant increas-
es in DBP during VEs were observed. The most important
characteristic of VEs, likely determining their hemodynam-
ic significance, was the CI. No correlation was found with
other parameters, such as arrhythmogenic substrate localiza-
tion, QRS width, QRS fragmentation, or the presence of or-
ganic heart disease. The reduction in the integral PBP during
VEs was minimally related to the increase in DBP and was
primarily determined by the decrease in SBP.

A correlation between diastolic blood pressure during
premature ventricular contractionsq and the number of VEs
was established, indicating that DBP VE increases as the VE
count rises. This correlation is logical, as a higher number
of VEs reduces the overall relaxation and filling time of the
heart. However, the observed inverse relationship between
LVEF and both systolic blood pressure during VEs (SBP
VE) and pulse blood pressure during VEs (PBP VE) is less
straightforward. It appears that higher LVEF reduces the need
for compensatory mechanisms, such as sympathetic nervous
system activation, which might otherwise increase SBP.

The third stage of analysis explored the phenomenon
of PESP. An interesting finding was the correlation between
the mean CI and the duration of the compensatory pause; lon-
ger ClIs were associated with longer pauses. This may be due
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to ventriculo-atrial conduction of VEs and the discharge or
non-discharge of the sinus node.

Analysis of post-VE SBP, DBP, and PBP revealed
that the presence of PESP should be interpreted cautiously.
Post-VE SBP was slightly lower than the SBP of sinus beats
preceding VEs. Post-VE DBP decreased modestly but not
markedly. Post-VE PBP increased significantly; however, un-
like VE beats, its changes were equally influenced by both
post-VE SBP and DBP (with DBP having a slightly greater
impact). As with VE-related SBP, DBP, and PBP, PESP char-
acteristics showed no dependence on the localization of the
arrhythmogenic substrate, QRS width or fragmentation, or the
presence of structural heart disease. Post-VE SBP increased
with longer compensatory pauses, which is consistent with
physiological expectations. A weak but significant correlation
was observed between reduced post-VE SBP and paired VEs,
likely because two consecutive VEs share a single compen-
satory pause.

The correlation between post-VE DBP and DBP VE is
straightforward and expected, whereas its positive association
with CI suggests reflexive sympathetic activation due to baro-
receptor stimulation. This could increase vascular tone, ele-
vating post-VE DBP. However, while a significant relation-
ship between CI and the compensatory pause duration was
observed, post-VE DBP did not show a statistically significant
link to the pause duration.

The relationship between post-VE DBP and the
number of VEs (including VE percentages during Holter
monitoring and the presence of non-sustained ventricular
tachycardia) is logical and reflects insufficient ventricular
relaxation during diastole. Consequently, the integral indi-
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Figure 3. Relationship between post VE SBP and the
duration of the compensatory pause.
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cator post-VE PBP correlates with the VE count and com-
pensatory pause duration.

The study’s foundation was the non-invasive determi-
nation of SBP, DBP, and PBP for each heartbeat. This enabled
the assessment of hemodynamic properties of both ectopic
and post-compensatory beats, providing insights into the
PESP phenomenon. A notable feature influencing the study’s
outcomes was the selection of patients with no or minimal
structural heart changes. Therefore, the findings should not be
extrapolated to patients with clinically significant heart fail-
ure, previous myocardial infarction, severe LV hypertrophy,
or other serious organic heart conditions. This important lim-
itation is also a strength of the study, as it provides reference
hemodynamic characteristics for VEs (SBP, DBP, PBP, post-
VE SBP, DBP, and PBP) applicable to patients with frequent
VEs. The most significant findings of this research can be
summarized as follows.

65

CONCLUSION

1. Premature ventricular contractions, as hemodynamical-
ly ineffective cardiac beats, are characterised by a reduc-
tion in systolic blood pressure and, to a lesser extent, an
increase in diastolic blood pressure.

2. SBP VE and pulse blood pressure during VEs decrease
as the coupling interval shortens; no significant correlation
was found between CI and DBP VE.

3. Post-VE SBP and DBP are lower, whereas post-VE PBP
is higher than the corresponding values of sinus beats pre-
ceding VEs; the differences are small but statistically sig-
nificant.

4. The examined characteristics (SBP VE, DBP VE, PBP
VE, post-VE SBP, post-VE DBP, and post-VE PBP) were
not dependent on QRS width or fragmentation or the local-
ization of the arrhythmogenic substrate.
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