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with -blocker medication in fast
rate-dependent premature ventricular complex
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Abstract

Background: There is little data regarding types of idiopathic premature ventricular complex (PVC) according to
heart rate dependence.

Methods: One hundred and sixty-eight patients with idiopathic PVC were enrolled in this study. Evaluation of the
number of PVCs and total ventricular beats, and the density of PVC was done using 24 h Holter monitoring. Patients
were divided into groups as having: fast rate-dependent (Group I), slow rate-dependent (Group Il), and heart rate-
independent PVC (Group lll) based on the relationship between the number of hourly PVC and hourly heart rate. After
-blocker medication, 24 h Holter monitoring was repeated.

Results: Among the 168 subjects, 66 (39.3%) patients were in Group |, 18 (10.7%) in Group I, and 84 (50.0%) in Group
lll. There were no significant differences in the baseline number of PVCs and total ventricular beats, and the density of
PVC among the three groups. The number of PVCs was significantly reduced in patients with Group | (14,030+ 11,463
beats/day vs. 7401 4= 10,464 beats/day, p <0.001), and total ventricular beat was significantly reduced in patients with
Group 1 (109,223 £ 17,564 beats/day vs. 96,182 % 15,594 beats/day, p <0.001) and Group Il (106,515 413,468 beats/
day vs. 97,995 + 12,960 beats/day, p < 0.001) after 3-blocker medication. The density of PVC was significantly reduced
only in patients of Group | (12.94 10.3% vs. 7.4 & 10.3%, p=0.001) after 3-blocker medication.

Conclusions: The type of PVC according to the heart rate dependence should be considered when treating idi-
opathic PVC with 3-blockers.
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Introduction

Premature ventricular complexes (PVCs) are common
arrhythmias in clinical practice [1, 2]. Many patients
with PVCs are asymptomatic, whereas some PVCs can
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cause symptoms of palpitations such as heart pounding,
irregular, skipped, or paused heartbeat, or more general-
ized symptoms such as dizziness, near-syncope, dyspnea,
chest pain, or fatigue [3]. It is usually a benign condition
in a structurally normal heart; however, it may sometimes
be considered a sign of increased risk of cardiomyopathy,
left ventricular dysfunction, ischemic heart disease, and
morbidity and mortality of cardiovascular disease and
sudden death in patients with underlying structural heart
disease [1, 4].
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Fig. 1 Representative examples of fast rate-dependent PVC (Group ) and slow rate-dependent PVC (Group Il) are shown

3-blockers are the first-line medical therapy for symp-
tomatic patients with PVC [5]. However, these drugs are
effective only in some of the idiopathic PVC patients,
suggesting that a different mechanism may exist in the
pathogenesis of PVC.

This study evaluated: (1) the clinical characteristics
of idiopathic PVC according to heart rate dependence;
and (2) the changes in the PVC burden after intake
of {3-blocker medication according to the heart rate
dependence.

Patients and methods

Patients

This is a retrospective study, and 168 patients who were
diagnosed with idiopathic PVC between March 2013
and February 2017 were included in this study. Inclu-
sion criteria consisted of patients having idiopathic PVC
with the burden> 1% per day, as assessed by 24 h Holter
monitoring. Exclusion criteria included patients with
the following: (1) sustained ventricular tachycardia (VT)
or ventricular fibrillation, (2) any form of structural car-
diovascular diseases, (3) left ventricular ejection frac-
tion (LVEF) <50%, (4) thyroid disorder, (5) liver or kidney
disease, and (6) electrolyte abnormalities. None of the
patients was taking anti-arrhythmic drugs or 3-blockers

before enrollment, and patients who were prescribed
anti-arrhythmic drugs were excluded. The study was
approved by the local ethics committee.

Electrocardiography and 24 h Holter monitoring

Twelve-lead electrocardiography (ECG) was performed
to evaluate the presence of PVC, and 24 h Holter moni-
toring was performed in all included patients at baseline.
Patients were instructed to maintain their normal every-
day activities but avoid intense physical exercise during
the recordings. Number of PVCs was calculated, and
number of total ventricular beats was defined as all the
ventricular beats including sinus rhythm, PVCs and non-
sustained VT. The density of PVC was defined as the per-
centage of PVC of total beats (% of the number of PVC/
the number of total ventricular beats). Non-sustained
VT was defined as three or more beats in duration ter-
minating spontaneously within 30 s [6]. 3-blockers were
prescribed for all patients except who are in contraindica-
tions, and 24 h Holter monitoring was followed-up after
3 months. The changes in the number of PVC and total
ventricular beats, and the density of PVC were evaluated.
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Table 1 Baseline characteristics according to groups
Group | (n=66) Group Il (n=18) Group Il (n=384) p value

Age (years) 5174173 43.1+14.2 497+134 0.10
Sex, n (%) 20 (30.3) 3(16.7) 1(36.9) 0.23
Smoking, n (%) 0(15.2) 3(16.7) (1 1.9) 0.79
Alcohol, n (%) 18 (27.3) 6(33.3) 0) 0.83
HTN, n (%) 17 (25.8) 4(22.2) ( 4) 0.82
DM, n (%) 3(4.5) 2(11.1) 6 (7‘1) 0.58
CAD, n (%) 1(1.5) 0(0) 0(0) 046
Dyslipidemia, n (%) 30 (45.5) 8(44.4) 39 (46.4) 0.99
LVEF (%) 617115 66.8+6.9 615+84 0.12
LA diameter (mm) 388+7.2 38.8+6.1 377+68 0.70
LA volume (mL) 4424152 3974117 53.6475.1 0.46
LA volume index (mL/m?) 270494 230468 3304512 0.48
E(cm/s) 0.70£0.21 066+0.17 066+0.20 0.99
A(cm/s) 0.67£0.17 0.58+0.19 0.66+0.17 0.22
E'(cm/s) 0.07+0.03 0.08+0.03 0.75+£0.28 0.55
A'(cm/s) 0.08+0.23 0.08+0.02 0.10£0.10 041
E/e 10.77 £5.68 9.164+3.24 9.68+3.63 0.28
Na (mEg/L) 137£16 139+2 140+£2 045
K (mEg/L) 43+04 43+03 49+47 0.55
Cholesterol (mg/dL) 181437 170£35 186+42 035
BNP (pg/mL) 56.8+£46.8 53.6£703 37214638 0.22
Free T4 (ng/dL) 12+£02 12+£02 12£02 0.89
TSH (WU/mL) 224+16 19+10 18+1.7 0.35
3-blockers medications 0.24

Carvedilol 12(19.1) 3(214) 9(12.3)

Bisoprolol 29 (46.0) 5(35.7) 34 (46.6)

Nebivolol 6(9.5) 5(35.7) 14(19.2)

Betaxolol 16 (25.4) 1(7.1) 15 (20.5)

Bevantolol 0 0 101.4)

BNP brain natriuretic peptide, CAD coronary artery disease DM diabetes mellitus, HTN hypertension, LA left atrial, LVEF left ventricular ejection fraction, PVC premature

ventricular complex, TSH thyroid stimulating hormone

Table 2 Baseline parameters of 24 h Holter monitoring according to groups

Group | (n=66) Group Il (n=18) Group lll (n=284) p value
PVC (beats/day) 13,7754£11,950 10,457 £11,463 11,704 4+£11,097 0.41
Ventricular beat (beats/day) 106,788 + 16,992 109,124 413,119 105,652+ 13,784 0.66
PVC density (%) 1284108 93+98 10.84+9.7 033
non-sustained VT, n (%) 14 (21.2) 2(11.8) 18 (12.4) 0.65
Longest beat of non-sustained VT (beats) 3.741.3 3.0+£00 41417 0.59

PVC premature ventricular complex, VT ventricular tachycardia

Statistical analysis

Continuous variables are reported as a mean= stand-
ard deviation, while categorical variables are reported
as a number or percentage. One-way ANOVA was used
to compare continuous variables, while categorical vari-
ables were compared using a Chi-square test or Fisher’s

exact test, as appropriate among groups. Hourly mean
heart rate and the number of PVCs were evaluated, and
patients were divided into three groups according to their
association, which was analyzed by Pearson’s correla-
tion. If the coefficient of correlation> 0.3 with p<0.05
and PVC density was positively related to heart rate,
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Fig. 2 Changes in the number of PVCs after 3-blocker treatment according to groups. The density of the PVC was significantly reduced only in
patients of Group |, and there were no significant differences in those of Group Il and Group Ill. PVC = premature ventricular complex

these patients were defined as having fast rate-dependent
PVC (Group I); and those with coefficient of correla-
tion < — 0.3 with p <0.05 and negatively related heart rate
were defined as having slow rate-dependent PVC (Group
I1). No evident relationship between heart rate and PVC
density was found in the rest of the patients (— 0.3 < coef-
ficient of correlation <0.3), and those PVCs were defined
as heart rate-independent PVC (Group III). Representa-
tive examples of fast rate-dependent PVC (Group I) and
slow rate-dependent PVC (Group II) are shown in Fig. 1.
The changes in the number of PVCs and total ventricular
beats and the density of PVC after 3 months of 3-blocker
medication were evaluated with repeated measure
ANOVA test.

All statistical analyses were performed using SPSS 24.0
software (SPSS, Inc., an IBM Company, Chicago, Illinois,
USA). Values of p<0.05 were considered significant. All
tests were two-sided.

Results

Baseline characteristics

In total, 168 patients were included in the analysis. The
mean age was 49.8 +15.2 years, and 54 patients (32.1%)
were male. Patients were divided into three groups
according to the heart rate dependence; Group I (=66,
39.3%), Group II (n=18, 10.7%), and Group III (n=84,
50.0%). Baseline characteristics among groups are com-
pared in Table 1. There were no significant differences
in age, sex, smoking, drinking, and the presence of car-
diovascular comorbidities among the three groups. There
were no significant differences in echocardiographic
parameters including LVEEF, left atrial size, and e/e’ ratio.
Twenty-eight patients (16.7%) were asymptomatic, and
there was no difference in the presence of the PVC-
related symptoms among groups.

24 h Holter monitoring

Comparison of parameters of 24 h Holter monitoring
among groups is presented in Table 2. There were no sig-
nificant differences in the baseline number of PVCs and
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Fig. 3 Changes in the number total ventricular beats after 3-blocker treatment according to groups. The number of total ventricular beats was
significantly reduced in patients of Group | and Group Il whereas there was no significant change in patients of Group |l

total ventricular beats, density of PVC, and the presence
of non-sustained VT among the three groups.

Effects of B-blockers

The changes in the number of PVCs and total ven-
tricular beats, and the density of PVC were evaluated
after 3 months of f3-blocker intake. The number of
PVCs was significantly reduced in patients of Group
I (14,030+11,464 beats/day vs. 7401+ 10,464 beats/
day, p<0.001) after 3-blocker intake, whereas there
were no significant changes in patients of Group II
(11,868 +11,046 beats/day vs. 8957 114,829 beats/
day, p=0.19) and Group III (13,463+11,579 beats/
day vs. 10,269+10,687 beats/day, p=0.06) (Fig. 2).
The number of total ventricular beats was significantly
reduced in patients of Group I (109,223 + 17,564 beats/
day vs. 96,183 £ 15,594 beats/day, p <0.001) and Group
III (106,515+13,468 beats/day vs. 97,995412,960
beats/day, p<0.001), whereas there was no significant
change in patients of Group II (108,922 + 14,829 beats/
day vs. 108,365+ 14,320 beats/day, p=0.78) (Fig. 3).
The density of the PVC was significantly reduced only
in patients of Group I (12.94+10.3% vs. 7.4+10.3%,

p=0.001), and there were no significant differences in
those of Group II (10.4+9.1% vs. 7.3+ 11.1%, p =0.09)
and Group III (12.2£+9.8% vs. 10.0+10.1%, p=0.15)
(Fig. 4). We separated day and night in Group II and
analyzed the changes in the number of PVCs and total
ventricular beats, and the density of PVC, respectively.
The ineffectiveness of 3-blocker in Group II was con-
sistently shown in both daytime and nighttime.

Discussion

Patients with idiopathic PVC were categorized into
three groups according to the heart rate dependence in
the present study. We evaluated the differences in clini-
cal characteristics and the changes in the PVC burden
after 3-blocker intake among the groups. Half of the
patients belonged to Group III (heart rate-independent),
and patients of Group II (slow rate-dependent PVC)
accounted for the lowest number. The number of total
ventricular beats was significantly reduced in patients
of Group I and Group III; however, the number of PVCs
and density of the PVC was significantly reduced only in
patients of Group L.
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Fig. 4 Changes in the density of PVC after B-blocker treatment according to groups. The density of the PVC was significantly reduced only in
patients of Group | and there were no significant differences in those of Group Il and Group Ill. PVC = premature ventricular complex

Group Il

Several data regarding the number of PVCs accord-
ing to heart rate dependence have been published previ-
ously [7-9]. It is a consistent finding throughout studies
that the slow-rate-dependent PVC accounts for the low-
est percentage. However, the proportion of patients with
heart rate-independent PVC is different among studies.
We demonstrated that the substantial number of patients
are categorized to the heart rate-independent group.

The mechanism of anti-arrhythmic efficacy of 3-block-
ers involves competitive adrenergic-receptor blockade of
sympathetically mediated triggering mechanisms, slow-
ing of the sinus rate, and possible inhibition of excess
calcium release by the ryanodine receptor [10]. We clas-
sified the patients into three groups according to heart
rate dependence, and f8-blocker was effective in reduc-
ing both frequency and density of PVC only in Group L
Similar results was shown in recent study which dem-
onstrated that the transdermal bisoprolol patch was
effective for a PVC reduction in patients with fast rate-
dependent PVC [11].

Heart rate and rhythm are regulated by the auto-
nomic nervous system, and both parasympathetic and

sympathetic nervous systems interact continuously
[12]. Autonomic imbalance is a common pathophysi-
ological pathway of many of these triggers. Both sym-
pathetic overactivity and enhanced vagal control could
contribute to ventricular arrhythmogenesis by complex
electrophysiological mechanisms [5]. 8-blockers sig-
nificantly reduced the number of total ventricular beats
per day in Group I and Group III, but not in Group II
(slow rate-dependent PVC) in our study. This suggests
that significant vagal activation might contribute to
the pathogenesis of slow rate-dependent PVC. Recent
studies on the differences in heart rate variability in
patients with PVC according to heart rate dependence
have been published. Hourly PVC density was posi-
tively associated with sympathetic indices in fast rate-
dependent PVC [7] and positively associated with vagal
indices in slow rate-dependent PVC in these studies [7,
13]. Sympathetic nervous system activity, which was
measured by the low frequency power/high frequency
power ratio, was dominant in some PVCs [14], while
vagally mediated parameters are enhanced in other
PVCs [13]. Even though we did not include heart rate
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variability results, our findings support the previous
data that showed that fast rate-dependent PVCs and
slow rate-dependent PVCs might be facilitated by sym-
pathetic activation and vagal activation, respectively.

After performing 24 h Holter monitoring, idiopathic
PVCs may easily be categorized into three groups accord-
ing to their HR dependency. In patients with slow rate-
dependent and heart rate-independent PVCs, 3-blockers
have a minimal role to play and other anti-arrhythmic
drugs may be considered as the next step to suppress the
PVC burden with caution.

Limitations

There are several limitations in our study. We did not
separate day and night when we analyzed the relationship
between heart rate and PVC burden, which can affect a
relatively high proportion of patients with heart rate-
independent PVC (Group III) [15]. Spontaneous variabil-
ity of ventricular ectopy in the day to day was reported
[16, 17]; therefore, we cannot conclude that the reduction
in PVC density is the sole effect of f3-blocker intake. We
did not analyze the relationship with origin of PVC by
the 12-lead ECQG criteria and the morphology of PVC was
not evaluated during follow-up. Detailed analysis regard-
ing the dose of f3-blockers was not performed because
of the heterogeneity of the drug types. The number of
patients with slow rate-dependent PVC (Group II) is rela-
tively small in the present study.

Conclusions

The density of PVC was significantly reduced only in
patients with fast rate-dependent PVC (Group I) after
3-blocker intake. The treatment response to 13-blockers
can be predicted according to heart rate dependence.
Further large scaled, prospective clinical studies asso-
ciated with autonomic nervous system function are
required.
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