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Atrial and Ventricular Response to Treatment of
Premature Ventricular Complexes

Yi-Sheng Chen,8 Wei-Di Chen,s Yin-Huei Chen,3 Akbarshakh Akhmerov,g Hsiang-Chi Wang,7
Kuan-Cheng Chang™*** and Yen-Nien Lin****°

Background: Premature ventricular complexes (PVC) may cause ventricular dyssynchrony and lead to left atrium
and ventricle mechanical abnormalities. Although ventricular cardiomyopathy due to PVCs has been well studied,
little is known about atrial adaptation to PVCs.

Objectives: To assess atrial and ventricular responses to PVC therapy.

Methods: All patients with PVC burden > 5000 beats/day on Holter monitoring were enrolled. Baseline demographics,
comorbidities, social habits, Holter parameters, and echocardiography profiles were recorded. Follow-up Holter
electrocardiography (ECG) and echocardiography data were compared between PVC-treated and non-treated patients.
Results: Two hundred and eighty-six patients were enrolled, of whom 139 received PVC treatment. Among the
treated patients, 125 who underwent follow up Holter ECG or echocardiography were included in the final analysis.
The mean follow-up times of Holter ECG and echocardiography were 9.40 + 6.70 and 9.40 = 5.52 months,
respectively. Ventricular arrhythmic burden was significantly reduced in the treatment group (16.46% vs. 13.41%,
p = 0.041) but was significantly increased in the observation group (7.58% vs. 14.95%, p = 0.032). A significant
increase in left atrial (LA) diameter (36.94 mm vs. 39.46 mm, p = 0.025) and reduction in left ventricular ejection
fraction (LVEF) (57.26% vs. 53.8%, p = 0.040) were noted in the observation group. There were no significant
differences in supraventricular arrhythmic burden in the observation group and LA diameter and LVEF in the
treatment group.

Conclusions: PVC therapy effectively reduced ventricular arrhythmic burden in the treatment group on follow-up.

Our data suggest that PVC treatment may prevent LA dilation and LVEF decline.
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INTRODUCTION

Premature ventricular complexes (PVCs) are com-
mon arrhythmias that become more prevalent with older
age and in people with comorbidities.! In patients with
underlying cardiac disease, the presence of PVCs is a
well-established negative prognostic factor,” even in the
context of antiarrhythmic therapy.® Although idiopathic
PVCs are typically regarded as being benign, they have
been associated with cardiovascular disease and sudden
death.*®

Frequent ventricular dyssynchrony due to PVCs causes
dilated cardiomyopathy and impaired LV function.”® The
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relationship between PVCs and cardiomyopathy is a re-
ciprocal one — PVCs can lead to cardiomyopathy, which,
in turn, can exacerbate PVCs.? In addition to ventricular
cardiomyopathy, there is a higher incidence of ischemic
stroke in patients with frequent PVCs. '
dyssynchrony can result in left atrial mechanical abnor-
malities and reduce left atrial appendage flow velocity."***
However, a definitive association between new-onset
atrial fibrillation and PVCs has not been demonstrated."*

Recent studies have shown that a reduction in PVC
burden can reverse cardiomyopathy and lead to im-
proved function.”” Catheter ablation is an effective
method to eliminate PVCs,®""*® and antiarrhythmic agents
can suppress PVCs and relieve symptoms.>**! Although
PVC-induced ventricular cardiomyopathy has been well
described, little is known about atrial adaptation to
PVCs or the response to treatment. The aim of this study
was to assess atrial and ventricular responses to PVC
therapy.

Ventricular

METHODS

Study population

Following Institutional Review Board approval, we
performed a retrospective review of patients with PVC
burden. Because prior studies have demonstrated a cut-
off range of PVC-induced cardiomyopathy with a PVC
burden ranging from 4% to 33%, we enrolled patients
with a PVC burden of > 5000 beats on 24-hour Holter
electrocardiography (ECG) monitoring in order to ensure
complete inclusion.’”* The study population included
286 consecutive patients between January 2017 and De-
cember 2017 at China Medical University Hospital. Pa-
tients with or without structural heart diseases, defined
as heart failure, coronary heart disease, and valvular
heart disease, were enrolled in this study. Baseline de-
mographics, comorbidities, social habits, clinical symp-
toms, 12-lead ECG, Holter parameters, and echocardio-
graphy profiles were recorded. Holter ECG and echocar-
diography data were obtained at baseline and on fol-
low-up. Follow-up Holter ECG and echocardiography
data in the treatment group were compared to the non-
treated observation group. PVC treatment included ra-
diofrequency catheter ablation (RFCA) or antiarrhythmic
therapy of at least 3 months duration. The antiarrhythmic

Acta Cardiol Sin 2020;36:475-482

agents used in this study were beta-blockers (Bisoprolol,
Propranolol, Atenolol, Carvedilol), calcium channel bloc-
kers (Verapamil, Diltiazem), Class Ib (Mexiletine) and
Class Il (Amiodarone) antiarrhythmic agents. Written
informed consent was obtained for all procedures.

Statistical analysis

Continuous data are expressed as mean = standard
deviation (SD) or median [Q1, Q3]. Differences between
baseline and endpoints within each group were analyzed
using a paired student T test or two-tailed Mann-Whit-
ney test. A p value of < 0.05 was considered to be statis-
tically significant.

RESULTS

Baseline demographics, PVCs, and echocardiographic
characteristics

Two hundred and eighty-six patients were enrolled
at a single institution between January 2017 and De-
cember 2017. Among these patients, 139 (48.6%) re-
ceived PVC treatment (treatment group), and 147 (51.4%)
did not receive treatment (observation group). Eighty-
five patients in the treatment group and 40 patients in
the observation group underwent baseline and follow-
up Holter ECG and echocardiography monitoring (Figure
1). In the treatment group, 72 patients were treated
with antiarrhythmic agents, and 13 patients received
RFCA. The mean follow-up times between the baseline
and endpoint Holter EKG and echocardiography studies
were 9.40 £ 6.70 and 9.40 + 5.52 months, respectively.

The mean age was 62.25 + 20.82 years in the obser-
vation group and 57.16 + 15.90 years in the treatment
group. Both groups were predominantly male. Nearly
half of the patients had hypertension and 20-25% of the
patients had hyperlipidemia and heart failure. The most
common presenting symptoms were palpitations and
chest tightness/pain. In both groups, around 15% of the
patients developed exertional dyspnea, and 10% of the
patients had syncopal or near-syncopal episodes. A sig-
nificantly higher proportion of the patients in the obser-
vation group were asymptomatic. Twelve-lead ECG an-
alysis showed that the duration of PVCs were both 171.4
[142.9, 185.7] ms in the observation group and treat-
ment group. Using standard stepwise ECG algorithms to
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286 PVCs patients enrolled in PVCs cohort (Jan. 2017 ~ Dec. 2017)
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Figure 1. Study design and patient flow. ECG, electrocardiography; PVCs, premature ventricular complexes.

determine the location of PVCs,?* the most common
origin was the ventricular outflow tract in both groups.
There were no significant differences in burden of ven-
tricular arrhythmias (12.98 [8.41, 22.28]% vs. 8.46 [4.85,
19.39]%, p = 0.079), premature atrial complexes (PACs)
(0.01 [0, 0.07]% vs. 0.04 [0, 0.29]%, p = 0.026), and
supraventricular arrhythmia (SVTs) (0 [0, 0]% vs. O [O,
0]%, p = 0.424) between the treatment group and ob-
servation group. On echocardiography, the left atrial
(LA) diameter (36.91 [32.29, 43.39] mm vs. 35.66 [30.89,
40.73] mm, p = 0.128), left ventricular (LV) diameter
(52.28 [45.97, 58.49] mm vs. 51.15 [46.96, 56.96] mm, p
= 0.435), and LV ejection fraction (55.95 [48.40, 61.98]%
vs. 59.85 [54.83, 63.15]%, p = 0.063) were similar in
both groups (Table 1).

Of the PVC-treated patients, 84.7% received phar-
macologic therapy and 15.3% underwent successful
RFCA. The medications for PVC control included beta-
blockers (80.7%), amiodarone (5.3%), calcium channel
blockers (1.8%), and mexiletine (12.3%). A small number
of patients received dual therapy (16.5%) and triple the-
rapy (1.2%).

Response to PVC therapy

Follow-up Holter ECG monitoring was performed to
evaluate the anti-arrhythmic therapy. The ventricular
arrhythmic burden decreased significantly after therapy
in the treatment group (p = 0.041), while the burden of
ventricular arrhythmias increased by more than 7% in
the observation group (p = 0.032) (Figure 2). There were
no significant differences in the frequency of PACs or
SVTs in each group (Table 2).

The patients also underwent echocardiographic eva-
luations to assess remodeling of cardiac structures after
PVC treatment. Follow-up LA diameter increased by 2.53
mm (p = 0.025) and left ventricular ejection fraction
(LVEF) decreased by 3.46% (p = 0.04) in the observation
group (Figure 2). In contrast, there was no deterioration
in LA size (p = 0.763) or LV function (p = 0.947) in the
treatment group. There were no significant differences
in LV diameter during follow-up in either group (Table 2).

Result of PVC therapy in subgroup analysis

A preexisting history of structural heart disease was
used in our subgroup analysis. The patients with idio-
pathic heart disease had a significant reduction in ven-
tricular arrhythmic burden after therapy (p = 0.032),
while those in the observation group developed increased
ventricular arrhythmias by more than 9% (p = 0.028).
Follow-up LA diameter increased by 2.80 mm (p = 0.032)
and LVEF decreased by 4.39% (p = 0.030) in the observa-
tion group. However, no deterioration in LA size (p =
0.810) or LV function (p = 0.534) was detected in the
treatment group. On the other hand, in patients with
structural heart diseases, PVC therapy did not signifi-
cantly reduce the ventricular arrhythmic burden (p =
0.730). In both treatment and observation groups, there
were no significant changes in LA diameter, LV chamber
size, or ventricular function during follow-up (Table 2).

DISCUSSION

Our study demonstrated that PVC treatment reduced
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Table 1. Baseline characteristics of the 2 study groups

Characteristics Observation (n = 40) Treatment (n = 85) p
Gender, n (%) 0.24
Female 19 (47.5) 31(36.5)
Male 21 (52.5) 54 (63.5)
Age 62.25+20.82 57.16 £ 15.90 0.18
Comorbidities, n (%)
Hypertension 21 (52.5) 41 (48.2) 0.66
Diabetes mellitus 7 (17.5) 13 (15.3) 0.75
Hyperlipidemia 8(20.0) 22 (25.9) 0.47
Stroke 5(12.5) 4(4.7) 0.14
Coronary artery disease 5(12.5) 18 (21.2) 0.24
Valvular heart disease 2 (5.0) 5(5.9) 1.00
Heart failure 8 (20) 22 (25.9) 0.47
Thyroid diseases 3(7.5) 7 (8.2) 1.00
Pulmonary disease 5(12.5) 5(5.9) 0.29
Chronic kidney disease 9(22.5) 9(10.6) 0.08
Malignancy 2 (5) 7(8.2) 0.72
Symptoms, n (%)
Palpitation 16 (40) 28 (32.9) 0.30
Chest tightness/pain 10 (25) 29 (34.1) 0.16
Exertional dyspnea 6 (15) 12 (14.1) 0.86
Near-syncope/syncope 4(10) 9(10.6) 0.89
Asymptomatic 19 (47.5) 24 (28.2) <0.01
PVC characteristics
QRS Duration (ms) 171.4 [142.9, 185.7] 171.4[142.9, 185.7] 0.77
Location 0.23
RVOT 12 (30) 22 (25.9)
LvoT 11 (27.5) 36 (42.4)
RV 4 (10) 9(11)
LV 6 (15) 9(11)
Inadequate PVC information 7 (17.5) 9(11)
Holter ECG
Ventricular burden (%) 8.46 [4.85, 19.39] 12.98 [8.41, 22.28] 0.08
Total PVCs 569 [45.75, 1705] 942 (391, 1824] 0.12
Couplet (episodes) 3 [0, 104.5] 28 [1, 273] 0.06
Bigeminy (episodes) 215.5 [1.75, 836.3] 270[13.5, 757] 0.68
Trigeminy (episodes) 34.5 [0, 456.5] 161.0[17, 606.5] 0.05
NSVTs (episodes) 0 [0, 1.75] 0[O0, 7] 0.04
VTs (episodes) 0 [0, 0] 0[0, 0] 0.50
Atrial burden (%) 0.04[0, 0.29] 0.01 [0, 0.07] 0.03
SVTs (episodes) 0 [0, 0] 0[0, 0] 0.42
Echocardiography
LA diameter (mm) 35.66 [30.89, 40.73] 36.91[32.29, 43.39] 0.13
LV diameter (mm) 51.15 [46.96, 56.96] 52.28 [45.97, 58.49] 0.44
LVEF (%) 59.85 [54.83, 63.15] 55.95 [48.40, 61.98] 0.06

Radiofrequency ablation, n (%)
Pharmacologic agents, n (%)
Single therapy
Beta-blocker
Calcium-channel blocker
Mexlletine
Amiodarone
Dual therapy
Triple therapy

13 (15.3)
72 (84.7)
57 (67.1)
46 (54.1)
1(1.2)
7(8.2)
3(3.5)
14(16.5)
1(1.2)

Data are presented as mean + SD or median [Q1, Q3] for continuous variables, and number (%) for categorical variables.

ECG, electrocardiography; LA, left atrium; LV, left ventricle; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow
tract; NSVTs, non-sustained ventricular tachycardia; PVC, premature ventricular complex; RV, right ventricle; RVOT, right ventricular

outflow tract; SD, standard deviation; SVT, supraventricular tachycardia; VT, ventricular tachycardia.
* Supraventricular tachycardia included non-sustained supraventricular tachycardia, atrial fibrillation, and atrial flutter.
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ventricular arrhythmic burden, with no deterioration in
atrial and ventricular diameters or LVEF in patients with

V burden
(%)

A burden
(%)

LA
(mm)

LVIDd
(mm)

LVEF
(mm)

SVTs
(Episodes)

-25 s TX
-30
Figure 2. Response to PVC therapy in Holter ECG monitoring and

echocardiography. A, premature atrial contraction; ECG, electrocardio-
gram; LA, left atrium; LVEF, left ventricular ejection fraction; LVIDd, left
ventricular diastolic inner dimension; OBS, observation; PVC, premature
ventricular contraction; SVT, supraventricular tachycardia; Tx, treat-
ment; V, premature ventricular contraction.

> 5000 PVCs on Holter monitoring. Non-treated patients,
however, experienced a significantly increased ventricu-
lar arrhythmic burden, significantly increased LA dia-
meter, and significantly reduced LVEF. There was a con-
sistent, beneficial tendency toward the treatment group.

PVCs are a known cause of cardiomyopathy and are
associated with new-onset heart failure, sudden cardiac
death, and cardiac-related hospitalizations.'***> The pa-
thophysiology of PVC-induced cardiomyopathy is not
well defined. However, several studies (focusing pre-
dominantly on the ventricles) have offered some insight.
PVCs may lead to slower and dyssynchronous ventri-
cular contraction followed by a compensatory pause,
which results in elevated diastolic filling pressures, in-
creased wall stress, and ultimately LV remodeling and
dysfunction.®®*®2® Furthermore, high PVC frequency,
epicardial origin, duration of PVC exposure, increased
QRS width, interpolated PVCs, male gender, absence of
circadian fluctuation of PVC burden, and asymptomatic
status have been shown to predict the presence of PVC-
induced cardiomyopathy.”***® Our study is consistent

Table 2. Outcome of PVC therapy for ventricular (V) burden, atrial (A) burden, and SVTs in Holter ECG group, and LA diameter,

LVIDd, and LVEF in echocardiography group

Holter ECG Echocardiography
V burden A burden SVTs LA diameter LvIDd LVEF
(%) (%) (episodes) (mm) (mm) (%)
OBS Tx OBS Tx OBS Tx OBS Tx OBS Tx OBS Tx
N 22 64 22 64 22 64 29 48 29 48 29 48
Unadjusted
Baseline mean (SE) 7.58 16.46 0.37 0.19 0.27 33.08 36.94 40.45 51.59 55.85 57.26 50.64
(1.79) (1.27) (0.24) (0.07) (0.16) (25.41) (1.62) (1.05) (1.54) (1.23) (2.08) (2.19)
End point mean (SE) 14.95 1341 0.19 0.26 0.64 7.94 39.46 40.69 51.24 56.08 53.80 50.73
(2.53) (1.27) (0.11) (0.10) (0.30) (3.92) (1.93) (1.21) (1.75) (1.29)  (1.89) (1.95)
Difference between baseline 7.36 -3.05 -0.18 0.07 0.36 -25.14 253 0.24 -0.35 0.23 -3.46 0.10
and end point mean (SE) (3.22) (1.46) (0.27) (0.06) (0.19) (25.35) (1.06) (0.79) (1.30) (0.89) (1.61) (1.44)
p-value 0.03 0.04 0.51 0.25 0.07 0.33 0.02 0.76 0.79 0.80 0.04 0.95
Idiopathic heart disease
Baseline mean (SE) 6.50 16.66 0.40 0.20 0.18 10.55 35.54 39.12 49.27 53.71 61.00 58.44
(1.85) (1.51) (0.30) (0.09) (0.13) (7.36) (1.74) (1.52) (1.64) (1.75) (1.35) (2.64)
End point mean (SE) 16.04 12.87 0.02 0.25 0.29 5.53 38.34 38.95 48.12 54.24 56.61 57.38
(3.14) (1.53) (0.01) (0.12) (0.17) (3.81) (2.30) (1.80) (1.69) (1.92)  (1.20) (1.87)
p-value 0.03 0.03 0.23 0.24 0.43 0.28 0.03 0.81 0.43 0.62 0.03 0.53
Structural heart disease
Baseline mean (SE) 11.27 1590 0.25 0.14 0.60 95.35 39.35 41.68 57.68 57.82 47.44 43.46
(4.84) (2.40) (0.23) (0.07) (0.60) (93.86) (3.13) (1.44) (2.60) (1.80)  (5.49) (3.06)
End point mean (SE) 11.23 1490 0.74 0.28 1.80 14.59 42.40 42.30 59.41 57.77 46.41 44.62
(3.07) (2.25) (0.43) (0.20) (1.11) (10.4) (3.49) (1.59) (3.09) (1.87) (5.50) (2.84)
p-value 0.99 0.73 0.42 0.53 0.11 041 0.16 0.65 0.56 0.98 0.75 0.62

Cl, confidence interval; OBS, observation; SE, standard error; Tx,
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treatment; other abbreviations in Table 1 and 2.
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with previous reports. We found that non-treated pa-
tients had worse LV systolic function after approximately
9 months of follow-up, and around half of the patients
in this group did not have PVC-related symptoms. An
asymptomatic presentation may not only lead to a de-
layed diagnosis, but also lower response to treatment.”?’

In addition to ventricular cardiomyopathy, patients
with PVCs can develop subclinical LA remodeling,”® LA
enlargement,” and decreased emptying velocity of the
LA appendage.'? PVC-related atrioventricular dyssyn-
chrony and elevated diastolic filling pressures is attri-
vuted to this undesired mechanical and electrical re-
modeling. It remains unknown, however, whether PVCs
cause atrial fibrillation.”****° Nevertheless, many studies
have reported a higher incidence of stroke and stroke-
like symptoms in patients with frequent PVCs.'%!*303?
Since atrial fibrillation is usually underdiagnosed,®* we
believe that PVC-related LA remodeling and dilation play
an important role in the etiology of stroke. This high-
lights the importance of PVC treatment, which, as our
study suggests, can protect against an increase in LA
diameter.

PVC-induced ventricular cardiomyopathy is revers-
ible after pharmacologic treatment or RFCA, especially in
patients without underlying structural heart diseases.>*"**
A meta-analysis of 15 studies with a total of 792 pa-
tients showed that successful RFCA increased the mean
LVEF by 7.7% and reduced the mean LV diameter by 4.6
mm.>* Higher baseline PVC burden,*” effective PVC re-
duction,34 better baseline LVEF,34 and absence of preex-
isting structural diseases>* have been reported to be
positive predictors of LV function improvement after
PVC treatment. The response of patients with atrial
cardiomyopathy to PVC treatment remains unknown. In
the current study, PVC burden was significantly reduced
with therapy, with no changes in LA and LV size or LVEF.
Unlike prior studies, the patients enrolled in our study
had relatively normal LA and LV dimensions and LVEF at
baseline, which may account for the preventative, ra-
ther than reversal effect in this cohort. In addition, 20-
25% of the patients in our cohort had structural heart
diseases, rendering their cardiomyopathy and PVC bur-

17,35 (.
Fi-

den more resistant to reversal with PVC therapy.
nally, RFCA has been shown to reduce PVC burden more
effectively than anti-arrhythmic agents.®?* Only 15% of

the patients in our treatment group received RFCA, which

Acta Cardiol Sin 2020;36:475-482

may also explain the absence of beneficial reverse re-
modeling. Nevertheless, to the best of our knowledge,
this is the first report of a protective atrial response to
PVC treatment.

Previous studies have reported that antiarrhythmic
agents not only failed to improve cardiovascular out-
comes but elicited pro-arrhythmic effects in patients
with underlying heart diseases.’ Thus, antiarrhythmic
therapy is not routinely recommended to treat organic
ventricular arrhythmias. Indeed, the mechanism of PVC
arrhythmogenesis may be different between structural
and non-structural heart diseases. However, we believe
that a higher burden of and longer exposure to PVCs
may lead to progressive cardiac remodeling, develop-
ment of de novo cardiomyopathy, or exacerbation of ex-
isting cardiomyopathy, regardless of the presence of un-
derlying cardiac diseases. We enrolled patients with a
PVC burden of > 5000, and 20-25% had structural heart
diseases. Our subgroup analysis of patients without st-
ructural heart diseases showed a consistent beneficial
trend of PVC therapy. While among the patients with st-
ructural heart diseases, there were no increases in atrial
or ventricular arrhythmias, worsened cardiac structure
or function.

Limitations

The limitations of this study include its retrospective
design, heterogeneous baseline parameters, and small
sample size. As a result of the retrospective analysis, the
study may have selection bias, based on unaccounted
differences that initially segregated the patients in the
treatment and observation groups. In addition, because
some patients received Holter ECG monitoring at other
institutions, these patients were not included in our
study. Finally, while this study assessed the aggregate
response to both pharmacologic therapy and RFCA, the
actual efficacy varies with different PVC treatment.
Therefore, the benefits of PVC treatment in our study
may be underestimated, given the relatively low propor-
tion of patients who received the more effective ther-
apy, RFCA.

CONCLUSIONS

Our results showed that PVC therapy was associated
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with reduced ventricular arrhythmic burden, reduced LA
dilation, and preserved LVEF. Further randomized, pro-
spective studies are warranted to better define the ther-
apeutic benefits of PVC therapy.
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