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Abstract
Background: The clinical significance of premature ventricular complexes (PVCs) in 
heart failure (HF) remains unclear. We aimed to clarify the associations of PVC bur‐
den with re‐hospitalization and cardiac death in HF patients.
Methods: We studied 435 HF patients (271 men, mean age 65 years). All patients 
were hospitalized for worsening HF. After optimal medications, echocardiography, 
24 hours Holter monitoring and cardiopulmonary exercise testing were performed 
before discharge. The clinical characteristics and outcomes of the HF patients were 
investigated.
Results: During a median follow‐up period of 2.3 years, there were 125 (28.7%) car‐
diac events (re‐hospitalization due to worsening HF, fatal arrhythmias, or cardiac 
death). The patients with cardiac events had higher PVC burden compared to those 
without (median 0.374%/d [interquartile range 0.013‐1.510] vs median 0.026%/d [in‐
terquartile range 0.000‐0.534], P < .001). We examined cutoff value of PVC burden 
for predicting cardiac events. Receiver‐operating characteristic analysis showed PVC 
burden (>0.145%/d) to be a predictive factor of cardiac events (area under the curve: 
0.64). Kaplan‐Meier analysis demonstrated that cardiac events were more frequent 
in patients with high‐PVC burden (>0.145%/d, n = 194) compared to those with low‐
PVC burden (≤0.145%/d, n = 241). Furthermore, the high‐PVC burden patients had 
left ventricular (LV) and atrial dilatation, reduced LV ejection fraction, and impaired 
exercise capacity, compared to the low‐PVC burden patients. In Cox proportional 
hazards analysis, high‐PVC burden was significantly associated with cardiac events 
with a hazard ratio of 2.028 (95% confidence interval: 1.418‐2.901, P < .001).
Conclusion: These results suggest that PVC burden is an important predictor of car‐
diac events in HF patients.
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1  | INTRODUC TION

A premature ventricular complex (PVC) is defined as early electric 
depolarizations originating in the ventricular myocardium. PVCs are 
often seen on electrocardiography irrespective of cardiac diseases, 
and are commonly considered to be benign.1,2 However, it has been 
demonstrated that frequent PVCs not only cause various types of 
disease symptoms such as palpitations, atypical chest discomfort, 
and syncope but also contribute to cardiac remodeling and subse‐
quent heart failure (HF).1,3

Recent therapeutic advances improve clinical outcome of HF pa‐
tients. However, the high rate of re‐hospitalization and high cardiac 
mortality are still serious issues.4 The frequency of PVCs is consid‐
ered to be higher in HF patients compared with general populations.5 
However, the relationship between PVC burden and the progression 
of HF has not been fully elucidated. It was previously reported that 
an increasing PVC burden of >24%/d on 24 hours Holter monitoring 
was significantly related with left ventricular (LV) remodeling in the 
patients with idiopathic PVCs undergoing radiofrequency catheter 
ablation (RFCA).6 On the other hand, in HF patients, even a low‐PVC 
frequency may have a significant impact on LV dysfunction and poor 
prognosis. Thus, we aimed to validate the clinical significance of PVC 
burden on cardiac function, exercise capacity, and outcome in hospi‐
talized patients with HF.

2  | METHODS

2.1 | Subjects and study protocol

This study consisted of 435 patients hospitalized with decompen‐
sated HF at Fukushima Medical University Hospital between 2010 
and 2015. The diagnosis of decompensated HF was determined by 
several physicians using the HF guidelines.7,8 All subjects received 
optimal medication for HF and underwent echocardiography, 
24  hours Holter monitoring and cardiopulmonary exercise testing 
at stable condition before discharge. Before study enrollment, 23 
patients had undergone implantable cardioverter defibrillator (ICD, 
n = 10), cardiac resynchronization therapy (CRT)‐pacemaker (CRT‐P, 
n = 3), or CRT‐defibrillator (CRT‐D, n = 10) in accordance with es‐
tablished criteria.9,10 The exclusion criteria in our study were acute 
coronary syndrome and receiving hemodialysis. The methodology 
of the present study has been validated in our previous work.11 All 
subjects gave written informed consent. The study protocol was ap‐
proved by the ethics committee of Fukushima Medical University 
(approval number: 1656).

2.2 | Determination of risk factors

The definition of target comorbidities (ie, hypertension, diabetes, 
dyslipidemia, chronic kidney disease, and anemia) was mentioned 
in a previous work.11,12 The definition of hypertension was the re‐
cent use of antihypertensive medications, a systolic blood pressure 
of ≥140 mm Hg, and/or a diastolic blood pressure of >90 mm Hg. 

The definition of diabetes was the recent use of antidiabetic medica‐
tions (insulin or antidiabetic drugs), a fasting blood glucose value of 
>126 mg/dL, and/or a hemoglobin A1c value of >6.5%. The definition 
of dyslipidemia was the recent use of cholesterol‐lowering medica‐
tions, a triglyceride value of >150 mg/dL, a low‐density lipoprotein 
cholesterol value of >140 mg/dL, and/or a high‐density lipoprotein 
cholesterol value of <40 mg/dL. The measurement of estimated glo‐
merular filtration rate (GFR) was performed based on the modifi‐
cation of diet in renal disease formula.13 The definition of chronic 
kidney disease was an estimated GFR of <60  mL/min/1.73  m.13,14 
The definition of anemia was hemoglobin of <12.0 g/dL in women 
and <13.0 g/dL in men.14

2.3 | Identification of cardiac events during the 
follow‐up

The follow‐up of cardiac events continued until March 2017. The 
definition of cardiac events was appropriate ICD therapy (antitachy‐
cardia pacing or shock therapy), re‐hospitalization due to worsen‐
ing HF, or cardiac death, which were the clinical endpoints of our 
study. ICD programing was performed at the physician's discretion 
according to patient's background. The diagnosis of worsening HF 
was determined using HF guidelines.7,8 Cardiac death was confirmed 
by independent attending physicians and included death due to 
worsened HF, ventricular fibrillation documented by electrocardio‐
gram, or sudden death. Status and dates of death were investigated 
in detail based on the patients’ medical records or their referring 
cardiologists. Survival time was calculated from the date of Holter 
monitoring until the date of ICD therapy, re‐hospitalization, cardiac 
death, or last follow‐up. The study subjects were divided into two 
groups: cardiac event group (n = 125) and noncardiac event group 
(n  =  310). Clinical features and parameters obtained from Holter 
monitoring and echocardiography were compared between patients 
with and without cardiac events.

2.4 | Echocardiography

Echocardiography was performed using standard techniques by ex‐
perienced echocardiographers using an ultrasound system (ACUSON 
Sequoia, Siemens Medical Solutions USA, Inc) at our hospital.15 
Interventricular septum thickness, posterior wall thickness, and LV 
end‐diastolic diameter were measured in parasternal long axis view 
at end diastole. LV end‐systolic diameter and left atrial (LA) dimension 
were measured in parasternal long axis view at end systole. LV ejection 
fraction (LVEF) was assessed using the modified Simpson's method.

2.5 | Holter monitoring

All patients underwent Holter monitoring during the 24  hours re‐
cording period at stable status before hospital discharge. In the 
present study, PVC burden (the percentage of total beats that were 
PVCs), multifocal PVCs (PVCs of at least two morphologies), non‐
sustained ventricular tachycardia (NSVT), and atrial fibrillation (AF) 
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were estimated. NSVT was defined as three or more consecutive 
beats arising below the atrioventricular node, with a mean RR inter‐
val of ≤600 ms and lasting less than 30 seconds. AF included par‐
oxysmal (lasting more than 30 seconds)16 and persistent AF during 
Holter monitoring. QRS morphology was automatically evaluated 
by a digitized Holter analyzer (SCM‐6600, Fukuda Denshi) and con‐
firmed by experienced medical technologist who were blinded to 
other clinical data in the present study. Initial and mean axes of the 
QRS complex and the T‐wave between two PVCs were manually as‐
sessed for discrimination of multifocal PVCs.

2.6 | Cardiopulmonary exercise testing

The patients underwent incremental symptom‐limited exercise test‐
ing using an upright cycle ergometer with a ramp protocol (Strength 
Ergo 8; Fukuda Denshi). Breath‐by‐breath oxygen consumption 
(VO2), carbon dioxide production (VCO2), and minute ventilation (VE) 
were assessed during exercise using an AE‐300S respiratory monitor 
(Minato Medical Science).17 Peak VO2 was measured as an average 
of the last 30 seconds of exercise. Ventilatory response to exercise 
(expressed as a VE/VCO2 slope) was calculated as the regression 
slope relating VE to CO2 from the start of exercise until the respira‐
tory compensation point (the time at which ventilation is stimulated 
by CO2 output and end‐tidal CO2 tension begins to decrease).18

2.7 | Statistical analysis

Parametric variables were presented as mean  ±  SD, nonparamet‐
ric variables were presented as a median and interquartile range, 
and categorical variables were expressed as numbers and percent‐
ages. Parametric variables were compared using Student's t test, 
nonparametric variables were compared using the Mann‐Whitney 
U test, and the chi‐square test was used for comparisons of cat‐
egorical variables. The correlation relationships were investigated 
by Spearman's rank correlation coefficient. The Cox proportional 
hazard regression models determined which variables were asso‐
ciated with cardiac events. In addition to the electrocardiographic 
parameters, to prepare for potential confounding, we considered 
the following clinical factors, which are generally known to affect 
prognosis in patients with HF: age, sex, comorbidities, and treat‐
ment. The variables selected for testing in the multivariable analy‐
sis were those with a P < .05 in the univariable models. Sensitivity, 
specificity, areas under the receiver‐operating characteristic (ROC) 
curve, and the optimal cutoff value for identification of cardiac 
events at the 1‐year follow‐up were calculated using ROC analysis. 
In the follow‐up period, Kaplan‐Meier survival curves were used 
to analyze event‐free survival data in patients with or without car‐
diac events. Because several confounding factors have multicol‐
linearity (eg, chronic kidney disease and anemia, PVC burden and, 
LVEF, β blockers, and PVCs and NSVT), we performed subgroup 
analyses to evaluate potential heterogeneity of the relationship be‐
tween PVC burden and cardiac events. Interactions between PVC 
burden and clinically relevant variables that are known to affect 

the risk of cardiac events in patients with HF (prevalence of older 
age [>65  years], male gender, ischemic etiology, New York Heart 
Association (NYHA) functional class III or IV, reduced LVEF [<50%], 
AF, hypertension, diabetes, dyslipidemia, chronic kidney disease, 
anemia, receiving device therapy and use of β blockers, angioten‐
sin‐converting enzyme inhibitors [ACE inhibitors]/angiotensin II re‐
ceptor blockers [ARBs], amiodarone and digitalis) were estimated by 
a Cox proportional hazard regression model. A value of P < .05 was 
considered statistically significant. Statistical analyses were per‐
formed with SPSS statistical software (version 22.0, SPSS Institute).

3  | RESULTS

3.1 | Baseline characteristics

The baseline characteristics of the present study's subjects are sum‐
marized in Table 1. There were 125 (28.7%) cardiac events including 
appropriate ICD therapy (n = 5), re‐hospitalization due to worsening 
HF (n = 71), or cardiac death (n = 49) due to HF (n = 37), ventricular 
fibrillation (n = 4), and sudden death (n = 8) during a median follow‐
up period of 2.3  years. Compared to the noncardiac event group, 
the cardiac event group had a higher prevalence of NYHA class III/
IV, hypertension, diabetes, chronic kidney disease, anemia, receiving 
device therapy (ICD, CRT‐P, or CRT‐D), as well as intake of ACE inhib‐
itors/ARBs and amiodarone. In addition, age and PVC burden were 
significantly higher, and LVEF was significantly lower in the cardiac 
event group than in the noncardiac event group. However, gender, 
prevalence of ischemic etiology, dyslipidemia, and other medications 
were not different between the two groups.

3.2 | Predictive impact of PVC burden on 
cardiac events

The ability of variables to predict cardiac events was examined by the 
univariable and multivariable Cox proportional hazard analyses, and 
the data are shown in Table 2. The univariable analysis revealed sig‐
nificant associations of PVC burden (%/d) with cardiac events. In addi‐
tion, age, NYHA class III/IV, LVEF, Holter‐based AF, diabetes, chronic 
kidney disease, anemia, receiving device therapy (ICD, CRT‐P, or 
CRT‐D), and the use of amiodarone were also associated with cardiac 
events. To determine the predictive accuracy of PVC burden (%/d), we 
next performed multivariable Cox proportional hazard analysis. The 
results of the analysis showed that PVC burden (%/d) was significantly 
associated with an increased risk of cardiac events with a hazard ratio 
(HR) of 1.036 (95% confidence interval [CI]: 1.005‐1.068, P =  .021) 
after adjusting for multiple confounders (ie, age, NYHA class III/IV, 
LVEF, Holter‐based AF, diabetes, chronic kidney disease, anemia, re‐
ceiving devise therapy, and the use of amiodarone).

In ROC analysis, the optimal cutoff value of PVC burden for pre‐
dicting cardiac events at the 1‐year follow‐up was 0.145%/d (95% CI: 
0.570‐0.714, P < .001, sensitivity of 64.2%, specificity of 59.0%, and 
areas under the curve of 0.64). The study subjects (n = 435) were then 
divided into two groups: high‐PVC burden (>0.145%/d, n = 194) and 
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low‐PVC burden (n  =  241). The patients with high‐PVC burden had 
higher prevalence of NSVT and multifocal PVCs, LV and LA dilatation, 
lower LVEF, and impaired exercise capacity, compared to the patients 
with low‐PVC burden, as shown in Table 3. Furthermore, PVC burden 
was negatively correlated with LVEF and peak VO2 (R = −.247, P = .005 
and R = −.139, P =  .035, respectively) and positively correlated with 
LV end‐diastolic diameter and LA dimension (R =  .328, P <  .001 and 
R  =  .156, P  =  .002, respectively). During a median follow‐up period 
of 2.3 years, cardiac event‐free survival was significantly lower in the 
high‐PVC burden group than in the low‐PVC burden group (P < .001), 
as shown in Figure 1. We conducted subgroup analyses and exam‐
ined interaction terms to assess potential heterogeneity of impact of 
high‐PVC burden (>0.145%/d: vs low‐PVC burden) on cardiac events 
(Table 4). The univariable analysis showed that high‐PVC burden was 
significantly associated with cardiac events with a HR of 2.028 (95% 
CI: 1.418‐2.901, P < .001). There were no interactions except for a sig‐
nificant interaction with presence of hypertension (P = .015) or anemia 

(P = .049), and prescribed ACE inhibitors/ARBs use (P = .028) in asso‐
ciations of high‐PVC burden and cardiac events between subgroups. 
Although the cardiac event group had a higher intake of amiodarone 
compared with the noncardiac event group in Table 1, there was no 
significant interaction with an intake of amiodarone (P = .245) in asso‐
ciation of high‐PVC burden and cardiac events.

4  | DISCUSSION

In the present study, there were several important findings. High‐
PVC burden (>0.145%/d) was significantly associated with an in‐
creased risk of cardiac events in hospitalized patients after optimal 
medication for HF. The patients with high‐PVC burden had LV 
and LA dilatation, reduced LVEF, and impaired exercise capacity 
when compared to the patients with low‐PVC burden (≤0.145%/d). 
In subgroup analyses, the impact of high‐PVC burden on cardiac 

TA B L E  1   Comparison of clinical characteristics between cardiac and noncardiac events

 
Total
(n = 435)

Noncardiac events
(n = 310)

Cardiac events
(n = 125) P value

Age 65.1 ± 13.9 63.8 ± 14.0 68.3 ± 13.3 .002

Male (n, %) 271 (62.2) 194 (62.5) 77 (61.6) .849

Ischemic etiology (n, %) 75 (17.2) 52 (16.7) 23 (18.4) .685

NYHA class III/IV (n, %) 9 (2.0) 2 (0.6) 7 (5.6) .003

LVEF (%) 46.0 ± 16.6 47.8 ± 16.6 41.6 ± 15.7 .001

Holter monitoring

Atrial fibrillation (n, %) 127 (29.1) 82 (26.4) 45 (36.0) .047

PVC burden (%/d)a 0.071 (0.000‐0.960) 0.026 (0.000‐0.534) 0.374 (0.013‐1.510) <.001

NSVT (n, %) 139 (31.9) 83 (26.7) 56 (44.8) <.001

Comorbidity

Hypertension (n, %) 335 (77.0) 228 (73.5) 107 (85.6) .007

Diabetes (n, %) 154 (35.4) 95 (30.6) 59 (47.2) .001

Dyslipidemia (n, %) 334 (76.7) 236 (76.1) 98 (78.4) .612

Chronic kidney disease (n, %) 230 (52.8) 142 (45.8) 88 (70.4) <.001

Anemia (n, %) 217 (49.8) 134 (43.2) 83 (66.4) <.001

Device therapy

Pace maker (n, %) 10 (2.2) 6 (1.9) 4 (3.2) .483

ICD/CRT‐P/CRT‐D (n, %) 23 (5.2) 9 (2.9) 14 (11.2) .001

ICD (n, %) 10 (2.2) 6 (1.9) 4 (3.2)  

CRT‐P (n, %) 3 (0.6) 1 (0.3) 2 (1.6)  

CRT‐D (n, %) 10(2.2) 2 (0.6) 8 (6.4)  

Medication

β‐blockers (n, %) 372 (85.5) 259 (83.5) 113 (90.4) .066

ACE inhibitors/ARBs (n, %) 353 (81.1) 244 (78.7) 109 (87.5) .040

Amiodarone (n, %) 88 (20.2) 42 (13.5) 46 (36.8) <.001

Digitalis (n, %) 72 (16.5) 47 (15.1) 25 (20.0) .219

Abbreviations: ACE inhibitors, angiotensin‐converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CRT‐D, cardiac resynchronization 
therapy‐defibrillator; CRT‐P, cardiac resynchronization therapy‐pacemaker; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection 
fraction; NSVT, non‐sustained ventricular tachycardia; NYHA, New York Heart Association; PVC, premature ventricular complex.
aMedian (interquartile range). 
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events was found to be more distinct in HF patients without hy‐
pertension or anemia (HR 8.366, P < .001 and HR 3.209, P < .001, 
respectively).

4.1 | Impact of PVC on HF patients

It has been considered that suppression or elimination of PVCs using 
β‐blocker therapy and RFCA is an effective strategy to reverse car‐
diac remodeling with frequent PVCs.19,20 Therefore, PVC may have a 
significant impact on the progression of LV dysfunction, resulting in 
poor prognosis. Indeed, in the current study, our Cox hazard analysis 
revealed that high‐PVC burden is significantly associated with an in‐
creased risk of cardiac events in hospitalized patients with HF. In HF 
patients, the frequency of PVCs is increased by the impaired oscil‐
lation of sympathetic21 or vagal activity.5,22 In addition, it has been 
demonstrated that cardiac autonomic dysfunction, such as impaired 
heart rate turbulence in stable compensated HF, is associated with re‐
admission due to worsening HF and high cardiac mortality.11 Thus, the 

patients with frequent PVCs after optimal medication for HF may be 
associated with high risk of cardiac events.

In the present study, the multivariable analysis indicated that 
LVEF was not an independent predictor of cardiac events. One 
possible reason for this result was that LVEF of our study was 
not severely reduced (46.0 ± 16.6%). Although LVEF is a power‐
ful predictor of cardiovascular events, a previous study demon‐
strated that cardiovascular death declined with increasing LVEF 
up to 45%.23 In addition, it has been reported that the majority of 
deaths in HF with preserved ejection fraction are cardiovascular 
deaths.24

4.2 | Relation of PVC burden to the 
progression of HF

It was previously demonstrated that an increased PVC burden was re‐
lated with LVEF reduction and LV dilatation assessed by echocardiog‐
raphy in patients with idiopathic PVCs undergoing RFCA.25 In another 

 
Univariable
HR (95% CI) P value

Multivariable
HR (95% CI) P value

Age (per 1 y 
increase)a

1.022 (1.007‐1.037) .003 1.019 (1.002‐1.035) .026

Male 0.938 (0.654‐1.346) .729    

Ischemic etiology 1.078 (0.685‐1.694) .746    

NYHA class III/IV 5.444 (2.521‐11.755) <.001 5.950 (2.516‐14.068) <.001

LVEF (per 1% 
increase)a

0.981 (0.970‐0.992) .001 0.989 (0.977‐1.002) .095

Holter monitoring

Average heart 
rate (per 1 beat 
increase)a

0.997 (0.985‐1.009) .590    

Atrial fibrillation 1.519 (1.054‐2.191) .025 1.622 (1.083‐2.429) .019

PVC burden (per 
1% increase)a

1.046 (1.021‐1.071) <.001 1.036 (1.005‐1.068) .021

Hypertension 1.466 (0.888‐2.420) .134    

Diabetes 1.609 (1.132‐2.286) .008 1.454 (0.993‐2.127) .054

Dyslipidemia 1.060 (0.692‐1.624) .788    

Chronic kidney 
disease

2.435 (1.657‐3.578) <.001 1.632 (1.051‐2.535) .029

Anemia 2.230 (1.538‐3.233) <.001 1.881 (1.243‐2.847) .003

Device therapy

Pace maker 1.346 (0.497‐3.647) .559    

ICD/CRT‐P/CRT‐D 3.007 (1.722‐5.248) <.001 1.408 (0.749‐2.650) .288

Medication

β‐blockers 1.700 (0.938‐3.083) .080    

ACE inhibitors/
ARBs

1.537 (0.909‐2.598) .109    

Amiodarone 2.844 (1.976‐4.094) <.001 3.064 (2.004‐4.683) <.001

Digitalis 1.416 (0.913‐2.196) .121    

Abbreviations: CI, confidence interval; HR, hazard ratio. The other abbreviations are as in Table 1.
aContinuous variables. 

TA B L E  2   Univariable and multivariable 
Cox proportional hazard models for 
predicting cardiac events
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study, non‐HF patients with high‐PVC burden (0.123%‐17.7%/d) had 
a 48% increased risk of incident HF and a 31% increased risk of mor‐
tality over a median follow‐up >13 years compared with those with 
low‐PVC burden (0%‐0.002%/d).26 In the present study, the HF pa‐
tients with a PVC burden of >0.145%/d had reduced LVEF, dilated LV 
and an increased incidence of appropriate ICD therapy, readmission, 
and cardiac mortality during a median follow‐up period of 2.3 years 
compared with those with a PVC burden of ≤0.145%/d. Therefore, 
in the HF patients, even a low‐PVC frequency might be associated 
with adverse events in a short time compared with non‐HF patients. 
In addition, the HF patients with high‐PVC burden also had a higher 
prevalence of NSVT and multifocal PVCs, LA dilatation, and impaired 
exercise capacity compared with those with low‐PVC burden. The 
prevalence of NSVT and multifocal PVCs is associated with the devel‐
opment of cardiac death attributed to HF.27,28 LA overload due to LV 
dysfunction leads to LA enlargement, and LA remodeling is an inde‐
pendent predictor of mortality.29,30 Although the exercise capacity of 
HF patients with frequent PVCs has not been fully investigated, ex‐
ercise capacity is generally considered to be a powerful predictor of 
mortality.31 Therefore, although the frequency was low (>0.145%/d), 
HF patients with high‐PVC burden after administration of optimal 
medication had higher risk of cardiac events during follow‐up period. 
In subgroup analyses, significant associations between high‐PVC 
burden and cardiac events were found in HF patients without hy‐
pertension or anemia. We could not fully explain the reason of these 
interaction. However, these associations may be explained by the 
fact that hypertension and anemia are important predictive factors 
of worsening HF.32,33 Also, the usage of ACE inhibitors/ARBs might 
be associated with cardiac events because there was a significant 

interaction with hypertension in associations of high‐PVC burden 
and cardiac events.

One possible mechanism responsible for HF progression due to 
PVCs is LV dyssynchrony. LV mechanical alterations due to the irregular 
beats of frequent PVCs can lead to increases in the LV filling pressure 
and the LA overload, resulting in the progression of HF in the general 
population.34 However, it has been considered that LV dilatation due 
to idiopathic PVCs appears to be a reversible and functional abnor‐
mality.19,20 In this study, we found that PV burden after optimal med‐
ication was an important predictor of cardiac events in hospitalized 
patients with HF. In addition, PVC burden was negatively correlated 

 

Low‐PVC burden 
(≤0.145%/d)
(N = 241)

High‐PVC burden 
(>0.145%/d)
(N = 194) P value

Holter monitoring

NSVT 30 (12.4%) 109 (56.1%) <.001

Multifocal PVCs 188 (78.0%) 187 (96.3%) <.001

Echocardiography

IVST (mm) 11.4 ± 3.2 11.1 ± 2.6 .340

LVEDD (mm) 50.6 ± 10.2 57.5 ± 11.3 <.001

LVESD (mm) 36.7 ± 11.9 45.4 ± 12.9 <.001

PWT (mm) 11.1 ± 2.5 11.2 ± 3.3 .965

LVEF (%) 49.9 ± 16.6 41.2 ± 15.3 <.001

LAD (mm) 42.2 ± 8.2 45.4 ± 9.9 .001

Cardiopulmonary exercise testing

Peak VO2 
(ml·kg−1·min−1)

16.4 ± 5.0 15.0 ± 3.9 .021

VE/ VCO2 slope 32.9 ± 7.7 34.3 ± 6.9 .173

Abbreviations: IVST, interventricular septum thickness; LAD, left atrial diameter; LVEDD, left 
ventricular end‐diastolic diameter; LVEF, left ventricular ejection fraction; LVESD, left ventricular 
end‐systolic diameter; NSVT, non‐sustained ventricular tachycardia; peak VO2, peak oxygen up‐
take, and VE/ VCO2 slope, rate of increase in ventilation per unit increase in carbon dioxide; PVC, 
premature ventricular complex; PWT, posterior wall thickness.

TA B L E  3   Comparison of data of 
echocardiography and cardiopulmonary 
exercise testing between high‐PVC 
burden and low‐PVC burden

F I G U R E  1   Cardiac events in heart failure patients. Kaplan‐
Meier analysis of PVC burden for cardiac events. PVC, Premature 
ventricular complex
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with LVEF reduction and exercise intolerance, whereas it was posi‐
tively correlated with LV and LA dilatation. It remains unclear whether 
adjustment of medical therapy and RFCA for PVCs is effective on LV 

remodeling or improvement of outcome in HF patients. Thus, further 
investigation into the exact effect of PVCs on the development of HF 
and cardiac death in HF patients is necessary.

Factor Subgroup N HR (95% CI) P value
Interaction
P value

Total — 435 2.028 (1.418‐2.901) <.001 —

Age ≥65 y 253 1.681 (1.091‐2.590) .019 0.231

<65 y 182 2.634 (1.388‐4.999) .003

Sex Male 271 2.086 (1.300‐3.348) .002 0.938

Female 164 2.163 (1.225‐3.821) .008

Ischemic etiology Yes 75 1.156 (0.503‐2.656) .732 0.185

No 360 2.265 (1.521‐3.372) <.001

NYHA functional 
class at discharge

I or II 426 2.044 (1.413‐2.955) <.001 0.771

III or IV 9 1.237 (0.272‐5.629) .783

LVEF ≥50% 233 1.575 (0.841‐2.951) .156 0.637

<50% 202 1.924 (1.219‐3.039) .005

AF Yes 127 1.444 (0.781‐2.672) .241 0.254

No 308 2.223 (1.427‐3.465) <.001

NSVT Yes 139 1.982 (0.939‐4.183) .073 0.471

No 296 1.454 (0.886‐2.387) .139

Multifocal PVCs Yes 375 2.009 (1.368‐2.949) <.001 0.833

No 60 0.042 (0.000‐292.3) .482

Hypertension Yes 335 1.648 (1.125‐2.415) .010 0.015

No 100 8.366 (2.417‐28.954) <.001

Diabetes Yes 154 1.556 (0.925‐2.617) .095 0.264

No 281 2.374 (1.448‐3.890) .001

Dyslipidemia Yes 334 1.776 (1.191‐2.647) .005 0.153

No 101 3.428 (1.448‐8.113) .005

Chronic kidney 
disease

Yes 230 1.544 (1.006‐2.369) .047 0.163

No 205 2.642 (1.370‐5.095) .004

Anemia Yes 217 1.462 (0.946‐2.258) .087 0.049

No 218 3.209 (1.689‐6.099) <.001

Pace maker Yes 10 29.958 
(0.000‐3335438.6)

.481 0.943

No 425 1.997 (1.390‐2.868) <.001

ICD/CRT‐P/CRT‐D Yes 23 2.119 (0.632‐7.105) .224 0.842

No 412 1.944 (1.332‐2.836) .001

Usage of β blockers 
at discharge

Yes 372 1.868 (1.283‐2.720) .001 0.295

No 63 2.993 (0.897‐9.979) .074

Usage of ACE 
inhibitors/ARBs at 
discharge

Yes 353 2.398 (1.624‐3.541) <.001 0.028

No 82 0.711 (0.258‐1.961) .510

Usage of amiodar‐
one at discharge

Yes 88 1.280 (0.690‐2.375) .433 0.245

No 347 1.990 (1.276‐3.104) .002

Usage of digitalis at 
discharge

Yes 72 2.667 (1.064‐6.685) .036 0.533

No 363 1.872 (1.261‐2.780) .002

Abbreviations: CI, confidence interval; HR, hazard ratio. The other abbreviations are as in Table 1 
and Table 3.

TA B L E  4   Subgroup analyses for 
cardiac events: the impact of PVC burden 
high vs low
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4.3 | Limitations

There are some limitations in this study. First, the present study was 
performed in a single institution with a relatively small number of 
subjects. Second, since only the baseline data at hospital discharge 
were used for the analyses, any changes after discharge in any pa‐
rameters including Holter monitoring were not considered. Finally, 
we have performed both subgroup and multivariable Cox propor‐
tional hazard analyses and statistically adjusted differences in clini‐
cal backgrounds to validate a clinical impact of PVCs. However, these 
differences between the two groups might not be completely ad‐
justed. Therefore, it remains unclear whether small amount of PVCs 
contribute to the pathophysiology of progressive HF or it functions 
merely as a marker of the progression of HF. We would consider per‐
forming a study on these issues in the future.

5  | CONCLUSIONS

The assessment of PVC burden after optimal medication is useful for 
predicting appropriate ICD therapy, readmission due to worsening 
HF, or cardiac death in hospitalized patients with HF. Although the 
frequency is low (>0.145%/d), PVC burden is an important predictive 
factor of cardiac events in patients with HF.
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