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Abstract 

BACKGROUND: Premature ventricular contractions (PVCs) are early depolarizations of the 
myocardium which originate from the ventricle. PVCs have previously been considered a benign 
condition. The clinical significance of PVCs in patients without structural heart disease is controversial. 

METHODS: In this cross-sectional study, patients with a palpitation complaint who underwent 
electrocardiography (ECG) Holter recording for 48 hours were analyzed. Patients with frequent 
PVCs (more than ten times in 1 hour) were identified and enrolled in the study. 26 patients were 
in the PVC group, and 26 patients were in the control group without PVC. The identified 
patients underwent an echocardiographic examination with strain modality. 

RESULTS: There were 15 women (57.7%) in the PVC group and 17 women (65.4%) in the control 
group (P = 0.57). Two patients in the PVC group and three patients in the control group were 
hypertensive (P > 0.99). There was only one patient with diabetes in PVC and control group (P > 
0.99). There were two smokers in the PVC group, whereas there was no smoker in the control 
group (P = 0.49). In comparison between two groups, patients with frequent PVCs had 
significantly larger left ventricular end-diastolic volume index (LVEDVI) (P = 0.048) along with 
lower left ventricular ejection fraction (LVEF) (P = 0.011), lower (more positive) left ventricular 
global longitudinal strain (LVGLS) (P = 0.001), and lower peak systolic mitral annular velocity 
(S') (P = 0.045). The left atrial volume index (LAVI) was significantly larger in the PVC group  
(P = 0.001). In speckle tracking echocardiography (STE) parameters, global peak atrial 
longitudinal strain (PALS) (P = 0.001) and peak atrial contraction strain (PACS) (P = 0.001) 
were significantly lower and time to peak longitudinal strain (TPLS) (P = 0.002) was 
significantly higher in the PVC group. 

CONCLUSION: In this study, left atrial (LA) and left ventricular (LV) function and geometry were 
adversely affected by frequent PVCs. Early diagnosis of these effects is possible with 
echocardiography along with strain analysis. It can guide the timely treatment of PVC to avoid 
the harmful effects of frequent PVCs on the heart. 
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Introduction 
Premature ventricular contractions (PVCs) are early 
depolarizations of the myocardium which originate 
from the ventricle. The estimated prevalence of 

PVCs is 1% to 4% in the general population.1 
PVCs have previously been considered a benign 

condition. The clinical significance of PVCs in patients 
without structural heart disease is controversial.2 
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In recent years, it has been documented that 

frequent PVCs can lead to left ventricular (LV) 
systolic dysfunction.3 Most studies consider a 
frequency cutoff of 10 PVCs per hour as a 
threshold for increased risk.4 In patients with 
normal LV ejection fraction (LVEF), frequent PVC 
is associated with left atrial (LA) enlargement. In 
patients with frequent PVCs, atrial remodeling 
happens before changing in the LV geometry.5 

It has been demonstrated that frequent PVCs in 
otherwise healthy patients are associated with LA 
remodeling, larger LA volume, and trapezoidal LA 
shape.6 Speckle tracking echocardiography (STE) 
revealed that in patients with PVCs, LV systolic 
functions decreased. This adverse effect increased 
with exposure time and the frequency of PVCs.2 
PVCs may be a modifiable risk factor for heart 
failure that can be successfully treated with 
pharmacological therapies or catheter ablation.7 

We aimed to investigate PVCs' effects on  
the LV and LA function using conventional 
echocardiography with strain modality. 

Materials and Methods 

Patients: This cross-sectional study was conducted in 
Ghaem and Imam Reza Hospitals, Mashhad, Iran, 
from April 2018 to February 2019. 26 patients were 
in the PVC group, and 26 patients were in the 
control group without PVC. We did not match the 
patients in the case and control groups. All patients 
provided informed written consent. The local 
scientific ethics committee approved the study 
(IR.MUMS.MEDICAL.REC.1398.142). 

In this study, patients with palpitation complaints 
who underwent ambulatory electrocardiography 
(ECG) Holter recording with portable Telesmart 
Holter Recorder (MEDSET, Germany) were analyzed 
for 48 hours. Patients with frequent PVCs (more than 
ten times in 1 hour) were identified and enrolled in the 
study group, and patients without PVCs were included 
in the control group. The identified patients 
underwent an echocardiographic examination. 
Measurements were not done during PVC or post 
PVC beats. Heart rate and blood pressure at the time 
of echocardiography were in the normal range. 

Exclusion criteria included LV hypertrophy, 
ischemic heart disease (IHD), LVEF < 50%, right 
ventricular (RV) dysfunction, pulmonary 
hypertension (PH), electrolyte abnormality, 
uncontrolled systemic or metabolic disease, moderate 
or severe valvular heart disease, and low 
echocardiographic image quality. Patients with any 
history of atrial fibrillation (AF), thyroid diseases, and 
substance abuse were also excluded from the study.  

Conventional echocardiography: Transthoracic 
echocardiography (TTE) was done using Siemens 
ACUSON SC2000 Ultrasound System with 4V1c 
Transducer (frequency bandwidth: 1.25-4.5 MHz). 
All measurements were made following the current 
American Society of Echocardiography (ASE) 
guideline recommendations.8  

We evaluated LV end-diastolic volume index 
(LVEDVI), interventricular septum (IVS), posterior 
wall (PW), LVEF, early diastolic mitral inflow 
velocity (E velocity), late diastolic mitral inflow 
velocity (A velocity), early diastolic mitral annulus 
velocity (e'), late diastolic mitral annulus velocity (a'), 
deceleration time (DT) of E wave, peak systolic 
mitral annulus velocity (S' velocity), E/e' ratio, and 
LA volume index (LAVI). 

Quantification of LV dimension, LVEDVI, and 
LVEF (using biplane Simpson's method) was 
performed according to the latest guideline of  
the ASE.8 

LAVI was measured by using a biplane disk 
summation technique. The LAVI's normal upper 
limit was calculated 34 ml/m2 for both genders.8 

For diastolic function, peak E-wave velocity, 
peak A-wave velocity, pulsed-wave tissue Doppler 
imaging (TDI) e' velocity, and E/e' were calculated 
according to ASE recommendation.9-11  

Velocity vector imaging (VVI): Two-dimensional 
(2D) strain imaging is an echocardiographic 
modality that uses standard B-mode images for 
speckle tracking analysis. Strain examines 
myocardial deformation, and strain rate evaluates 
the rate of change in strain and can be measured 
throughout the cardiac cycle.12,13 

LA strain can be measured by TDI, 2D STE, 
and VVI.12,14 Novel quantitative techniques such as 
STE and TDI can reliably measure LV strain which 
have a more sensitive diagnostic potential.15 

VVI is an endocardial border tracking technique; 
therefore, VVI can track the movement of a thin-
walled structure such as the LA.16 

For VVI analysis of LA, 2D images of apical two 
and four-chamber views were obtained with frame 
rates between 70-100 Hz. We used R-R gating for  
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Figure 1. Strain analysis of left atrium (LA) for calculating peak atrial longitudinal strain (PALS), peak atrial 

contraction strain (PACS), and time to peak longitudinal strain (TPLS) 

 
calculating LA strain. The endocardium of the LA 
was traced manually. The region of interest (ROI) 
was delineated and traced, starting from the 
mitral annulus's lateral side, and ending at the 
medial side, excluding the pulmonary veins and 
LA appendage (LAA) (Figure 1). The strain and 
strain rate measures were calculated 
automatically.12,14 

The strain analysis for LV was performed using 
three apical views (apical four-chamber, two-

chamber, and long-axis views). The ROI was 
delineated and traced, global longitudinal strain 
(GLS) was calculated automatically, and their 
average was obtained (Figure 2). Measurements 
began with the apical long-axis view to visualize 
aortic valve closure.8 Global peak atrial longitudinal 
strain (PALS), time to peak longitudinal strain 
(TPLS), peak atrial contraction strain (PACS), and 
left ventricular global longitudinal strain (LVGLS) 
were evaluated by the VVI method. 

 

 
Figure 2. Strain analysis of left ventricle (LV) for calculating left ventricular global longitudinal strain (LVGLS) 
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Statistics: Statistical analysis was done using SPSS 
software (version 23.0, IBM Corporation, Armonk, 
NY, USA). Normality assumption was done by 
Kolmogorov-Smirnov test. Categorical variables 
were reported as frequency and percentage. 
Quantitative variables were described as the  
mean ± standard deviation (SD). The chi-square 
test or Fisher’s exact test was used for comparing 
the distribution pattern of categorical variables 
between two groups. For comparing quantitative 
variables of two groups, the independent samples  
t-test and Mann-Whitney test were used in normally 
and non-normally distributed variables, respectively. 
Linear regression was also applied to determine the 
effect of PVC on echocardiographic parameters.  
P-value < 0.05 was considered statistically significant.  

Results 

There was no statistically significant difference 
between the two groups concerning sex, 
hypertension (HTN), diabetes, and smoking. There 
were 15 women (57.7%) in the PVC group and  
17 women (65.4%) in the control group (P = 0.57). 
Two patients in the PVC group and three patients 
in the control group were hypertensive (P > 0.99). 

There was only one patient with diabetes in PVC 
and control group (P > 0.99). There were two 
smokers in the PVC group, whereas there was no 
smoker in the control group (P = 0.49). 

The mean age of the PVC group was  
43.46 ± 15.93 years, and the mean age in the 
control group was 44.46 ± 10.37 years (P = 0.790). 
Table 1 summarizes the echocardiographic 
parameters in both groups.  

In comparison between two groups, patients 
with frequent PVCs had significantly larger 
LVEDVI (52.19 ± 9.60 vs. 46.95 ± 9.04, P = 0.048) 
along with lower LVEF (57.58 ± 5.11 vs.  
60.81 ± 3.58, P = 0.011), lower (more positive) 
LVGLS (-18.25 ± 2.05 vs. -20.53 ± 1.60,  
P < 0.001), and lower peak systolic mitral annular 
velocity (S') (7.11 ± 0.84 vs. 7.61 ± 0.89, P = 0.045). 

LAVI was found to be significantly larger in the 
PVC group (28.26 ± 6.86 vs. 22.86 ± 3.55,  
P = 0.01). In VVI echocardiography analysis, PALS 
(30.85 ± 13.15 vs. 57.49 ± 9.13, P < 0.001) and 
PACS (14.17 ± 5.98 vs. 21.99 ± 6.79, P < 0.001) 
were significantly lower and TPLS (438.80 ± 77.31 
vs. 380.80 ± 41.00, P = 0.002) was significantly 
higher in PVC group. 

 

 
Table 1. Echocardiographic parameters of the study population 

 PVC group (n = 26) Control group (n = 26) P 
LVEDVI (ml/m

2
) 52.19 ± 9.60 46.95 ± 9.04 0.048

*
 

IVS (cm)
$
 0.72 (0.70-0.86) 0.80 (0.70-0.80) 0.939

**
 

PW (cm)
$
 0.72 (0.70-0.86) 0.80 (0.70-0.80) 0.939

**
 

LVEF (%) 57.58 ± 5.11 60.81 ± 3.58 0.011
*
 

Mitral E (cm/s) 76.15 ± 21.66 74.62 ± 14.81 0.766
*
 

Mitral A (cm/s) 66.88 ± 16.89 67.81 ± 17.72 0.848
*
 

DT (msec) 211.12 ± 56.52 191.42 ± 38.49 0.148
*
 

S mitral (cm/s) 7.11 ± 0.84 7.61 ± 0.89 0.045
*
 

Medial e' (cm/s) 8.82 ± 2.48 9.55 ± 1.93 0.245
*
 

Medial a' (cm/s) 9.00 ± 1.98 8.86 ± 2.50 0.826
*
 

Lateral e' (cm/s) 12.35 ± 2.97 12.76 ± 2.72 0.602
*
 

Lateral a'(cm/s) 11.17 ± 2.77 11.03 ± 2.40 0.848
*
 

E/e' medial 8.73 ± 3.42 7.91 ± 1.91 0.292
*
 

PALS (%) 30.85 ± 13.15 57.49 ± 9.13 < 0.001
*
 

TPLS (msec)
$
 424.50 (383.75-451.70) 391.50 (352.25-414.00) 0.002

**
 

PACS (%) 14.17 ± 5.98 21.99 ± 6.79 < 0.001
*
 

LVGLS (%) -18.25 ± 2.05 -20.53 ± 1.60 < 0.001
*
 

LAVI (ml/m
2
) 28.26 ± 6.86 22.86 ± 3.55 0.010

*
 

Echocardiographic parameters are expressed as mean ± standard deviation (SD). A P-value < 0.05 

was defined as significant. 

*Independent samples t-test; **Mann-Whitney test; $Median and interquartile range (IQR) 

were used due to the non-normal distribution 

LVEDVI: Left ventricular end-diastolic volume index; IVS: Interventricular septum; PW: 

Posterior wall; LVEF: Left ventricular ejection fraction; DT: Deceleration time; E: Early 

diastolic mitral inflow velocity; A: Late diastolic mitral inflow velocity; e': Early diastolic 

mitral annulus velocity; a': Late diastolic mitral annulus velocity; PALS: Peak atrial 

longitudinal strain; TPLS: Time to peak longitudinal strain; PACS: Peak atrial contraction 

strain; LVGLS: Left ventricular global longitudinal strain; LAVI: Left atrial volume index; 

PVC: Premature ventricular contraction 
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Linear regression test showed that in people 
with PVC (compared to people without PVC), 
PALS was 26.6 units lower [confidence interval 
(CI): -32.9, -20.3]. The absolute value of LVGLS in 
those who had PVC was 2.2 units less than those 
who did not have PVC (CI: -3.3, -1.2).  

Discussion 

In the present study, we used conventional 
echocardiography along with VVI analysis. VVI is a 
new echocardiographic modality which combines 
speckle tracking and endocardial border detection. 
Like 2D STE strain imaging, VVI is angle-
independent but has simpler and faster tracking and 
processing times than conventional STE.12,17 It 
requires only a single frame tracing of the 
endocardial border to extract quantitative  
time-motion and volume data.14 

We demonstrated that LVEF, LVGLS, and S' 
were significantly lower in the PVC group. 
LVEDVI and LAVI were found to be significantly 
higher in the PVC group. In VVI echocardiography 
parameters, PALS and PACS were significantly 
lower, and TPLS was significantly longer in the 
PVC group.  

A similar result was seen in Park et al. study, 
which demonstrated that patients with frequent 
PVCs had significantly larger LAVI associated with 
larger LV end-diastolic dimension, lower LVEF, 
and lower S'. They showed that atrial remodeling 
happened before LV geometry change and LV 
systolic dysfunction.5 However, they did not 
evaluate the LA or LV strain, which can diagnose 
the subtle changes in LA or LV function. Kostis  
et al. showed that the number of PVCs recorded  
in 24 hours increased significantly with increasing 
age (P = 0.001).18 

Lie et al. found a moderate, significant 
correlation between the number of PVCs and 
reduced GLS (R = 0.44, P = 0.002). They declared 
that PVC > 8% in 24 hours could identify patients 
with abnormal GLS [area under curve (AUC): 
0.79].19 This study emphasizes the importance of 
treating a small number of PVCs. 

Cozma et al. evaluated the association between 
frequent PVCs and LA geometry. They 
demonstrated that frequent PVCs in otherwise 
healthy patients were associated with LA remodeling, 
larger LA volume, and trapezoidal LA.6 The result of 
the mentioned study is similar to our study that 
frequent PVCs could change the LA geometry. 

Barutcu et al. investigated the effects of PVCs 
on LA function by using STE with LA strain 

parameters and demonstrated that global PALS 
(38.39 ± 7.93 vs. 44.15 ± 6.71, P = 0.001) and 
PACS (16.37 ± 4.58 vs. 20.49 ± 3.65, P < 0.001) 
were significantly lower and TPLS (485.5 vs. 435.0, 
P < 0.001) was significantly longer in the PVC 
group.2 The result of this study is compatible with 
ours, but we also evaluated LV function.  

Azemi et al. reported that reduced LA strain in 
patients with low-risk AF was a sensitive marker for 
increased transient ischemic attack (TIA) and stroke 
risk and could be used as a helping guide for or 

against anticoagulation in this group.20 
Hirose et al. demonstrated that reduced LA 

function, using STE, independently predicts the risk 

of new-onset AF, suggesting a stronger relation 
between LA functional remodeling and AF than 
between LA size and AF.16 

Echocardiography with strain analysis can show 

the changes in the structure and function of both LA 
and LV before the patient becomes symptomatic. 
Recent studies have emphasized the treatment of 
even small numbers and asymptomatic PVCs.19 

Therefore, the structural or functional change of LA 
and LV, demonstrated by strain analysis, could be a 
key to the timely treatment of PVC. 

It has been suggested that in patients with 
frequent PVCs, long-term observation is applied for 
evaluating LV function.21 Frequent PVCs may lead 
to a form of cardiomyopathy that can be reversed 
by PVCs' ablation.22-24 Chen et al. suggested that 
PVC treatment might prevent LA dilation and 
LVEF decline.25 

Conclusion 

In this study, LA and LV function and geometry are 
adversely affected by frequent PVCs. Early 
diagnosis of these effects is possible with 

echocardiography along with strain analysis. It can 
guide the timely treatment of PVC to avoid 
frequent PVCs' harmful effects on the heart. 

Limitations: The small number of patients in 

our study due to tight inclusion criteria was a 
significant limitation. Regarding the lack of follow-
up of patients, the prognostic value of 

echocardiographic parameters in patients with 
recurrent PVC is uncertain. 
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