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Purpose: In the past few years, premature ventricular contraction (PVC) has attracted 
immense attention, both in patients with or without structural heart disease. Despite the 
technological advancement, no guiding tools are currently available to assist in the 
prediction of origin of PVC using a 12-lead electrocardiogram (ECG) before electro-
physiology and ablation procedures. Park and co-workers compiled the existing algo-
rithms for the morphology of ECG from the literature and generated a single algorithm 
based on specific features of ECG for the prediction of PVC origin. The Park algorithm 
is limited to idiopathic PVC and has not been evaluated clinically. In the present study, 
the Park algorithm was used to predict PVC origin in patients with or without structural 
heart disease and compared with the gold standard examination based on three- 
dimensional electrophysiological mapping studies.
Patients and Methods: A cross-sectional study employing ECG data and electrophysiol-
ogy study (EPS) reports from patients’ medical records at Integrated Heart Center Wahidin 
Sudirohusodo Hospital, Makassar, Indonesia was conducted. The study was performed from 
April 2018 to June 2019 with a total of 31 samples; however, four samples were excluded 
during the EPS.
Results: In the present study, the incidence of structural heart disease was 45.2%. The 
suitability of the Park algorithm for electrophysiological evaluation was 85.2%, both in the 
case of PVC with and/or without structural heart disease. The prediction of the origin of PVC 
in the right or left heart using the Park algorithm showed a sensitivity of 95%, specificity of 
100%, positive predictive value of 100%, negative predictive value of 87.5%, and accuracy 
of 96%.
Conclusion: The findings of the study suggest significant accuracy of the Park algorithm 
in the prediction of location of origin of PVC. High sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy of the Park algorithm highlight 
its suitability to be used for determining the location of PVC origin in the right or left 
heart.
Keywords: premature ventricular contraction, ECG, structural heart disease, ablation 
therapy, arrhythmia

Introduction
Premature ventricular contraction (PVC) is one of the most commonly occurring 
arrhythmia arising due to early depolarization of ventricular myocardium. In the 
general population, PVC shows a prevalence of 14% when assessed on a standard 
12-lead ECG, which increases to 40–75% when a 24- or 48-hour Holter monitoring 
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is used. PVC is often seen to be associated with structural 
heart diseases and represents an increased risk of cardio-
vascular diseases and sudden death. However, PVC can 
also occur in individuals without any underlying heart 
disease. Although PVC is known to be associated with 
2-times higher risk of cardiovascular complication like 
stroke and death, it was considered benign in the absence 
of any structural heart disease. However, studies in the last 
decade suggest that PVC induces cardiomyopathy even in 
subjects without any structural heart disease. PVC-induced 
cardiomyopathy is an interesting topic and a significant 
amount of evidence is rapidly emerging in support of this 
subject.1

Among the various therapies available for PVC man-
agement, antiarrhythmic therapy was the preferred 
choice of treatment in the past and radiofrequency abla-
tion therapy was only considered in patients with recur-
rent ventricular tachycardia (VT) despite antiarrhythmic 
therapy. The management of patients with PVC is often 
dictated by symptoms, precipitating factors, and most 
importantly the presence or absence of structural heart 
disease. In addition to this, the use of antiarrhythmic 
therapy is often limited owing to its efficacy and asso-
ciated side-effects.2 So far, radiofrequency ablation ther-
apy has been reported to be more beneficial as compared 
to antiarrhythmic drugs in the management of patients 
with PVC. According to the 2015 European Society of 
Cardiology (ESC) guidelines, radiofrequency ablation is 
recommended in patients with symptomatic and frequent 
PVC. The recent past has witnessed an increase in the 
management options using an ablation catheter. Several 
previous studies have established the superiority of 
three-dimensional electroanatomic mapping in EPS 
over the conventional methods. The use of three-dimen-
sional mapping aids in the reduction of duration of 
fluoroscopy and radiation dose as compared to the con-
ventional mapping strategies.3 In order to define the 
target of ablation, it is important to determine the origin 
of arrhythmia. Earlier, only EPS were used to determine 
the location of PVC origin. Recent developments in the 
field of ECG, particularly for PVC, can be used in the 
prediction of the origin of PVC. This will further assist 
in the pre-procedural planning and improvement of out-
comes of ablation therapy.4 In addition to this, predic-
tion of PVC origin using ECG measurement will be 
helpful in planning ablation strategies, and all this infor-
mation will enable better patient education regarding the 

length of procedure and risks associated with vascular 
access, mapping, and ablation.5

Many studies have previously evaluated the efficacy 
of ECG as an early predictor before EPS procedure; 
however, no fixed algorithm is available for the predic-
tion of origin of PVC using a standard 12-lead ECG 
before the electrophysiological procedure. In 2012, Park 
et al6 developed a single algorithm by compilation of 
various algorithms used in earlier studies for the predic-
tion of origin of PVC based on ECG morphology in 
patients without structural heart disease. The character-
istics of ECG used for PVC origin prediction by Park 
et al involved various electrophysiological diagnostic 
tools. The present study aimed to evaluate and establish 
the congruity of the Park algorithm and EPS using 
three-dimensional mapping in the prediction of origin 
of PVC in patients with or without structural heart 
disease.

Materials and Methods
Study Design and Data Collection
A cross-sectional study was conducted from April 2018 to 
June 2019 using ECG data and EPS reports obtained from 
the medical records of patients registered at Integrated 
Heart Center Wahidin Sudirohusodo Hospital, Makassar, 
Indonesia. The sample in the present study included PVC 
patients undergoing three-dimensional EPS. The location 
of the origin of PVC obtained from EP studies was com-
pared with the one predicted using the Park algorithm 
performed on a 12-lead ECG data set that were acquired 
prior to electrophysiology procedures.

Basic Principles of ECG Used in the 
Prediction of the Origin of PVC
For the prediction of the origin of PVC, it is important to 
assess the morphology of PVC obtained from 12-lead 
ECG. The QRS complex pattern for PVC was made 
according to the distance of its origin. This further spreads 
depending upon the direction of myocardial activation 
(moving towards or away from the recording electrode). 
Therefore, the general principles established for the geo-
metry of ventricles and the direction of their activation 
will play a pivotal role in the determination of the PVC 
pattern. Anatomical variation plays a pivotal role in the 
assessment of the direction of electrical current towards 
the body surface during the prediction of PVC origin. 
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Variations are recorded whenever there is a shift of the 
heart towards the wall of the chest.6

The following general principles were used for the 
prediction of location of PVC origin:

QRS Axis
A PVC originating from the top of the heart will spread 
from top to bottom. The electrical axis for PVC will be 
directed inferiorly. Therefore, PVC will appear positive in 
inferior leads, namely, lead II, III, and aVF. In comparison 
to this, if PVC originates from the bottom (inferior) of the 
heart, it will spread from bottom to top and the electrical 
axis will be directed superiorly. A right superior QRS axis 
indicates the presence of origin of PVC in apical septal or 
lateral apical site. This is frequently observed as QS wave 
in leads I, II, and III and QS or rS wave in leads V5 and 
V6. A right inferior axis indicates a high basal location of 
origin (high lateral left ventricle or high lateral LV). 
Generally, a left inferior axis shows PVC originating 
from the top of the LV septum. However, in certain 
cases the QRS axis does not match with the PVC/VT 
exit site, as reported in the case of myocardial infarction 
(MI) in the apical region. These differences can arise due 
to abnormalities in the exit conduction of the reentry 
circuit towards the myocardium.7,8

In electrophysiology, the scar area is defined as an area 
that is electrically inactive and does not show any electro-
magnetic pattern. This area is considered non-conductive. 
During VT, an isthmus is defined as a conductive myocar-
dial tissue that is delineated or surrounded by non-con-
ductive tissue (scar).9

Bundle Branch Block
The activation of left ventricle prior to right ventricle in the 
case of PVC arising from LV is suggestive of morphological 
resemblance with the right bundle branch block (RBBB). 
However, PVC arising from the septum will provide mor-
phology similar to the left bundle branch block (LBBB) if 
the exit is from the septum towards the right ventricle. PVC 
arising from the right side of the heart will activate the right 
ventricle first followed by the left ventricle. Thus, in accor-
dance with the sequence of activation of the ventricles it will 
show a pattern similar to LBBB on ECG. The morphology 
of PVC or VT is described as “LBBB Pattern” and “RBBB 
Pattern” in reference/accordance to the lead V1. A negative 
(or negative dominant) PVC in V1 indicates a LBBB pat-
tern, while positive PVC in V1 is suggestive of a RBBB 
pattern.7 Most of the ventricular arrhythmias with RBBB 

pattern have been found to be associated with inferior and/or 
extensive anterior MI.8

Concordance
VTs with positive concordance in all precordial leads (V1– 
V6) arise/originate only at the base of the heart, where 
ventricular activation occurs towards the anterior and api-
cal direction, such as left ventricle outflow tract (LVOT), 
along the mitral or aortic valves, or in the basal septum. 
Conversely, negative concordance is observed only in VTs 
originating near the apical septum, especially in anterosep-
tal MI, where the direction of activation is away from the 
chest wall. Here, concordance refers to the scenario where 
QRS complex for PVC from V1–V6 are in the same 
direction (positive or negative).8

QS Complex
The presence of a QS complex in any lead is indicative of 
the propagation of the wave away from its location. Thus, 
QS complex in inferior leads suggests that the activation is 
originating from the inferior wall, whereas QS complex in 
the precordial is indicative of the activation moving away 
from the anterior wall. QS complexes in V2–V4, V3–V5, 
and V5 and V6 suggest the location of origin in the 
anterior wall, apical region, and lateral wall, respectively.8

Outflow Tract
PVC arising from the outflow tract (OT) is characterized 
by an inferior frontal axis along with an LBBB or RBBB 
pattern in lead V1. In case PVC is located more towards 
the left of the heart, precordial transitions will occur earlier 
(PVC patterns will become more positive in precordial 
leads), and thus the origin of PVC that is located more 
towards the left will show a RBBB pattern.7

Park Algorithm for Predicting PVC Origin
In 2012, Park et al6 compiled the characteristics of 12-lead 
ECG obtained for various idiopathic PVC locations based 
on earlier studies. This data was simplified and used to 
generate a single algorithm to assist in the prediction of 
PVC location based on ECG morphology.

Statistical Analysis
The acquired data was analyzed using the Statistical 
Package for Social Science (SPSS) program, version 21. 
Analysis of Park algorithm as a predictor for PVC location 
based on EPS was performed using ANOVA Test. Park 
algorithm as a predictor of PVC location from the left and 
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right heart based on EPS was analyzed using cross-tabula-
tion and Fischer’s exact test.

Results
The present study included 31 patients, the majority of 
which were females in the age group 19–73 years, with 
average age of 43.35±12.77 years). Most of the participants 
were adults (45.2%), with no structural heart disease 
(54.8%), and showed normal left ventricular systolic func-
tion (LV ejection fraction >50%) (83.9%). The most com-
mon type of PVC that was observed was bigeminy (32.3%), 
followed by frequent PVC (29%), ventricular tachycardia 
(VT) (16.1%), trigeminy PVC (12.9%), and quadrigeminy 
PVC (9.7%). The findings of the 12-lead surface ECG 
suggested that most of the subjects were characterized by 
single PVC focus, ie, unifocal (90.3%). All these character-
istics for the acquired data are summarized in Table 1.

According to EPS data, the origin of PVC was located 
mostly in the right heart (64.5%). PVC arising from the left 
heart was observed only in 22.6% cases. The PVC arising 
from the right heart was found to be mostly of right ventricle 
outflow tract (RVOT) origin (58%), whereas the PVC location 
in the left heart showed mostly LV origin. The PVC arising 
from the left heart was contributed by anterolateral (papillary 
muscle anterior, 9.7%), posteromedial (papillary muscle pos-
terior, 6.5%), and mitral annulus (6.5%) location (Table 2).

PVC origin predicted from 12-lead ECG data using the 
Park algorithm and EPS were found to be congruent in 23 
samples (85.2%), whereas four samples were non-congruent 
(14.8%) (Figure 1). The results of the ANOVA test indicated 
no significant correlation in the congruity of PVC locations 
obtained from ECG using the Park algorithm and EPS 
(P=0.79) (Figure 2). The cross-tabulation and chi-square 
analysis of the acquired data showed no significant 

correlation between PVC with or without structural heart 
disease and the suitability of the Park algorithm (P=0.39) 
(Figure 3).

Table 1 Characteristics of Samples Undergoing Electrophysiology 
Study

Variable n %

Sex

Male 15 48.4

Female 16 51.6

Age

Range 19–73 years
Mean 43.35 years

Standard deviation 12.77 years

Age Category

Teenager 3 9.7
Adult 14 45.2

Elderly 12 38.7

Seniors 2 6.5

Structural heart disease

Yes 14 45.2
No 17 54.8

Ejection fraction
<50% 5 16.1

>50% 26 83.9

Types of PVC (ECG 12 leads)

Bigeminy PVC 10 32.3

Frequent PVC 9 29
Quadrigeminy PVC 3 9.7

Trigeminy PVC 4 12.9

VT 5 16.1

Focus of PVC (ECG 12 leads)

Multifocal 3 9.7
Unifocal 28 90.3

Table 2 Characteristics of PVC Origin in EPS

PVC from the Left Heart (22.6%) PVC from the Right Heart (64.5%)

Variable n % Variable N %

LV 7 22.6 RV 2 6.5
Anterolateral (papillary muscle anterior) 3 9.7 Tricuspid 0 0

Posteromedial (papillary muscle posterior) 2 6.5 Non-annular RV 2 6.5

Mitral annulus 2 6.5 RVOT 18 58

LVOT 0 0 Anterior 9 29

Posterior 9 29

Regio HIS (septal) 8 25.8

Regio free wall (interal) 1 3.2
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In general, PVC in patients without structural heart 
disease has been found to originate from the right heart. 
However, the chi-square analysis in the present study 

indicated the absence of any significant correlation 
between the location of origin of PVC (left or right 
heart) and the absence or presence of structural heart 
disease (P=0.43). PVC with an ejection fraction of  
>50% were found to be frequently associated with the 
right heart, whereas PVC with a fraction ejection  < 50% 
originated frequently from the left heart. This showed 
a significant correlation of P=0.01, as shown in Figure 4.

The results of the cross-tabulation analysis indicated 
that the use of the Park algorithm in the prediction of 
location of the right or left heart PVC was characterized 
by 95% sensitivity, 100% specificity, positive predictive 
value of 100%, negative predictive value of 87.5%, and 
96% accuracy (P<0.001) (Table 3).

Figure 1 Congruity of PVC based on Park Algorithm and EPS.

Figure 2 Correlation in Congruity of PVC locations based on ECG using the Park Algorithm and EPS.

Figure 3 Correlations between PVC with or without structural heart disease.
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Discussion
Baseline Characteristic of PVC Origin for 
Subjects Undergoing Electrophysiology 
Study
Sample Size and Age Group
In 2019, Amir et al10 evaluated a total of 8,847 ECGs, 
collected from the general population residing at Makassar 

city of Indonesia. Among these, PVC was observed only 
in 98 ECGs (1.1%). The findings of this study were con-
sistent with the previous study by Ahn,1 which stated that 
the prevalence of PVC in the general population was 1%, 
as studied using standard methods. Most of these people 
with PVC belonged to the group of healthy people (40–-
75%). The present study included 31 patients with PVC 
that underwent electrophysiology study (EPS) at 
Integrated Heart Center Wahidin Sudirohusodo Hospital, 
Makassar, Indonesia. Several previous studies have sug-
gested a positive correlation between the prevalence of 
PVC and age, irrespective of the presence of structural 
heart disease. However, no information is available on the 
underlying mechanism responsible for this linear relation-
ship between age and the occurrence of PVC.11 In fact, 
there are reports that suggest that the incidence and fre-
quency of PVC increase with age. One possible explana-
tion could be the effect of coronary heart disease and 
increase in age that result in an increase in the incidence 
and frequency of PVC. Another study conducted by Kostis 
et al12 reported an increase in the incidence and frequency 
of PVC with age, even in the absence of coronary heart 
disease which was excluded by coronary angiography. The 
report suggested that the degenerative changes increase 
with age.

Amir et al10 reported the highest prevalence of PVC in 
the age group 45–65 years, which differs from the findings 
of the present study where most of the PVC patients 
belonged to the adult age group (26–45 years). This dif-
ference could be attributed to less use of long-term antiar-
rhythmic drugs in younger age groups, who generally 
prefer ablation therapy. This is in accordance with the 

Figure 4 Correlations between PVC from left heart and right heart with structural 
heart disease and ejection fraction. (A) Correlations between PVC from left heart 
and right heart with structural heart disease. (B) Correlations between PVC from 
left heart and right heart with ejection fraction.

Table 3 Correlation of PVC Origin Predicted by Park Algorithm 
and PVC Origin Obtained from Electrophysiological Studies

Electrophysiological Study

Right Left P-valuea

Park Algorithm Right 19 0 <0.001
Left 1 7

Total 20 7

Note: ausing Fischer’s exact test. 
Abbreviations: AF, atrial fibrillation; AV, atrioventricular; ECG, electrocardiogram; 
EPS, electrophysiology study; ESC, European Society of Cardiology; HR, hazard 
ratio; LBBB, left bundle branch block morphology; LCC, left coronary cusp; LV, left 
ventricle; LVOT, left ventricle outflow tract; MA, mitral annulus; MDI, maximum 
deflection index; MI, myocardial infarction; OT, outflow tract; PA, pulmonary artery; 
PVC, premature ventricular contraction; RBBB, right bundle branch block; RCC, 
right coronary cusp; RVOT, right ventricle outflow tract; SPSS, statistical package for 
social science; TA, tricuspid annulus; VT, ventricular tachycardia.
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findings of Matthew et al,13 which stated that the patients 
aged <65 years prefer ablation therapy as compared to 
antiarrhythmic drugs, whereas patients aged >65 years 
generally choose antiarrhythmic drugs over ablation 
(P<0.001).

PVC Prevalence in Patients with Structural Heart 
Disease
In the present study, echocardiography was used as a tool 
to identify PVC patients with or without structural heart 
disease. PVC with structural heart disease was determined 
on the basis of echocardiography examination with one or 
more of the following: dilated cardiac chambers, valvular 
regurgitation or stenosis, left kinetic or hypokinetic seg-
ments, and left ventricular hypertrophy. Structural heart 
disease was reported in 45.2% of the PVC samples. The 
occurrence of PVC in patients with a structurally normal 
heart is called “idiopathic PVC”, which is devoid of any 
scar-related mechanism. According to the echocardiogra-
phy parameters, most of the samples belonged to the 
category of PVC without structural heart disease (54.8%).

The prognosis of patients with PVC is generally deter-
mined on the basis of coexistence of structural heart dis-
ease. Nevertheless, the presence of PVC in patients with 
normal heart has been found to be associated with sudden 
death. In 2017, Lin et al14 conducted a cohort study on 
5,778 subjects with normal heart structures and followed 
up to 10 years. It was observed that PVC>12 beats was an 
independent predictor for all the deaths (hazard ratio, 
HR=1.4), cardiovascular hospitalization (HR=1.1), all- 
cause hospitalization (HR=1.1), and new onset of heart 
failure (HR=1.41).

Types of PVC
The majority of the PVC cases reported in the present 
study were repetitive PVC (bigeminy, quadrigeminy, and 
trigeminy), with bigeminy being most prevalent. 
Generally, the repetitive type of PVC, especially bigeminy, 
occurs via a mechanism of re-entry (micro-re-entry, branch 
to branch, and/or between fibrotic tissue).15 Clinically, 
repetitive PVC results in an increase in the heart rate and 
appears as an irregular rhythm or pounding heart. This is 
followed by the appearance of disturbing symptoms in 
patient that require treatment. In the last decade, the find-
ings of several studies suggested that PVC can induce 
cardiomyopathy.16 Niwano et al17 reported the occurrence 
of progressive deterioration of LV function in patients with 
frequent PVC (>1,000 beats/day). In comparison to this, 

Amir et al10 reported higher incidences (64%) of non- 
repetitive or occasional type PVC, regardless of the clin-
ical conditions, in the study conducted on the sample 
population residing in Makassar.

Focus of PVC Origin
In the present study, most of the participants showed uni-
focal PVC (n=28; 90.3%), whereas only a small number of 
subjects displayed evidences of PVC with multiple ectopic 
foci (n=3; 9.7%). These findings are consistent with those 
of Amir et al,10 where higher incidences of unifocal PVC 
were reported (91.8%) as compared to multifocal PVC 
(8.2%). In 1971, Lown and Wolf18 devised a grading 
system, Lown grading system, for ventricular arrhythmia 
where PVC was classified according to its complexity 
(unifocal, frequency, multifocal, consecutive, phenomenon 
“R on T”). This study reported the absence of any correla-
tion between the level of complexity of PVC and patient’s 
prognosis, except in coronary heart disease.

Origin of PVC
According to the EPS reports, a large number of samples 
showed PVC arising from the right heart, particularly from 
RVOT (58.1%), whereas no PVC origin was found to 
originate from tricuspid valve and LVOT. This could be 
attributed to the rare prevalence of tricuspid and LVOT 
origin of PVC as reported in a study conducted by Tada 
et al,19 where only 8% of 454 idiopathic PVC patients 
showed PVC originating from the tricuspid annulus. 
Electrophysiology studies sometimes do not always pro-
vide satisfactory results in PVC patients, especially in the 
cases arising from RVOT. This is particularly seen in 
certain cases, where arrhythmias cannot be induced in 
patients by programmed stimulation or administration of 
isoproterenol. This is one of the major limitations during 
catheter ablation handling. In addition to this, patients with 
non-induced PVC require a longer time for catheter pro-
cedures and radiation exposure.20 The present study 
included 12.9% cases where PVC was not induced during 
electrophysiological. According to the predictions of the 
Park algorithm, three out of four PVC showed an origin 
from OT. The procedure for EPS is usually performed 
under mild sedation using fentanyl as sedative, which 
can increase the vagal tone. Since PVC is very sensitive 
to sedation, focus of arrhythmia is easily suppressed upon 
sedation, especially in the cases that arise from OT.21 The 
underlying mechanism responsible for origin of PVC from 
the OT is a re-entry mechanism that is induced either by 
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a triggering activity or delay after depolarization. 
Mutations in G protein that stimulate an increase in intra-
cellular levels of cAMP have been found to be associated 
with arrhythmogenic focus of myocardial OT.22

Congruity Between the Prediction of the 
Park Algorithm and Results of 
Electrophysiology Studies for Patients 
with or without Structural Heart Disease
Most of the PVC locations (85.2%) predicted using the 
Park algorithm were consistent with the findings of the 
EPS. However, no significant difference (P=0.79) was 
reported in the ANOVA test for the branching group of 
the Park algorithm. This suggests that the discrepancies in 
the predictive ability of Park algorithm for PVC location 
based on EPS are not contributed by some error in one of 
the branches of the algorithm. This cannot be addressed 
using statistical tools due to the presence of empty col-
umns. Further studies with larger sample size will be help-
ful in addressing this issue.

Many characteristics of PVC have been explored in the 
past based on ECG data. With reference to the cardiac 
anatomy, Park et al complied the characteristic of a typical 
ECG for each PVC location based on bundle branch block 
(BBB) type, frontal axis, precordial transition, and PVC 
morphology into V1, V6, and I leads. A single algorithm 
was generated to predict PVC location that showed sig-
nificant congruity with the gold standard three- 
dimensional mapping used in the present study (for further 
details see Supplementary Table 1). Although the Park 
algorithm is limited by the complexity of the existing 
anatomy, its congruity is significant enough for the predic-
tion of location of PVC on the basis of differences in the 
main characteristics. Currently, no algorithm is available 
to determine the location of PVC origin which can be used 
as a fixed procedure before EPS. Although the Park algo-
rithm has not been proven statistically owing to limited 
sample size, it can predict PVC location with 85% simi-
larity to the results of EPS, and thus can be employed in 
clinical practice.

The Park algorithm is designed on the basis of the 
typical characteristics of ECG reported in previous studies 
conducted for idiopathic PVC. The present study included 
PVC with structural heart disease. No significant differ-
ences were observed between PVC with or without struc-
tural heart disease as predicted using this algorithm 
(P=0.39). Thus, it can be concluded that the presence or 

absence of structural heart disease in the case of PVC has 
no effect on the characteristics of PVC location obtained 
using 12-lead ECG, and this algorithm can be used to 
determine the location of PVC origin in patients with or 
without structural heart disease.

Several previous studies have established the superior-
ity of three-dimensional electrophysiology studies over 
conventional ones. In particular, the application of three- 
dimensional mapping results in the reduction of fluoro-
scopy duration and radiation dose as compared to the 
conventional mapping strategies. In addition to this, 
three-dimensional mapping reduces the duration of proce-
dure and improves the success rate, especially in the cases 
of complex arrhythmia, such as VT and atrial fibrillation 
(AF), that require ablation.3,23 Park et al6 generated 
a single algorithm by compiling the findings of various 
previous studies that utilized different tools, some used 
three-dimensional mapping, while others used conven-
tional mapping strategies. In the present study, all PVCs 
used three-dimensional mapping and the results for most of 
them were compatible with the findings of the Park algo-
rithm. Most of the PVCs arising from the right side of the 
heart showed a preserved ejection function as compared to 
the PVCs arising from the left heart. This difference was 
statistically significant, with P=0.01. In the present study, 
most PVCs originating from the right heart were localized 
to the RVOT, where the mechanism is not related to scar-
ring. The underlying pathomechanisms responsible for the 
occurrence of the left and right heart PVC are quite similar. 
Even in the present case, PVC with and without structural 
heart disease showed no significant correlation with the 
location, left or right heart PVC (P=0.43). However, the 
presence of structural heart disease was found to be more 
associated with a decrease in ejection fraction (P=0.07). 
PVC mechanism of arrhythmias in structural heart disease 
is associated with fibrotic tissue (scar),22 that can occur due 
to MI, ischemic cardiomyopathy, ventricular hypertrophy, 
and heart valve disease.24,25 A decrease in ejection fraction 
is caused by changes in myocardial function arising due to 
scarring from the contractile myocardium to non-contrac-
tile myocardium.24 Clinical manifestations of idiopathic 
ventricular arrhythmias are variable, ranging from mild 
asymptomatic PVC to persistent VT. PVC in structural 
heart disease is associated with structural changes in the 
heart contributed by ischemic heart disease, heart valve 
disease, cardiomyopathy, and ventricular hypertrophy.26,27 

Therefore, availability of information about the location of 
PVC origin in the right or left heart based on the ECG 
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studies will be beneficial not only for EPS procedures but 
will also assist in better evaluation and patient 
management.

In a study conducted by Latchamsetty et al28 in 2015, 
the duration for EPS and PVC ablation was found to be 
198±115 minutes, average fluoroscopy time was 30±24 
minutes, and average radiofrequency energy delivery 
time was 12±11 minutes. The lowest time required for 
procedure and fluoroscopy in the case of RVOT PVC was 
157±97 minutes and 20±17 minutes, respectively 
(P<0.01). Patients with PVC originating from papillary 
muscles and the epicardium required the longest proce-
dure time of 249±109 minutes and 249±117 minutes, 
respectively. In addition to this, a longer fluoroscopic 
time of 40±21 minutes and 48±27 minutes were also 
required in the case of PVC arising from papillary mus-
cles and epicardium, respectively, as compared to the 
patients with PVC originating from RVOT or LVOT 
(P<0.01). Patients with PVC arising from papillary mus-
cle involved the longest radiofrequency time, 26±19 
minutes, as compared to the others (P<0.01). Patients 
with a single PVC configuration were characterized by 
fastest procedure, fluoroscopy, and radiofrequency time 
as compared to multiple PVC (P<0.01). In terms of out-
comes of EPS and ablation, the highest and lowest suc-
cess rates for ablation were observed in RVOT PVC 
(93%) and epicardial PVC (67%), respectively. It was 
reported that complications of electrophysiology and 
ablation studies were tamponade (0.8%), pseudoaneur-
ysm (0.7%), hematoma (0.34%), arteriovenous fistula 
(0.25%), and atrioventricular (AV) block (0.1%). The 
complications were frequent in epicardial PVC ablation 
(4.2%), while complications were a rare event in RVOT 
PVC (2.1%).28 Thus, all these findings suggest that even 
a slight knowledge regarding the location of PVC before 
the EPS procedure and ablation will be highly instru-
mental in estimating the duration of the procedure, dura-
tion of radiation exposure, outcome, and complications. 
This will further assist in improving the strategy and 
patient education.

Prediction of the origin of PVC before EPS procedures 
and ablation is particularly crucial in terms of strategies 
devised for vascular access. PVC from the right heart is 
accessed through a vein, while PVC from the left heart is 
accessed via an artery. The Park algorithm for prediction 
of origin of PVC from left or right heart showed 95% 
sensitivity, 100% specificity, 100% positive predictive 
value, 87.5% negative predictive value, and 96% accuracy 

as studied using cross-tabulation and Fisher’s exact test 
(P<0.001). Thus, all these findings highlight the suitability 
of the Park algorithm in predicting the origin of PVC from 
the right or left side of the heart.

Conclusion
Most PVCs with or without structural heart disease origi-
nated from the right heart, especially in the OTs. The 
suitability of the Park algorithm in determining the origin 
of PVC was quite accurate. Statistical analysis established 
high sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy of the Park algorithm, 
and thus the algorithm can be used to distinguish PVC 
arising from the right or left heart.

Despite all these features, the application of the Park 
algorithm in determining PVC origin suffers from certain 
limitations. So, far, the Park algorithm has not been able to 
determine PVC origination from specific locations such as 
OT or non-outflow tract. The present study did not include all 
the PVC locations and thus it cannot be tested statistically. 
Besides this, no relationship can be established between 
ischemic PVC and location of PVC origin, owing to the 
absence of angiographic data of patients included in the study.
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