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ABSTRACT
Background: Premature ventricular contractions (PVCs) are a frequent electrocardiographic finding in routine medical prac-
tice, and 16% of the patients with idiopathic PVCs may have underlying heart disease.
Objective: We analyzed the correlation between the morphology of the PVCs and the myocardial scarring identified by cardiac 
magnetic resonance (CMR), together with the impact of late gadolinium enhancement (LGE) on the need for ablation.
Methods: Ninety-four patients (median age 56 years) with frequent PVCs (> 500 PVCs on 24 h) and a structurally normal heart 
were referred for comprehensive CMR. The patients were followed for 12 months. Patients were referred for ablation if they were 
symptomatic in the context of frequent PVCs.
Results: The prevalence of LGE identified by CMR was higher among males (OR 5.506 (2.092–14.49) p < 0.05), with an age 
≥ 50 years (OR 1.047 (1.015–1.08), p < 0.05) and a higher PVC burden (OR 1.922 (1.723–1.976), p < 0.05). Additionally, patients with 
PVCs with a LBBB inferior axis had four times higher risk of exhibiting LGE (OR 4.09 (1.584–10.565), p < 0.05). In multivariate 
analysis, age (OR 1.059 (1.019–1.099), p < 0.05) and a LBBB inferior axis (OR 4.605 (1.472–14.404), p < 0.05) were independently 
associated with the presence of LGE.
Conclusion: Patients with PVCs and apparently, structurally normal heart present myocardial scarring identified by CMR in 
71.23% of cases. PVCs with LBBB inferior axis pattern, age ≥ 50 years and male sex are associated with the presence of LGE on 
CMR. In multivariate analysis, age and LBBB inferior axis were independently correlated with the presence of LGE.

1   |   Introduction

Premature ventricular contractions (PVCs) are a frequent elec-
trocardiographic (ECG) finding in routine medical practice. Most 
of the patients with PVCs present with palpitations, but about a 

third of them remain asymptomatic (Sorgente et al. 2022). Older 
age, taller stature, male sex, and certain controllable factors like 
smoking, higher body mass index (BMI), physical inactivity, and 
stimulant use are associated with a higher likelihood of experi-
encing PVCs (Nguyen et al. 2017; Marcus 2020).
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PVCs in patients with a structurally normal heart at routine 
diagnosis workup are considered idiopathic. Among individu-
als ≥ 18 years, the incidence of idiopathic PVCs is reported to 
be around 51.9 per 100,000, with an increasing incidence with 
aging (Sirichand et al. 2017). Idiopathic PVCs originate, in al-
most 70% of cases, from the right and left ventricular outflow 
tract, and they account for 10% of all ventricular arrhythmias 
(Sorgente et  al.  2022) referred for catheter ablation (Maury 
et  al.  2015). The remaining 30% of PVCs originate from non-
outflow tract structures including the left and right papillary 
muscles (5%–15%), mitral annulus (5%), tricuspid annulus (8%–
10%), left bundle branch fascicles (10%), cardiac crux and mod-
erator band (Muser et al. 2021).

Despite a normal workup, patients with idiopathic PVCs may 
have hidden underlying heart disease in up to 16%, which is 
proven to be associated with worse clinical outcomes, high-
lighting the importance of distinguishing between idio-
pathic and non-idiopathic PVCs (You and Liu  2019; Muser 
et al. 2020). To rule out structural cardiac disease the initial 
routine evaluation includes ECG, transthoracic echocardiog-
raphy (TTE), and evaluation of the coronary arteries (either 
by computed tomography coronary angiography or invasive 
coronary angiography).

In the last decades, cardiac magnetic resonance (CMR) has been 
used as an imaging technique being able to identify myocardial 
abnormalities in patients with PVCs and apparently structurally 
normal heart after routine evaluation (Muser et al. 2020). The 
importance of CMR imaging lies in its ability to precisely evalu-
ate the function of both the left ventricle (LV) and right ventricle 
(RV). Furthermore, CMR can detect characteristics of myocar-
dial tissue, including focal fatty infiltration, tissue edema, and 
areas of necrosis or fibrosis by late gadolinium enhancement 
(LGE). Focal myocardial abnormalities may indicate local-
ized inflammatory processes, such as previous myocarditis, or 
may indicate the initial stages of a cardiomyopathy and might 
be identified in up to half of patients with frequent PVCs and 
normal ECG and echocardiographic results (Sassone et al. 2019; 
Muser et al. 2018).

In this context, we performed a cross-sectional prospective ob-
servational study, including a cohort of patients with idiopathic 
PVCs, in order to determine the main predictors of the presence 
of LGE detected by CMR.

2   |   Materials and Methods

2.1   |   Study Population

A prevalent cross-sectional cohort approach was used and pa-
tients with frequent PVCs (> 500/24 h) referred by their cardi-
ologist to our tertiary adult Arrhythmia Center were assessed 
for eligibility for inclusion. We included patients who had > 500 
PVCs/24 h, normal 12-lead surface ECG, and 2D transthoracic 
echocardiography, with absence of significant coronary artery 
disease demonstrated by computed tomography coronary an-
giography or invasive coronary angiography. The main exclu-
sion criteria were any pre-existing structural or ischemic heart 
disease.

2.2   |   Study Design

This was a cross-sectional cohort study which involved the 
screening of 125 patients with PVCs referred for an electro-
physiology consultation by their cardiologist between March 
2021 and November 2022. This study was conducted in ac-
cordance with the principles embodied in the Declaration 
of Helsinki and in accordance with local statutory require-
ments. After obtaining the informed consent, every patient 
underwent clinical examination, ECG, Holter monitoring, 
and echocardiography. After analyzing the results, 94 patients 
with frequent PVCs (> 500 PVCs on 24 h) and a structurally 
normal heart were included (as defined by the inclusion crite-
ria). All these patients were then referred for CMR (Figure 1). 
Afterward, patients were followed up for 12 months, with 
echocardiography and 24 h Holter monitoring every 3 months, 
in order to determine the need for ablation.

The primary outcome of this study was the correlation between 
the morphology of the PVCs on the surface ECG and the myo-
cardial scarring identified by CMR with LGE imaging. The sec-
ondary outcome was the impact of LGE presence on the need for 
ablation in patients idiopathic PVCs.

2.3   |   Clinical Data, ECG, Holter Monitoring, 
Echocardiography, CMR

All basic clinical data was collected at the time of study en-
rollment and included information about smoking, family his-
tory of sudden cardiac death, history of unexplained syncope, 
symptoms related to arrhythmia, prescription of antiarrhythmic 
drugs, history of hypertension, diabetes, dyslipidemia. In ad-
dition, body weight, height, and body surface area were deter-
mined (to calculate the body mass index).

The baseline 12 leads ECGs were performed using the Philips 
PageWriter TC50 electrocardiograph and analyzed by experi-
enced operators (at least 3 years of experience). Various ECG 
parameters were used: native QRS axis, presence of native QRS 

FIGURE 1    |    Study design. CMR, cardiac magnetic resonance; LGE, 
late gadolinium enhancement.
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fragmentation, native QRS width, PVC QRS width, PVC QRS 
axis, PVC coupling interval. Multifocal PVCs were defined as 
more than two different QRS morphologies (Haruta et al. 2016).

At enrollment, all patients were monitored with a 12-channel 
Holter ECG for 24 h. The monitoring was performed using the 
Cardiospy EC-12H and interpreted by experienced operators (at 
least 3 years of experience). The number of PVCs and the PVC 
burden was quantified individually for each patient. Additionally, 
multifocal PVCs were defined as more than two different QRS 
morphologies on the Holter monitoring (Ephrem et al. 2013).

Transthoracic echocardiography (TTE) was performed at baseline 
by the same observer with at least 3 years of experience using the 
General Electric Vivid S70N Ultra Edition, according to the rec-
ommendations of the American Society of Echocardiography and 
the European Association of Cardiovascular Imaging. All patients 
benefited from a comprehensive examination, including the car-
diac anatomy (thickness of the interventricular septum (IVS) and 
posterior wall at end-diastole, left ventricular mass index (LVMI), 
left ventricular (LV) end-diastolic dimension (LVEDD), left atrial 
volume index (LAVI)), and function (left ventricular ejection frac-
tion (EF) using Simpson's biplane method, right ventricular (RV) 
fractional area change (FAC)) (Lang et al. 2015).

All patients with normal TTE (no evidence of structural heart 
disease) underwent comprehensive CMR on a 1.5-T platform 
(Siemens Magnetom Altea 1.5 T) using a standardized protocol. 
The study protocol included the following native acquisitions: (i) 
long- and short-axis cine sequences, (ii) tissue mapping (native 
T1, native T2, STIR). Ten minutes after intravenous gadolinium 
contrast administration (0.1 mmol/kg Gadovist, Bayer Healthcare) 
LGE images were obtained in three long-axis views and a com-
plete short-axis stack, with additional dark-blood LGE images in 
cases where necessary if the presence of a subendocardial scar 
was uncertain. Image processing and analysis were conducted 
by two experienced operators using the CVI 42 software (Circle 
Cardiovascular Imaging, Calgary, Alberta, Canada). Volumes and 
mass were obtained by delineation of endocardial and epicardial 
borders in short-axis (ventricles) and long-axis (atria) cine images 
at the end of systole and diastole, excluding trabeculations. All the 
measurements were indexed to body surface area. LGE was defined 
by the presence of visual enhancement in at least one segment, in 
either two perpendicular planes or in both bright and black blood 
images. Subendocardial enhancement with a coronary distribu-
tion was defined as ischemic LGE. All other patterns of fibrosis 
were categorized as non-ischemic, with the exception of fibrosis 
at the right ventricular insertion points of the interventricular sep-
tum that was not reported. The LGE percentage was calculated for 
each participant as the sum of hyperenhanced regions with +5 SD 
signal intensity above the normal remote myocardium, divided by 
the total LV myocardial mass, expressed as the percentage of the 
enhanced myocardial mass (Kramer et al. 2020).

2.4   |   Statistical Analysis

Statistical analysis was performed using SPSS Statistics 25 soft-
ware (IBM, Armonk, NY, USA). Non-normally distributed vari-
ables were expressed as median with interquartile range (IQR), 

and normally distributed variables as mean ± standard deviation 
(SD). For categorical variables, chi-square test or Fisher's exact 
test when appropriate was used. An independent t-test was used 
for comparing the means of two independent groups of continu-
ous variables. In order to determine the correlations between the 
variables, Pearson's correlation coefficient was used. Stepwise 
multivariate regression analysis including all univariate associ-
ates (p < 0.05) was used to assess the independent associations 
between variables.

3   |   Results

3.1   |   Study Population

Baseline demographic and clinical characteristics are depicted 
in Table  1. After screening 125 patients, a total of 94 patients 
with idiopathic PVCs were included in this study. The me-
dian age was 56 years (25th to 75th percentile: 42 to 67), with 
64 men (68%) and 30 females (32%) included. Family history of 
sudden cardiac death was found in 2 (2.13%) patients; 6 (6.38%) 
patients had history of unexplained syncope. Of all symptom-
atic patients, 74 (78.72%) had palpitations, 22 (23.4%) were 
dyspneic, 8 (8.51%) had chest pain, whereas 18 (19.15%) were 
asymptomatic. The most common anti-arrhythmic drugs used 
were Beta-blockers (28 (29.78%) patients), followed by Class IC 

TABLE 1    |    Baseline characteristics of the study population.

Age, years 56 (42–67)

Male Sex 64 (68%)

Family history of sudden cardiac death 2 (2.13%)

History of unexplained syncope 6 (6.38%)

Symptoms

Palpitations 74 (78.72%)

Dyspnea 22 (23.4%)

Asymptomatic 18 (19.15%)

Chest pain 8 (8.51%)

Medical therapy

Class IC AADs 25 (26.59%)

Beta-blockers 28 (29.78%)

Sotalol 6 (6.38%)

Amiodarone 6 (6.38%)

Other characteristics

Hypertension 19 (20.21%)

Diabetes 9 (9.57%)

Dyslipidemia 18 (19.15%)

Smoking 5 (5.32%)

BMI, kg/m2 28.55 ± 4.5

Note: Values are median (25th to 75th percentile), mean ± SD or n (%).
Abbreviations: AADs, anti-arrhythmic drugs; BMI, body mass index.
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anti-arrhythmic drugs (AADs) (25 (26.59%) patients). The mean 
BMI was 28.55 ± 4.5, 19 (20.21%) patients were hypertensive, 9 
(9.57%) had diabetes, 18 (19.15%) had dyslipidemia, and 5 (5.32%) 
patients were smokers.

All patients had biventricular volumes and function within 
normal 25th to 75th percentile on TTE. Mean LV ejection 
fraction (EF) was 58% ± 7%; mean LV end-diastolic vol-
ume (EDV) index was 47 ± 14 mL/m2 mean right ventric-
ular fractional area change (RV FAC) was 47 ± 1 2%; there 
were no significant valvopathies and structural heart disease 
(Table 2).

3.2   |   Arrythmia Features

The mean 24-h PVC burden was 16.26% ± 8.68% of the total beat 
count. Ten (10.64%) patients had multifocal PVCs. The most 
frequent morphology of PVCs (Table 3) was LBBB with inferior 
axis 54 (57.45%). Among patients with RBBB morphology, 18 
(19.15%) had the inferior axis and 16 (17.02%) patients had the 
superior axis. Two patients had previous ablation (one for typi-
cal atrial flutter and another for atrioventricular nodal reentrant 
tachycardia).

3.3   |   CMR Findings

All patients had biventricular volumes and function within nor-
mal 25th to 75th percentile (Table 4). A total of 67 (71.23%) pa-
tients had evidence of areas of LGE either in the left ventricle 
(n = 55), the right ventricle (n = 4), or both (n = 8). The median 
amount of LGE (percentage of ventricular mass) was 5% (25th 
to 75th percentile: 3.25% to 10.75%). The most common local-
ization of scar was in the interventricular septum in 19 patients 
(28.35%), the inferolateral wall in 14 patients (20.9%), and the 
anterolateral wall in 11 patients (14.42%). Out of the 67 patients 
presenting with areas of LGE, two patients had an ischemic pat-
tern suggestive of old embolic myocardial infarction.

3.4   |   Correlation of PVC Morphology, Clinical 
Characteristic, and Imaging Findings

The prevalence of areas of LGE identified by CMR was higher 
among patients with LBBB inferior axis morphology compared 
to others PVCs morphologies (n = 43 (64.18%) vs. n = 24 (35.82%); 
p < 0.05). Forty-seven 47 (78.33%) patients with PVCs with LBBB 
morphology had evidence of LGE on CMR compared to 20 
(58.82%) patients with RBBB morphology (p < 0.05) (Figure 2). 
There was no significant statistical difference between the pa-
tients with LBBB inferior axis compared to patients with LBBB 
superior axis (p = 0.46); eight out of the 10 patients with mul-
tifocal PVCs had scarring on CMR. There was no difference 
between the presence of LGE in patients with QRS fragmenta-
tion on ECG versus those without QRS fragmentation in sinusal 
beats (p = 0.4).

In univariate analysis, the predictors of LGE were: male sex (OR 
5.506, 95% CI: 2.092–14.49, p < 0.05), age ≥ 50 years (OR 1.047, 
95% CI: 1.015–1.08, p < 0.05), PVC burden (OR 1.922, 95% CI: 
1.723–1.976, p < 0.05), and a LBBB inferior axis (OR 4.09, 95% 
CI: 1.584–10.565, p < 0.05).

In multivariate analysis, age (OR 1.059; 95% CI: 1.019–1.099; 
p < 0.05) and a PVC LBBB inferior axis pattern (OR: 4.605; 95% 
CI: 1.472–14.404; p < 0.05) were independently correlated with 
the presence of LGE found on CMR (Table 5).

3.5   |   Correlation Between the Presence of LGE 
and the Need for Ablation in Patients With PVCs

Patients were followed for a period of 12 months. As part of our 
study protocol, patients were examined every 3 months by a clin-
ical examination, TTE, and 24-h Holter monitoring. Patients 
were referred for ablation if they were symptomatic in the 
context of frequent PVCs (despite of antiarrhythmic use), were 

TABLE 2    |    TTE findings.

Left ventricle

EDV index, mL/m2 47 ± 14

EF, % 58 ± 7

IVS thickness, mm 7.9 ± 1.8

LVMI, g/m2 67 ± 15

Right ventricle

RV FAC, % 47 ± 12

Left atrium

LAVI, mL/m2 55 ± 10

Note: Values are mean ± SD and n (%).
Abbreviations: EDV, end-diastolic volume; EF, ejection fraction; IVS, 
interventricular septum; LAVI, left atrial volume index; LVMI, left ventricular 
mass index; RV FAC, right ventricular fractional area change; TTE, 
transthoracic echocardiography.

TABLE 3    |    Arrhythmia features.

PVC burden, % of total beat count on 24 h 16.26% ± 8.68%

Multifocal PVCs 10 (10.64%)

Previous ablation 2 (2.13%)

12-lead ECG morphology of the dominant PVC

LBBB inferior axis 54 (57.45%)

LBBB superior axis 6 (6.38%)

RBBB inferior axis 18 (19.15%)

RBBB superior axis 16 (17.02%)

Other characteristics of PVCs

QRS width, ms 146 ± 17

Coupling interval, ms 477 ± 91

Note: Values are mean ± SD or n (%).
Abbreviations: LBBB, left bundle branch block; PVCs, premature ventricular 
contractions; RBBB, right bundle branch block.

https://www.sciencedirect.com/topics/medicine-and-dentistry/ejection-fraction
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suspected of having tachycardiomyopathy, or had a PVC burden 
of > 20%/24 h. During follow-up of 12 month, 34 (36.2%) patients 
underwent radiofrequency ablation. Acute procedural success 
was achieved in 33 cases (97%). Sustained VT was induced in 
none of cases. There was no periprocedural complication.

Among the patients with LGE on CMR, 22 (32.8%) required 
radiofrequency ablation versus 12 patients (44.4%) without 

scarring on CMR who required an ablation procedure, (p = 0.29) 
(Figure 3).

The characteristics of the patients, the arrhythmia features, the 
presence of the scar on the CMR, and the need for ablation are 
depicted in Table 6.

4   |   Discussion

Our study documents the prevalence of LGE identified by CMR 
imaging in patients without structural heart disease after the rou-
tine diagnostic workup (including ECG, echocardiography, and 
assessment of coronary arteries), in patients with frequent PVCs. 
Figure 4 demonstrates the presence of myocardial fibrosis by CMR 
in a patient with frequent PVCs who was included in the study.

The main findings are: (i) 71.23% of the patients with PVCs and 
apparently structurally normal heart present myocardial scarring 
(LGE) identified by CMR; (ii) the presence of LBBB with an in-
ferior axis pattern of PVCs and male sex and age ≥ 50 years are 
correlated with the presence of myocardial scarring; (iii) patients 
with myocardial scar identified by CMR tend to be more symp-
tomatic; (iv) Age and a PVC morphology of LBBB inferior axis are 
independently correlated with the presence of LGE on CMR; (v) 
The presence of LGE on CMR is not correlated with the need for 
ablation for PVCs. This highlights the limitations of the standard 
diagnostic tests and highlights the clinical utility of CMR in identi-
fying potential hidden cardiomyopathic substrates.

4.1   |   CMR Findings in Individuals With 
Apparently Idiopathic PVCs

In the last decades, CMR has proven to be a valuable imaging 
tool for various cardiac conditions, demonstrating the ability to 
precisely and reliably evaluate ventricular volumes, structure, 
and function (Ganesan et  al.  2018). There is limited informa-
tion on the clinical usefulness of CMR imaging in individuals 
who exhibit frequent PVCs without underlying structural heart 
disease identified by routine investigations. These patients have 
traditionally been considered at low-risk for cardiovascular 
events or sudden cardiac death (SCD) based on past longitudinal 

TABLE 4    |    CMR findings.

Left ventricle

EDV index, mL/m2 73 ± 14

ESV index, mL/m2 23 ± 7

EF, % 61 ± 8

Mass index, g/m2 60 ± 10

LGE 63 (67%)

Scar volume, % LV mass 5 (3.25–10.75)

The most common localization of scar

Basal interventricular septum 19 (28.35%)

Anterior 7 (10.4%)

Middle 17 (25.3%)

Posterior 11 (16.41%)

Inferolateral wall 14 (20.9%)

Anterolateral wall 11 (14.42%)

Right ventricle

EDV index, mL/m2 85 ± 13

ESV index, mL/m2 30 ± 10

EF, % 55 ± 10

LGE 4 (5.9%)

Note: Values are mean ± SD, n (%), and n (25th to 75th percentile).
Abbreviations: CMR, cardiac magnetic resonance; EDV, end-diastolic 
volume; EF, ejection fraction; ESV, end-systolic volume; LGE, late gadolinium 
enhancement; LV, left ventricle.

FIGURE 2    |    Prevalence of late gadolinium enhancement according to arrhythmia morphology: (A) LBBB inferior axis and other morphologies, 
(B) bundle branch block pattern. CMR, cardiac magnetic resonance; LBBB, left bundle branch block; RBBB, right bundle branch block.
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studies that showed minimal or no divergence in outcomes from 
the general population (Kennedy et al. 1985). Our group previ-
ously discussed this in a narrative review (Ailoaei et al. 2024).

There are several studies investigating the use of CMR in patients 
with idiopathic PVCs. The study conducted by Muser et al. (2020) 
included 518 patients identified predominantly through athlete 
screening (which may limit the generalizability of study) with 
frequent PVCs and negative routine diagnostic workup. In this 
study, myocardial abnormalities were detected in 85 (16%) of the 
patients, the presence of these abnormalities was significantly as-
sociated with male gender (odds ratio [OR]: 4.28; 95% confidence 
interval [CI]: 2.06–8.93; p = 0.01), a family history of sudden car-
diac death and/or cardiomyopathy (OR: 3.61; 95% CI: 1.33–9.82; 
p = 0.01), multifocal PVCs (OR: 11.12; 95% CI: 4.35–28.46; p < 0.01), 
and non-LBBB inferior axis morphology (OR: 14.11; 95% CI: 7.35–
27.07; p < 0.01) (Muser et al.  2020). Another study conducted by 
Hosseini et al. (2022) included 255 patients with a wide range of 
PVC burden and LVEF. 35 patients (13.7%) had evidence of myo-
cardial abnormality on CMR, and the independent predictors were 
age ≥ 60 years (OR: 6.96; 95% CI: 1.30–37.18), multifocal PVCs (OR: 
10.90; 95% CI: 3.21–36.97), and non-outflow tract left ventricular 
PVC origin (OR: 3.00; 95% CI: 1.00–8.95) (Hosseini et al. 2022).

In our study. 71.23% of the patients had evidence of LGE by 
CMR. This percentage is much higher than the one reported by 
the previously mentioned studies, probably secondary to a se-
lection bias, since our cohort was selected from a tertiary cen-
ter for arrhythmias that included mostly symptomatic patients. 
Additionally, in line with the literature, PVCs with LBBB in-
ferior axis pattern, age, and male sex were associated with the 
presence of abnormalities found on CMR.

4.2   |   Prognostic Value of CMR Scarring in Patients 
With Idiopathic PVCs

Myocardial scarring detected by CMR in patients presenting 
with apparently idiopathic PVCs has an important practical 
value in terms of risk stratification as has been shown in previ-
ous studies (Muser et al. 2020; Hosseini et al. 2022; Nikolaidou 
et al. 2021).

In the study conducted by Muser et al. (2020), following a me-
dian follow-up period of 67 months, a composite endpoint, 
which included SCD, resuscitated cardiac arrest, nonfatal ep-
isodes of ventricular fibrillation (VF), or sustained ventric-
ular tachycardia (VT) necessitating appropriate implantable 
cardioverter-defibrillator therapy occurred in 26 patients (5%, 
p < 0.01). The occurrence of this composite outcome was nota-
bly higher among individuals with myocardial abnormalities in 
CMR, with 25 individuals (29%) experiencing the outcome, in 
contrast to only 1 individual (0.2%) without such abnormalities 
(p < 0.01) (Muser et al. 2020).

This was confirmed also by Hosseini et al. (2022) after a median 
follow-up of 36 months, the composite outcome (all-cause mor-
tality, nonfatal episode of VF or sustained VT requiring inter-
vention, and reduction in LVEF of ≥ 10% compared to baseline 
LVEF) occurred in 15 (5.9%) patients. The presence of a myo-
cardial abnormality on CMR was independently associated with 
the composite outcome (HR: 4.35; 95% CI: 1.34–14.15; p = 0.014) 
(Hosseini et al. 2022).

However, our study did not show a correlation between the 
presence of LGE on CMR and the need for ablation (p = 0.29). 
This is probably due to the inclusion bias in the study as well 
as the too small group of patients included in the study. In the 
future, we plan a long-term follow-up to study if the presence 
of the scar detected by CMR imaging correlates with mortal-
ity from cardiac causes, the development of cardiomyopathy, 
the need for ICD implantation, and malignant ventricular 
arrhythmias.

4.3   |   Clinical Implication

The risk of major adverse cardiovascular events in patients with 
frequent PVCs and no structural heart disease is considered 
to be low (Lee et al. 2019; Anderson et al. 2019). Nonetheless, 
a minority of patients may encounter unfavorable clinical 

FIGURE 3    |    Long-term outcome. CMR, cardiac magnetic resonance; 
LGE, late gadolinium enhancement; PVCs, premature ventricular 
contractions.

TABLE 5    |    Univariate and multivariate logistic regression analysis of baseline covariates correlated with LGE on CMR.

Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Age > 50 years 1.047 (1.015–1.08) < 0.05 1.059 (1.019–1.099) < 0.05

Male sex 5.506 (2.092–14.49) < 0.05 3.296 (0.89–12.205) 0.074

PVC burden 1.922 (1.723–1.976) < 0.05 0.929 (0.861–1.001) 0.054

LBBB inferior axis 4.09 (1.584–10.565) < 0.05 4.605 (1.472–14.404) < 0.05

Abbreviations: CI, confidence interval; LAVI, left atrial volume index; LBBB, left bundle branch block; OR, odds ratio; PVCs, premature ventricular contractions. 
Statistically significant correlations are presented in bold values.
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consequences, underscoring the necessity to stratify patients 
based on the risk of such outcomes (Muser et al. 2020; Hosseini 
et al. 2022; Nikolaidou et al. 2021).

Risk models for adverse outcomes in this population are cur-
rently scarce (Voskoboinik et al. 2020; Thibert et al. 2021), and 
the identification of individuals at elevated risk for unfavorable 
clinical events may guide the implementation of more assertive 
treatments to avert such occurrences.

Our study supports the use of CMR in all patients with frequent 
PVCs, particularly in males > 50 years old with LBBB inferior 
axis pattern PVCs. Moreover, in our cohort, based on the CMR 
results, genetic testing was discussed with a total of 21 LGE 
positive patients. Out of these 21 patients, genetic testing was 
performed in 13 patients. Six patients had pathogenic mutations 
(two DSP, two TTN, one FLNC, and one PLN) that led to fam-
ily screening and personalized treatment. Data regarding these 
findings will be disseminated by our group in future research 
papers.

4.4   |   Study Limitations

This was a single center study that included patients addressed 
to our tertiary center for the management of arrhythmias. 
As such, the characteristics of the patient population might 

have been affected by selection and/or referral bias. This lack 
of standardization may have introduced unmeasured con-
founding variables, potentially leading to an overestimation 
of the prevalence of abnormalities on CMR within our sam-
ple. Electrophysiological study was not routinely performed, 
therefore, a robust correlation between the origin of PVCs and 
the location of myocardial abnormalities identified by CMR 
could not be established.

5   |   Conclusions

Our study shows that the majority of the patients with fre-
quent PVCs and apparently structurally normal heart present 
myocardial scarring identified by CMR. PVCs with LBBB in-
ferior axis pattern, age ≥ 50 years, and male sex are associated 
with the presence of abnormalities on CMR. In view of the 
growing body of evidence suggesting that CMR may hold a 
prognostic role in patients with PVCs, with diagnostic and 
therapeutical implications, more studies are needed for defin-
itive conclusions.
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