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See the editorial comment for this article ‘How can we sort out our patients before sending them to the cardiac magnetic resonance 
laboratories?’, by R. Baba, https://doi.org/10.1093/eurjpc/zwae058.

Aims Right bundle branch block (RBBB) morphology non-sustained ventricular arrhythmias (VAs) have been associated with the 
presence of non-ischaemic left ventricular scar (NLVS) in athletes. The aim of this cross-sectional study was to identify 
clinical and electrocardiogram (ECG) predictors of the presence of NLVS in athletes with RBBB VAs.

Methods 
and results

Sixty-four athletes [median age 39 (24–53) years, 79% males] with non-sustained RBBB VAs underwent cardiac magnetic 
resonance (CMR) with late gadolinium enhancement in order to exclude the presence of a concealed structural heart dis-
ease. Thirty-six athletes (56%) showed NLVS at CMR and were assigned to the NLVS positive group, whereas 28 athletes 
(44%) to the NLVS negative group. Family history of cardiomyopathy and seven different ECG variables were statistically 
more prevalent in the NLVS positive group. At univariate analysis, seven ECG variables (low QRS voltages in limb leads, 
negative T waves in inferior leads, negative T waves in limb leads I–aVL, negative T waves in precordial leads V4–V6, presence 
of left posterior fascicular block, presence of pathologic Q waves, and poor R-wave progression in right precordial leads) 
proved to be statistically associated with the finding of NLVS; these were grouped together in a score. A score ≥2 was 
proved to be the optimal cut-off point, identifying NLVS athletes in 92% of cases and showing the best accuracy (86% 
sensitivity and 100% specificity, respectively). However, a cut-off ≥1 correctly identified all patients with NLVS (absence 
of false negatives).

Conclusion In athletes with RBBB morphology non-sustained VAs, specific ECG abnormalities at 12-lead ECG can help in detecting sub-
jects with NLVS at CMR.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Lay summary In athletes with right bundle branch block (RBBB) morphology non-sustained ventricular arrhythmias (VAs), the presence of 
a non-ischaemic left ventricular scar (NLVS) may be highly suspected if one or more of the following electrocardiogram 
(ECG) characteristics are present at the 12-lead resting ECG: low QRS voltages in limb leads, negative T waves in inferior 
leads, negative T waves in limb leads I–aVL, negative T waves in precordial leads V4–V6, presence of left posterior fascicular 
block, presence of pathologic Q waves, and poor R-wave progression in right precordial leads. This score should be 
externally validated in a larger population of athletes with VAs.   
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• In athletes with RBBB morphology non-sustained Vas, attention should be placed on the 12-lead resting ECG to suspect 
the presence of an NLVS.

• In athletes with RBBB VAs and the presence of one or more of the identified ECG characteristics, a cardiac magnetic 
resonance with late gadolinium enhancement is useful to rule out an NLVS.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Graphical Abstract

12-lead	res+ng	ECG	parameters	associated	with	the	presence	of	
LV	scar	at	CMR		

1.	Low	QRS	voltages	in	limb	leads	

2.	Nega+ve	T-waves	in	inferior	limb	leads	

3.	Nega+ve	T-waves	in	limb	leads	I-aVL	

4.	Nega+ve	T	waves	in	precordial	leads	V4-V6	

5.	Presence	of	leK	posterior	fascicular	block	

6.	Presence	of	pathologic	Q	waves	

7.	Poor	R-wave	progression	in	right	precordial	leads			
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Introduction
Premature ventricular beats (PVBs) are not an uncommon finding in 
young athletes undergoing pre-participation screening.1 Although gen-
erally considered a benign phenomenon,2,3 in a minority of cases, they 
may be the expression of a structural heart disease (SHD). Premature 
ventricular beats are therefore a matter of concern in athletes because 
the presence of an unrecognized SHD carries a risk of sudden cardiac 
death during sports activity.4

An SHD can be identified at pre-participation evaluation in many cases, 
because of abnormal clinical and electrocardiographic findings that point 
to a specific disease or prompt further diagnostic exams (mainly echocar-
diography), which may be effective in defining a diagnosis.5,6 However, in 
subjects with frequent PVBs, the standard diagnostic workup often fails to 
identify signs of SHD, being the arrhythmias an isolated abnormal finding. 
In recent years, cardiac magnetic resonance (CMR) has gained momen-
tum as an invaluable tool to identify a concealed SHD in apparently 
healthy subjects with frequent PVBs or non-sustained ventricular arrhyth-
mias (VAs).7,8 Non-ischaemic left ventricular scar (NLVS) is the most fre-
quent pathological finding at CMR in subjects with VA and an otherwise 
negative diagnostic workup.9,10 Non-ischaemic left ventricular scar can be 

also found in association with well-defined forms of SHD, including car-
diomyopathies, infiltrative heart diseases, and myocarditis.11–13 Most im-
portantly, the presence of NLVS has been strongly associated with the 
occurrence of malignant VA and an adverse prognosis.10,14–17 The likeli-
hood that NLVS may be found at CMR in an apparently healthy subject 
with frequent PVBs mainly depends on the electrocardiographic morph-
ology of the ectopic beats. Idiopathic or common pattern PVBs, i.e. those 
occurring in the absence of SHD, more often present with an ‘infundibo-
lar’ [left bundle branch block (LBBB) and inferior axis] or a ‘fascicular’ [typ-
ical right bundle branch block (RBBB) and duration <130 ms] QRS 
pattern. On the other hand, different and uncommon QRS morphologies, 
such as LBBB with a superior axis or atypical RBBB, may be more likely the 
expression of an SHD.9,10,18–21 Moreover, despite some left ventricular 
(LV) sites as the mitral valve annulus and papillary muscles can give rise 
to idiopathic forms of VA, atypical RBBB morphology arrhythmias (almost 
always originating from the LV) have been strongly linked to the presence 
of NLVS.

Besides the analysis of the PVBs features, the role of a 12-lead surface 
electrocardiogram (ECG) in predicting the presence of NLVS at CMR is 
not well defined. Several abnormalities, mainly inferolateral T-wave in-
version and low QRS voltages in limb leads, have been described in 
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athletes with NLVS,9,14,20 but the prevalence of these findings has been 
reported to be low, having most subjects a normal ECG.

The aim of our study was to investigate the ECG characteristics of 
apparently healthy athletes with non-sustained VA presenting with at 
least one RBBB morphology ventricular premature beat, in relation 
to the presence of NLVS at CMR.

Methods
Study population and clinical evaluation
Our study population includes consecutive athletes with frequent PVBs 
(>500/24 h) and/or repetitive VAs such as couplets or non-sustained ven-
tricular tachycardia. Only subjects with PVBs consistent with LV origin, 
based on QRS morphology at 12-lead ECG (RBBB with superior/intermedi-
ate or inferior axis), were included.

The athletes were enrolled between 2018 and 2020, among those under-
going pre-participation screening or those who were referred to our out-
patient centre for VAs, dedicated to the clinical management of athletes 
with suspected or ascertained arrhythmic diseases.

Athletes younger than 18 years were excluded. In order to avoid the con-
founding effect of obesity on ECG parameters, only subjects with a body 
mass index <25 kg/m2 were included. Both competitive and non- 
competitive athletes were enrolled. Non-competitive athletes could be in-
cluded in the study only if their training could meet some requirements: at 
least three training sessions per week and at least 5 h of training a week. 
According to the Italian classification, athletes over 40 years of age were 
considered as ‘master’ athletes.

Every subject underwent clinical basic evaluation (including familiar and 
personal medical history, physical examination), 12-lead surface standard 
ECG, bidimensional trans-thoracic echocardiography, and 24 h ECG 
Holter monitoring. A cycle ergometer exercise test with step increments 
of 30 W every 2 min was performed as well. Cardiac/coronary arteries 
computed tomography scan, coronary angiography, and electrophysiologic 
invasive study were performed in selected cases.

Only athletes without an overt SHD at routine clinical workup were en-
rolled in the study. Subsequently, every athlete underwent CMR in order to 
further investigate the presence of a concealed SHD, as a possible cause of 
clinical arrhythmias. According to the presence or absence of late gadolin-
ium enhancement (LGE) at CMR without other features of a concealed car-
diomyopathy, the patients were divided into two groups: Group A, athletes 
with evidence of LGE at CMR, and Group B, athletes without evidence of 
LGE at CMR.

All athletes gave signed informed consent after counselling in accordance 
with the Declaration of Helsinki of 2001 and under the recommendation of 
the institutional ethical review board.

Electrocardiogram analysis
Electrocardiograms were recorded at a paper speed of 25 mm/s, filter 
range of 0.15–50 Hz, AC filter of 60 Hz, and gain setting of 10 mm/mV. 
The ECG tracings were manually analysed by two separate expert cardiol-
ogists (L.S. and A.S.), unaware of the study objectives, and differences were 
solved by consensus.

The following ECG data were collected: rhythm type, heart rate, PR 
interval, QRS axis in the frontal plane, presence of any intraventricular con-
duction delay: LBBB, anterior or posterior left fascicular block, complete 
RBBB, and non-specific intraventricular conduction delay. The presence 
of seven additional potentially abnormal ECG features was also evaluated: 
(i) pathologic Q waves defined as Q/R ratio ≥0.25 or ≥40 ms in duration 
in two or more leads, excluding III and aVR22; (ii) poor R-wave progression 
in right precordial leads, defined as an R-wave amplitude of 3 mm or less in 
precordial lead V3. The ECG was standardized, so that a 10 mm deflection 
was equal to 1 mV and when the R-wave amplitude in lead V2 was equal to 
or smaller than the R-wave amplitude in V323; (iii) negative T waves ≥1 mm 
in depth, except in limb leads aVR and III and in precordial lead V1 in at least 
in two or more inferior limb leads II, III, and aVF; (iv) negative T waves in limb 
leads I and/or aVL; (v) negative T waves in right precordial leads V1–V3; 
(vi) negative T waves in at least two adjacent leads between precordial leads 
V4 and V624; and (vii) low voltages in limb leads (defined as the amplitude of 

the QRS complex measured from nadir to zenith of QRS <0.5 mV in limb 
leads with a total limb lead QRS amplitude of <30 and/or <1.0 mV in all pre-
cordial leads and/or SV1 +RV5 or V6 <1.5 mV.25

Cardiac magnetic resonance imaging
Scan protocol
Cardiac magnetic resonance imaging was performed with 1.5 T systems 
(Prodiva, Philips Healthcare, Amsterdam, The Netherlands) using dedi-
cated cardiac software, a phased array surface receiver coil, and vectorcar-
diogram triggering. All patients underwent detailed contrast-enhanced 
CMR study protocol including post-contrast sequences. Images were 
acquired using a two-dimensional (2D) steady-state free precession 
(cine-SSFP) sequence in sequential short-axis views (slice thickness 
8 mm, gap 0 mm, repetition time 2.6–3.8 ms, echo time 1.1–1.7 ms, aver-
age in-plane resolution 2 × 2.4 mm, flip angle 45°–60°, and temporal reso-
lution 30–50 ms) and long-axis views (two-chamber, three-chamber, and 
four-chamber views).

Also, T2-weighted turbo spin echo BlackBlood imaging (repetition time 
60 ms, echo time 2600–2900 ms, average in-plane spatial resolution 
2.2 × 3.0 mm, slice thickness 8 mm, gap 2–4 mm, and flip angle 90°) was ac-
quired in sequential short-axis views and four-chamber long-axis views.

At least 10 min after intravenous administration of 0.2 mmol/kg gadolin-
ium, 2D inversion recovery turbo field echo sequences (repetition time 
5.2–7.7 ms, echo time 1.3–3.8 ms, average in-plane spatial resolution 
2.4 × 3.3 mm, slice thickness 10 mm, gap 0 mm, and flip angle 20°–25°) 
were acquired in short-axis views (9–13 images covering the entire LV) 
and long-axis views (two-chamber and four-chamber views). Inversion 
times were adjusted to null normal myocardium using the look-locker 
sequence.

Image analysis
Right ventricular and LV volumes and systolic functions and absolute and in-
dex LV myocardial mass, excluding papillary muscles from the myocardium, 
were calculated from the short-axis cine images, using a dedicated worksta-
tion (IntelliSpace Portal, Philips Healthcare).

For qualitative reporting, LV was divided into five regions: anterior wall, 
lateral wall, posterior–inferior wall, septum, and apex. The presence of LGE 
in each segment was determined by an expert radiologist with the Society 
of Cardiovascular Magnetic Resonance level-3 experience (M.D.R.), who 
was blinded to the clinical data and to the study protocol purpose. Late 
gadolinium enhancement was quantified only if present in two orthogonal 
views, using a signal intensity threshold of >2 SD above a remote reference 
region, and quantified by a semi-automatic detection and was expressed as a 
per cent of total LV mass, as previously described.20 The pattern of LGE dis-
tribution and morphology was characterized as either epicardial/mid- 
myocardial or patchy/junctional spotty.

Statistical analysis
For descriptive statistics, continuous variables were reported as median 
(inter-quartile range) and categorical variables as percentage, calculated 
using known non-missing values. Differences between the groups LGE+ 
and LGE− were tested using the Mann–Whitney for continuous variables. 
For categorical variables, between-group differences were assessed using 
the Pearson χ2 test or Fisher’s exact test for large-expected or 
small-expected counts, respectively. Significance level was set at P = 0.05. 
Univariate logistic regression was performed, including the baseline charac-
teristics of the patients and ECG parameters (any anomalous findings such 
as conduction delays and the seven additional potentially pathological ECG 
features evaluated) in order to define their relationship with LGE. 
Electrocardiogram characteristics showing statistical significance (P-value 
<0.05) in univariate analysis and those exclusively observed in the LGE+ 
group, with no instances in the LGE− group, were combined together in 
order to generate a score to predict the presence of LGE at CMR.

The prediction performance of the score was estimated with a receiver 
operating curve (ROC) analysis. The cut-off value of the score was selected 
by the maximization of the proportion of correctly classified observations, 
choosing the best compromise between sensitivity and specificity. For the 
proposed cut-off value of the score, positive predictive value and negative 
predictive value were calculated.
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Results

Patients’ population characteristics
Sixty-four athletes with non-sustained RBBB VAs [median age 39 years, 
range 24–53 years, 50 (79%) males] and a negative first-line diagnostic 
workup underwent CMR and were divided into two groups according 
to the presence or absence of LGE with non-ischaemic distribution 
(mid-myocardial and/or sub-epicardial): (i) LGE+ group: 36 athletes 
(56%) with evidence of LGE (29 males, 83%) and (ii) LGE− group: 28 
athletes (44%) without evidence of LGE (21 males, 75%). As shown 
in Table 1, there were no statistically significant differences among 
groups regarding gender, age, type of sport, and competitive activity 
prevalence. Master athletes were equally distributed in the two groups. 
A significant prevalence of a family history of cardiomyopathy and a 
non-significant trend towards a higher percentage of patients with a 
family history of sudden death were observed in the LGE+ group. 
The presence of symptoms was not statistically different between 
groups, but three patients in the LGE+ group had experienced cardiac 
arrest. A non-significant trend towards a higher prevalence of syncope 
was observed in the LGE+ group. The study flowchart is presented in 
Figure 1.

Prevalence of electrocardiogram 
abnormalities
The prevalence of ECG abnormalities was compared between LGE+ 
and LGE− groups (Table 2). Low QRS voltages in limb leads, negative 
T waves in inferior leads, negative T waves in limb leads I and aVL, nega-
tive T waves in precordial leads V4–V6, pathologic Q-waves, and poor 
R-wave progression in precordial leads resulted to be significantly 
prevalent in the LGE+ group.

Cardiac magnetic resonance
In the LGE+ group, in 35 athletes out of 36 (97%), LGE was present in 
the lateral wall. Twenty-five athletes (69%) showed LGE in the infero- 
posterior wall. In seven athletes (19%), LGE was localized in the anter-
ior wall. An apical or septal LGE distribution was observed in four (11%) 
and seven athletes (19%), respectively.

All patients with LGE+ showed a sub-epicardial and/or mid- 
myocardial pattern, compatible with NLVS. In 29 athletes (80%), 
NLVS was located in at least two different walls. In many cases, a ‘stria’ 
pattern, defined as sub-epicardial and/or mid-myocardial linear LGE de-
tectable in at least three contiguous segments in the same short-axis 
slice,19–21 was also recognizable.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patients’ anthropometric and clinical characteristics

Overall  
(N = 64)

Athletes with CMR LGE+  
(N = 36)

Athletes with CMR LGE−  
(N = 28)

P-valuea

Male gender, n (%) 50 (79) 29 (82.9) 21 (75.0) 0.444

Age (years) 39 (24–53) 42 (27–54) 38 (24–53) 0.409

Sport
Soccer 13 (20) 8 (22) 5 (18) 0.667

Running 11 (17) 6 (17) 5 (18) 0.900

Cycling 10 (16) 6 (17) 4 (14) 0.795
Volley 7 (11) 2 (6) 5 (18) 0.118

Swimming 4 (6) 3 (8) 1 (4) 0.435

Boxe/kick boxing 3 (5) 1 (3) 2 (7) 0.709
Other 17 (27) 11 (31) 6 (21) 0.134

Competitive activity 33 (52) 17 (47) 16 (57) 0.431

Master athletes (age over 40 years) 35 (55) 21 (58) 14 (50.0) 0.506
Family history

Family history of sudden death 6 (9) 5 (14) 1 (4) 0.160

Family history of cardiomyopathy 5 (8) 5 (14) 0 (0) —
Clinical history

Symptoms present 33 (52) 20 (56) 13 (46) 0.469

Palpitations 23 (36) 12 (34) 11 (39) 0.682
Syncope 4 (6) 4 (11) 0 (0) —

Cardiac arrest 3 (5) 3 (8) 0 (0) —

Other 8 (12) 5 (14) 3 (11) 0.703
Regional LV wall motion abnormalities at echocardiogram 2 (3) 1 (3) 1 (4) 0.887

CMR features

Moderate to severe LV EF depression 0 0 0 —
Mild LV EF (45–50%) depression 4 (6) 3 (8) 1 (4) 0.547

Mild LV dilatation 5 (8) 3 (9) 2 (7) 0.691

Mild RV dilatation 4 (6) 2 (6) 2 (7) 0.819

The P-value has been omitted when one of the comparators was zero. 
EF, ejection fraction; LGE, late gadolinium enhancement; LV, left ventricular; CMR, cardiac magnetic resonance; RV, right ventricular. 
aThe Mann–Whitney U test or the Pearson χ2 for differences between groups LGE+ and LGE− for continuous and categorical variables as appropriate.

ECG predictors of NLVS                                                                                                                                                                              489
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/31/4/486/7514330 by guest on 19 June 2024



In three athletes (8%) with NLVS, a junctional pattern was documen-
ted, as well. Other CMR features are shown in Table 1.

Positive late gadolinium enhancement 
predictors
Predictive factors for the presence of LGE are shown in Table 3. At 
univariate logistic regression analysis, among the patients’ clinical 
characteristics only a family history of cardiomyopathy resulted to 
be strongly associated with LGE finding at CMR, whereas male gen-
der, age, family history of sudden death, condition of master athlete, 
competitive activity practicing, and presence of symptoms were 
not.

According to ECG features, four variables were present only in the 
LGE+ group: low QRS voltages in limb leads, negative T waves in pre-
cordial leads V4–V6, presence of left fascicular posterior block, and 
presence of pathologic Q waves. A significant correlation with LGE at 
CMR was found for negative T waves in inferior leads, negative T waves 
in limb leads I and aVL, and poor R-wave progression in precordial leads.

Electrocardiogram score
All ECG variables present only in the LGE+ group, and those proved to 
be statistically associated with the presence of LGE at univariate analysis 
were selected to build a score, aimed to predict the presence of LGE. 
Precisely, seven variables were considered: low QRS voltages in limb leads, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Prevalence of electrocardiogram anomalies by the presence of late gadolinium enhancement at cardiac 
magnetic resonance

All  
(N = 64)

LGE+  
(N = 36)

LGE−  
(N = 28)

P-valuea

Low voltages in limb leads 20 (31) 20 (56) 0 (0.0) —

Negative T-wave in inferior leads 17 (27) 16 (44) 1 (4) <0.001
Negative T-wave in limb leads I–aVL 18 (28) 14 (39) 4 (14) 0.030

Negative T-wave in precordial leads V4–V6 12 (19) 12 (33) 0 (0.0) —

Negative T-wave in precordial leads V1–V3 8 (12) 7 (19) 1 (4) 0.057
Left posterior fascicular block 4 (6) 4 (11) 0 (0.0) —

Left anterior fascicular block 6 (9) 5 (14) 1 (4) 0.160

Pathologic Q waves 7 (11) 7 (19) 0 (0.0) —
Poor R-wave progression 14 (22) 11 (31) 3 (11) 0.034

aThe Pearson χ2 for differences between the groups LGE+ and LGE− for categorical variables. The P-value has been omitted when one of the comparators was zero.

Figure 1 Diagram of the study protocol. CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; NLVS, non-ischaemic left ventricular 
scar; RBBB, right bundle branch block; SHD, structural heart disease; VAs, ventricular arrhythmias.
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negative T waves in inferior leads, negative T waves in limb leads I and aVL, 
negative T waves in precordial leads V4–V6, presence of left posterior fas-
cicular block, presence of pathologic Q waves, and poor R-wave progres-
sion in right precordial leads. The weight associated with each variable was 
assigned the value of 0 if absent and 1 if present. Therefore, the score could 
range from a minimum of 0 to a maximum of 7.

Based on the analysis of ROC curves, an optimal cut-off point ≥2 to 
identify athletes with LGE at CMR based on the ECG was extrapolated. 
In fact, a score ≥2 correctly classified the 34 athletes of Group A as car-
riers of NLVS in 92% of cases, showing the best sensitivity and specifi-
city (86 and 100%, respectively). However, a cut-off ≥1 rendered it 
possible to optimize sensitivity, correctly identifying all patients with 
NLVS (absence of false negatives). Figure 2 summarizes the data relative 
to each score model cut-off point and shows the ROC curve relating to 
the score prediction performance.

Discussion
We studied a population of apparently healthy athletes with RBBB 
morphology non-sustained VAs, to evaluate the association between 
the presence of 12-lead ECG abnormalities and the finding of NLVS 
at CMR. The main results of the study were as follows: (i) the presence 
of NLVS was identified at CMR in 56% of the study population; (ii) at 
univariate analysis, some electrocardiographic abnormalities proved 
to be associated with the presence of NLVS; (iii) when such variables 
were grouped to build a score, in order to predict the presence of 
NLVS, a cut-off point of two yielded optimized sensitivity and specificity 
values of 86 and 100%, respectively; and (iv) lowering the cut-off point 
of the score to 1, increased the sensitivity to 100%, while maintaining an 
acceptable specificity, which means that none of the subjects with 
NLVS were classified as a negative ECG.

Ventricular arrhythmias and left 
ventricular scar in athletes
Systematic pre-participation screening in competitive athletes has been 
established in Italy since 1982. This approach has proved capable of 

reducing the incidence of sport-related sudden death in the screened 
population by up to 89%.5 Mortality reduction was predominantly 
due to the increased identification of clinically silent SHD, mainly hyper-
trophic cardiomyopathy and arrhythmogenic cardiomyopathy. Since 
cardiomyopathies, as well as some inheritable non-SHDs, may present 
with a specific ECG pattern, their presence can be suspected at pre- 
participation screening that is essentially based on ECG evaluation 
(Figure 3).

Frequent PVBs may be encountered in athletes undergoing system-
atic resting and exercise ECGs. When the presence of SHD is subse-
quently ruled out (which has been usually intended as the absence of 
pathological findings at clinical examination, echocardiogram, and stress 
testing), PVBs have long been considered a benign phenomenon and a 
possible manifestation of athlete’s heart.2,3,26–28 However, evidence has 
grown that in a non-negligible percentage of cases, PVBs are the expres-
sion of a concealed SHD.29–31 In recent years, CMR by means of differ-
ent techniques has been able to identify a number of cardiac structural 
and functional abnormalities that are not detectable at echocardiog-
raphy. The most frequent structural abnormality found at CMR in sub-
jects with frequent VA is NLVS,9,10 which has been defined as the 
presence of LGE in the LV with a mid-ventricular or sub-epicardial dis-
tribution, in the absence of significant coronary artery disease.14 It may 
present both as an isolated finding27 or in the setting of a definite SHD.8

The main determinant of NLVS prevalence in patients with frequent 
non-sustained VAs is the ventricular site of the origin of the PVBs, 
when dichotomized as right or left. Muser et al.10 found LGE in the 
LV in 15% of patients with frequent PVBs and a negative diagnostic 
workup; however, patients with RBBB pattern PVBs more often had 
abnormalities at CMR (mainly NLVS) than patients with LBBB pattern 
PVBs (51 vs. 5%). Similarly, Nucifora et al.19 found that the prevalence of 
LV fibrosis in patients with VA and no evidence of SHD was higher in an 
RBBB than in an LBBB subset (41 vs. 4%). Since we evaluated subjects 
who had at least one ectopic QRS morphology consistent with an LV 
origin and repetitive PVBs, our finding of a 56% prevalence of NLVS 
at CMR appears to be in line with previous studies.

Non-ischaemic left ventricular scar, which mostly presents with a 
sub-epicardial and/or mesomyocardial pattern and a ‘stria’ appearance, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Univariate logistic regression for predictors of late gadolinium enhancement

Odds ratio Confidence interval (95%) P-valuea

Male 0.62 (0.18–2.12) 0.446

Age (years) 1.03 (0.99–1.06) 0.148
Familiarity for sudden death 4.35 (0.48–39.62) 0.192

Familiarity for cardiomyopathy —

Master athletes (age over 40 years) 1.40 (0.51–3.78) 0.507
Competitive activity 0.67 (0.25–1.81) 0.432

Symptoms present 1.44 (0.53–3.89) 0.469

Low voltages in limb leadsa —
Inferior negative T waves 24.1 (2.96–197.36) 0.003

Negative T-wave in limb leads I–aVL 4.28 (1.23–14.94) 0.022

Negative T-wave in precordial leads V4–V6a —
Negative T-wave in precordial leads V1–V3 6.52 (0.75–56.58) 0.089

Left posterior fascicular blocka —

Left anterior fascicular block 4.35 (0.49–40.98) 0.182
Pathologic Q wavea —

Poor R-wave progression in right precordial leads 4.17 (1.04–16.62) 0.043

The components of prediction score are as follows: low QRS voltage, inferior negative T-wave, negative T-wave in limb leads I–aVL, negative T-wave in precordial leads V4–V6, negative 
T-wave in precordial leads V1–V3, left posterior fascicular block, left anterior fascicular block, pathologic Q wave, and poor R-wave progression in precordial leads. 
aOdds ratio has been omitted.
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was the most frequent pathological finding in sudden deaths occurring 
during sports.14 Together with the presence of RBBB pattern VA, a stria 
pattern NLVS has been considered the hallmark of the left-dominant 
form of arrhythmogenic cardiomyopathy (LDAC).32,33 Recently, a stria 
pattern NLVS has been associated with mutations in desmoplakin and 
filamin C genes, further detailing the diagnostic framework of 
LDAC.26,34,35 However, when genetic typing is not available and a clear 
family history of cardiomyopathy or sudden death is lacking, the diagno-
sis of LDAC is often difficult, even considering that a stria pattern NLVS 
may also be encountered in other conditions, mainly in chronic or 
healed myocarditis.36

In patients with LDAC, lateral T-wave inversion32 and low QRS voltages 
in limb leads14 have been reported. In analogy with arrhythmogenic right 
ventricular cardiomyopathy, which presents ECG abnormalities in the vast 
majority of cases,37 ECG would be expected to manifest a wide range of 
abnormalities in LDAC as well. However, if we consider subjects with 
RBBB VAs and NLVS, in the absence of a definite diagnosis of SHD, the 
prevalence and type of ECG anomalies are not clearly defined.

Zorzi et al.20 studied 35 athletes with non-sustained and sustained 
VA and NLVS; they found evident abnormalities of the surface ECG 
in 37% of subjects, among which the most common were low QRS vol-
tages in limb leads and T-wave inversion in inferolateral leads; 28/35 
(80%) of the athletes had VA with a predominant RBBB morphology, 
whereas 27/35 (77%) showed a stria pattern NLVS at CMR. In the latter 
subgroup, the prevalence of repolarization abnormalities was higher, 
reaching 48%.20 Differently from Zorzi et al.,20 we selected only ath-
letes who had at least one VA morphology consistent with an LV origin; 

therefore, in this highly selected study population, we identified ECG 
predictors more easily. We found in our patients at least one abnormal 
ECG finding, among those included in the score, in 70% of 64 athletes 
with non-sustained VA; in those who had NLVS, an abnormal ECG was 
present in 100% of cases. Other authors who evaluated the association 
between LV scar and VA preventively excluded from their analysis the 
patients with an abnormal ECG10,19,21; in other cases, surface ECG fea-
tures, with regards to the possible presence of abnormalities, were not 
specified.8,18

Prediction of ventricular scar by 
electrocardiogram
Several attempts have been made to predict the presence of ventricular 
scar by surface ECG analysis. The Selvester QRS score predicts the 
presence of a ventricular scar based on QRS features at 12-lead surface 
ECG; it was first proposed in 1972 and has undergone gradual improve-
ments over the following years.38 Although the Selvester score has 
been extensively validated first in comparison with autopsy findings 
and more recently with CMR,38,39 it was originally validated for the pre-
diction of size and location (and not just the presence) of ischaemic 
scars (that are sub-epicardial/transmural). Moreover, the accuracy of 
the Selvester score in the presence of ECG confounders, mainly 
LBBB, proved to be limited.39,40

Fractionated QRS has been associated with both myocardial scar and 
an adverse prognosis.41 However, it is frequently found in apparently 

Figure 2 The receiver operating characteristic curve is the plot of the true-positive rate against the false-positive rate, and it illustrates the perform-
ance of the model at varying threshold values for the prediction of non-ischaemic left ventricular scar at cardiac magnetic resonance with late gadolinium 
enhancement.
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healthy individuals, and criteria to distinguish between benign forms and 
those associated with scars have not been clearly established.

Diagnosing scar at pre-participation 
screening
In the last few years, CMR has demonstrated high accuracy in the study 
of cardiac structure and function, in addition to its unique ability to per-
form cardiac tissue characterization becoming the gold standard meth-
od in this field. Accordingly, CMR has become a diagnostic standpoint in 
the evaluation of athletes with VAs.1,42 In daily clinical practice, how-
ever, CMR has some limitations: it is expensive and not yet widely avail-
able; claustrophobic patients and those with metal inserts may be 
unable to undergo the examination. For these reasons, it is difficult 
to systematically include CMR as part of the clinical workout of athletes 
who have VAs.

The pre-participation screening for competitive activity in Italy43 and 
in Europe44 is mainly based on clinical evaluation and 12-lead standard 
surface ECG interpretation. Therefore, it is important to define the 
diagnostic power of ECG in identifying subjects who could have clinically 
silent cardiac abnormalities, which is particularly important also in emer-
ging athletic populations such as paediatric and master athletes.45–47

We found that several ECG abnormalities were associated with the 
presence of NLVS; based on this result, we built an electrocardiograph-
ic score to predict the presence of NLVS. The index range extends 
from 0 to 7, and a score of 2 or more points allowed to optimize sen-
sitivity and specificity, which reached values of 86 and 100%, respective-
ly. Moreover, a score equal to 0 points was present in no athlete with 
NLVS. This suggests the possibility of applying the score with a cut-off 
point of 1 as a first step and then submitting those who get a score of 1 
or more to CMR, in order to rule out false positives. Such a two-step 
approach, based on the systematic application of an ECG score, could 
improve the screening of athletes in terms of cost-effectiveness, by op-
timizing the diagnostic power of ECG and, as a consequence, reducing 
the number of subjects who need to undergo CMR. The clinical accur-
acy of this approach, and in particular its ability to identify the subjects 
without NLVS, needs to be thoroughly verified in wider populations of 
athletes with RBBB VA.

Study limitations
Our study has several limitations. First, this is a retrospective cross- 
sectional study, and the results relate to a subpopulation of adult ath-
letes with RBBB VAs (i.e. a high probability of NLVS because VAs ori-
ginate from the LV); therefore, the results cannot be extrapolated and 

Figure 3 Images refer to a 40-year-old cyclist with right ventricular bundle branch block ventricular arrhythmias. (A1 and A2) Cardiac magnetic res-
onance images. The arrows show a wide sub-epicardial stria of late gadolinium enhancement in the inferior and lateral left ventricular walls. (A3) The 
12-lead electrocardiogram is presented. Low voltages in peripheral leads are evident (circle). Moreover, it can be noted a negative T wave in limb leads I– 
aVL and in precordial leads V4–V6 (arrows). According to our proposed evaluation, this patient shows a score equal to 3 points.
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applied to a population with different characteristics such as athletes 
with LV bundle branch block VAs or athlete without evidence of 
RBBB VAs or a population of non-athletes or children and adolescents; 
they would probably need other ECG criteria, as they show different 
normal ECGs. Second, the results need an external validation in a pro-
spective cohort of consecutive athletes. Third, the number of patients is 
limited, and no genetic testing was performed at the time of the manu-
script drafting to improve the diagnosis of the underlying disease and 
subsequent risk stratification. Moreover, the use of different weights 
in the ECG score must be assessed in a validation study. Importantly, 
some subtle changes in the 12-lead ECG of uncertain significance but 
possibly related to SHD (e.g. low voltage or flat T waves) may not be 
recognized as abnormal according to the set of parameters we have 
adopted. Another limitation of our study is the lack of comparison 
with other established scores. However, we must underline that at pre-
sent, no specific ECG score has been proposed in the setting of LV non- 
ischaemic scar prediction.

Conclusions
In a highly selected population of athletes with RBBB VAs, seven elec-
trocardiographic predictors for the presence of an NLVS were identi-
fied at 12-lead resting ECG and coupled in a score, which should be 
further validated in a larger population of athletes and eventually in non- 
athletes with VAs. Hence, in athletes with RBBB VAs, the presence of 
>1 ECG predictors at 12-lead resting ECG cannot be simply dismissed 
as a benign condition but should prompt an imaging study such as CMR 
with LGE to rule out the presence of an NLVS. The most appropriate 
management strategy for RBBB VAs athletes remains to be clearly de-
fined, but this simple ECG score can support the initial diagnosis.
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