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Aims Left ventricular scar is an arrhythmic substrate that may be missed by echocardiography and diagnosed only by cardiac mag-
netic resonance (CMR), which is a time-consuming and expensive imaging modality. Premature ventricular complexes
(PVGCs) with a right-bundle-branch-block (RBBB) pattern are independent predictors of late gadolinium enhancement
(LGE) but their positive predictive value is low. We studied which electrocardiographic features of PVCs with an RBBB pat-
tern are associated with a higher probability of the absence of an underlying LGE.

Methods The study included 121 athletes (36 + 16 years; 48.8% men) with monomorphic PVCs with an RBBB configuration and nor-
mal standard clinical investigations who underwent CMR. LGE was identified in 35 patients (29%), predominantly in those
with PVCs with a superior/intermediate axis (SA-IntA) compared to inferior axis (IA) (38% vs. 10%, P = 0.002). Among pa-
tients with SA-IntA morphology, the contemporary presence of R pattern in lead aVR and V1 was exclusively found in
patients without LGE at CMR (51.0% vs. 0%, P < 0.0001). Among patients with IA, the absence of LGE correlated to a nar-
row ectopic QRS (145 + 16 vs. 184 + 27 msec, P < 0.001).

Conclusions Among athletes with apparently idiopathic PVCs with a RBBB configuration, the presence of a concealed LGE at CMR was
documented in 29% of cases, mostly in those with a SA-IntA. In our experience, the contemporary presence of R pattern in
lead aVR and V1 in PVCs with RBBB/SA-IntA morphology or, on the other hand, a relatively narrow QRS in PVCs with an |A,
predicted absence of LGE.
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gadolinium enhancement

What’s new?

® We analysed the electrocardiographic characteristics of the ectopic
QRS in athletes with premature ventricular complexes (PVCs) with
a right-bundle-branch-block (RBBB) configuration and apparently
structurally normal heart (normal ECG and echocardiography) in or-
der to predict the absence (or presence) of concealed late gadolin-
ium enhancement (LGE) at cardiac magnetic resonance (CMR).

® |n our experience nearly one-third of athletes referred to CMR for
RBBB-PVCs showed LGE at CMR, more often if the ectopic QRS
showed superior/intermediate (SA-IntA) axis compared to an infer-
ior axis (IA);

® Predictors of the absence of LGE were a contemporary presence of
a qR pattern in lead aVR and V1 in the subgroup of patients with
RBBB/SA-IntA and a narrow QRS in the subgroup with RBBB/IA.

® Evaluation of the ectopic QRS characteristics may help in selecting
which patients with RBBB PVCs and normal echocardiography
should not be referred to CMR.

Premature ventricular complex e Right bundle branch block morphology e Cardiac magnetic resonance ® Late

Introduction

Premature ventricular complexes (PVCs) are found in up to 75% of
healthy individuals and are generally considered benign in the absence
of structural heart disease (SHD)."™ However, PVCs can occasionally
indicate an underlying SHD and may be associated with an increased
risk of sudden cardiac death, particularly during sports activity.'
Clinical examination, investigation of the family history, 12-lead electro-
cardiogram (ECG), exercise stress testing, and echocardiography are ba-
sic clinical tools used to rule out a concealed SHD.5® Nevertheless,
some arrhythmogenic substrates may still be missed. Cardiac magnetic
resonance (CMR) has gained raising interest as part of clinical evaluation
of patients with ventricular arrhythmias (VA), in order to allow myocar-
dial tissue characterization.”™ " In fact, CMR can accurately identify myo-
cardial abnormalities, such as late gadolinium enhancement (LGE), in a
range between 16% and 26% of patients with an apparently structurally
normal heart.>”'* Non-ischaemic myocardial fibrosis, which involves
mid-mural and subepicardial myocardial layers and exhibits a ring-like
pattern, is often associated with life-threatening arrhythmias.%%13~"#
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Since CMR cannot be proposed for systematic evaluation, the ECG
plays a key role in the assessment of patients with idiopathic PVCs. 12!
Recent studies have highlighted that PVCs with right bundle branch
block (RBBB) morphology, suggesting LV origin, are more often asso-
ciated with LGE at CMR.*2 However, the predictive value of this single
parameter remains low,>2372¢

Therefore, we aimed to investigate if other electrocardiographic
characteristics of the ectopic QRS complex correlate with the absence
(or presence) of LGE in athletes with PVCs with a RBBB morphology
and apparently normal heart.

Methods

Study population

The study enrolled 121 consecutive athletes with frequent PVCs with RBBB
morphology and structurally normal heart at routine diagnostic workup, re-
cruited in two tertiary care hospitals (Rome and Padova), dedicated to the
treatment of patients at risk of life-threatening VA. For the purpose of this
study, an athlete is defined as an individual of young or adult age, either ama-
teur or professional, who is engaged in regular exercise training and parti-
cipates in official sports competition.”” The athletes were referred after
identification of PVCs at preparticipation screening for further diagnostic
work-up. Patients were included if they satisfied all following inclusion cri-
teria: (i) presence of isolated monomorphic PVCs or >1 repetitive mono-
morphic VA (couplets, triplets, or non-sustained ventricular tachycardia)
with an RBBB morphology on standard 12-lead ECG or exercise testing,
(ii) recording of > 100 isolated monomorphic PVCs or complex VA (cou-
plets, triplets or non-sustained VA) with RBBB morphology at 24 h ECG
Holter monitoring; (i) normal 12-lead ECG, according to an international
consensus panel of experts in sports cardiology and sports medicine,*® nor-
mal 2D trans-thoracic echocardiography, absence of coronary artery dis-
eases evaluated by a maximal exercise stress test (in selected cases third
level tests such as coronary computed angiography or coronary angiog-
raphy were performed to exclude coronary artery diseases or an anomal-
ous origin of coronary artery), and (iv) fulfiment of contrast-enhanced
CMR as part of the diagnostic work-up (Figure 7). Patients were divided
into two groups according to axis in frontal plane [RBBB-PVCs with a super-
jor/intermediate (SA-IntA) axis and RBBB-PVCs with inferior axis (IA)] and
subsequently, each group was subdivided according to the presence or ab-
sence of LGE.

The study was approved by the Institutional Review Board
(CARIT.M.O. study) and was consistent with the ethical guidelines of
the 2001 Declaration of Helsinki. All participants provided written informed
consent before their inclusion in the study.

Electrocardiogram analysis

Standard 12-lead ECG was collected in all study participants and carefully
analysed by two independent cardiologists (G.P. and A.S.); discrepancies
were solved by consensus. The traces were recorded at 1 mV/cm and
25 mm/s paper speed. The PVCs morphology was classified as RBBB if
the ectopic QRS complex was predominantly positive or isodiphasic in
lead V1; an IA was recognized by a positive QRS complex in the inferior
leads, while a SA was denoted by a negative QRS complex in inferior leads.
An intermediate axis (IntA) was indicated by positive QRS complexes in
both aVF and aVL. PVCs are supposed to have a fascicular origin (typical
RBBB with left or right axis deviation and QRS duration <130 msec) and,
as reported in previous studies, a good prognosis was excluded.?*=

Accordingly, to previous studies, the morphology analysis of the ectopic
QRS focused on the following characteristics: (i) maximal QRS duration; (ii)
QRS notching in one or more leads (QRS defined as a QRS complex deflec-
tion on the upstroke or downstroke of >0.05/mV that did not cross base-
line occurring in at least two leads); (iii) lead | QRS duration >120 msec; (iv)
QRS duration >160 msec in at least one lead; (v) intrinsicoid deflection time
>80 msec in one or more leads, defined as the time between the QRS onset
and the peak of the R-wave or the nadir of the Q-wave; (vi) initial slurring
(pseudo-delta) in one or more leads, defined as the time between the QRS
onset and earliest fast QRS deflection; and (vii) presence of Q wave in lead |,
defined as an initial negative QRS deflection. 233

Furthermore, we investigated innovative ECG characteristics: (i) qR
morphology in lead V1, defined as an initial negative followed by a positive
QRS deflection; (ii) gQR morphology in lead aVR; (iii) gR morphology in leads
V1 and aVR; (iv) QS morphology in lead aVR, defined as the absence of posi-
tive QRS deflections; and (v) QS morphology in leads V3-V6, defined as the
absence of positive QRS deflections.

24-h ECG Holter monitoring

All patients were evaluated with a 24-h ECG monitoring and included in the
study if presented with >100 isolated monomorphic PVCs or complex VA
(couplets, triplets, or non-sustained VA) with RBBB morphology. Patients
with PVCs with >2 morphologies that accounted for >10% of all PVCs
were classified as polymorphic and excluded by the analysis. All recordings
were reviewed by two experienced investigators (M.T. and C.C.).

Echocardiography

Two-dimensional trans-thoracic echocardiography was performed in all
study participants by an investigator (E.F.) who was blind to ECG results
and clinical status. Left ventricular end-diastolic volume (LVEDV) and LV
end-systolic volume (LVESV) were calculated both in four- and two-
chamber apical views using the modified Simpson method, and the two
measurements were averaged* Left ventricular ejection fraction was
then obtained with the formula: (LVEDV—LVESV)/LVEDV x 100.

Exercise stress test

Exercise stress test was performed with a bicycle, according to a standard
protocol of 25-50 W increments every 2 min, and continued until maximal
exercise intensity tolerated (regardless of heart rate). The onset of symp-
toms, electrocardiographic changes indicative of ischaemia and the behav-
iour of VA during exercise testing were recorded. Particularly, the
persistence/appearance  of isolated PVCs during exercise or
exercise-induced repetitive VA was reported.

Cardiac magnetic resonance

All CMR studies were reviewed by two experienced physicians (E.F. and
M.LD.). In case of disagreement, a third expert was consulted (G.B.).
Cardiac magnetic resonance was performed on a 1.5 T scanner (Philips
Prodiva 1.5 Tesla, Eindhoven, The Netherlands and Magnetom Avanto,
Siemens Healthineers, Erlangen, Germany) with ECG gating. After the ac-
quisition of localizers, breath hold cine steady-state free precession
(SSFP) sequences were used for functional analysis: long axis slices and a
stack of contiguous short axis slices 8 mm thick encompassing the whole
ventricles were used to quantify ventricle volumes, mass, and ejection frac-
tion. Ten-to-fifteen minutes after an intravenous bolus of gadolinium-based
contrast agent, LGE was acquired using segmented phase-sensitive
gradient-echo inversion recovery sequences (T1-weighted). LGE imaging
was carried out in the same orientation on cine SSFP sequences, and the
inversion recovery time was adjusted on images to null normal myocardium.
LGE was defined as ‘regions of scar, necrosis, and/or inflammation discrimi-
nated from normal tissue by prolonged retention of gadolinium-based con-
trast agents’. Furthermore, in all 17 segments (according to the American
Heart Association/American College of Cardiology classification), the
LGE pattern (subendocardial, intramyocardial, and subepicardial) and its
distribution (stria or patchy) were assessed. Hyperenhanced areas were as-
sessed using the full-with at half-maximum algorithm (hyperenhanced areas
were defined as pixels with an signal intensity (SI) above a percentage of the
maximal myocardial Sl from the region of interest, with a threshold of 35%)
and were manually adjusted and summed over the entire LV myocardium to
calculate LGE extent expressed as absolute and relative to the LV myocar-
dial mass.®® Isolated junctional LGE (i.e. at the insertion points of the right-
ventricular free wall to the interventricular septum) was not considered ab-
normal as it is a common and non-pathologic finding in athletes.

Statistical analysis

Continuous and categorical variables were expressed as mean (zstandard
deviation) or median (25th—75th percentiles), according to distribution,
which was assessed with the Shapiro—Wilk test. Categorical variables were
expressed as n (%). Categorical variables were compared using the »* or
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Table 1 ECG findings and CMR in patients with RBBB IA PVCs

Variable RBBB P
1A
LGE + LGE —
n=4 n=35
QRS, msec 186.3+249 1442+165 0.0001
QRS notching in one or more 4 (100) 24 (68.6) 0.461
leads, n (%)
QRS > 120 msecin lead |, n (%) 4 (100) 15 (42.9) 0.101
Maximal QRS duration 3(75) 13 37.) 0.357
>160 msec, n (%)
Intrinsicoid deflection 2 (50) 16 (45.7) 0.999
>80 msec, n (%)
Initial slurring (pseudo-delta), 2 (50) 15 (42.8) 0.999

n (%)

Values are mean + SD unless specified.

Abbreviations: CMR, cardiac magnetic resonance; n, number of patients; LGE, late
gadolinium enhancement; PVCs, premature ventricular complexes; RBBB, right
bundle branch block.

Fisher exact test, as appropriate. Continuous data were compared using the
Student t-test or the Mann—-Whitney U test according to distribution.
Univariate and multivariable binomial regression analysis was used to assess
the clinical determinants of abnormal CMR. A P-value <0.05 was considered
statistically significant. Data were analysed with SPSS® version 23 (IBM®).

Results

Atotal of 121 consecutive athletes with monomorphic RBBB-PVCs and
apparently normal heart at routine diagnostic workup were included in
this study. The mean age was 36 + 16 years, 49% were males and 31
(26%) experienced cardiovascular symptoms. A family history of sud-
den cardiac death or cardiomyopathy was observed in two patients
(2%), whereas eight patients (7%) had a family history of coronary ar-
tery diseases.

ECG findings

All patients showed normal electrocardiographic findings and no signifi-
cant anomalies were recorded. A 12-lead ECG documentation of the
PVCs, either at baseline or during exercise was available in all patients.
In most of the patients (68%) a SA-IntA axis morphology was observed,
whereas an IA morphology was noted in 39 patients (32%).

Cardiac magnetic resonance findings

In all patients showed a preserved left and right ventricular ejection frac-
tion (59.2 + 6.4% and 60.1 + 8.1%, respectively) and normal biventricular
volumes (left ventricle end-diastolic volume index and left ventricle end-
systolic volume index: 85.7 + 17.5 and 33.4 + 10.3 mL/m?, respectively;
right ventricle end-diastolic volume index and left ventricle end-systolic
volume index: 82.4 + 18.8 and 31.1 + 9.5 mL/m?, respectively).

A total of 35 (28.9%) patients exhibited LGE. It was more frequently
located in the mid-inferolateral wall (n = 8, 65.7%), followed by the ba-
sal segments of the infero-lateral (n = 15, 42.9%), and mid antero-lateral
walls (n = 14, 40.0%). The most frequent LGE pattern was subepicardial
and/or midmyocardial (n =32, 91.4%), specifically midmyocardial in 9
(25.7%) patient, subepicardial in 11 (31.4%) patients, or both in 12
(34.3%) patients; whereas subendocardial/transmural (ischaemic)

pattern was found in three patients (8.6%), in the absence of coronary
artery disease on cardiac imaging. A stria was the most common LGE
distribution (n = 32, 91.4%) revealed, followed by patchy (n = 3, 8.6%).

Predictors of absence of late gadolinium

enhancement

The presence of LGE was identified more often in patients with PVCs
with an SA-IntA compared to IA (38% vs. 10%, P=0.002).

The ECG findings of PVCs with RBBB/IA morphology according to
the presence of LGE are shown in detail in Table 1. In this subgroup, pa-
tients without LGE showed a shorter QRS duration of PVCs (145.1 +
15.6 vs. 184.3 & 26.9 msec, P < 0.001). A QRS duration <160 msec was
able to correlate with the absence of LGE with a sensitivity and speci-
ficity of 63% and 100%, respectively (Figure 2, Panel A).

The ECG findings of PVCs with RBBB/SA-IntA morphology accord-
ing to the presence of LGE are shown in detail in Table 2. Three ectopic
QRS features were significantly more common in patients with normal
CMR:

® R morphology in lead V1 (52.9% vs. 6.4%, P < 0.0001),

® gR morphology in lead aVR (78.4% vs. 12.9%, P < 0.0001) and

® contemporary presence of qR morphology in lead aVR and V1 (51.0%
vs. 0%, P < 0.0001).

A contemporary presence of qR morphology in lead aVR and V1 had
a sensitivity of 51%, specificity of 100%, positive predictive value of
100%, and diagnostic accuracy of 69.5% in identifying a patient without
the presence of LGE on CMR (Figure 2, Panel B).

Representative CMR findings and ECG characteristics of RBBB
morphology SA-IntA patients are shown in Figures 3 and 4.

Discussion

The aim of the study was to analyse which electrocardiographic charac-
teristics of the ectopic QRS complex correlate with the absence (or
presence) of LGE in athletes with monomorphic PVCs with an RBBB
morphology and apparently normal heart. The main findings were:
(i) 29% of athletes referred to CMR for RBBB-PVCs showed an LGE
at CMR; (i) the LGE was identified predominantly in those with PVCs
with SA-IntA compared to IA (38% vs. 10%, P=0.002); (i) among pa-
tients with SA-IntA, a contemporary presence of a qR pattern in V1
and aVR has been observed only in patients without LGE; (iv) among pa-
tients with IA, the absence of LGE correlated to a shorter duration of
ectopic QRS (145.1 + 15.6 vs. 184.3 + 26.9msec, P < 0.001).

Idiopathic vs. structural heart disease

-related ventricular arrhythmias

Premature ventricular complexes are widely diffused in the general
population and are usually considered a benign and transient phenom-
enon,™™ when an underlying pathological structural disease is excluded
by common diagnostic work-up.

The ECG analysis of the ectopic beat is able to identify the anatomical
site of PVCs origin with good accuracy and in many cases the corre-
sponding location of abnormal findings at CMR.?* The most common
form of idiopathic and benign PVCs shows a left-bundle-branch-block
(LBBB)/IA morphology, suggesting a right ventricular outflow tract
(RVOT) origin. However, also in patients with RVOT PVCs, CMR
can identify concealed abnormalities of uncertain significance>***” or
even overt SHD, mainly arrhythmogenic cardiomyopathy.®” Previous
studies found that the analysis of the electrocardiographic features of
the ectopic QRS complex may help to differentiate patients with early
phase arrhythmogenic cardiomyopathy from those with RVOT PVCs
unrelated to an underlying SHD.?*3338

Another substrate of PVCs is the so-called isolated LGE, defined as

the presence of LGE on CMRin the absence of features of specific heart
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Figure 2 ROC curve analysis of QRS duration in PVCs with RBBB/IA morphology for the prediction of the absence of LGE at CMR (A). In Panel A, the
area under the curve was 0.89 (0.77-1.00), P = 0.01. The cut-off point that best-identified the absence of LGE with a sensitivity of 63% and specificity of
100% was 160 msec. ROC curve analysis of the contemporary presence of gqR morphology in lead aVR and V1 in PVCs with RBBB/SA-IntA morphology
for the prediction of an absence of LGE at CMR (B). In Panel B, the area under the curve was 0.76 (0.65-0.86), P < 0.0001. A contemporary presence of
gqR morphology in lead aVR and V1 had a sensitivity of 51%, specificity of 100%, positive predictive value of 100%, and diagnostic accuracy of 69.5% in

identifying a patient without the presence of LGE on CMR.

disease (e.g. coronary artery disease or pathological LV hypertrophy).
The detection of a non-ischaemic LV scar cannot be considered a be-
nign sign but deserves proper clinical attention since it can be the sub-
strate of life-threatening VA, especially in athletes. Cardiovascular
evaluation of athletes before participation in competitive sports offers
the possibility to identify athletes at risk of sudden cardiac death (SCD).
As reported in a recent study, the incidence of sport-related cardiac ar-
rest during long-term follow-up was low, due to pre-participation
screening.39 However, economic cost could be considered a barrier
to implementing screening programme, although the benefits in terms
of public health. Since LGE may be missed by standard clinical investiga-
tions, diagnosis requires CMR imaging, which is time-consuming and ex-
pensive. Considering the economic implications, second-line
investigations should be performed as a key test only for the evaluation
of athletes with frequent PVCs and high-risk morphological features.
Several characteristics have been associated with LGE in athletes with
apparently normal heart, and one of the most important is the RBBB
ectopic QRS configuration, suggesting LV origin.®**~%¢ However,
even among athletes referred for this type of VA, the majority show
a normal CMR. No previous study focused on the predictive value
for LGE of other electrocardiographic features of the ectopic QRS
complexes among athletes with RBBB PVCs.

Prevalence of left ventricular scar in
patients with frequent
right-bundle-branch-block premature

ventricular complexes

In our study sample of athletes with monomorphic PVCs with a RBBB
configuration and normal standard clinical investigations, nearly

one-third showed LGE on CMR, in line with previous observa-
tions.***® In particular, a much higher prevalence of LGE was ob-
served in those with a RBBB/SA-IntA configuration than in those with
an RBBB/IA. Muser et al.® found concealed myocardial abnormalities
detectable at CMR in 16% of patients with frequent PVCs and a nega-
tive diagnostic workup; RBBB pattern was the clinically dominant PVCs
morphology associated with LGE at CMR compared with an LBBB pat-
tern (51% vs. 5%; P < 0.01) and RBBB/SA pattern was related to higher
evidence of scar at CMR compared with RBBB/IA morphology (70% vs.
36%). Also, in the study by Nucifora et al.,** the RBBB/SA pattern was
significantly related to the presence of LV scar. In a previous investiga-
tion including athletes from our centres referred for apparently idio-
pathic VA, the prevalence of LGE was much higher (17%) in those
with monomorphic RBBB/SA-IntA PVCs compared to those with
RBBB/IA (3%).%

Premature ventricular complexes with a
right-bundle-branch-block /inferior axis

configuration

Idiopathic PVCs with RBBB/IA morphology have been reported to
originate from the antero-lateral portion of the mitral annulus in close
proximity to the mitral-aortic continuity,”® rather than a posterior or
posteroseptal focus. PVCs that arise from this region present as mono-
phasic R waves in all the precordial leads, with a RBBB pattern, while the
polarity of the QRS complex was positive in all inferior leads and negative
in leads | and aVL. The early precordial transition and a concordant posi-
tive QRS pattern could be explained by the site of origin of PVCs in the
posterior portion of the LV, while the R pattern in lead V1 by the anterior
direction of the ventricular force.*' A distinct R wave with RBBB morph-
ology, although not as prominent as mitral annular or left ventricular
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Table 2 ECG findings and CMR in patients with RBBB superior or intermediate axis PVCs

Variable RBBB P
superior or intermediate axis

LGE + LGE —

n=31 n=>51
QRS, msec 139.5+19.9 1454 +16.4 0.150
QRS notching in one or more leads, n (%) 11 (35.5) 25 (49) 0.259
QRS > 120 msec in lead |, n (%) 19 (61.3) 27 (52.9) 0.499
Maximal QRS duration >160 msec, n (%) 10 (32.3) 19 (37.3) 0.812
Intrinsicoid deflection >80 msec, n (%) 8 (25.8) 14 (27.5) 0.925
Initial slurring (pseudo-delta), n (%) 7 (22.6) 15 (29.4) 0.610
Q-wave in lead |, n (%) 10 (32.3) 8 (15.7) 0.101
qR morphology in lead V1, n (%) 2 (64) 27 (52.9) <0.0001
gR morphology in lead aVR, n (%) 4(12.9) 40 (784) <0.0001
qR morphology in lead aVR and V1, n (%) 0(0) 26 (51) <0.0001
QS morphology in lead aVR, n (%) 0 (0) 0(0) 1.000

Values are mean + SD unless specified.
Abbreviations: CMR, cardiac magnetic resonance; n, number of patients; PVCs, premature ventricular complex; RBBB, right bundle branch block.
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Figure 3 Representative case of a patient with frequent PVCs with RBBB morphology SA-IntA and absence of LGE on CMR. A 16-year-old athlete
with no family history of heart diseases and no symptoms. Echocardiography was normal. A 12-lead ECG showed isolated premature ventricular beats
with a right bundle branch block/superior axis morphology and distinguished by the presence of a gR pattern in both leads aVR and V1 (A, B). Cardiac
magnetic resonance, short axis (C) and 2-chamber long axis (D) views demonstrated absence of LGE. Depolarization forces in frontal and transversal
plane of PVCs RBBB/SA-IntA morphology. The main depolarization vector is directed away from its origin point. If PVCs originate from LV inferior and
infero-lateral endocardial wall an initial depolarizing force is directed away from leads V1 and aVR, in an endo-epicardial activation sequence, which gives
rise to a q wave (E, F, arrow 1). The volume arrow points in the main depolarization vector’s direction (E, F, arrow 2).
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Figure 4 Representative case of a patient with frequent PVCs with RBBB morphology SA-IntA and LGE on CMR. A 48-year-old athlete with no
family history of heart diseases and no symptoms. Echocardiography was normal. A 12-lead ECG showed isolated premature ventricular beats, elicited
by the exercise stress test, with a right bundle branch block/superior axis morphology and distinguished by the absence of a qR pattern in aVR and V1
(A, B). Cardiac magnetic resonance, short axis (C) and two-chamber long axis (D) views showed the presence of sub-epicardial LGE involving the basal
and mid segments of the LV infero-lateral and antero-lateral walls. Depolarization forces in frontal and transversal plane of PVCs RBBB/SA-IntA morph-

ology. PVCs that originate from infero-lateral wall at a meso and subepicardial level present a depolarization gradient predominantly directed towards
leads V1 and aVR (E, F, arrow 1). Therefore, on standard 12-lead ECG, no g wave is recorded but an R wave with an intrinsicoid deflection presenting a

slow ascent.

origin VA, could be also noted with arrhythmia arising from the left cor-
onary cusp, localized posteriorly and leftward and thus further away from
V1. However, only PVCs originating from endocardial or septal focus, not
usually involved by LGE, show a narrow ectopic QRS, as noted in our
subgroup of patients with RBBB/IA morphology.

Premature ventricular complexes with a
right-bundle-branch-block/superior axis

configuration

The higher prevalence of LV scar, observed in patients with RBBB/
SA-IntA PVCs and apparently structural normal heart could be easily
explained by the fact that isolated LGE predominantly affects the pos-
terior and/or lateral LV wall. In patients with PVCs and RBBB/SA-IntA
morphology, a gR pattern in V1 and aVR has been observed only in pa-
tients without LV scar at CMR. An ECG pattern of qR in V1 and aVR
may be frequently observed in arrhythmias originating from papillary
muscles, especially from the anterolateral one.”™* It could be ex-
plained by an endo-epicardial activation sequence, which gives rise to
a q wave in leads V1 and aVR, as represented in Figure 3, Panel E and
Panel F. On the contrary, PVCs that originate from infero-lateral wall
at a mid- and subepicardial level present a depolarization gradient pre-
dominantly directed towards leads V1 and aVR.*’ Therefore, on stand-
ard 12-lead ECG, no g wave is recorded in leads V1 and aVR but an R
wave with an intrinsicoid deflection presents a slow ascent (Figure 4,
Panel E and Panel F). Although in this case the presence of an endocar-
dial scar cannot be excluded (sometimes this feature is observed in

patients with papillary muscles VA, especially if associated with mitral
valve prolapse, or in patients with ischaemic heart disease), a qR pattern
in aVR is not consistent with an origin from the epicardial/midmyocar-
dial LV wall, which is instead more often affected by isolated LGE.

Clinical implication

The exclusion of SHD is the mainstay in determining prognosis in pa-
tients with frequent PVCs. The interpretation of 12-lead electrogram
represents a cornerstone for the diagnostic work up in patients with
the suspicion of cardiomyopathy. A careful evaluation of the ECG fea-
tures can identify ‘red flags’ useful for insinuating clinical suspicion and
for appropriately directing subsequent diagnostic and therapeutic deci-
sions. The ability to identify SHD has evolved over time with advances in
medical technology and scientific knowledge. CMR is nowadays the gold
standard method for the study of cardiac structure and function as well
as for tissue characterization. However, CMR has some well-known lim-
itations: it is expensive and not yet widely available; claustrophobic pa-
tients and those with metal inserts may be unable to undergo the
examination. Therefore, the evaluation of a patient with PVCs in order
to select those to refer to CMR must necessarily be multi-parametric. In
this setting, morphological pattern of the ectopic QRS could be a key
feature for risk stratification. The recognition of specific ECG features
strongly associated with the absence of LGE may be useful to identify
subjects who most likely have idiopathic VA, potentially not requiring
further investigation. In our population, simple electrocardiographic fea-
tures such as QRS pattern in aVR and V1 and QRS duration predicted
the absence of an underlying LGE. Therefore, it seems attractive to
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prioritize the early detection of myocardial abnormalities and effective
management of cardiovascular diseases at risk of SCD, identifying pa-
tients to be referred for further investigation. Similarly, it is appealing
to restrict economic costs related to the prescription of costly and time-
consuming examinations in patients who do not exhibit ‘red flags’.

Study limitations

First, this study is limited by the relatively small number of athletes en-
rolled. However, we applied rigorous selection criteria including the
presence of monomorphic RBBB PVCs and a negative standard clinical
workup. Second, the study involved tertiary care hospitals dedicated to
the treatment of patients at risk of life-threatening VA. This side may
have influenced the characteristics of patients referred to CMR and,
for this reason, the prevalence of LGE in our study sample may not
be representative of the general population of athletes with RBBB
PVCs. A third limitation may arise from not including a large number
of patients who were unable to undergo CMR, because of patient pref-
erence or claustrophobia.

Conclusion

In conclusion, in athletes with PVCs with a RBBB morphology, normal
standard clinical investigations including ECG and echocardiography do
not rule out the presence of an LGE, which may be the substrate for
life-threatening VA. Although definite diagnosis requires CMR, this im-
aging modality should be reserved for high risk cases. An ectopic QRS
morphology with RBBB/SA-IntA configuration and a gR pattern in aVR
and V1 was strongly associated with the absence of an underlying LGE.
These findings may help identify the subset of athletes with apparently
idiopathic PVCs that should not be referred to CMR, although further
prospective studies with longer follow-up and greater number of pa-
tients are still required.
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