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ARTICLE INFO ABSTRACT
Keywords: Three-dimensional electroanatomical mapping (EAM) has the potential to identify the pathological substrate
Cardiomyopathy underlying ventricular arrhythmias (VAs) in different clinical settings by detecting myocardial areas with

Electroanatomical mapping
Ventricular arrhythmias
Sports cardiology

abnormally low voltages, which reflect the presence of different cardiomyopathic substrates. In athletes, the
added value of EAM may be to enhance the efficacy of third-level diagnostic tests and cardiac magnetic reso-
nance (CMR) in detecting concealed arrhythmogenic cardiomyopathies. Additional benefits of EAM in the athlete
include the potential impact on disease risk stratification and the consequent implications for eligibility to
competitive sports. This opinion paper of the Italian Society of Sports Cardiology aims to guide general sports
medicine physicians and cardiologists on the clinical decision when to eventually perform an EAM study in the
athlete, highlighting strengths and weaknesses for each cardiovascular disease at risk of sudden cardiac death
during sport. The importance of early (preclinical) diagnosis to prevent the negative effects of exercise on
phenotypic expression, disease progression, and worsening of the arrhythmogenic substrate is also addressed.

1. Introduction sports under his or her responsibility. The European guidelines [1] and,

more restrictively, the Italian ones [2] represent a guide in defining the

Italian pre-participation screening in competitive sports has repre- criteria for eligibility and disqualification to sports practice for subjects
sented an important form of protection for athletes since the early with cardiovascular (CV) abnormalities.

1980s. In Italy, the sports doctor certifies the eligibility to competitive Physical exercise is associated with several beneficial effects on
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health. Nevertheless, it can trigger life-threatening arrhythmias and
sudden cardiac death (SCD) in those athletes affected by an underlying
arrhythmogenic cardiomyopathy (CMP) [3,4].

Arrhythmogenic CMPs are a heterogeneous disease group of the
myocardium characterized by structural, mechanical, and electrical
abnormalities. These conditions refer to a wide group of etiologies and
associated genetic, infectious, metabolic, or neuromuscular conditions.

Athletes may remain asymptomatic for a long time or, with the
progression of the disease, develop symptoms related to heart failure or
arrhythmias, syncope or cardiac arrest. The latter may be the disease's
first and most dramatic clinical manifestation. A multiparametric
approach with the integration of imaging and clinical data, familiar
history and genetic analysis [5], is crucial for the complete assessment of
suspected cardiac life-threatening conditions, such as inherited heart
diseases (IHD). Unfortunately, in daily clinical practice, the classifica-
tion and stratification of subjects with ventricular arrhythmias and
suspected CMP or inherited cardiac disorder remain very complex.
Diagnostic and prognostic evaluation of these athletes with possible
CMP includes resting ECG [6], ambulatory ECG monitoring [7], ECG
stress testing [8], echocardiographm [9] and advanced imaging such as
cardiac magnetic resonance (CMR) and cardiac computed tomography
CT [10,11] and however, sometimes grey areas remain.

Electroanatomical mapping may play a role in resolving doubtful
cases [12]. The present document of the Italian Society of Sports Car-
diology aims to assist general sports medicine physicians and sports
cardiologists with the clinical decision as to why and when to perform an
electroanatomical mapping on the athlete.

2. Ventricular arrhythmias in athletes

Ventricular arrhythmias (VAs) in athletes without evidence of
structural heart disease after noninvasive evaluation has been associated
with a good prognosis and do not represent a reason for disqualification
from competitive sports [13]. However, many areas of uncertainty
remain in the exclusion of possible CMPs.

In daily clinical practice, the simple ECG can guide the sports med-
icine doctor in the diagnostic and prognostic setting. The presence of
abnormal ECG patterns [14] or particular VAs features increases the
suspicion of underlying IHDs. Premature ventricular contraction char-
acteristics, such as complexity and morphology, are essential criteria for
guiding the final diagnosis and estimating the risk in competitive ath-
letes. Recent studies have suggested that the morphology of VAs, rather
than the frequency, may be the key feature to identify possible under-
lying CMPs [15,16]. Idiopathic VAs are characterized by the absence of
underlying structural heart disease and a favorable prognosis and
exhibit distinctive ECG patterns (infundibular and fascicular) [17]. On
the other hand, uncommon patterns require a careful and extensive
screening program to exclude concealed CMPs. After first-line exami-
nation (ambulatory ECG monitoring [18], stress testing [19], echocar-
diography), athletes with a ‘common’ PVB pattern do not require further
testing and can be considered eligible for competitive sports, unless
other suspicious findings (e.g. family history for sudden cardiac death,
unexplained syncope, ECG abnormalities suggesting possible cardio-
myopathy...) are present. On the contrary, athletes with an ‘uncommon’
PVB pattern should undergo a contrast-enhanced MRI, regardless of
symptoms or familial background or the results of first-line examina-
tions, to rule out a concealed myocardial substrate at risk of malignant
arrhythmic events during sports activity. Genetic testing particularly for
the exclusion of cathecolaminergic ventricular tachycardia may be also
needed in selected cases [5].

3. The electrophysiological study in sports cardiology
The electrophysiological study (EPS) also represents an important

means of invasive diagnostics in sports cardiology. For example, the EPS
role is decisive in diagnosing and treating supraventricular tachycardias
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and classifying paroxysmal atrial fibrillation triggers in athletes [2-20].
In the context of the prevention of SCD, the role of EPS is still contro-
versial. Indeed, while for of prognostic stratification of type 1 Brugada
[21], EPS could have a role inserted in a multiparameter workflow, it is
more debated in drug-induced type 1 pattern [22]. The role of EPS in the
context of CMPs/IHDs is even more debated. EPS alone might play a role
in patients with arrhythmogenic CMP (ACM) or dilated CMP (DCM),
while it does not contribute to identifying high-risk patients affected by
hypertrophic CMP (HCM) [23-25].

4. Electroanatomical mapping in sports cardiology: Literature
review

Electroanatomical mapping (EAM) with endocardial catheters has
now entered its third decade in the clinical arena [26-28]. Initially and
primarily introduced as a technique to facilitate catheter ablation by
allowing activation mapping of cardiac arrhythmias [27,28] and facili-
tating movements of catheters towards ablation targets without fluoro-
scopic guidance, the value of EAM is rapidly growing. Three-
dimensional EAM has been demonstrated to potentially identify the
pathological substrate underlying VAs in different clinical settings by
detecting electroanatomical scar, i.e. myocardial areas with abnormally
low electrogram voltages with evidence of fragmented signals, which
reflect the presence of different cardiomyopathic substrates [29,30].
This method could be therefore integrated within the workflow of the
SCD stratification in subjects with concealed CMPs through an in-depth
tissue characterization (Fig. 1).

In 2005, Corrado et al. demonstrated the diagnostic value of EAM
among patients fulfilling noninvasive 1994 Task Force criteria for ACM.
In the study, of 31 young (mean age, 31 £ 7 years) patients undergoing
right ventricular endocardial EAM, 20 patients had low-voltage and
fractionated electrogram regions, where fibrofatty replacement could be
histologically demonstrated in 75% of cases; on the other hand, the
remaining 11 did not have evidence of low voltage-prolonged duration
electrograms, and active myocarditis could be diagnosed by endomyo-
cardial biopsy 91% of times. In this work, the prognostic value of EAM
clearly emerged in those patients with abnormal EAM who showed a
significantly higher risk of sustained ventricular tachycardia/unex-
plained syncope during follow-up than those with normal EAM [31]. A
more recent work from the same group confirmed that EAM is closely
correlated to histopathological findings in ARVC patients, the endocar-
dial electroanatomical scar indicating the presence of fibrofatty
replacement of the myocardium; furthermore, the extension of right
ventricular endocardial low-voltage electrogram area was a strong in-
dependent predictor of major arrhythmic events during follow-up [32].

An important contribution to the understanding of EAM's role in
sports cardiology came in 2011 when Dello Russo and colleagues re-
ported data on 13 competitive athletes with complex VAs (sustained
ventricular tachycardia, n = 3; frequent nonsustained ventricular
tachycardia, n = 7; >1000 premature ventricular complexes/24 h, n =
3) and apparently structurally normal hearts after noninvasive evalua-
tion (including signal-averaged ECG, echocardiography, and cardiac
magnetic resonance imaging). Remarkably, 12/13 patients (92%) had
one or more low-voltage regions at endocardial EAM, and a diagnosis of
myocarditis (n = 7) or arrhythmogenic right ventricular cardiomyopa-
thy (n = 5) could be formulated by EAM-guided endomyocardial biopsy,
underlining the relevance of EAM findings and their implications for the
assessment of sports eligibility [12].

On the same line, Narducci et al. conducted a study enrolling
competitive athletes (n = 18) and nonathletes (n = 15) with complex
VAs of mainly right ventricular outflow tract origin and without struc-
tural heart disease at echocardiography. CMR showed late gadolinium
enhancement in 9 subjects (athletes, n = 5). All patients underwent
endocardial EAM, which disclosed electroanatomical scar zones in the
right ventricle in 14 subjects (athletes, n = 8), and in the left ventricle in
6 subjects (athletes, n = 3); the electroanatomical scar's most common
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Fig. 1. Point-by-point contact force-guided electroanatomical voltage map in a 29-year-old cyclist with left bundle branch block inferior axis premature ventricular
complexes, non-dilated left ventricle with preserved ejection fraction, and left ventricular anterior-lateral nonischemic scar at gadolinium-enhanced cardiac magnetic
resonance, with negative results of genetic testing (dilated and arrhythmogenic cardiomyopathy panels). A: the bipolar voltage map shows a limited low-voltage area
in the basal and mid segments of the left ventricular anterior-lateral wall. B: the unipolar voltage map shows a larger corresponding low-voltage region, consistent
with a prevalently epicardial scar. In the target area, four electroanatomical mapping-guided endomyocardial biopsies (C-E) are performed [holes and yellow star];
note that both bipolar and unipolar electrograms in the target area have low amplitude and fractionation (lower yellow circle), despite the good catheter-tissue
contact (13 g, upper yellow circle) (purple: healthy tissue; yellow, green and blue: intermediate voltages involved in border scar zone; red: dense scar areas; for
bipolar and unipolar voltage cutoffs see 5.2.1 chapter). C: endomyocardial biopsy sample showing multifocal replacement-type fibrosis (asterisks; trichrome stain); D-
E, close-ups showing inflammatory cells (arrows) near areas of fibrosis and patchy necrosis (hematoxylin and eosin stain). Polymerase chain reaction studies excluded
the presence of viral genomes, consistent with a final diagnosis of chronic active virus-negative lymphocytic myocarditis, which prompted disqualification from
sports. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

location was the right ventricular outflow tract. Interestingly, the au- ventricle, late gadolinium enhancement may be less accurate, and in
thors found low concordance for the detection of scars between cardiac fact, several reports concerning patients with VAs of right ventricular
magnetic resonance imaging and EAM (Cohen kappa = —0.09). All origin [36], as well as patients with ACM, support the concept that
athletes were advised to stop training, and during a median follow-up of endocardial EAM may be preferable for the detection of small RV scar
18.7 months, the risk of VA persistence was significantly lower in areas.
detrained athletes than in non-athletes [33,34]. Therefore, according to the authors, endocardial EAM might be an
Although the literature specifically concerning the use of EAM in additional tool in the diagnostic approach to the athlete presenting with
athletes with ventricular arrhythmias is limited to the studies mentioned complex and uncommon ventricular arrhythmias [15,16] of presumed
above and to others discussed in Section 6, other investigations con- right ventricular origin, both as an isolated tool and as a preliminary step
ducted in nonathletes offer important insights on the role of EAM as a for EAM-guided endomyocardial biopsy, especially in cases with nega-
clinical tool to characterize the myocardial substrate underlying com- tive or doubtful CMR and strong clinical suspicion of CMPs (i.e family
plex VAs. history, syncope, surface ECG alterations, etc). When VAs have a pre-
Several recent reports have shown that late gadolinium sumed left ventricular origin, EAM has a key role in the case of in-
enhancement-CMR sequences may be more sensitive than EAM with dications for VA ablation. Due to its invasive nature and the higher risk
conventional voltage cutoffs for identifying scars in the left ventricle, profile compared to endocardial EAM (approximately 5% risk of major
especially in thick myocardial wall regions and in the presence of non- complications among patients undergoing epicardial VA ablation),
transmural scars [33-35]. However, in the thinner-walled right epicardial EAM should only be performed in case of indications for
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epicardial ablation for VAs [37].

5. How to perform electroanatomical mapping

5.1. Technological basis of electroanatomical mapping
The basic principles underlying EAM are as follows:

1) the possibility of visualizing the position of the mapping/ablation
catheter in real-time on a computer screen, with no need to use
fluoroscopy;

2) the capability to reconstruct the detailed three-dimensional surface
of a given cardiac chamber while at the same time tagging this sur-
face with local electrical information, including bipolar voltage
amplitude, unipolar voltage amplitude, the presence of fractionated
or late electrograms, or activation timing, which are visually dis-
played by means of color-coded three-dimensional maps.

The main available electroanatomical mapping systems mainly differ
in the technology used for three-dimensional catheter location in the
mapping space, i.e. magnetic-based, impedance-based, or a combination
of the two.

The CARTO mapping system (Biosense Webster, USA), which was
first introduced in clinical practice in the late 1990s [26,27], uses the
ultralow-intensity magnetic field produced by a location pad under-
neath the operating table. The catheter's tip carries magnetic sensors,
which measure the magnetic field's strength and allow calculating the
distance between the catheter's tip and the pad. Furthermore, the
magnetic field's strength measured by the catheter's tip is compared with
that measured by reference pads on the patient's chest and back to
compensate for slight patient movements [26-28].

On the other hand, the EnSite NavX system (Abbott Medical, USA)
uses impedance to locate the catheter's tip. An alternating current flows
between three orthogonal pairs of surface electrodes on the patient's
back and the location of the catheter is derived according to the intensity
of the current recorded by the catheter's electrodes [38,39]. The more
recent versions of the system, EnSite Precision and EnSiteX, allow
greater precision in the catheter's location by incorporating magnetic
field technology, thus correcting for the inhomogeneous distribution of
impedance inside the patient's chest and impedance changes caused by
saline irrigation of the catheter's tip [38,39].

The third most widely available mapping system is Rhythmia (Bos-
ton Scientific, USA), which uses a combination of magnetic and
impedance-based technology to optimize the system's accuracy in the
catheter's location [40].

5.2. Electrogram analysis

From a sports cardiology perspective, electroanatomical voltage
mapping and late/fragmented potentials annotation are the most useful
techniques allowing the identification and accurate characterization of
the arrhythmogenic myocardial substrate [41]. These techniques rely on
the characterization of some features of recorded electrograms, i.e.
amplitude, duration, and fragmentation, which were validated in his-
topathologic and imaging studies as markers of disease processes asso-
ciated with the risk of life-threatening ventricular arrhythmias. The
electroanatomical scar is diagnosed in the presence of low voltage
electrograms with evidence of fragmented signals, and it represents the
hallmark of a potentially arrhythmogenic myocardial substrate.

5.2.1. Electrogram amplitude

Electrogram peak-to-peak maximum voltage is a key marker of
replacement fibrosis and/or fibrous-fatty infiltration. In fact, in these
pathologic processes, the myocardium is replaced by electrically inert
fibrous or fatty tissue, leading to lower-amplitude electrograms. The
amplitude of recorded electrograms, however, depends on several
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technical issues, including but not limited to the size of mapping elec-
trodes, interelectrode spacing, the orientation of the mapping catheter
with respect to wavefront propagation, and the adequacy of catheter-
tissue contact [42,43].

Using 3.5-4.0 mm-tip electrode catheters with 1 mm-ring electrode,
2 mm interelectrode spacing and 10-400 Hz filtering, conventional
endocardial bipolar voltage cutoffs for the identification of healthy
myocardium and dense scar are >1.5 mV and < 0.5 mV, respectively,
with areas displaying bipolar peak-to-peak voltage between 0.5 and 1.5
mV labeled as border zone regions (Fig. 1) [44]; these cutoffs were
validated against histological and imaging data, and are used for both
left ventricular and right ventricular mapping [43]. Noteworthy, being
the bipolar electrogram recorded between the distal tip and the proximal
ring electrodes, the peak-to-peak bipolar electrogram amplitude is
exquisitely sensitive to disease processes involving the endocardium and
subendocardium, as in the case of ischemic cardiomyopathy [45].

On the other hand, unipolar electrograms are recorded between the
tip electrode and Wilson central terminal; therefore, unipolar electro-
grams have a wider field of view, and endocardial unipolar peak-to-peak
electrogram amplitude is thus reflective of epicardial and/or mid-
myocardial disease processes, typically encountered in nonischemic
cardiomyopathies, and which may be underappreciated by only relying
on endocardial bipolar electrogram amplitude (Fig. 1) [46,47]. Pro-
posed peak-to-peak endocardial unipolar voltage cutoff values for the
detection of low-voltage epicardial areas are <5.5 mV in the right
ventricle [46] and < 8.3 mV in the left ventricle, although some cardiac
magnetic resonance- or whole heart histology-based studies have shown
that there may be overlap in endocardial unipolar electrogram ampli-
tude in regions with and without an intramural-epicardial scar [48].

5.2.2. Late/fragmented potentials annotation

Besides electrogram amplitude, late potentials are key signs of an
arrhythmogenic substrate. In fact, in disease processes characterized by
fibrous or fibro/fatty replacement of the myocardium (myocardial
infarction, cardiomyopathies, myocarditis), surviving myocytes may be
inhomogeneously interspersed among bundles of connective tissue,
producing slow and three-dimensionally complex patterns of propaga-
tion of the electrical impulse, which have been referred to as “zigzag”
course of activation [49]. At the electrogram level, these electrophysi-
ological phenomena are associated with the presence of late and frac-
tionated electrograms, which may be recorded in scarred myocardial
regions, and highlight the arrhythmogenicity of the myocardial sub-
strate; in this regard, late potentials are considered more specific
markers of a possible ventricular tachycardia circuit, while fragmented
potentials may be recorded in more widespread scar regions [50,51].
The possibility of recording late potentials may be hampered in the
presence of large far-field electrograms obscuring abnormal local ac-
tivity. Under these circumstances, pacing maneuvers with extra stimuli
may help reveal abnormal local conduction and late potentials,
unmasking the arrhythmogenicity of the myocardial substrate [52].

5.3. Standardized diagnostic interpretation of electroanatomical mapping
in sports cardiology

In order to render EAM findings reliable and less subject to inter-
pretation, these authors propose the following criteria for the definition
of abnormal EAM findings:

1) an adequate catheter-tissue contact should be confirmed by prefer-
ring contact-force sensing catheters (see following discussion) and
ensuring a contact force >5 g for point acquisition;

2) electrogram abnormalities (low-voltage electrograms [<1.5 mV in
bipolar maps, <5.5 mV in unipolar right ventricular maps, <8.3 mV
in unipolar left ventricular maps] and/or late [i.e., extending beyond
the end of the surface QRS complex]/fragmented [3 or more sharp
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components] electrograms) should cover a minimum of 4 cm? of the
endocardial surface, using a maximum fill threshold of 10.

Regarding the first point, although published data suggest that
multipolar mapping catheters with small electrodes and short inter-
electrode distance may help unveil late potentials [43,53], the authors
believe that the use of contact force sensing ablation catheters may help
avoid erroneous detection of low-voltage regions due to inadequate
catheter-tissue contact, and therefore contact-force sensing ablation
catheters should be preferred. During mapping, care should be taken to
ensure a contact force of at least 5 g at each acquired point. In future
years, novel contact force-sensing ablation catheters equipped with
microelectrodes may combine the advantages of high-resolution map-
ping with contact force-sensing capability, potentially becoming the
gold standard for substrate assessment [54-56]. However, we currently
lack large-scale data on this technology's use in human subjects [56].

Regarding the second point, the authors recognize that the diag-
nostic/prognostic role of very small areas of electrogram abnormalities
is currently uncertain. Importantly, in case an inadequate number of
mapping points is taken, and the fill threshold is therefore increased
over 10, mapped points may be interpolated over a large area, with
consequent distortion of the mapped anatomy and inaccurate reflection
of the myocardial substrate in voltage maps [42]. Therefore, we suggest
that at least 200 points be acquired in each mapped ventricular chamber
for diagnostic EAM in athletes.

5.4. Proposed integration of electroanatomical mapping and clinical data
for prognostic assessment

The presence of scar associated with late potentials should be
considered an important marker of an increased risk of ventricular
tachycardia in the context of concealed IHDs.

In the presence of an isolated scar (without late potentials), the full
patient presentation should be assessed, and both endomyocardial bi-
opsy (see later section) and genetic testing may be of help [41,57].

The presence of a large scar (>10% of the mapping surface), ven-
tricular tachycardia inducibility, histological criteria for arrhythmo-
genic cardiomyopathy or myocarditis, or detection of pathogenic/
probably pathogenic variants of genes associated with cardiomyopathies
represent markers of risk and should be carefully considered in assessing
eligibility to competitive sports activity.

6. The role of endomyocardial biopsy in Sports Cardiology

The ultimate decision on sports eligibility of athletes presenting with
complex and uncommon VAs depends on the underlying myocardial
substrate. As such, it is pivotal to reach a definite diagnosis using all
available diagnostic tools, from imaging with echocardiography and
CMR to genetic testing when appropriate [1,2].

In case the imaging picture does not allow drawing definite conclu-
sions on the presence or absence of significant structural heart disease,
and also in the presence of genetic variants of unknown significance, an
EAM-guided endomyocardial biopsy may help reach a definite diag-
nosis, different from that clinically suspected [41,58-62].

In a seminal 2020 paper, Casella et al. demonstrated that among non-
athlete patients (mean age, 41 + 15) mainly presenting with VAs, EAM-
guided endomyocardial biopsy, which involved endomyocardial sam-
pling directly from areas showing low bipolar/unipolar voltages,
allowed to reach a different diagnosis from what was suspected based on
clinical/imaging data in more than one-third of the study population
(39%) [60]. EAM had similar sensitivity to CMR imaging for the
detection of underlying CMP, while also having nonsignificantly higher
specificity [60]. Interestingly, in 12 patients with EMB-proven cardio-
myopathy, EAM identified pathological areas that could not be identi-
fied by CMR [60]. Of note, the population included in the study had very
high prevalence of myocardial fibrosis, as testified by the 71%
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prevalence of late gadolinium enhancement, thus supporting the use of
EAM and endomyocardial biopsy among patients with VAs and
myocardial scar [60].

On the same line, Dello Russo et al. recently reported on the role of
an extensive diagnostic workup, including EAM and EAM-guided
endomyocardial biopsy, among athletes presenting with complex ven-
tricular arrhythmias. Of note, 42 athletes underwent endomyocardial
biopsy, with a 50% (n = 21) diagnostic reclassification rate and few
procedural complications mainly linked to vascular access [41].

Therefore, according to the authors, an endocardial EAM-guided
endomyocardial biopsy may be considered as additional diagnostic
tool among athletes presenting with complex VAs and unclear findings
after comprehensive clinical-imaging assessments and genetic testing.
The evidence supporting right ventricular sampling is currently stronger
than those supporting biventricular or left ventricular sampling [63],
and in fact right ventricular EAM-guided endomyocardial biopsy may be
considered for the etiological evaluation of patients presenting with a
first sustained monomorphic ventricular tachycardia episode according
to the most recent European Society of Cardiology (ESC) guidelines on
the management of patients with ventricular arrhythmias and the pre-
vention of sudden cardiac death [64]. Left ventricular EAM and EAM-
guided endomyocardial biopsy may be considered in case of unclear
cardiac magnetic resonance findings limited to the left ventricle, but this
procedure is more complex, and should be performed in selected cases,
by experienced operators in high-volume centers. Endomyocardial bi-
opsy examination can also be repeated at a distance, in order to recon-
struct the anatomopathological mechanism underlying the fibrotic
process, differentiating primitive arrhythmogenic forms from myocar-
dial forms (e.g. lymphocytic myocarditis, with consequent therapeutic
implications) [41,60-65]. The potential risks of the invasive procedure
should be weighed against the advantages in terms of diagnostic
reclassification, and the athlete should be involved in a shared decision-
making process, especially in the case of left ventricular endomyocardial
biopsy, for which international guidelines are currently lacking clear
indications for the assessment of patients with VAs [64].

7. Electroanatomic mapping in daily clinical practice:
Limitations

The EAM may represent a potentially decisive diagnostic tool in
some doubtful cases, however, like any diagnostic tool in sports cardi-
ology, it has no value if not inserted within clinical and deductive
reasoning. Furthermore, several limitations are inherent in the tech-
nique, including its elevated costs, its operator dependency, and the
potential risk of inadequate/inaccurate interpretation of EAM results.
These considerations relegated EAM-guided endomyocardial biopsy as a
third/fourth level assessment in 2022 ESC guidelines, to be considered
in patients presenting with a first sustained monomorphic ventricular
tachycardia, after CMR and in order to obtain a tissue diagnosis of ARVC
or inflammatory cardiomyopathies (class of recommendation IIb, level
of evidence C) [64].

The indication for the execution of an endocardial EAM (with or
without biopsy) in athletes should therefore be placed only after the
execution of a “Sport Hearth Team” including a sports doctor, a clinical
cardiologist, an imaging cardiologist and an arrhythmologist (with
adequate experience in this technique and in sports cardiology). In fact,
if on the one hand, the endocardial EAM can provide valuable infor-
mation to complete non-invasive tests (i.e. suspicious CMR for
arrhythmogenic cardiomyopathy which is confirmed with the EAM in
the characterization of the right ventricular outflow tract), on the other
hand, it can provide isolated information that is difficult to insert within
the clinical context (i.e. isolated subepicardial right ventricular outflow
tract scar) [66].

Therefore, EAM should be reserved for selected athletes with un-
common (atypical right bundle branch block and QRS duration >130
ms, left bundle branch block and superior/intermediate axis,
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polymorphic VAs) and/or complex arrhythmia patterns (short coupling
PVBs, exercise-induced VAs, nonsustained/sustained ventricular tachy-
cardia), and when CMR raises doubts or is inconclusive, i.e. in case of
strong suspicion of CMPs/IHDs [12,67]. By contrast, EAM should not be
used in cases of common arrhythmias in athletes with negative family
history and non-invasive diagnostic tests (i.e. typically, infundibular or
fascicular arrhythmias with an indication of ablation for palpitations)
[67]. Being epicardial EAM a more invasive test and given that some
electrophysiological characteristics of the epicardium may be assessed
with endocardial unipolar EAM, these authors do not recommend
epicardial EAM solely for diagnostic purposes. Epicardial EAM should be
performed when there is an indication for epicardial ablation of VAs
[371.

As a corollary, phase-specific considerations apply to athletes with
clinically-suspected myocarditis [65,68]. In fact, in the acute myocar-
ditis phase, myocardial inflammation may render the myocardial sub-
strate more electrically unstable and vulnerable, therefore facilitating
sustained VA inducibility by EPS, and making EPS less specific for the
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long-term prediction of major arrhythmic events [69]. Furthermore,
endocardial EAM may be completely normal in acute myocarditis with
scarce/absent myocardial fibrosis, potentially offsetting the clinical
utility of EAM in this setting [65]. By contrast, EPS and EAM may help to
better characterize the arrhythmogenicity of the myocardial substrate of
patients with clinically-suspected non-acute myocarditis (i.e., when
CMR reveals myocardial fibrosis and/or several weeks have passed since
the onset of symptoms; non-acute myocarditis includes chronic active
and healed myocarditis [post-inflammatory myocardial scar]), by
revealing the extension of low-voltage regions and the presence of late
potentials [65,68,69]. Of note, endomyocardial biopsy (with or without
EAM guidance) is required for the definite diagnosis of myocarditis in
each phase of the disease, may provide prognostic information, and may
inform patient-tailored etiology-driven therapies (i.e. allowing the pre-
scription of immunosuppressive therapy in case of endomyocardial
biopsy-proven virus-negative myocarditis and in giant cell myocarditis)
[62,65,71,72], and these recommendations may also apply to athletes
[68].

ECG ghoprmalities- uncommen YAs Suspected arthythmic syncope-
€—> | lyvenils family sudden death
4
12 lead-ECG Holter,
Stress Test

Cardiac MRI

Genefic Tests (when
indicated)

i7

3

“Sports heart team” M
discussion and reference fo
the 3rd level centre
ol

Electroanatomical

mapping with or
without biopsy

Fig. 2. Workflow including when EAM can be useful to untangle the skein of suspected inherited heart disease.
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8. When to perform an electroanatomic mapping in athletes:
Summarizing

The classification and stratification of subjects with VAs and sus-
pected arrhythmogenic cardiomyopathy remain complex.

A workflow including when EAM can be useful to untangle the skein
is summarized in Fig. 2. The role of electroanatomical mapping is
particularly relevant in the differentiation between myocarditis and
forms of ACM, especially if integrated with the biopsy and histological
examination that allows sampling in an extremely precise way of the
areas of altered voltage, and expression of myocardial fibrosis
[41-60,68].

A careful analysis of the patient's clinical and family history (sus-
pected arrhythmic syncope and history of juvenile family sudden death)
combined with the ECG abnormalities [70] or the presence of VAs
(especially if with non-common morphology [67]) must require that the
consulting physician continue the diagnostic workflow. When ambula-
tory ECG monitoring, stress test and echocardiography are not conclu-
sive, especially in the forms of concealed cardiomyopathies, genetic
tests, CMR and endocardial EAM with possible endomyocardial biopsy
represent third-level tests to be integrated into the diagnostics workflow,
also considering the above limitations. Therefore, a case-by-case dis-
cussion in a “Sport Hearth Team” appears to be reasonable both to
indicate the EAM execution and the interpretation of the collected data
within a comprehensive workup.
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