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With Apparently Idiopathic Ventricular
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BACKGROUND: In athletes with ventricular arrhythmias (VA) and otherwise unremarkable clinical findings, cardiac magnetic
resonance (CMR) may reveal concealed pathological substrates. The aim of this multicenter study was to evaluate which VA
characteristics predicted CMR abnormalities.

METHODS AND RESULTS: We enrolled 251 consecutive competitive athletes (74% males, median age 25 [17-39] years) who
underwent CMR for evaluation of VA. We included athletes with >100 premature ventricular beats/24 h or >1 repetitive VA
(couplets, triplets, or nonsustained ventricular tachycardia) on 12-lead 24-hour ambulatory ECG monitoring and negative
family history, ECG, and echocardiogram. Features of VA that were evaluated included number, morphology, repetitivity, and
response to exercise testing. Left-ventricular late gadolinium-enhancement was documented by CMR in 28 (11%) athletes,
mostly (n=25) with a subepicardial/midmyocardial stria pattern. On 24-hour ECG monitoring, premature ventricular beats with
multiple morphologies or with right-bundle-branch-block and intermediate/superior axis configuration were documented in 25
(89%) athletes with versus 58 (26%) without late gadolinium-enhancement (P<0.001). More than 3300 premature ventricular
beats were recorded in 4 (14%) athletes with versus 117 (53%) without positive CMR (P<0.001). At exercise testing, nonsus-
tained ventricular tachycardia occurred at peak of exercise in 8 (29%) athletes with late gadolinium-enhancement (polymorphic
in 6/8, 75%) versus 17 athletes (8%) without late gadolinium-enhancement (P=0.002), (P<0.0001). At multivariable analysis, all
3 parameters independently correlated with CMR abnormalities.

CONCLUSIONS: In athletes with apparently idiopathic VA, simple characteristics such as number and morphology of premature
ventricular beats on 12-lead 24-hour ambulatory ECG monitoring and response to exercise testing predicted the presence of
concealed myocardial abnormalities on CMR. These findings may help cost-effective CMR prescription.
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(PVBs) in an apparently healthy athlete raises the  arrhythmias (VA)."? ECG and echocardiography repre-

The observation of premature ventricular beats may potentially cause risk of life-threatening ventricular
concern of an underlying cardiac disease that  sent first-line diagnostic tools, but negative results do

Correspondence to: Leonardo Calo, MD, Division of Cardiology, Policlinico Casilino, Rome, Via Casilina 1049, 00169 Rome, Italy. E-mail: leonardocalo.doc@
gmail.com

*Dr Crescenzi and Dr Zorzi contributed equally to this work and are co-first authors.
Dr Cald and Dr Corrado contributed equally to this work and are co-senior authors.
For Sources of Funding and Disclosures, see page 13.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use
is non-commercial and no modifications or adaptations are made.

JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2021;10:e018206. DOI: 10.1161/JAHA.120.018206 1


https://orcid.org/0000-0002-3578-0583
https://orcid.org/0000-0001-7842-6202
https://orcid.org/0000-0002-4752-8617
mailto:﻿
https://orcid.org/0000-0003-1487-0392
mailto:leonardocalo.doc@gmail.com
mailto:leonardocalo.doc@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Crescenzi et al

CLINICAL PERSPECTIVE

What Is New?

e |n athletes with ventricular arrhythmias and neg-
ative family history, normal ECG, and unremark-
able echocardiography, simple parameters
such as morphology of premature ventricular
beats and response to exercise testing may
help to identify the subset with the highest
probability of a concealed underlying pathologi-
cal substrate at cardiac magnetic resonance.

What Are the Clinical Implications?

¢ In the diagnostic work-up of athletes referred for
apparently idiopathic ventricular arrhythmias,
the study findings may help to select the sub-
group for whom more in-depth investigation by
cardiac magnetic resonance imaging may be
particularly cost-effective.

Nonstandard Abbreviations and Acronyms

LGE late gadolinium enhancement
PVB premature ventricular beat
VA ventricular arrhythmia

not rule out the presence of pathological arrhythmic
substrates, such as segmental left ventricular (LV) fi-
brosis, that can only be disclosed by cardiac magnetic
resonance (CMR).%~"

PVBs are not rare in competitive athletes. On 24-hour
ambulatory ECG monitoring, >100 PVBs/h or >1 repeti-
tive VAs (couplet, triplets, or nonsustained VT) have been
reported in 8% of young (<30-year-old) and in 18% of
veteran (>30-year-old) apparently healthy athletes.2® On
exercise testing, 1 or more PVBs were recorded in 5% of
athletes with negative history, physical examination, and
resting ECG.* Investigations of all athletes with PVBs and
no other abnormal clinical findings by CMR would not be
cost-effective, considering that in the majority of cases
VAs are idiopathic and unrelated to underlying patho-
logical substrates. Recently, criteria for differentiating
between common (usually benign) and uncommon (po-
tentially associated with heart disease) PVBs have been
proposed, with the aim to restrict CMR prescription to
high-risk athletes.! However, these criteria were mostly
based on small single-center reports and have not been
validated on larger samples.

The aim of this multicenter study was to evaluate
which PVBs features predicted a higher probability of
pathological CMR findings in a large sample of ath-
letes with VA and negative family history, no previous
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cardiac arrest or sustained VT, and unremarkable elec-
trocardiographic and echocardiographic findings.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

We enrolled a consecutive series of competitive non-
professional athletes recruited in 3 different centers.
These athletes underwent contrast-enhanced CMR
for investigation of VA detected on 24-hour ambulatory
ECG monitoring, which was prescribed either because
of PVBs during preparticipation screening (that is com-
pulsory in Italy and includes resting and exercise ECG)
or because of symptoms. According to the ltalian law
on preparticipation screening, competitive athletes were
defined as individuals engaged in competitions orga-
nized by National Sports Federations or other Sports
Associations recognized by the National Olympic
Committee.”® Athletes were included in the study if they
showed >100 PVBs/24 h or >1 repetitive VA (couplets,
triplets, or nonsustained VT) on 24-hour ambulatory
ECG monitoring and no electrocardiographic or echo-
cardiographic abnormalities (including mitral valve pro-
lapse). Athletes with previous cardiac arrest or sustained
VT, positive family history for cardiomyopathy or prema-
ture sudden death were excluded. A summary of the
study methods is shown in Figure 1.

ECGs were interpreted as normal or abnormal
according to the 2017 International criteria."" These
criteria recognize 3 categories of abnormalities: (1)
those that are typical of the athlete’s heart and are
considered normal (eg, sinus bradycardia, first-degree
atrioventricular block, increased QRS voltages in the
precordial leads, anterior T-wave inversion preceeded
by J-point/ST-segment elevation in black athletes);
(2) borderline findings that are considered abnormal
only if 2 or more are present (atrial enlargement, QRS
axis deviation and right bundle-branch block [RBBB]);
(8) abnormal changes that warrant further investiga-
tions to exclude an underlying disease (eg, ventricular
pre-excitation, left bundle-branch block, and T-wave
inversion in lateral leads). Echocardiography was con-
sidered suggestive of physiological athlete’s heart in
case of eccentric left ventricular hypertrophy with har-
monic dilation of all cardiac chambers that was con-
sistent with the intensity of training. In veteran athletes
(>35 years old) with risk factors for coronary artery
disease, chest pain or ST-segment depression at ex-
ercise testing, the presence of coronary artery disease
was ruled out by coronary computed tomography or
imaging stress testing. The study complied with the
Declaration of Helsinki and was approved by the eth-
ical committee. All participants provided written in-
formed consent.
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Incomplete 843 athletes referred for VA

documentation/known structural <..............cocoiiiiiiiiieiiiinnenns
or electrical cardiac disease
(n=270)

Family history of cardiomyopathy

or premature sudden death - s
(n=21)

12 ECG abnormalities
........................................ 41 Echo abnormalities
(n=53)

No Magnetic Resonance
(n=248)

251 included athletes:
* Normal family history, ECG and Echo
* At least 100 PVBs/24h and/or at least one
repetitive VA (couplets, triplets, NSVT..)
* Good quality CMR performed

l

Presence or absence of LGE on CMR

—

Yes
Ventricular arrhythmia characteristics
(ECG, 24-h ECG monitoring, exercise testing)
| Morphology I | Burden and complexity I | Response to exercise

Figure 1. Summary of the study methods.

CMR indicates cardiac magnetic resonance; LGE, late gadolinium enhancement; NSVT,
nonsustained ventricular tachycardia; PVB, premature ventricular beat; and VA, ventricular

arrhythmia.

VA Characteristics

Twelve-lead 24-hour ambulatory ECG monitoring was
performed in all study participants. Athletes were
asked to perform a training session of at least 30 to
60 minutes during the ambulatory ECG. Recordings
were reviewed by 1 investigator for each center (AZ,
CGC, TV): in particular, every single ectopic beat, pause,
or artifact and all families of normal beats were con-
firmed manually. In all athletes, at least 23 hours of re-
cording excluding artifacts were available.

The PVB morphology was classified as left-bun-
dle-branch-block-like if the ectopic QRS complex was
predominantly negative in lead V1, and as RBBB-like
if the ectopic QRS complex was predominantly posi-
tive or isodiphasic in lead V1. The QRS axis in the limb
leads was labeled as inferior if the ectopic beat was
negative in aVL and positive in aVF. PVBs with a QRS
duration <130 ms resembling a typical RBBB/left or
right axis deviation were considered of fascicular or-
igin.'2™® PVBs with >2 morphologies that accounted
for >10% of all PVBs were classified as polymorphic.
Nonsustained VT was defined as a VT of at least 3
complexes but lasting <30 s.

Exercise testing was performed with bicycle or
treadmill and continued until exhaustion. The be-
havior of VA during exercise testing was graded as
the following: (1) PVBs were present at baseline or
low workload but were suppressed with increas-
ing workload; (2) isolated only PVBs were absent at
baseline and appeared with increasing workload, or
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were present at baseline but were not suppressed by
increasing exercise; (3) recording of at least 1 exer-
cise-induced couplet; (4) recording of at least 1 exer-
cise-induced nonsustained VT. All the examinations
were reviewed by 1 investigator for each center (AZ,
CC, TV). Exercise testing and 24-hour ECG monitor-
ing were performed within 2 weeks after the initial
evaluation.

Cardiac Magnetic Resonance

CMR studies were performed with 1.5-T systems
(Magnetom Avanto, Siemens Medical Solutions,
Germany;Achieva, PhilipsNorth American Corporation,
USA) using dedicated software, a phased-array sur-
face receiver coil, vectocardiogram trigger, and a
uniform protocol that included cine sequences, T2
sequences for myocardial edema, T1 sequences for
fatty infiltration, and postcontrast T2 sequences for
late gadolinium enhancement (LGE) according to cur-
rent recommendations.'* Global ventricular volumes,
systolic function, and LV myocardial mass were calcu-
lated from the short-axis cine images, excluding papil-
lary muscles from the myocardium, using a dedicated
software (CMR42, Circle Cardiovascular Imaging Inc;
InelliSpacePortal 9.0-Philips).

Postcontrast Sequences and LGE Evaluation

Images were acquired using a steady-state free pre-
cession sequence (true FISP) cine loops in sequential
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short-axis views (slice thickness 6 mm, gap 2 mm;
repetition time 2.5-3.8; echo time 1.1-1.6, average
in-plane resolution 1.5x2.4 mm, flip angle 45°-60°,
temporal resolution 40-45 ms) and long-axis views
(2-, 3-, and 4-chamber views). After intravenous ad-
ministration of contrast agent (gadobenate dime-
glumine, Multihance, Bracco, 0.2 mmol/kg of body
weight) 2-dimensional segmented fast low-angle
shot inversion recovery sequences after at least
10 minutes were acquired in the same views of cine
images, covering the entire ventricles (repetition
time 5.4-8.3 ms, echo time 1.3-3.9 ms, average in-
plane spatial resolution 1.4-1.5x2.2-2.4 mm, 6-mm
slice thickness, 2-mm gap, and flip angle 20°-25°).
Inversion times were adjusted to null normal myocar-
dium using the Look-Locker sequence and images
were repeated in 2 separate phase-encoding direc-
tions to exclude artifacts.

Myocardial LGE was assessed with an automated
thresholding and considered present if signal intensity
was >3 SDs above remote myocardium in 2 orthogo-
nal views. To exclude artifacts, LGE was deemed pres-
ent only if visible in 2 orthogonal views (short-axis and
long-axis views). LGE was quantified by a semiauto-
matic detection and LGE mass (in grams) expressed
as a percentage of total left ventricle (LV) mass. The

Left Ventricular Scar and Ventricular Arrhythmias

pattern of LGE distribution and morphology was char-
acterized as subendocardial, epicardial/midmyocar-
dial, transmural, or patchy. If >1 pattern was present,
the distribution was characterized based on the pre-
dominant pattern. Isolated junctional LGE (ie, at the
insertion points of the right-ventricular free wall to the
interventricular septum) was not considered abnormal
because it is a common and nonpathologic finding in
athletes.® All CMR were reviewed by 2 experts (A.C.,
M.D.L.) who were blinded to clinical data; in case of
disagreement a third expert was consulted (M.P.M.).
CMR was performed within 2 months after the initial
evaluation.

Statistical Analysis

Continuous and categorical variables were expressed as
mean (+SD) or median (25th—75th percentiles), accord-
ing to distribution, which was assessed with the Shapiro-
Wilk test. Categorical variables were expressed as n (%).
Categorical variables were compared using the x? or
Fisher exact test, as appropriate. Continuous data were
compared using the Student t test or the Mann-Whitney
U test according to distribution. The receiver operating
characteristic curve analysis was used to identify the
most accurate cut-off of number of PVBs on 24-hour
ECG monitoring to discriminate between athletes with

Table 1. Characteristics of the Study Population
Overall (n=251) LV LGE + (n=28) LV LGE - (N=223) P Value
General characteristics
Age, y 25 (17-39) 31 (17-50) 23 (16-39) 0.06
Male sex, n (%) 183 (74) 25 (89) 158 (71) 0.04
Body mass index, kg>/m 23+3 24+5 23+3 0.74
Risk factors for coronary artery disease
Hypertension, n (%) 10 (4) 3(11) 7 (3) 0.09
Dyslipidemia, n (%) 42 0 42 1.0
Smoking, n (%) 20 (8) 2(7) 18 (8) 1.0
Family history of coronary artery disease, n (%) 46 (19) 3 (1) 43 (19) 0.44
Symptoms
Syncope or presyncope, n (%) 14) 2(7) 94 0.35
Palpitations, n (%) 53 (21) 7 (25) 46 (21) 0.59
Chest pain, n (%) 7 ) 7 Q) 1.0
Dyspnea, n (%) 6 (2 6 (3) 1.0
Cardiac magnetic resonance findings
LV EDV, mL/m? 84118 86+20 83+18 0.74
RV EDV, mL/m? 87+18 87+21 87+18 1.0
LV EF, % 63+7 61+9 637 0.53
RV EF, % 57+7 57+9 58+7 0.91
LV myocardial edema, n (%) 2(1) 2(7)
LV fatty infiltration, n (%) 2(1) 2(7)

Values are expressed as N (%) or median (interquartiles range). EDV indicates end-diastolic volume; EF, ejection fraction; LGE, late gadolinium enhancement;

LV, left ventricle; and RV, right ventricle.
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Figure 2. Regional distribution of Ilate gadolinium

enhancement.

and without LGE. Univariable and multivariable bino-
mial regression analysis was used to assess the clinical
determinants of abnormal CMR. Variables that resulted
in significant predictors at univariable analysis were in-
cluded in the multivariable model. Goodness of fit was
assessed with the Hosmer—Lemeshow test (@ small P
value is indicative of poor fit). A P<0.05 was considered
statistically significant. Data were analyzed with SPSS
version 23 (IBM).

RESULTS

Characteristics of the Study Sample

During the study period, 843 athletes with VA were
analyzed. Of those, 518 were excluded because
they did not undergo CMR or had known structural/
electrical heart disease; and 74 were excluded be-
cause they presented a positive family history of
cardiomyopathy or premature sudden death (n=21),
abnormal ECG (n=12), or abnormal echocardiogra-
phy (n=41) (Figure 1). The final study sample included
251 competitive athletes [74% males, median age 25
(17-39) years] (Table 1) training a median of 7 hours
per week (range 4-14). Most athletes (53%) practiced
team sports (soccer 22%, volleyball 12%, basketball
8%, and other 11%); 38% were engaged in individual
endurance disciplines (running 24%, cycling 10%,
and other 4%) while 9% practiced other disciplines.
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Sixty-eight (27%) were symptomatic, while the others
were asymptomatic and were referred after record-
ing of PVBs at preparticipation screening. Symptoms
included palpitations (=53, 21%), presyncope (n=8,
3%), chest pain (n=7, 3%), dyspnea (n=6, 2%), and
syncope (=3, 1%).

At 12-lead 24-hour ambulatory ECG monitoring, ath-
letes had a median of 2625 (296-10 645) PVBs. More
than 3300 PVBs/d were recorded in 121 (48%), while
83 (33%) had at least 1 nonsustained VT. The majority
of athletes (209, 83%) had monomorphic PVBs, with
the most common pattern being left bundle-branch
block/inferior axis (n=92, 37%).

At exercise testing, the majority of athletes (189,
75%) showed disappearance of PVBs at high work-
load; only isolated PVBs and couplets were observed
at high workload in 23 (9%) and 14 (6%) athletes, re-
spectively, while exercise-induced nonsustained VT
were observed in the remaining 25 (10%) athletes, in-
cluding 9 (4%) with polymorphic nonsustained VT.

CMR Findings

CMR showed normal LV and right ventricular global
function in all athletes (mean LV and right ventricular
gjection fraction 63+7% and 57+7%, respectively) and
segmental LV hypokinesis involving the lateral wall in 5
(@ll with LGE). LV LGE was documented in 28 (11%) ath-
letes (Figure 2). The LGE involved a median of 2 (1-3) LV
segments (8% [5-14] of the total LV mass) and showed
subepicardial/midmyocardial stria pattern in 25, a
patchy pattern in 1, and a subendocardial/transmural
(ischemic) pattern in 2.

Myocardial edema suggestive of acute myocardial
inflammation was observed in 2 patients, both also
showing a subepicardial/midmyocardial stria pattern of
LGE. Fatty infiltration was observed in 2 other patients
and distributed in a LV territory also showing subepi-
cardial LGE. The former pattern (edema plus LGE) sug-
gests acute myocarditis while the latter (fatty infiltration
plus LGE) might be indicative of a fibrofatty scar typical
of left-dominant arrhythmogenic cardiomyopathy. The
cause of isolated LGE with a nonischemic distribution
observed in the other 22 patients (21 with a stria and 1
with a patchy pattern) remained undetermined. Clinical
characteristics and CMR findings of the 28 athletes
with LGE are reported in Table 2.

Predictors of LV LGE

Athletes with LGE were not significantly older (31 [17—
50] years versus 23 [16—39] years, P=0.06) and were
significantly more often males (25 [89%] versus 158
[71%)], P=0.04) than those without. The prevalence
of athletes reporting symptoms was similar between
those with and without LGE (7 [25%] versus 61 [27%),
P=0.79) (Table 1).
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Ventricular arrhythmia characteristics on 12-lead 24-
hour ECG monitoring and exercise testing in patients
with and without positive CMR are shown in Table 3.

On 24-hour ECG monitoring, PVBs with multiple
morphologies or with RBBB and intermediate/superior
axis configuration were documented in 25 (89%) ath-
letes with versus 58 (26%) without LGE (P<0.001). It is
noteworthy that none of the 92 athletes with PVBs with
left-bundle-branch-block and inferior axis configura-
tion (infundibular pattern) had positive CMR (P<0.001).
The receiver operating characteristic curve analysis
(Figure 3) showed that the number of PVBs signifi-
cantly discriminated between patients with and with-
out LGE at CMR with an area under the curve of 0.75
(95% ClI, 0.63-0.88; P=0.005). Patients with LGE had a
lower number of PVBs and a number <3300/24 h was
identified as the optimal cut-off point to predict LGE,
with sensitivity of 68% and specificity of 73%. More
than 3300 PVBs were recorded in 4 (14%) athletes
with versus 117 (52%) without positive CMR (P<0.001).
Couplets were recorded in 21 (75%) athletes with ver-
sus 123 (55%) without LGE (P=0.025), while at least
1 nonsustained VT was recorded in 12 (43%) athletes
with and 71 (32%) without LGE (P=0.34). At exercise
testing, nonsustained VT occurred at peak of exercise
in 8 (29%) athletes with versus 17 (8%) without LGE
(P=0.002), while polymorphic nonsustained VT was
observed in 6 (21%) athletes with and in 3 (1%) without
LGE (P<0.001). Sensitivity, specificity, predictive value,
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and diagnostic accuracy of PVB characteristics for the
presence of LGE on CMR are shown in Table 4.

On multivariable analysis, PVBs with a RBBB and
intermediate/superior axis configuration or multiple
morphologies, a number of PVBs <3300/24 h and the
occurrence of exercise-induced polymorphic nonsus-
tained VT remained independent predictors of LV LGE
(Table 5).

A flow-chart showing the prevalence of LGE accord-
ing to the morphology of PVBs and the occurrence of
nonsustained VT at peak of exercise testing is shown
in Figure 4. Among the 15 athletes with both PVBs with
multiple morphologies or with RBBB intermediate/su-
perior axis configuration and the occurrence of exer-
cise-induced nonsustained VT, 8 (53%) had a positive
CMR (Figure 5) including 6 (67%) with exercise-induced
polymorphic nonsustained VT. On the other hand,
3/168 (2%) athletes without PVBs with polymorphic or
RBBB intermediate/superior axis configurations and
without exercise-induced nonsustained VT showed LV
LGE (Figure 6). Avoidance of CMR in athletes with nei-
ther characteristic would have increased the positive
predictive value from 11% (28/251) to 27% (25/93) while
reducing sensitivity by 11% (3/28).

DISCUSSION

This study was designed to investigate the charac-
teristics of VA that were associated with abnormal

Table 3. Ventricular Arrhythmia Characteristics at 12-Lead 24-Hour ECG Monitoring and Exercise Testing in Patients With

and Without Positive CMR

LV LGE + (n=28) LV LGE - (n=223) P Value
12-lead 24-h ECG monitoring
PVBs morphology <0.001
LBBB/inferior axis, n (%) 0 92 (41)
LBBB/intermediate or superior axis, n (%) 2(7) 36 (16)
RBBB/narrow QRS (fascicular), n (%) 0 94
RBBB/inferior axis, n (%) 1(4) 28 (13)
RBBB/intermediate or superior axis, n (%) 7 (25) 34 (15)
Polymorphic, n (%) 18 (64) 24 (11)
PVBs number* 596 (50-1625) 3858 (372-12 200) <0.001
Couplets, n (%) 21 (75) 123 (55) 0.025
Nonsustained VT, n (%) 12 (43) 71 (32) 0.34
Exercise testing
Reduction/disappearance, n (%) 13 (46) 176 (79) <0.001
Persistence/appearance of isolated PVBs, n (%) 4 (14) 19 (9) 0.302
Persistence/appearance of couplets, n (%) 3(11) 11(5) 0.195
Exercise-induced nonsustained VT, n (%) 8(29) 17 (8) 0.002
Exercise-induced polymorphic VT, n (%) 6 (21) 3(1) <0.001

CMR indicates cardiac magnetic resonance; LBBB left bundle-branch block; LGE, late gadolinium enhancement; LV, left ventricle; PVB, premature ventricular

beat; RBBB, right bundle-branch block; and VT, ventricular tachycardia.
*Data are expressed as median (interquartile range).
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Figure 3. ROC curve analysis of number of premature
ventricular beats for the prediction of late gadolinium
enhancement.

The area under the curve was 0.75 (0.63-0.88), P=0.005. The
cut-off point that best identified late gadolinium enhancement
with sensitivity of 68% and specificity of 73% was 3300. ROC
indicates receiver operating characteristic.

myocardial substrates at CMR in athletes with other-
wise unremarkable clinical findings. The clinical ob-
jective was to identify criteria for appropriate CMR
prescription in this particular setting. The main findings
were the following: (1) 28 athletes (11%) with PVBs and
a low clinical probability of an underlying heart disease
(negative family history, no previous sustained VT or
cardiac arrest, normal ECG and echocardiography) had
evidence of LV LGE at cardiac CMR; (2) in the majority
of athletes with LGE (21/28, 75%), CMR abnormalities
consisted of LGE with a subepicardial/midmyocardial
stria pattern in the absence of wall motion abnormali-
ties, myocardial edema, or fatty infiltration (so-called
isolated nonischemic LV scar); (3) independent predic-
tors of a positive CMR included the presence of PVBs
with a RBBB and intermediate/superior axis configura-
tion or multiple morphologies and the occurrence of
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polymorphic nonsustained VT during exercise testing;
(4) none of the 92 athletes with PVBs with left-bundle-
branch-block and inferior axis configuration (infundibu-
lar pattern) showed positive CMR; and (5) a high PVB
burden should not be considered a risk factor for an
underlying cardiac disease.

LV Scar as a Substrate of VAs in the
Athletes

VAs are not rare in athletes. In 2 studies on appar-
ently healthy athletes who volunteered to undergo a
24-hour ambulatory ECG monitoring, 8% of young
(<B0-year-old) and 18% of veteran (>30-year-old) ath-
letes showed >100 PVBs/h or >1 repetitive VA (ie, the
inclusion criteria of the present study).8° Identification
of VA in athletes raises the concern for myocardial
abnormalities at risk of sudden death. In most cases,
athletes with PVBs caused by a structural myocar-
dial disease show a positive family history, ECG, and/
or echocardiography.®'® However, there is emerging
evidence that segmental pathological arrhythmic sub-
strates such as LV scars may be missed by traditional
clinical investigation.®~

The LV scars are classified according to the pattern
of distribution into ischemic (subendocardial or trans-
mural) and nonischemic (subepicardial or midmyocar-
dial)."* The etiopathological basis of nonischemic LV
scars remains elusive: although they are traditionally
attributed to a previous (healed) myocarditis, they
may be observed in many genetically determined
diseases and some hypothesize that they may also
represent the hallmark of exercise-induced myocar-
dial damage.®"8-20 Regardless of the origin, LV scars
should not be dismissed as innocent findings because
data from both the athletic and the general popula-
tion demonstrated that they can be the substrate of
life-threatening VA during follow-up.®2° Unfortunately,
this potentially dangerous myocardial substrate is usu-
ally eletrocardiographically and echocardiographically
silent and can only be revealed by CMR, in the form
of LGE*7

CMR in Athletes With VA

CMR is expensive and may have limited availability
and, for this reason, there is a need for appropriate

Table 4. Sensitivity, Specificity, Predictive Value, and Diagnostic Accuracy of PVB Characteristics for the Presence of LGE

on Cardiac Magnetic Resonance

Sensitivity Specificity PPV NPV Accuracy
Morphology: RBBB/intermediate-superior 89% 98% 30% 98% 76%
axis or polymorphic
Number of PVBs: <3300/24 h 86% 97% 18% 97% 56%
Exercise testing: polymorphic VT 21% 91% 67% 91% 90%

LGE indicates late gadolinium enhancement; NPV, negative predictive value; PPV, positive predictive value; PVB, premature ventricular beat; RBBB, right

bundle-branch block; and VT, ventricular tachycardia.
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Table 5. Univariable and Multivariable Analysis for Predictors of Positive LGE

Male sex 3.4 1.0-11.8 0.053

24-h ambulatory ECG monitoring
Morphology: RBBB/intermediate or 23.7 6.8-81.4 <0.001 19.7 5.3-73 <0.001
superior axis or polymorphic
Number of PVBs: <3300/24 h 6.6 2.2-19.7 0.001 5.4 1.6-17.8 0.005
Complexity: >1 nonsustained VT 1.6 0.7-3.5 0.246

Exercise testing
Polymorphic VT exercise-induced 20.0 4.6-85.5 <0.0001 74 1.4-44.9 0.022

Hosmer-Lemeshow goodness-of-fit test: x?=2.7; P=0.45. LGE indicates late gadolinium enhancement; OR, odds ratio; PVBs, premature ventricular beats;

RBBB, right bundle-branch block; and VT, ventricular tachycardia.

prescription criteria. In athletes with VA, the diagnos-
tic role of CMR is 2-fold. The first is to further inves-
tigate subjects with abnormal electrocardiographic
or echocardiographic findings. The second is to rule
out the presence of an underlying disease in athletes
with high-risk VA features but otherwise unremark-
able clinical findings. In this last case, there is no
consensus on when CMR should be performed.

Previous studies on small samples of athletes un-
dergoing CMR because of VA showed that PVBs with
a RBBB pattern (suggesting LV origin) and increasing
arrhythmia complexity with exercise predicted an un-
derlying LV scar.*7"° A recent study on a large sam-
ple of individuals (mostly middle-aged nonathletes)
who underwent CMR because of frequent (>1000)
PVBs/d and otherwise negative diagnostic work-up

251 athletes with >100 PVBs/24 h or 21 repetitive VA
Negative family history, ECG and echocardiogram

POLYMORPHIC (n=42)
OR
RBBB/INT. or SUP. AXIS (n=41)

| V1GE: 25/83 (30%) |

Vie =
B A
Exercise-induced NSVT

YES (n=15) 7 N\ NO (n=68)

— PVBs morphology B

LBBB INF. AXIS (n=92)
OR
OTHER MONOMORPHIC PVBs (n=76)

| LVIGE:3/168(2%) |

/3 =
C.I} ii‘,.
A
Exercise-induced NSVT
YES (n=10%) PR NO (n=158)

| W1GE:8/15(53%) | | LVLGE:17/68(25%) |

| wiGE:0/10(0%) | | wiGE:3/158(2%) |

Polymorphic (n=9) / \Monomorphic (n=6)
| LV LGE: 6/9 (67%) \ LV LGE: 2/6 (33%)

* All monomorphic

Figure 4. Summary of main study findings.

LBBB indicates left bundle-branch block; LGE, late gadolinium enhancement; LV, left ventricle; PVBs, premature ventricular beats;

RBBB, right bundle-branch block; and VA, ventricular arrhythmias.

J Am Heart Assoc. 2021;10:e018206. DOI: 10.1161/JAHA.120.018206

10




Crescenzi et al

Left Ventricular Scar and Ventricular Arrhythmias

Figure 5. Representative example of an athlete with positive cardiac magnetic

resonance.

A 41-year-old asymptomatic cyclist with negative resting ECG and echocardiography
showed polymorphic premature ventricular beats (with both right-bundle-branch-block
and left-bundle-branch-block configurations) and polymorphic ventricular tachycardia
at exercise testing (A). Short-axis (B) and 4-chamber (C) postcontrast cardiac magnetic
resonance views revealed a stria of late gadolinium-enhancement suggesting myocardial
fibrosis with a subepicardial/midmyocardial (nonischemic) distribution involving the basal
and midapical inferolateral left ventricular segments (white arrows).

confirmed that PVBs with a RBBB pattern or mul-
tiple morphologies were independent predictors of
myocardial abnormalities while the PVBs burden was
not.?® However, such previous investigations also
included individuals with a high disease probability
because of positive family history, abnormal ECG
findings, or regional wall motion abnormalities on
echocardiography.

The present multicenter study was unique because it
enrolled a large sample of athletes who exhibited PVBs
as the only clinical abnormality (ie, negative family his-
tory, resting ECG, and echocardiography) that in the
pre-CMR era would have been labeled as idiopathic.
We found a segmental LV scar in 11% of cases, mostly
with a nonischemic pattern. Simple characteristics of
VA such as morphology (RBBB and intermediate/su-
perior axis or polymorphic) and response to exercise

J Am Heart Assoc. 2021;10:e018206. DOI: 10.1161/JAHA.120.018206

testing allowed identification of athletes at highest risk
of pathological CMR. On the other hand, although the
current perspective is that a higher number of PVBs is
a risk factor for an underlying disease, we found that
a high PVB burden was paradoxically associated with
a structurally normal heart. This observation suggests
that idiopathic and benign ectopic activity may generate
a higher number of ventricular ectopic beats than the LV
scar, hindering the predictive value of the PVB burden.

Clinical Implications

The present study confirms that PVBs may be
caused by an LV scar identifiable only by CMR. The
probability of a concealed myocardial substrate de-
pends on simple VA characteristics, particularly QRS
morphology (Figure 4). Athletes with VA with a RBBB
pattern and intermediate/inferior axis or polymorphic
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Figure 6. Representative example of an athlete with negative cardiac magnetic resonance.

A 19-year-old soccer player symptomatic for palpitations showed frequent premature ventricular beats with a left-bundle-branch-block
configuration, precordial S/R transition in V4, and inferior axis in the limb leads, suggesting a right ventricular outflow tract origin (A).
During exercise testing, symptomatic nonsustained ventricular tachycardia occurred (B). Short-axis (C) and 4-chamber (D) postcontrast
cardiac magnetic resonance views showed no myocardial abnormalities. The athlete underwent successful catheter ablation.

PVBs that become repetitive during exercise repre-
sented the highest-risk subgroup: the probability of
an underlying LV scar was 53% and increased to
67% in the presence of exercise-induced nonsus-
tained polymorphic VT. Prescription of CMR in these
cases appears mandatory. The probability of under-
lying pathological substrates in athletes with VA with
multiple morphologies or RBBB/inferior or interme-
diate axis configuration but not nonsustained VT at
exercise testing was 25%: they also probably should
undergo CMR. On the other hand, the probability of
LGE in athletes with monomorphic PVBs with left
bundle-branch block or RBBB/inferior axis was only
2%: avoidance of CMR in this subgroup would have
reduced the sensitivity for identification of LV-LGE by
11% (from 28 to 25 cases) but increased the diagnos-
tic rate from 11% (28/251) to 30% (25/83).

J Am Heart Assoc. 2021;10:e018206. DOI: 10.1161/JAHA.120.018206

Study Limitations

The study has some limitations. The main one was that
CMR was not prescribed according to prespecified cri-
teria. As a consequence, the prevalence of abnormal
CMR findings in our study may be influenced by selec-
tion bias and may not be representative of the gen-
eral population of athletes. However, it is noteworthy
that in a previous study enrolling asymptomatic young
athletes who volunteered to undergo 24-hour ambu-
latory ECG monitoring and who underwent CMR in
case of frequent (>500/d), exercise-induced, or repeti-
tive PVBs, the prevalence of LV scar was higher (18%).
A 18% rate of LV LGE was also observed in a recent
study involving patients who underwent CMR because
they showed >1000/d apparently idiopathic PVBs.2° A
second limitation may arise from not including a large
number of patients who were unable to undergo CMR
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for various reasons, but who could have been eligible
for the analysis. Third, the sample is unbalanced in
terms of sex (74% males). Fourth, despite its potential
utility for evaluation of athletes with suspected heart
disease,??3 the CMR protocol did not included the
study of extracellular volume (T1-mapping) for quan-
tification of interstitial fibrosis, because the technique
was not available at the time of enrollment. Finally, it is
beyond the scope of the present study to show data
on arrhythmic outcome of LV scar.

CONCLUSIONS

This multicenter study confirmed previous observa-
tions that negative ECG and echocardiography cannot
definitely rule out an underlying structural myocardial
abnormality in athletes with VA. Because of its ability to
provide tissue characterization, CMR has a higher sen-
sitivity for detecting concealed myocardial substrates
such as the nonischemic LV scar, but it should be re-
served for selected cases because of its high costs
and limited availability.

According to our findings, simple VA characteris-
tics such as morphology and response to exercise
testing may help to identify the subset of athletes with
the highest probability of an underlying disease, for
whom CMR prescription may be particularly cost-ef-
fective. On the other hand, contrary to current per-
spective, a high number of PVBs/24 h should not be
considered a risk factor for an associated cardiac
disease.
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