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Aims Premature ventricular beats (PVBs) in athletes are often benign, but sometimes they may be a sign of an underlying disease.
We evaluated the prevalence, burden, and morphology of PVBs in healthy voluntary athletes and controls with the main
purpose of defining if certain PVB patterns are ‘common’ and ‘training related’ and, as such, are more likely benign.

Methods We studied 433 healthy competitive athletes [median age 27 (18—43) years, 74% males] and 261 age- and sex-matched sed-
and results entary subjects who volunteered to undergo 12-lead 24 h ambulatory electrocardiogram (ECG) monitoring (24H ECG),
with a training session in athletes. Ventricular arrhythmias (VAs) were evaluated in terms of their number, complexity
[i.e. couplet, triplet, or non-sustained ventricular tachycardia (NSVT)], exercise inducibility, and morphology. Eighty-six per-
cent of athletes and controls exhibited a total of <10 PVBs/24 h, and >90% did not show any couplets, triplets, or runs of
NSVT > 3 beats. An higher number of PVBs correlated with increasing age (P < 0.01) but not with sex and level of training.
The most frequent morphologies among the 36 athletes with >50 PVBs were the infundibular (44%) and fascicular (22%)
ones. In a comparison between athletes and sedentary individuals, and male and female athletes, no statistically significant

differences were found in PVBs morphologies.

Conclusion The prevalence and complexity of VAs at 24H ECG did not differ between athletes and sedentary controls and were not
related to the type and amount of sport or sex. Age was the only variable associated with an increased PVB burden. Thus, no
PVB pattern in the athlete can be considered ‘common’ or ‘training related’.
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The study enrolled 433 athletes and 261 sedentary subjects who underwent 12-lead 24H ECG. Premature ventricular beats were found to be rare in
athletes and sedentary subjects, with infundibular and fascicular morphologies being the most common; their incidence and morphologies were not
related to the type and amount of sport, nor to sex, and tended to increase with age. 12-lead 24H ECG, 12-lead 24 h electrocardiogram monitoring;

PVBs, premature ventricular beats.

Pre-participation screening ® Premature ventricular beats ® Sports cardiology ® Ventricular arrhythmias ® Sudden

cardiac death

What’s new?

® Premature ventricular beats (PVBs) are rare in athletes and seden-
tary healthy subjects who are supposed to be healthy.

® The PVBs burden and morphologies are not related to the type and
amount of sport, nor to sex, and tend to increase with age.

® There are no PVBs patterns that can be considered ‘common’ or
‘training related’, although certain characteristics (frequent/complex
PVBs with morphologies other than infundibular or fascicular) may
be associated with a higher disease probability and thus deserve to
be investigated more in depth.

Introduction

Premature ventricular beats (PVBs) are not an infrequent finding in
the general population of athletes during pre-participation screen-
ing (PPS)."3 Although they are often benign, sometimes they may
represent a sign of an underlying heart disease at risk of sudden
cardiac death (SCD).* The clinical significance and characteristics
to be considered for risk stratification of PVBs have been much
debated in the literature, and many aspects are still not fully
clarified.

Aninitial hypothesis was that a certain number of PVBs could be con-
sidered an expression of the athlete’s heart due to exercise-induced
heart remodelling; only when the number of PVBs was particularly
high did the probability of an underlying disease increased.” More re-
cent studies suggested that the prevalence of ventricular arrhythmias
(VAs) in young competitive athletes is low, independent of the type
and intensity of sports activity, and similar to sedentary subjects.®
Importantly, it has also been demonstrated that some PVB patterns
are associated with an increased probability of an underlying disease
at risk of SCD.”””

According to this new evidence, a modern approach to the inter-
pretation and risk stratification of PVBs in the athlete has been pro-
posed, taking into consideration parameters other than just the
number, such as morphology, complexity, and relation to exercise.'®"!
Similar to the classification of resting electrocardiogram (ECG) changes,
PVB characteristics were divided into two groups: ‘common’ and ‘un-
common’,'? but the definition was based on the risk rather than on
prevalence and relation to training on healthy athletes. In other words,
although some PVBs characteristics are associated with a lower prob-
ability of an underlying disease, it remains to be demonstrated whether
they can be considered common/training-related features of the ath-
lete’s heart.

To overcome this limitation, this study was designed to compare the
prevalence, burden, morphology, and relation to training of PVBs in a

€20z Jequialdas 0 uo 1sanb Aq Z9GE1Z//SSZPeNS/6/SZ/3101e/80ed0iNa /W0 dno"olWapeoe//:sdny Wolj papEojuMo



VAs recorded on 12-lead ambulatory ECG monitoring in healthy volunteer athletes and controls: what is common and what is not 3

court of healthy athletes and a control group of healthy sedentary sub-
jects who volunteered to undergo 12-lead 24 h ambulatory ECG mon-
itoring (24H ECQG).

Methods

The study protocol was approved by the local Ethics Committee, and all
subjects (or parents/guardians if subjects were <18 years old) gave written
informed consent. Participants were not paid. Parts of these data were re-
ported in previous publications.®'?

Athletes

According to Italian law, all athletes engaged in competitive sports activity
must undergo pre-participation cardiovascular evaluation including family
and personal history, physical examination, resting 12-lead ECG, and limited
exercise testing focused on the evaluation of VAs. In addition, athletes >35
years old underwent incremental maximal exercise testing to rule out is-
chaemic heart disease. Further examinations were provided for athletes
showing abnormalities at first-line investigations. Athletes who were con-
sidered eligible for competitive sports activity according to PPS and who ful-
filled the inclusion criteria were offered participation in the study until the
pre-specified sample size was reached.

Inclusion criteria were the following: (i) age > 15 years old; (ii) engage-
ment in all competitive sports, with the exception of skill disciplines accord-
ing to the 2020 ESC Guidelines on Sports Cardiology and Exercise;'* (iii)
>6 h of exercise per week for at least 1 year; and (iv) no structural cardio-
vascular disease, excluding mild valvular disease, mild aortic dilation, and pa-
tent foramen ovale. In addition to PPS, athletes with >10 isolated PVB or >1
repetitive VA [couplets or non-sustained ventricular tachycardia (NSVT)]
on the 24H ECG also underwent echocardiography to rule out an under-
lying heart disease. Those with echocardiographic abnormalities or those
with normal echocardiography but with frequent (>500/day) or distinctive-
ly exercise-induced VA (excluding fascicular’ or ‘infundibular’ PVBs that car-
ry a low disease probability) were referred for contrast-enhanced cardiac
magnetic resonance (CMR). The following information was collected for
each participant: type of sport, classified as endurance, power, or mixed ac-
cording to the 2020 ESC Guidelines on Sports Cardiology and Exercise'
(in case of multiple disciplines, the one accounting for the majority of train-
ing hours was considered); hours of training per week; cumulative years of
practice; and family history of premature SCD (<50 years old in females and
<40 years old in males), coronary artery disease, or cardiomyopathy in first-
degree relatives.

Sedentary individuals

During the same period, a group of sedentary subjects was recruited as con-
trols by public advertisements on local press, social networks, and notice
boards in the hospital. The sedentary controls had a negative history of
heart disease (including arrhythmias) or hypertension, were engaged in
<2 h per week of leisure-time physical exercise, and were matched to ath-
letes for sex and age class (1620 years old, 21-30 years old, 31—40 years
old, and >40 years old) with a &3:2 ratio. Except for sports activity, inclu-
sion criteria were the same as for athletes. Similar to athletes, an underlying
structural heart disease was excluded with echocardiography and CMR in
selected cases.

Ambulatory electrocardiogram monitoring

A 12-lead 24H ECG (H12, Mortara Instruments Inc.) was performed on all
study participants. Athletes were asked to perform a training session of at
least 30—-60 min during the ambulatory ECG recording. Sedentary subjects
were instructed to perform their habitual daily life activities. Recordings
were reviewed by two cardiologists (A.Z., G.M.): in particular, every single
ectopic beat, pause, or artefact and all families of normal beats were con-
firmed manually. Recordings with >2 h of artefacts or missing signals
were considered inadequate and repeated.

The PVB morphology was classified as left bundle branch block (LBBB)—
like if the ectopic QRS complex was predominantly negative in lead V1 and
as right bundle branch block (RBBB)-like if the ectopic QRS complex was
predominantly positive or isodiphasic in lead V1. Premature ventricular

beats with a LBBB/inferior axis (positive QRS complex in aVF and negative
QRS complex in V1 and aVL) configuration were considered of ventricular
outflow tract origin; PVBs with a QRS duration of <130 ms resembling a
typical RBBB/left or right axis deviation were considered of fascicular ori-
gin.'®""5 Premature ventricular beats with >2 morphologies that ac-
counted for >10% of all PVBs were classified as polymorphic.

Statistical analysis

Continuous and categorical variables were expressed as median (with
25th—75th percentiles) and number (%), respectively. Categorical variables
were compared using the y* or Fisher exact test, as appropriate.
Continuous data were compared using the Mann—Whitney U test because
normality could not be assumed for any variable. A P-value of <0.05 was
considered statistically significant. Univariate analysis was conducted to
identify potential significant factors influencing the number of PVBs, while
multivariate analysis was performed to assess the most important factors.
Data were analysed with SPSS, version 29 (IBM). Study data were collected
and managed using REDCap electronic data capture tools hosted at the
University of Padova (Padova, Italy).

Results

Comparison between athletes and

sedentary controls

During the study period, 1604 competitive athletes who fulfilled the en-
rolment criteria underwent PPS. Of those athletes, 125 did not meet
the enrolment criteria because they were engaged in sports with low
cardiovascular demand (n=90), had cognitive/physical disabilities
(n=19), or were considered not eligible for competitive sports activity
because of a cardiovascular disease (n=16). Of the remaining 1479
athletes, 436 agreed to participate in the study, but three were ex-
cluded for demonstration of a non-ischaemic left ventricular (LV)
scar on CMR, which was performed for exercise-induced PVBs on
the 24H ECG. The final population was composed of 433 ath-
letes (74% males, median age 27 years). The athletic group practised
a variety of sports including cycling (n=75, 18%), soccer (n=74,
17%), running (n =64, 15%), volleyball (n =43, 10%), triathlon (n=
33, 8%), rugby (n =18, 5%), basketball (n =16, 4%), martial arts (n =
11, 2%), swimming (n=7, 1%), tennis (n=11, 2%), rowing (n=38,
1%), and others (n=73, 17%). The family history was positive for
SCD in 18 athletes (4%), for myocardial infarction in 101 athletes
(23%), and for cardiomyopathy in 5 athletes (1%).

The control group initially included 262 subjects, but one was ex-
cluded because frequent and polymorphic PVBs on 24H ECG re-
quested echocardiography that showed mitral valve prolapse with
moderate regurgitation. Hence, the final study cohort included 261 sed-
entary controls. Detailed information about the two groups is shown in
Table 1. Athletes presented significantly lower mean and minimum
heart rates (HRs) and a significantly higher maximal HR if compared
with controls at 24H ECG.

The prevalence and complexity of PVBs recorded by ambulatory
ECG monitoring did not differ between athletes and sedentary subjects.
In detail, 86% of athletes and 86% of controls exhibited a total of <10
PVBs/24 h and 91% of athletes and 93% of controls did not show any
couplets, triplets, or runs of NSVT > 3 beats (Figure 1).

Determinants of premature ventricular

beats in athletes

Sex

Male athletes (n = 322) were significantly older than female athletes
(n=111). However, the two groups did not significantly differ in posi-
tive family history, type of sport, training time per week, training time
per year, and years of sports practice. The 24H ECG showed

€20z Jequialdas 0 uo 1sanb Aq Z9GE1Z//SSZPeNS/6/SZ/a101e/80ed0ina/Wwod dno"olWwapeoe//:sdly Wolj PapEojuMo(]



F. Graziano et al.

significant differences in the mean and minimum HRs, which were
lower in male athletes, but not in the maximum HR. Table 2 shows de-
tailed information about the differences between male and female
athletes.

Table 1 Comparison between athletes and sedentary controls

Variable Athletes Sedentary
controls
n=433 n=261

Male 322 (74%) 184 (70%) P=02
Age 27 (18-43) 31 (22-46) P=0.06
Positive family history® 124 (28%) 65 (25%) P=0.2
Training time, hours/week 8 (6-10) 1(1-2) P <0.01%*
Sports practice, years 9 (5-15) 8 (2-19) P <0.01%*
Mean HR, bpm 71 (65-75) 74 (68-81)  P<0.01%
Minimum HR, bpm 40 (36-43) 45 (41-49) P<0.01*
Maximum HR, bpm 169 (152-180) 139 (125-153) P<0.01*

Data are given as number (percentage) or median (25th—75th percentiles).

bpm, beats per minute; HR, heart rate.

For premature (<40 years old in men and <50 years old in women) sudden death,
inherited cardiomyopathies, or coronary artery disease.

As shown in Figure 2, no differences in the number and complexity of
PVBs were detected between the two groups. Particularly, the percent-
age of male and female athletes with no PVBs, isolated PVBs, couplets,
triplets, and NSVT was comparable.

Level of training

The athletes who practised endurance or mixed sports were divided
into two groups according to the hours of training per week: higher
training volume [n =274, median age 25 (25th—75th percentiles, 17—
42 years), 75% males], with a training time of >7 h/week, and lower
training volume [n =127, median age 33 (25th—75th percentiles, 22—
43 years), 74% males], with a training time of <7 h/week. The two
groups showed no differences in age (P =0.1), sex (P =0.8), positive
family history (P=0.9), and mean (P=0.7) and maximum (P=0.9)
HRs recorded at the 24H ECG. The minimum HR was significantly low-
er in the higher training volume group [40 (25th—75th percentiles, 36—
43 bpm)] if compared with the lower training volume one [42 (25th—
75th percentiles, 36—45 bpm); P =0.04]. Also, in this case, no differ-
ences between these groups were demonstrated in the number and
complexity of PVBs recorded at the 24H ECG. A detailed representa-
tion is shown in Figure 3.

Age

An analysis of variance was performed to study the significance of
age, sex, type of sport, hours of training per week, hours of training
per year, and years of training on the number of PVBs. In the univari-

*P < 0.05. ate analysis, the only variable significantly associated with the number
of PVBs was age. The correlation between the number of PVBs and
60%
P =0.06
50%
40%
30%
20%
10%
P=0.3
P=0.8
P=0.8 P=0.3
0% ‘ - E—— [ —
Number of PVBs Presence of repetitive VAS NSVT
No PVBs 1-10 PVBs | 11-100 PVBs | 100 PVBs >1 couplet >1 triplet >1 NSVT |effort-related
B Athletes 34% 52% 8% 6% 6% 1% 2% 1%
| Sedentary controls 44% 42% 7% % 4% 1% 2% 0%

Figure 1 Grading of VAs in 24 h ambulatory ECG monitoring in athletes and age- and sex-matched sedentary controls. NSVT, non-sustained ven-
tricular tachycardia; PVBs, premature ventricular beats; VAs, ventricular arrhythmias.
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age was confirmed also after correction with the other variables
(F=10.530, P < 0.01). Figure 4 shows the distribution of the number
of PVBs according to the age group.

Table 2 Comparison between male and female athletes

Variable Male athletes Female
athletes

n=322 n=111
Age 29 (19-43) 23 (17-35) P <0.008*
Positive family history® 91 (28%) 33 (30%) P=09
Training time, hours/week 8 (6-9) 7 (6-11) P=05
Training time, hours/year 350 (312-450.75) 350 (308-504) P=04
Sports practice, years 10 (5-17) 7 (5-12) P=0.07
Mean HR, bpm 70 (65-74) 73 (69-77) P <0.001*
Minimum HR, bpm 40 (36-42.25) 42 (39-46) P<0.001*
Maximum HR, bpm 169 (152-179) 171 (154-184) P=0.1

Data are given as number (percentage) or median (25th—-75th percentiles).

bpm, beats per minute; HR, heart rate.

For premature (<40 years old in men and <50 years old in women) sudden death,
inherited cardiomyopathies, or coronary artery disease.

Morphology of premature ventricular

beats

Athletes

We compared the distribution of PVB morphologies on the 24H ECG
between the group of athletes with 1-50 PVBs (n = 250) and the group
with >50 PVBs (n = 36). The two groups significantly differed for age,
with older age in the group with the higher number of PVBs: the median
age of athletes with lower PVBs number was 30 years (25th—75th per-
centiles, 20—43 years) while that of athletes with higher PVB number
was 37 years (25th—75th percentiles, 28-46.75 years); P=0.01. The
two groups did not differ in sex (P =0.5), positive family history (P =
0.1), training time (P=0.3), years of sports practice (P=0.1), and
mean (P=0.2), minimum (P=0.9), and maximum (P=0.6) HRs re-
corded at the 24H ECG. Moreover, the two groups did not differ in
the type of sport (P = 0.3). As reported in Table 3, the only statistically
significant difference between the two groups was about the number of
athletes showing monomorphic infundibular PVBs, which was higher in
the group of athletes with the greatest number of arrhythmias (29% vs.
44%, P =0.04).

Athletes vs. sedentary subjects

A comparison between athletes with >50 isolated PVBs and sedentary
controls [n =20, median age 41 (25th—75th percentiles, 34.25-49.5
years), 75% males] with >50 isolated PVBs was done. The two groups
did not differ in age and sex. No statistically significant differences were

*P < 0.05. found in the distribution of PVB morphologies between the two groups
(P=0.4) (Figure 5). In athletes, we did not notice an increased
60%
P=0.6
50%
40%
30%
20%
10%
P=0.8
P=0.1 P=0.7
P=1
0% [ | ——
Number of PVBs Presence of repetitive VAS NSVT
No PVBs 1-10 PVBs | 11-100 PVBs >100 PVBs >1 couplet >1 triplet >1NsvT | effort-related
m Male 33% 53% 8% 6% % 2% 2% 1%
m Female 39% 47% 8% 6% 5% 0% 3% 1%

Figure 2 Grading of VAs on 24 h ambulatory ECG monitoring in male and female athletes. NSVT, non-sustained ventricular tachycardia; PVBs,

premature ventricular beats; VAs, ventricular arrhythmias.
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60%
P=0.3
50%
40%
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20%
10% P=0.2
- P=06 P=04 -
0% il s
Number of PVBs Presence of repetitive VAs NSVT
No PVBs 1-10 PVBs | 11-100 PVBs | >100 PVBs >1 couplet >1 triplet >1NsvT  |effort-related
M Higher training volume 33% 53% 7% 7% 5% 1% 3% 1%
m Lower training volume 34% 48% 12% 6% 9% 3% 2% 2%

Figure 3 Grading of VAs in 24 h ambulatory ECG monitoring in higher training volume and lower training volume groups. NSVT, non-sustained
ventricular tachycardia; PVBs, premature ventricular beats; VAs, ventricular arrhythmias.

distribution of PVBs after the training session, which was recorded dur-
ing 24H ECG in the athletes’ diary and identified with increasing HRs.
Infundibular and fascicular resulted in being the most frequent morph-
ologies in both groups.

Female athletes vs. male athletes

Finally, a comparison between female athletes [n =7, median age 45
(25th—75th percentiles, 33-50 years)] with >50 isolated PVBs and
male athletes [n = 36, median age 33 (25th—75th percentiles, 2646
years)] with >50 isolated PVBs was done. The two groups did not differ
in age (P =0.3), positive family history (P =0.1), type of sport (P =0.2),
training time per week (P=0.1) and per year (P=0.4), and years of
sports practice (P =0.6). No significant differences were found in the
distribution of PVB morphologies between the two groups, with pre-
dominance of the infundibular morphology in both (Figure 6).

Discussion

In this study, we compared the prevalence, burden, and morphology of
PVBs recorded with 24H ECG between a group of healthy athletes and
a control group of healthy sedentary subjects. The presence of an
underlying heart disease was ruled out with a rigorous protocol that in-
cluded CMR for those with frequent or exercise-induced PVBs. The
main results are as follows: (i) the mean number of PVBs was low in
healthy athletes and did not differ from sedentary subjects; (i) sex,
type of sport, and training level did not affect the burden of PVBs in
the athletic population, which instead turned out to be influenced by

age; (i) among athletes with more frequent PVBs, (>50/24 h), infun-
dibular and fascicular morphologies were the most represented,
accounting for two-thirds of cases; and (iv) male and female athletes
presented similar PVB patterns and morphologies.

Prevalence and determinants of

ventricular arrhythmias

In the literature, there are conflicting outcomes about the role of exer-
cise in determining VAs."® Palatini et al."” compared 24H ECG monitor-
ing results of 40 endurance athletes and 40 healthy sedentary subjects
and showed a higher prevalence of ventricular ectopy in athletes. Biffi
et al>"® studied 355 athletes who underwent 24H ECG monitoring
for palpitations and/or PVBs recorded on the basal ECG. In most of
the athletes with <2000 PVBs/day and no NSVT, an underlying struc-
tural heart disease could not be demonstrated, VAs decreased with de-
training, and the follow-up was event-free. Hence, the theory is that a
certain number of PVBs could be considered an expression of the ‘ath-
lete’s heart’. On the other hand, other studies demonstrated that the
burden of VAs in athletes is low and not different from that of seden-
tary subjects.'”*2 Also, our group demonstrated that the prevalence of
VAs at 24H ECG did not differ between middle-aged athletes®® and
young competitive athletes® when compared with age-matched seden-
tary controls and was unrelated to the amount and duration of exer-
cise. Moreover, Delise et al** proved the inability of detraining to
reduce arrhythmias in athletes, concluding that VAs cannot be consid-
ered an expression of the athlete’s heart.
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Figure 4 Number of PVBs in athletes divided into four age groups (1620 years old, 21-30 years old, 31—40 years old, and >40 years old). PVBs,

premature ventricular beats.

Table 3 Comparison of the prevalent morphology of ventricular
arrhythmias between athletes with 1-50 PVBs and athletes with
>50 PVBs

Morphology Athletes with  Athletes with
1-50 PVBs >50 PVBs
n=250 n=36
Infundibular 70 (29%) 16 (44%) P=0.04*
Fascicular (RBBB/ 69 (28%) 8 (22%) P=0.6
QRS <130 ms)

LBBB/superior axis 23 (8%) 1 (3%) P=0.1
RBBB/QRS > 130 50 (20%) 5 (14%) P=0.2
Polymorphic 38 (15%) 6 (17%) P=08

Data are given as number (percentage).

LBBB, left bundle branch block; PVBs, premature ventricular beats; RBBB, right bundle
branch block.

*P < 0.05.

In the present study, about 90% of athletes had <10 PVB/24 h and
>90% did not show any couplets, triplets, or runs of NSVT > 3 beats,
with the same finding in athletes and sedentary subjects, so the conclu-
sion is that PVBs are rare in healthy athletes such as in sedentary indi-
viduals. Moreover, we stratified athletes for the type of sport and
training time per week (>7 h/week vs. <7 h/week): there were no sig-
nificant differences in the number and complexity of VAs between the
subgroups. Therefore, our study supports the idea that there are no
links between sports activity and an increased VA burden. We can con-
clude that PVBs in athletes are neither common nor training related.

Instead, we found a significant correlation between the number of
PVBs and age. Indeed, the group with a higher number of PVBs
(PVBs > 50/24 h) resulted in being significantly older when compared
with the group with 1-50 PVBs in 24 h. Furthermore, age acts as an in-
dependent risk factor for the number of PVBs in an analysis of variance

including age, sex, type of sport, hours of training per week, hours of
training per year, and years of training. These results are in line with pre-
vious studies demonstrating that the arrhythmic burden increases with
age in the general population.” It may be hypothesized that the gradual
development of cardiac fibrosis and the progressive dysregulation of
the myocyte calcium homeostasis are the mechanisms involved in the
increased electrical instability with ageing.”>®

Morphology of premature ventricular

beats

In our population, the majority of athletes with PVBs > 50/24 h showed
LBBB/inferior axis (infundibular) or fascicular morphologies, which are
considered benign and are usually due to automatic foci in a structurally
normal heart.”” This finding is in keeping with previous studies: Verdile
et al.*® demonstrated at exercise testing that in athletes with a structur-
ally normal heart, the most frequent morphologies were the infundibu-
lar and fascicular ones. Parisi et al.*” showed that these morphologies
were characterized by a very low risk of events during follow-up in ath-
letes who carried on with training. Also, Di Florio et al.'® found that
PVBs originating from the outflow tract or fascicles of the left bundle
were relatively common in young competitive athletes referred for car-
diology evaluation, and the probability of having a structural heart dis-
ease was 9% in those athletes with these morphologies compared with
38% of athletes with other morphologies (P < 0.001). It was demon-
strated that even if the number of these PVBs is high, the prognosis
is good. 33

Of note, only 24 of 322 (7%) healthy athletes showed relatively fre-
quent infundibular or fascicular PVBs on a 24H ECG, and we did not
find any differences in the distribution of PVB morphologies according
to the type of sport and training volume. For this reason, although we
confirm that infundibular and fascicular PVBs are the relatively most
common morphologies observed in healthy athletes, they cannot be
considered ‘common’ in absolute or ‘training related’.

Clinical implications
Traditionally, the burden of PVBs is considered to correlate with disease
probability; for this reason, current international recommendations for
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Athletes with >50 PVBs
n =36
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17%,n=6
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3%, n=1
Infundibular
44%, n = 16
Fascicular
22%,n=8

L RBBB/QRS >130 ms
14%,n=5

Sedentary controls with  >50 PVBs

n=20
Polymorphic
5%, n=1

Fascicular
20%,n=4

Infundibular
60%, n = 12

RBBB/QRS >130 ms
15%,n=3

Figure 5 Prevalent morphologies of ventricular arrhythmias among 36 athletes and 20 sedentary controls with >50 isolated PVBs. LBBB, left bundle
branch block; PVBs, premature ventricular beats; RBBB, right bundle branch block.

Female athletes with >50 PVBs
n=7

Polymorphic
28%,n =2

Male athletes with >50 PVBs
n=29

Polymorphic
21%,n=6

Infundibular Infundibular
44%,n =3 45%, n =13
RBBB/QRS >130 ——
17%,n=5
LBBB/superior

axis 3%,n=1

Fascicular 14%, n = 4

Figure 6 Prevalent morphologies of ventricular arrhythmias among female and male athletes with >50 isolated PVBs. LBBB, left bundle branch block;

PVBs, premature ventricular beats; RBBB, right bundle branch block.

the interpretation of the athlete’s ECG suggest to consider as normal
the presence of one PVB in a 10 s resting ECG.*? In our study, we dis-
proved this perspective by showing that in healthy athletes, PVBs are
neither common nor training related and cannot be considered a fea-
ture of the athlete’s heart.

It is now well established that the number of PVBs has no prognostic
value, but other properties of PVBs help risk stratification.'’=33*
Actually, recent evidence suggests that morphology, complexity, and
relation to exercise are more accurate features than the number in

differentiating between probable benign and potentially malignant
PVBs."% In particular, infundibular and fascicular PVBs have low disease
probability, especially in case of a negative personal/family history and
normal baseline ECG; conversely, other morphologies may be more
frequently associated with pathological substrates at risk of SCD.'%3*
In our study population, we confirmed that infundibular and fascicular
PVBs were the relatively more common PVB patterns, while only 3%
(12/433) showed >50 PVBs with morphologies other than infundibular
or fascicular. Given the low number, further diagnostic investigation
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seems to be justified in these athletes. Of our athletes potentially eli-
gible for the study, three were excluded because of an isolated non-
ischaemic scar on CMR, which was performed due to the recording
of PVBs with RBBB/wide QRS or polymorphic VAs on the study 24H
ECG. This finding supports the importance of evaluating the morph-
ology (rather than the number) of PVBs in athletes for an appropriate
clinical work-up.

Study limitations

The main limitation of this study is that we enrolled a cohort of volun-
teers rather than a consecutive series of athletes who underwent PPS.
Even though the baseline characteristics of those who did and did not
agree to participate were similar, we cannot exclude a selection bias.
Also, sedentary individuals may not be representative of the general
sedentary population because they were recruited on a voluntary basis.
A systematic imaging study of all the athletes with normal PPS and no
VAs on 24H ECG was not performed. Moreover, follow-up data on
the entire study cohort are lacking, and therefore, we cannot rule
out the possibility that they may have developed a disease later in their
life. Furthermore, the study mostly included lItalian White athletes
(Caucasian), and so the results may not be generalized to athletes of
other ethnicities. Because of logistical reasons, recruitment of a larger
group of athletes than sedentary individuals may have influenced the
matching efficiency.

Conclusions

In conclusion, in this study, we found that PVBs are rare in athletes and
sedentary subjects who are supposed to be healthy; their burden and
morphologies are not related to the type and amount of sport, nor
to sex, and tend to increase with age. For these reasons, there are
no PVB patterns that can be considered ‘common’ or ‘training related’,
although certain characteristics may be associated with a higher disease
probability and thus deserve to be investigated more in depth. In par-
ticular, frequent/complex PVBs with morphologies other than infun-
dibular or fascicular are rare in healthy athletes, and a careful clinical
work-up is indicated before concluding on their benign nature. Our re-
sults need to be confirmed by further studies, especially including top/
elite athletes who often exercise more than amateur/non-elite athletes
who made up our study population.
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