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ABSTRACT

Background While World Rugby guidelines do not
mandate the inclusion of an electrocardiogram (ECG) for
all players, this is required for entry into international
rugby competitions. We, therefore, sought to describe
sport-specific normative ECG values and evaluate the
performance of contemporary athlete ECG guidelines in
male and female professional rugby players.

Methods We retrospectively analysed professional
rugby players’ ECGs (n=356, male 79%) obtained during
preparticipation screening (2010-2022), comparing by
sex and playing position (forwards vs backs). ECGs were
categorised as normal ‘training-related’, borderline and
abnormal findings, as defined by the 2017 International
Recommendations.

Results 84% of players had one or more normal,
‘training-related’ findings, with males having a higher
prevalence than females (91% vs 60%, p<0.001). Most
ECG findings did not vary by position. No female player had
borderline or abnormal ECG findings. Borderline findings
were present in 3% (n=12/356) of players. Abnormal
findings were present in 2% (n=7/356) of players. Overall,
2.2% of ECGs were ‘positive’ (n=8/356, including n=1ECG
with two borderline findings).

Conclusions The application of contemporary ECG
interpretation criteria resulted in a low positivity rate
isolated to male players. These results help inform the
logistic feasibility of ECG-inclusive screening, which is
already required to enter major tournaments.

INTRODUCTION

ECG-inclusive ~ preparticipation  athlete
screening has become commonplace among
professional sports. While World Rugby does
not mandate ECG-inclusive screening in all
athletes, an ECG is mandated as an entry
requirement for World Rugby-controlled and
managed tournaments, such as the Rugby
World Cup and Sevens World Series,' making
it a requirement for many high-level players.
For other players at the national and interna-
tional levels, World Rugby suggests an ECG
‘if logistically possible’ and recommends that
if performed, it ‘be interpreted by a medical
practitioner experienced in reading sports
ECGs’.! This language reflects a potential
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The 2017 ‘International Recommendations for ECG
Interpretation in Athletes’ have improved the spec-
ificity without compromising the sensitivity of ECG-
inclusive screening in athletes.

WHAT THIS STUDY ADDS

= Rugby players have a high prevalence of normal,
training-related ECG findings but a very low preva-
lence of abnormal findings, with an overall positivity
rate of 2.2%.

= Our results provide normative ECG findings, which
is important given ECG is already a required screen-
ing test for several large tournaments regulated by
World Rugby.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings reassure that ECG-inclusive screening in
rugby players using contemporary ECG criteria will
not result in a high burden of downstream testing.

= Future work that includes imaging and outcome data
is needed to define the overall sensitivity and spec-
ificity of ECG-inclusive screening in rugby players.

pitfall of ECG-inclusive screening. Specifically,
there is potential for normal, physiological
features in the ECG, which are common mani-
festations of the well-conditioned heart of an
elite athlete, to be misclassified as abnormal
by untrained readers,”® resulting in unaccept-
ably high false-positive rates.

The 2017 ‘International Recommendations
for ECG Interpretation in Athletes’® reflects
an iterative improvement on prior guidelines
and has improved the specificity without
compromising the sensitivity of ECG-inclusive
screening in athletes participating in many
different sporting disciplines.”® While the
ECG characteristics of several major sports
disciplines, including American football,”"!
soccer,7 12 pasketball® and endurance
athletes,'*™"® have been thoroughly evaluated,
those of rugby players have not previously
been evaluated using the International
Recommendations. Prior data do not include
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asizeable representation of female contact sport athletes,
despite the important impact of sport type and sex on the
ECG manifestations of exercise-induced cardiac remod-
elling.'” '® We therefore sought to describe sport-specific
normative ECG values and evaluate the performance
of contemporary athlete ECG guidelines in male and
female professional rugby players. A secondary goal of
this study was to examine differences in ECGs based on
rugby playing position, given the different physiological
demands of the forward versus back roles.

METHODS

Study design and participants

The ECGs of professional rugby players obtained during
preparticipation screening (2010-2022) from all teams
within one European country were retrospectively anal-
ysed, compared by sex and by playing position (forwards
vs backs). Informed consent was obtained from partici-
pants during preparticipation screening over consecutive
years from all players to permit retrospective analysis of
these clinically obtained ECGs for research purposes.

ECG acquisition and analysis

ECGs were performed using standard 12-lead placement
and equipment (MAC 3500; GE Healthcare, Milwaukee,
Wisconsin). ECGs were conducted by a skilled clinical
nurse and overseen by each team’s medical doctor.

For this analysis, ECGs were interpreted by two inde-
pendent reviewers, one sports cardiologist and the other
an exercise scientist. In the event of disagreement, the
final interpretation was decided by a third reviewer, a
sports cardiologist. ECG features were categorised as
normal ‘training-related’ findings, borderline findings
and abnormal findings, as defined by the 2017 Interna-
tional Recommendations.*

QRS wave amplitudes and the magnitudes of early
repolarisation were measured manually using callipers.
Voltage criteria were defined using the Sokolow-Lyon
Index for left ventricular hypertrophy (LVH) (S wave
in VI+Rwave in V5 or V6 >35mm) and right ventric-
ular hypertrophy (R wave in V1+Swave in V5 or V6
>10.5mm)."

Statistical analysis

Statistical analyses were performed using SPSS software
(V.22; SPSS). Assumptions of normality were made
using the Shapiro-Wilk test (>0.05). Continuous data
were compared using independent samples t-test (para-
metric) or Mann-Whitney U test (non-parametric) and
are expressed as mean+SD or median and IQRs. Dichot-
omous data were compared using Fisher’s exact test and
are expressed as numbers (per cent). A two-tailed p<0.05
was defined as statistically significant.

RESULTS
Participant characteristics are presented in table 1.
Data from 356 players (79% male, 23+9 years and 94%

Table 1 Participant characteristics
All Males Females
(n=356) (n=281) (n=75)
Demographics
Age, years 23 (9) 22 (8)* 26 (8)
Ethnicity, n (%)
White 335 (94) 263 (94) 72 (96)
Black 15 (4) 12 (4) 3 (4)
Polynesian 6 (2) 6 (2) -
Playing position, n (%)
Position, forward 180 (51) 145 (52) 35 (47)
Anthropometrics
Height, cm 183 (10) 187 (10)* 168 (10)
Weight, kg 97 (23) 100 (20)* 68 (9)
BMI, kg/m? 27.5(4.2) 28.3(3.8) 24.7 (2.5
Systolic BB, mm Hg 130 (12) 130 (12)*  127+9
Diastolic BP, mm Hg 71 (15) 70 (15)* 739

Data are presented as mean+SD or median (IQR).
*P<0.05 for males and females.
BMI, body mass index; BP, blood pressure.

Caucasian) were analysed. By playing position, 52% of
males and 47% of females were forwards.

Most players had at least one training-related ECG
finding (n=300, 84%), with 51% (n=180) demonstrating
two or more findings. Normal early repolarisation (NER)
and sinus bradycardia were the most common training-
related findings (55% and 47%, respectively). Males had
a greater prevalence of NER (66% vs 9%, p<0.001), LVH
(29% vs 9%, p<0.001), sinus arrhythmia (20% vs 4%,
p<0.001) and first-degree atrioventricular block (11%
vs 3%, p=0.025) compared with females. All remaining
training-related ECG findings were isolated to males
(table 2). Female rugby players were significantly more
likely to have no notable ECG findings compared with
male rugby players (40% vs 9%, p<0.001). Backs for
males and females had a higher prevalence of NER (73%
vs 60%, p=0.03) and sinus bradycardia (65% vs 37%,
p=0.02) than their forward counterparts, respectively
(table 2).

Borderline ECG findings were present in 3%
(n=12/356) and only in males. For males, 4% (n=11/281)
had a single borderline finding, with left atrial enlarge-
ment (LAE) (n=7) and right axis deviation (n=3) being
the most common. One male (0.4%) demonstrated two
borderline findings, LAE and right atrial enlargement,
which is considered an abnormal ‘positive’ ECG.

Abnormal ECG findings were presentin 2% (n=7,/356)
and only in males. For males, 2% (n=6/281) had the
presence of a singular abnormal finding, including an
intraventricular conduction delay with QRS >140ms
(n=3), prolonged QTc (n=2) and anterior T wave
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Table 2 Presence of ECG findings by sex and position

Males Females
All Forwards (n=145) Backs All Forwards Backs
(n=281) (n=136) (n=75) (n=35) (n=40)
Normal, training-related findings
Normal early repolarisation 186 (66) 87 (60) 99 (73)* 9t 2 (6) 5(13)
Left ventricular hypertrophy 80 (29) 42 (29) 38 (28) ()8 9) 4 (10)
Right ventricular hypertrophy 18 (6) 7 (5 11 (8) - - -
Incomplete right bundle branch block 31 (11) 15 (10) 16 (12) - - -
Sinus bradycardia 130 (46) 64 (44) 66 (49) 39 (52) 13 (37) 26 (65)%
Sinus arrhythmia 57 (20) 30 (21) 27 (20) 3 @)t 2 (6) 1@
Ectopic atrial pacemaker 3(1) - 3(.2) - - -
First-degree atrioventricular block 31 (11) 17 (12) 14 (10) 2 (3)t 1@3) 1@3)
Mobitz | atrioventricular block 2 (0.7) - 1(1.5) - - -
Borderline findings
Left axis deviation 1(0.4) = 1(0.7) = = =
Right axis deviation 3(1) 2(1) 1(0.7) — — —
Left atrial enlargement 7 (3) 5 (3) 2 (2) - - -
Right atrial enlargement 1(0.4) 1(0.7) - - - -
Right bundle branch block 1(0.4) 1(0.7) - - - -
Abnormal findings
Intraventricular conduction delay, QRS>140ms 3 (1) 3(2) - - - -
ST depression, lateral 1(0.4) - 1(0.7) - - -
T wave inversion, lateral 1(0.4) - 1(0.7) - - -
T wave inversion, anterior 1(0.4) 1(0.7)
Prolonged QT 2 (0.7) 2(1) - — — —

Data are presented as n (%).

Comparisons are determined by Fisher’s exact test.
*P<0.05 between male forwards and backs.
1P<0.05 between males and females.

$P<0.05 between female forwards and backs.

inversion (TWI) in V3-V4 (n=1) (table 2). One male
(0.4%) had two abnormal findings, including lateral
TWI and lateral ST depression in V5-V6. Applying the
International Recommendations criteria led to 2.2%
(n=8/356) of ECGs being ‘positive’; seven with abnormal
findings and one with two borderline findings.

DISCUSSION

This study is the first to evaluate characteristics of ECGs
obtained for preparticipation screening in profes-
sional rugby players using the 2017 European Society
of Cardiology (ESC) ‘International Recommendations
for ECG Interpretation in Athletes’.* Our findings are
summarised as follows. Normal, training-related find-
ings were present in most players and were more likely
in males, with NER, sinus bradycardia and LVH being
most common. The majority of ECG findings did not
vary by playing position. Borderline and abnormal ECG
findings were rare and were only present in males. The
positivity rate for ECG screening was low (2.2%), which

is in keeping with that demonstrated in other athlete
populations.”” While World Rugby does not mandate
ECG-inclusive screening, it is required to enter several
large international tournaments, making it a prac-
tical requirement for many international and national
players. By defining the positivity rate, our findings help
inform expected downstream testing of ECG screening
for rugby organisations.

A strength of this study is the inclusion of female rugby
players. The one existing study focusing on rugby players
did not include females,” and female contact sports
athletes have been underrepresented in mixed sport
athlete cohorts. Consistent with prior work in female
endurance athletes, our findings suggest that female
rugby players had a lower prevalence of many normal
training-related features than males. Females did not have
a higher prevalence of abnormal anterior TWI compared
with males, as others have reported, highlighting that
this particular pattern may arise more often in screening
female endurance sports and younger athletes.”’
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When considering the feasibility of ECG-inclusive
screening, the rate of screening positivity is critically
important. An ‘abnormal’ ECG necessitates further
clinical investigation for pathological cardiovascular
disorders, which requires additional resources, time
and expertise in what constitutes normal findings on
cardiac testing for athletes. Our findings of a low posi-
tivity rate in rugby players (2.2%), similar to that which
has been reported in other sports cohorts (~1-2%),””
help provide reassurance that ECG-inclusive screening
in rugby players using contemporary ECG criteria will
not result in a high burden of downstream testing. This
is particularly relevant given the practical approach that
World Rugby has outlined in its guidelines. It highlights
the importance of appropriate expertise in athlete ECG
interpretation should organisations elect to offer ECG-
inclusive screening.'

Our study has several important limitations. We evalu-
ated professional rugby players from one country; thus,
ECG characteristics from players at different career
stages and competition levels may differ. While our study
includes a large cohort of rugby players, it is dominated
by males and Caucasian players. Therefore, findings of
low positivity rates using contemporary ECG criteria may
not be generalisable to females and rugby players from
different racial/ethnic populations. Notably, this study is
the first to include a sizeable number of females. This
study was not designed to investigate cardiac structural
and functional correlates of the observed ECG findings
or to engage players in longitudinal follow-up. There-
fore, we cannot define diagnostic performance of the
ECG in this population beyond the positivity rate. Future
work that includes imaging and outcome data is needed
to define the overall sensitivity and specificity of ECG-
inclusive screening in this population.

CONCLUSIONS

Our results reassure that ECG-inclusive screening in
rugby players using contemporary ECG criteria will not
result in a high burden of downstream testing. The
normative findings may prove valuable when interpreting
ECGs because ECGs are already a required screening test
for several large tournaments regulated by World Rugby.
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