The International Journal of Cardiovascular Imaging (2019) 35:1027-1036
https://doi.org/10.1007/510554-019-01575-z

ORIGINAL PAPER q

Check for
updates

The relationship between right heart and aerobic capacity in large
cohort of young elite athletes

Jelena Suzic Lazic'® - Marijana Tadic'? - Milena Antic® - Dragan Radovanovic' - Dejan Nesic* - Rastko Rakocevic® -
Sanja Mazic*

Received: 2 February 2019 / Accepted: 2 March 2019 / Published online: 21 March 2019
© Springer Nature B.V. 2019

Abstract

We sought to investigate right heart remodeling and function in elite athlees, as well as the relationship between parameters
of right ventricular (RV) and right atrial (RA) remodeling and indices of aerobic capacity. Elite male athletes (n=352)
underwent echocardiographic examination including the evaluation of RV and RA parameters. Maximal cardiopulmonary
exercise testing was performed to measure maximal oxygen consumption (VO,,.,.), ventilatory anaerobic threshold (VAT)
and heart rate reserve (HRR). The right heart remodeling was different between groups. Soccer players had significantly
higher RV and RA diameters indexed for BSA. RV filling pressure assessed by tricuspid E/e’ ratio was the lowest in soc-
cer players, suggesting somewhat better RV diastolic function. Functional capacity also varies between groups of athletes.
VO,,..« Was the highest among soccer players, somewhat lower in basketball players and and the lowest among water polo
players (55.3 +£5.6 vs. 52.1 +5.9 vs. 53.5 +4.8 ml/kg/min, p <0.001). Age, average weekly duration of training, percentage
of body fat, as well as parameters of cardiopulmonary fitness (VO,,,,, O, pulse, HRR), correlated well with parameters of
RV and RA structure and function in the whole study population. However, systolic blood pressure at rest, VO,,,,,, and LV
mass index are independently associated with RV and RA structure, whereas duration of training shows the best association
with parameters of RV systolic and diastolic function. Even though soccer, water polo and basketball belong to the same
group of sports, there is a significant difference in RV and RA remodeling between these three groups. It seems that right
heart adaptation is the most pronounced in soccer players, who also have the highest maximal oxygen consumption. Further
studies are necessary to investigate the mechanisms of these differences.
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< Jelena Suzic Lazic

Jsuzic@yahoo.com The right ventricle (RV) has been considered as dispensa-

ble cardiac chamber that is not essential for overall cardiac
function. This is even more noticeable in studies focused
on cardiac adaptation to long-term intensive exercise train-
ing, known as the “athlete’s heart”. The majority of studies
are investigating left ventricular (LV) remodeling going into
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details with mechanical analysis [1, 2], whereas data regard-
ing right heart adaptation to the enlarged workload of high-
level training are still limited. What is more important, the
relationship between right heart structure and function and
functional capacity in elite athletes is poorly investigated.
D’Andrea et al. reported range of normal values of right
heart (right atrial and right ventricular) echocardiographic
parameters in top-level athletes separating them into strength
and endurance athletes [3]. Recently D’Ascenzi published
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study that included 1009 Olympic athletes participating in
skill, power, mixed, and endurance sport [4]. However, the
majority of investigations included a wide range of sports,
whereas limited number of studies involved homogenous
groups of sports.

Previous trials showed the association between LV
remodeling and maximal oxygen uptake or effort workload
in elite athletes [5-7]. La Gerche et al. revealed a strong
correlation between RV volumes, ejection fraction and mass
obtained by cardiac magnetic resonance and maximal oxy-
gen uptake in a small population consisted of non-athletes,
32 amateur and 8 elite athletes [8]. To the best of our knowl-
edge, there is no study with large cohort of elite athletes
in only three disciplines that investigated the association
between aerobic capacity and right heart remodeling.

The aim of the present investigation was to evaluate
echocardiographic parameters of the right heart and aerobic
capacity in large number of soccer, water polo and basketball
players and assess their mutual relationship.

Methods

Our cross-sectional study involved 352 elite young male
Caucasian athletes, who were referred for preparticipation
screening in the mid-season for cardiopulmonary exercise
testing in the Institute of Physiology, Medical faculty, Uni-
versity of Belgrade. All athletes, irrespective of type of
sport, were examined in the mid-season. They were engaged
in 3 different mixed type sports: 160 soccer players (45%),
92 water polo players (26%) and 100 basketball players
(28%).

All subjects were non-smokers, and none of them was
taking any medication at the time of testing. Exclusion cri-
teria were the following: diabetes mellitus, arterial hyperten-
sion, symptoms or signs of coronary artery disease or heart
failure, congenital heart disease, malignant arrhythmias,
liver or kidney failure, or neoplastic disease.

All participants underwent anthropometric evaluation,
physical examination with ECG and echocardiographic
assessment, and afterwards, cardiopulmonary exercise test-
ing. All tests were performed in the morning hours on the
same day. Complete medical history was assessed by ques-
tionnaire. All procedures were performed in accordance with
the Helsinki Declaration. The study protocol was approved
by the local Ethical Committee.

Anthropometric evaluation
Body height and weight were measured with minimal cloth-
ing and without shoes. Body height was assessed using a

portable stadiometer (Seca, 214). Body weight and percent-
age of body fat were measured using the bioimpendance
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segmental body composition analyzer (UM-017, Tanita,
USA). Body surface area was calculated for each subject.

Blood pressure measurement

Subjects were seated in the quiet room for at least 15 min
before the blood pressure assessment. Brachial systolic
(SBP) and diastolic blood pressures (DBP) were measured
using a mercury sphygmomanometer with an appropriately
sized cuff. Three consecutive recordings, taken at 5 min
intervals, were averaged.

Echocardiography

Echocardiographic examination was performed by using a
Vivid 4 ultrasound machine (GE Healthcare, Horten, Nor-
way). All echocardiographic examinations were performed
by the same examiner (MA).

Reported values of all echocardiographic parameters
were obtained as the average value of 3 consecutive cardiac
cycles. Left ventricular diameters, septum and relative wall
thickness, were measured according to the current recom-
mendations [1]. LV ejection fraction (EF) was calculated by
using the biplane method. LV mass (LVM) was calculated by
using the corrected ASE method and indexed for BSA [9].

The RV basal, mid-cavity and longitudinal diameters
were measured in the apical four-chamber view according to
the current guidelines [10]. The right atrial (RA) short-axis
and long-axis diameters were measured in the apical four-
chamber view at the ventricular end-systole [10]. All diam-
eters were indexed for BSA. Tricuspid flow velocities were
achieved by the standard pulsed wave Doppler technique
in the apical four-chamber view. The following parameters
were determined: early diastolic peak flow velocity (E), late
diastolic flow velocity (A), their ratio (E/A) and E velocity
deceleration time (DT). Tissue Doppler imaging was used
to evaluate the RV myocardial velocities in the apical four-
chamber view with a sample volume placed at the lateral
segment of the tricuspid annulus during early diastole (e)
and systole (s") [10]. Tricuspid E/e’ ratio was calculated by
using previously estimated Doppler values.

Cardiopulmonary exercise testing

All participants underwent the progressive maximal car-
diopulmonary test on treadmill. The gas exchange analy-
sis was done using the breath-by-breath system (Jaeger,
Oxycon pro, Wurzburg, Germany), with the continuous
12-canal ECG monitoring. The ramp, individualized
protocol was used in all individuals. The aim was to
achieve a maximum effort between 8 and 12 min. Heart
rate (HR) was obtained from ECG trace. Heart rate was
noted before the exercise testing, at peak exercise, and
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during the recovery period (first, second, and third min-
utes). Blood pressure was measured manually before the
test, every 3 min during the test, and immediately after
cessation of exercise. At least two of four criteria were
needed to consider a maximal effort: a plateau in VO,
(<2 ml/kg/min) despite increased exercise intensity, res-
piratory exchange ratio (RER) valued > 1.10, age predicted
maximal heart rate (calculated by the following formula:
HRmax =220-age), or volitional fatigue. The ventilatory
anaerobic threshold (VAT) was obtained by using the dual
approach (V-slope and ventilatory equivalents method).

Statistical analysis

Continuous variables were presented as mean + standard
deviation and compared by the analysis of equal variance
(ANOVA), as they showed normal distribution. Tuckey
post hoc analysis was used for the comparison between
different groups. Pearson’s correlation coefficients were
used for determining the correlation between different
demographic, clinical and echocardiographic parameters.
The multivariate regression analysis was used to deter-
mine the association between different RV and RA echo-
cardiographic parameters as dependent variables and age,
training time, body fat, SBP, VO,max and LV mass index
as independent variables. Therefore, 9 different statisti-
cal models were established with the same dependent
variables and various dependent variables (one model for
each RV or RA structural or functional parameter). The
p-value < 0.05 was considered statistically significant.

Results

There was no difference in age and years of training
between three observed groups of athletes (Table 1). How-
ever, average training during week within the season is sig-
nificantly longer in water polo and basketball players than
in soccer (Table 1). Body height progressively increased
from soccer, throughout water polo, to basketball players.
Consequently, body surface area (BSA) and body mass
index (BMI) are significantly higher in basketball players
than in soccer. Body fat percentage gradually decreased
from water polo, across soccer, to basketball (Table 1).

The levels of glucose, triglycerides and cholesterol are
similar between the observed groups (Table 1). Serum cre-
atinine level was the highest among soccer players, urea
level was higher in water polo and basketball players,
whereas hemoglobin level was the highest among water
polo players (Table 1).

Echocardiographic parameters
Left ventricle and left atrium

LV diameters progressive and significantly increased
from soccer, across water polo, to basketball players.
However, after indexation for BSA the results are com-
pletely different and actually soccer players have larger
LV than other two groups of athletes (Table 1). LV mass
index was the highest in water polo players, but there was
no large difference between different sports. Biplane LV
ejection fraction was somewhat higher in soccer than in
water polo and basketball players (Table 1). Left atrial
diameter was higher in water polo and basketball players.
However, after indexation for BSA left atrial diameter
gradually and significantly increased from basketball,
throughout water polo, to soccer. It is interesting that after
indexation for BSA all statistical significance change the
direction.

Right atrium and right ventricle

RV diameters were higher in basketball players than in other
two groups. Nevertheless, after indexation for BSA, RV
diameters were actually the highest among soccer players
(Table 1; Fig. 1). Similar results were obtained in regard
with RA diameters. Non-indexed RA long- and short-axis
diameters gradually and significantly increased from soc-
cer, across water polo, to basketball (Table 1). After indexa-
tion for BSA both diameters remained the largest in soccer
players.

Early and late tricuspid flows (E and A) measured by
pulsed Doppler were significantly higher among soccer than
in other two groups of players. Consequently, E/A ratio was
somewhat lower in soccer group than in water polo and bas-
ketball groups (Table 1). Tricuspid deceleration time was
similar between three observed groups. E/e’ ratio gradually
and significantly increased from soccer, across basketball, to
football players (Table 1; Fig. 1). Parameter that corresponds
with RV systolic function — s’ was significantly higher in
basketball players than in the other two groups.

Cardiopulmonary exercise testing

Rest heart rate was the highest in water polo players, SBP
was the highest in basketball, whereas DBP was similar
between different the observed groups (Table 2). Maximum
HR during exercise and respiratory exchange ratio was the
highest in soccer players. Maximum SBP, VO, at ventila-
tory threshold and anaerobic threshold were similar between
groups (Table 2). Maximum oxygen consumption was the
largest in soccer players (Fig. 2). However, oxygen pulse
gradually and significantly increased from soccer, across
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Table 1 Demographic characteristics, clinical and echocardiographic parameters in the study population

Soccer (n=160) Water polo (n=92) Basketball (n=100) p
Age (years) 19.6+3.4 18.6+3.1 19.6+3.0 0.136
Years of training (years) 11.7+3.0 10.8+3.1 10.7+2.5 0.057
Training per week (h/week) 125+5.0 20.7+5.0° 19.4+5.4% <0.001
Height (cm) 181+7 189+6 198 +12 <0.001%*
Weight (kg) 74+9 87+12° 90+ 16" <0.001
BMI (kg/m?) 22.5+2.0 243+2.7% 22.8+2.6° <0.001
BSA (m?) 1.94+0.15 2.14+0.17* 2.24+0.26% <0.001
Body fat (%) 8.8+3.4 10.6+3.9 6.6+3.6 <0.001%**
Plasma glucose (mmol/l) 4.8+0.5 49+0.5 48+04 0.476
Triglycerides (mmol/l) 0.8+04 0.8+04 0.8+0.3 0.351
Serum creatinine (umol/l) 90+12 83+11°2 88+11¢ <0.001
Urea (mmol/1) 54+14 6.0+1.1* 6.0+1.3? <0.001
Hemoglobin (g/1) 149+9 152+11 146+ 119 <0.001
Left ventricular and atrial parameters
LVEDD (mm) 532432 55.6+3.3 573+3.4 <0.001%*%*
LVEDD/BSA (mm/m?) 27.6+2.0 26.0+1.9* 25.8+2.8 <0.001
LVESD (mm) 33.2+3.1 35.1+3.1 36.5+3.3 <0.001%*%*
LVESD/BSA (mm/m?) 172+1.6 16.5+1.7% 16.4+2.2? 0.001
IVS (mm) 9.5+1.1 9.8+0.9° 93+1.1° 0.005
RWT 0.36+0.04 0.35+0.03 0.33+0.03*" <0.001
LA (mm) 36.1+3.1 38.2+3.1% 37.8+3.6° <0.001
LA/BSA (mm/m?) 18.7+1.7 179+1.5 17.0+2.4 <0.001%*%*
LVM/BSA (g/m?) 98.1+16.9 101.4+15.0 94.9+14.9° 0.024
EF (%) 67+7 65 +5° 65+5* 0.003
Right ventricular and atrial parameters
RVD basal (mm) 30.7+3.3 329+2.8* 34.2+3.4% <0.001
RVD basal/BSA (mm/m?) 159+1.8 154+13 15.4+2.2° 0.024
RVD mid-cavity (mm) 30.0+3.1 30.4+2.4 31.3+2.7° 0.003
RVD mid-cavity/BSA (mm/m?) 15.6+2.1 143+14% 14.1+£24% <0.001
RVD longitudinal (mm) 74.8+4.7 75.5+3.5 77.1£4.4% <0.001
RVD longitudinal/BSA (mm/m?) 38.8+3.3 354+2.4% 347+4.7° <0.001
RA short axis (mm) 37.1+4.6 38.9+3.3 40.8+4.0 <0.001%*%*
RA short axis/BSA (mm/m?) 19.2+2.6 18.2+1.6* 18.4+2.5° 0.001
RA long axis (mm) 47.6+52 50.8+4.2% 52.4+4.5% <0.001
RA long axis/BSA (mm/m?) 24.7+2.7 23.8+1.8° 23.5+2.5% 0.001
E (cm/s) 64+9 61+6° 62+8¢ 0.001
A (cm/s) 35+6 31+5% 31451 <0.001
E/A 1.9+04 2.0+0.3¢ 2.0+0.4° 0.019
DT (ms) 168+20 163+19 163 +18 0.130
E/e’ 3.0+1.0 4.5+0.7 39+1.2 <0.001%%*
s’ (cm/s) 13+3 13+1 15420 <0.001

A late diastolic tricuspid flow (pulse Doppler), BSA body surface area, DT deceleration time across tricuspid annulus, E early diastolic tricuspid
flow (pulse Doppler), e’ the peak early diastolic relaxation velocity (e') of the lateral tricuspid annulus (tissue Doppler), EF ejection fraction,
IVS interventricular septum, LA left atrium, LVM left ventricle mass, LVEDD left ventricle end-diastolic dimension, LVESD left ventricle end-
systolic dimension, RA right atrium, RV right ventricle, RVD right ventricular diameter, RVT right ventricular wall thickness, RWT relative wall
thickness, s, systolic flow velocity across lateral segment of tricuspid annulus (tissue Doppler)
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Fig. 1 Indexed RV diameter (upper panel) and tricuspid E/e’ ratio
(lower panel) among the observed groups

water polo, to basketball players (Table 2). Heart rate after
1.min of recovery was similar between three observed
groups. Interestingly, the drop of heart rate was the lowest

Table 2 Cardiopulmonary exercise testing results in study population

in soccer group. Therefore, heart rate after 3.min of recovery
was the highest in this group of athletes.

Correlation and regression analyses

Main demographic and clinical parameters such as age,
training per week during season, body fat percentage
and SBP in rest correlated well with parameters of the
right heart structure and function — RV and RA diameters
(indexed and non-indexed) and tricuspid flow velocities in
the whole study population (Table 3).

Maximum VO, and oxygen pulse showed also good
correlation with parameters of RV and RA structure and
function in the entire study population. However, oxygen
pulse showed somewhat better correlation than VO, .,
(Table 3; Fig. 3).

HRRI1 correlates better than HRR3 with RV and RA
parameters in the whole study population (Table 3).

Using 9 different models with same independent vari-
ables (age, training time per week, body fat percentage,
SBP in rest, VO,,,, and LV mass index) and 9 various
dependent variables we showed that VO,,,,,. and LV mass
index were independently of other mentioned independent
variables associated with RV and RA structural param-
eters—diameters (Table 4). On the other side, the average
training time per week during the season had more impor-
tant role in determination of RV function—diastolic (E/A,
DT, E/e’) and systolic (s').

Soccer (n=160) Water polo(n=92) Basketball (n=100) p
Rest
HR rest (beats/min) 59+10 63+11°% 60+ 11 0.008
SBP rest (mmHg) 112+10 115+8 116 +11° 0.011
DBP rest (mmHg) T1+7 73+8 T2+8 0.326
Exercise
Maximum exercise
HR peak (beats/min) 193 +£8 190+ 10¢ 188+9° <0.001
HR max (% predicted) 96 +4 94 +4° 94 +4% <0.001
SBP max (mmHg) 178+ 16 18122 179+ 18 0.467
Respiratory exchange ratio 1.12+0.06 1.08+0.05? 1.09+0.07* <0.001
VO, at ventilatory threshold (ml/kg/min) 48.3+6.1 47.1+6.0 47.5+6.3 0.460
Ventilatory threshold (% of VO, max) 89+7 91+6 89+10 0.225
VO, max (ml/kg/min) 553+5.6 52.1+59% 53.5+4.8° <0.001
O, pulse max (ml/beat) 21.5+2.6 23.8+3.6 26.2+3.7 <0.001%**
Recovery
HRRI1 (beats/min) 164 £20 164 +15 166 +12 0.679
HRR2 (beats/min) 134+16 129+17° 132+14 0.056
HRR3 (beats/min) 11313 107 £13% 108 +12° 0.001
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Fig.2 VO, max among observed athletes

Discussion

Our investigation showed several new findings: (i) the right
heart remodeling is different in elite athletes involved in
mixed sports (soccer, water polo and basketball). Namely,
the most remarkable changes in RV and RA dimensions
were detected in soccer players who had significantly higher
RV and RA diameters indexed for BSA than water polo and
basketball players. At the same time, RV filling pressure
assessed by tricuspid E/e’ ratio was the lowest, suggesting
that RV diastolic function was better in this group of ath-
letes. Interestingly, RV systolic function, evaluated by tricus-
pid s’ velocity, was significantly higher in basketball play-
ers than in other two groups. (ii) Peak oxygen consumption
and peak oxygen pulse emphasized the importance of body
size and maximal achieved heart rate in athlete population
because VO,,,,, showed the highest level among soccer play-
ers, and VO, pulse gradually and significantly increase from
soccer, across water polo, to basketball players. (iii) Our
findings revealed that age, average weekly duration of train-
ing, percentage of body fat, as well as parameters of cardio-
pulmonary exercise test (VO,,,.«» O, pulse, SBP, ... HRR),
correlated well with parameters of RV and RA structure and
function in the whole study population. Interestingly, SBP at
rest, VO, and LV mass index represent the best indicators
of RV and RA structure, while duration of training shows the
best independent association with parameters of RV systolic
and diastolic function.

The difference in RV remodeling between different
groups of sports was reported before [3, 4]. However, the
authors were mostly focused to compare different groups
of sports or investigated different types of endurance group
of sports. Namely, D’Andrea et al. compared strength vs.
endurance sports and found that endurance athletes have sig-
nificantly higher RV and RA diameters [3]. Interestingly, the
authors did not use RV and RA diameters indexed for BSA.
D’Ascenzi et al. included large cohort of 1009 Olympic
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athletes divided in 4 group of sports: skill, power, mixed and
endurance [4]. Comparing these 4 large groups the inves-
tigators demonstrated that RV and RA diameters indexed
for BSA are the lowest in the mixed group of sport where
soccer, water polo and basketball belongs. Interestingly, the
prevalence of athletes with RV enlargement using different
criteria in mixed group of sports was higher than in skill
and power sports, and somewhat lower than in endurance
sports [4]. La Gerche et al. investigated different disciplines
of endurance sport (marathon, triathlon, alpine cycling, ultra
triathlon) and did not find any difference in RV structure and
function or aerobic capacity at the baseline [11]. However,
the authors reported significantly increased RV volumes,
worsened RV function and decreased all functional meas-
ures after race. RV parameters mostly recovered one week
after race [11]. RV ejection fraction, as a reliable parameter
of RV systolic function, significantly more reduced in alpine
cycling and ultra triathlon comparing with marathon and tri-
athlon [11]. Ultra triathlon athletes have significantly lower
RV fractional area change and global RV systolic strain rate,
additional indicators of RV systolic function, than other
three groups. Remarkably, LV volumes reduced and func-
tion was preserved during race.

Large Scandinavian study that included 504 football play-
ers demonstrated that all RV and RA structural parameters
were significantly higher in athletes than in controls [12].
However, the authors did not compare different sports. Study
that involved endurance and strength-trained athletes showed
that even conventional echocardiographic parameters of RV
and RA structure and function showed that endurance sports
are associated with larger right heart, somewhat better RV
diastolic and worse RV systolic function, there was just a few
meaningful differences in deformation [13]. Steding et al.
compared male and female handball, soccer and triathlon
players and found no difference in RV volumes between
different sports among men, whereas it gradually increased
from handball to triathlon athletes among women [14].

Investigation that compared controls and 100 top-level
soccer, basketball and volleyball athletes showed signifi-
cantly higher RA volume index, RV diameter and tricuspid
E/A ration in athletes’ group [15]. The difference was con-
firmed by strain analysis. Nevertheless, the authors did not
make comparison between different disciplines included in
this study.

Our findings indicate that soccer players have the largest
RV and RA indexed for BSA. These changes are in line with
left heart changes because LV and LA indexed diameters are
significantly higher in soccer than in water polo or basketball
players. Interestingly, these athletes have the shortest aver-
age training time and the best maximum oxygen consump-
tion in comparison with other groups. Meta-analysis showed
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Table 3 Association between demographic, clinical and echocardiographic parameters in study population

Age (years) Training (h/ Body fat (%) SBP, VO, (ml/ O, pulse SBP, ., HRRI (beat/ HRR3 (beat/
week) (mmHg) kg/min) (ml/beat) (mmHg) min) min)
r r r r r r r r r
RVD basal 0.285* 0.311% 0.107° 0.172* —0.049 0.548% 0.104 -0.237* —0.239*
(mm)
RVD basal/  —0.110" —0.248* —-0.059 —0.180% 0.312% —0.199* —-0.070 —0.066 -0.073
BSA (mm/
m?)
RVD mid- 0.149* 0.085 0.065 0.039 —0.059 0.260* 0.002 —0.052 —0.084
cavity
(mm)
RVD mid- —0.223% —0.398% —0.091 —0.268% 0.336% —0.436° —0.142° 0.110° 0.066
cavity/BSA
(mm/m?)
RVD lon- 0.300° 0.282% 0.006 0.244% —0.091 0.446° 0.163° —-0.107° —0.140°
gitudinal
(mm)
RVD lon- —0.242% —0.426* —0.168* -0.239 0.344* —0.564* —0.104 0.113° 0.077
gitudinal/
BSA (mm/
m?)
RA short 0.307* 0.315% 0.138° 0.208* 0.016 0.533% 0.074 -0.217% —0.109°
axis (mm)
RA short —0.063 -0.211*% -0.011 —0.125° 0.339% —0.186* —0.105 —0.050 0.041
axis/BSA
(mm/m?)
RA long axis  0.362* 0.402* 0.052 0.233* -0.176 * 0.575% 0.125° -0.218* —0.250%
(mm)
RA long —0.043 —0.188* —0.112° —0.146% 0.224? -0.210° —0.069 —0.045 —0.080
axis/BSA
(mm/m?)
E (cm/s) —0.148* —0.057 0.080 —0.043 0.073 0.018 —0.030 0.116° 0.026
A (cm/s) —0.007 —0.064 —0.108 0.046 0.026 0.019 —0.047 —0.092 —0.046
E/A —0.368" —0.015 0.190* —0.204% 0.157% —0.065 —0.020 0.146* 0.048
DT (ms) 0.074 0.039 —0.057 0.004 0.031 0.025 —0.008 0.025 0.046
E/e’ 0.097 0.365% 0.066 0.172% —0.199% 0.242° -0.019 —0.234% —0.108"
s’ (cm/s) 0.110* 0.140° 0.093 0.092 —0.058 0.152% 0.048 —0.142% —0.050

A late diastolic tricuspid flow (pulse Doppler), BSA body surface area, DT, deceleration time across tricuspid annulus, E early diastolic tricuspid
flow (pulse Doppler), e- the peak early diastolic relaxation velocity (e') of the lateral tricuspid annulus (tissue Doppler), HRR heart rate recov-
ery, RA right atrium, RV right ventricle, RVD right ventricular diameter, s, systolic flow velocity across lateral segment of tricuspid annulus (tis-

sue Doppler), SBP systolic blood pressure
5 p<0.05
4p<0.01

that intense prolonged exercise is related with a reduction
in RV function (ejection fraction, fractional area change,
TAPSE and longitudinal strain), whereas LV function is
relatively unaffected [16]. The similar results were obtained
in study that investigated elite endurance athletes before
and after the race [11]. La Gerche et al. showed that RV
enlarged and RV systolic function decreased after the race

[11]. Additionally, researcher showed that RV remodeling
is the most intensive in mid-season [17], which also could
partly explain our results. The ventricular interdependence
through interventricular septum could also be responsible
for RV and RA remodeling in soccer players and mentioned
differences from water polo and basketball players. Never-
theless, greater RV enlargement could be a consequence of
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Fig.3 Correlation between indexed RV (upper panel) and RA (lower
panel) longitudinal diameter and VO, max in the whole study group.
Footnotes RA right atrium, RV right ventricle, VO,max maximal oxy-
gen uptake

disproportionate load excess that was discovered in endur-
ance athletes [18, 19]. Furthermore, soccer players in our
study have the lowest RV filling pressure assessed by tri-
cuspid E/e’ ratio and consequently better RV diastolic func-
tion, which also could contribute to better VO,, .. in these
subjects. Pavlik et al. in Hungarian population of athletes
showed that VO,,,,, in water polo players was intermediate
between power and endurance sports [20]. The association
with echocardiographic parameters was unfortunately not
provided.

The present investigation showed that SBP at rest, VO,
and LV mass index are independently of other demographic
and echocardiographic parameters associated with RV and
RA structural indices, while duration of training represents
the best independent indicator of RV systolic and diastolic
function parameters. Previous investigations demonstrated
that intensive and long-lasting effort induces reduction in RV
function, but our study went one step further and determined

@ Springer

other parameters that should also be taken into account dur-
ing RV assessment in elite athletes.

Perspective

Along with the structural and functional adaptation of
the left heart in athletes, exercise-induced remodeling of
the right heart occurs. While the relationship between LV
remodeling and aerobic capacity is well documented, the
association between right heart adaptation and VO,,,,
and O, pulse in athletes represents a novel finding. Our
results showed that peak oxygen consumption is the high-
est among soccer players and associated with parameters
of RV and RA structural and functional remodeling. This
is in line with the results of the previous studies which
assessed RV volumes by magnetic resonance imaging
[8, 14]. Arrythmogenic right ventricular cardiomyopathy
(ARVC), which is responsible for almost quarter of SCD
in young athletes, is characterized with RV dilatation that
could resembles physiological RV remodeling. Knowing
the morphological and functional characteristics of ath-
lete’s right heart, as well as their association with aerobic
capacity could be valuable to distinguish it from ARVC.

Limitations

The present investigation has several limitations. First, the
study involved only male subjects. Second, not all param-
eters of right heart remodeling such as TAPSE, fractional
change area, RA volume, as well as RV and RA strain,
were available for all participants. Third, to obtain the
VO, max in 8-12 min, which is the recommended time
for reliable functional assessment, subjects performed dif-
ferent, individualized treadmill protocols. However, all of
participants performed ramped, incremental protocols and
maximal exercise test and reached a similar level of effort,
so the impact of the exercise protocol is negligible.

Conclusion

The right heart remodeling is different in soccer, water
polo and basketball players. The results indicate that RV
and RA after indexation for BSA are the largest in soc-
cer players. The same group of athletes has the highest
VO,,..x- Demographic, clinical and parameters of cardio-
pulmonary fitness correlate well with indices of RV and
RA structure and function. Different parameters influence
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Tablet.l Multivariate reg.ression Multivariate regression analysis § P [§} p
analysis in study population
(different statistical models) RVD basal/BSA (Model 1) E/A, (Model 6)
Age (years) 0.023 0.717 0.019 0.788
Training (h/week) —0.052 0.394 0.191 0.005
Body fat (%) —0.050 0.433 0.034 0.634
SBP,. (mmHg) -0.137 0.029 —0.128 0.064
VO2max (ml/kg/min) 0.208 0.002 -0.016 0.827
LVM/BSA (g/m?) 0.322 <0.001 —0.004 0.949
? 0.220 0.045
RVD mid-cavity/BSA (Model 2) DT, (Model 7)
Age (years) -0.075 0.212 -0.032 0.658
Training (h/week) —0.236 <0.001 0.016 0.812
Body fat (%) -0.014 0.817 —0.121 0.094
SBP,., (mmHg) —0.163 0.006 -0.023 0.747
VO,max (ml/kg/min) 0.204 0.002 -0.097 0.198
LVM/BSA (g/m?) 0.224 <0.001 -0.021 0.756
r 0.293 0.017
RVD longitudinal/BSA (Model 3) E/e’ (Model 8)
Age (years) -0.124 0.030 —-0.097 0.127
Training (h/week) —-0.292 <0.001 -0.419 <0.001
Body fat (%) —0.100 0.070 —0.057 0.369
SBP, (mmHg) —0.091 0.101 0.040 0.521
VO2max (ml/kg/min) 0.205 0.001 0.088 0.186
LVM/BSA (g/m?) 0.329 <0.001 0.085 0.155
r 0.389 0.227
RA short axis/BSA (Model 4) s’ (Model 9)
Age (years) 0.021 0.753 0.064 0.335
Training (h/week) —-0.036 0.567 0.296 <0.001
Body fat (%) —0.043 0.517 -0.212 0.002
SBP, (mmHg) —0.051 0.427 0.043 0.509
VO2max (ml/kg/min) 0.263 <0.001 —-0.118 0.091
LVM/BSA (g/m?) 0.260 <0.001 —-0.057 0.364
r 0.177 0.160
RA long axis/BSA (Model 5)
Age (years) 0.010 0.884
Training (h/week) —-0.038 0.552
Body fat (%) —-0.020 0.761
SBP, (mmHg) —-0.101 0.121
VO2max (ml/kg/min) 0.113 0.107
LVM/BSA (g/m?) 0.327 <0.001
r 0.158

BSA body surface area, LVM left ventricle mass, SBP systolic blood pressure

right heart structure and function. Therefore, systolic
blood pressure at rest, VO,,,,. and LV mass index are inde-
pendently associated with RV and RA structure, whereas
duration of training shows the best association with param-
eters of RV systolic and diastolic function. Further follow-
up investigations are necessary to investigate the influence
of right heart remodeling in elite athletes.
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