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Abstract 

Despite the growing interest in athlete’s right ventricle and various work car-
ried out, many uncertainties are remaining. The interest of this work resides 
in the determination of the particularity in right heart of the black athlete 
subject. We conducted a prospective study from August to October 2016 in 
the cardiology department of Aristide Le Dantec University Hospital in Da-
kar. The included patients were divided according to the sporting practice as 
enduring, resistant and non-athletes. The parameters studied were electrocar-
diographic (atrial or ventricular hypertrophies), echocardiographic: dimen-
sions of the right cavities, systolic and diastolic functions of the right ventricle. 
We included 58 subjects: 38 athletes including 28 endurance and 10 resistance 
and 20 non-athletes. The average age of the endurance athletes was 21.9 ± 3, 
75 years, 26.30 ± 4.64 in resistance ones and 24.10 ± 1.89 in the non-athletic 
group. Two cases of first-degree atrioventricular block were recorded in ath-
letes. On the echocardiographic point, the atrium surfaces, as well as the 
transverse diameter, were greater in athletes, especially in the endurance 
group. The mean diameters of the admission chamber and those of the right 
ventricular flush chamber were larger in the group of endurance athletes. It 
was the same for the annular and sagittal basal mean diameters of the RV as 
well as the RV/LV ratio. The anterior wall of the right ventricle was larger in 
athletes compared to non-athletes. The vena cava was greater in athletes, the 
pulmonary arterial pressure higher in resistance ones. 
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1. Introduction 

Athlete’s heart consists of all cardio-circulatory adjustments related to the prac-
tice of a physical activity equivalent to a high level of training. These result from 
neuro-hormonal and hemodynamic changes. Hemodynamic overload due to the 
long-term consequences of physical exercise usually concerns both ventricles [1] 
[2] [3]. 

Historically, research on cardiovascular adaptation in athletes focused on the 
left heart. Recently, the right ventricle is of increasing interest to authors, and 
publications continue to increase, explaining the remodeling of the right ven-
tricle associated with physical exercise [4] [5]. 

Authors report an acute particular effect of exercise on the right ventricle, 
particularly its function, compared to the left ventricle [6]. Many uncertainties 
remain as to the characteristics of the athlete’s heart right ventricle. This is even 
truer for Africans when we know the racial particularities that there may be in 
this matter. 

The interest of our work resides in this insufficiency of data on the morphol-
ogy and the function of right ventricle of African athletes practicing sports. The 
main objective was to study particularities of the right heart of subjects practic-
ing endurance or resistance sports of high level of training compared to the right 
heart of non-athlete subjects. 

Specifically, it was: 
- to compare electrocardiographic data between three subgroups (endurance 

athletes, resistance ones, and non-athletes), 
- to compare the right cavity dimensions, 
- to clarify the difference in regards to the systolic and diastolic function data.  

2. Methodology 

We conducted a prospective study from August to October 2016 in the cardiol-
ogy department of Aristide Le Dantec University Hospital in Dakar. The in-
cluded patients were divided according to the sporting practice in enduring, re-
sistant and non-athletes.  

2.1. Inclusion Criteria 

Athletes: male subjects performing sports and who agreed to participate in the 
study, with a minimum of 8 hours of weekly training and who have been playing 
sports for more than two consecutive years selected from a national sports fed-
eration. 

Non-athletes: Men who do not play sports or whose weekly volume does not 
reach 8 hours. 

2.2. Exclusion Criteria 

Congenital heart disease, valvulopathy or any other acquired cardiomyopathy.  
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2.3. Ethical Considerations 

After explaining the study protocol, the participants were informed of the 
progress and obtaining their consent was mandatory.  

2.4. Studied Parameters  

At the interrogation: age, type, number of hours 
Clinical parameters: blood pressure (BP), heart rate (HR), body surface area 

(BSA) and body mass index (BMI). 
12-Lead Surface ECG: All subjects had a standard 12-lead resting electrocar-

diogram on a CardiMax Fx 7102 device. These plots were interpreted by a single 
senior cardiologist. The study included: rhythm, heart rate, PR interval, P wave, 
QRS complex, repolarization (inversion of the T wave, loose T wave, ST shift, 
early repolarization), and ventricular overload (Lewis index [(RI-RIII) + 
(SIII-SI)]), and Sokolow-Lyon index (RV1 + SV5 > 1.04 mV) Sokolow-Lyon in-
dex of the right ventricle ≥ 10.5 mV and/or Lewis < 14 index showed right ven-
tricular hypertrophy. 

2.5. Doppler Echocardiography 

Echocardiographic examinations were performed by a single operator on a GE 
Vivid 7 ultrasound system. All measurements were performed according to the 
recommendations of the American Society of Ultrasound [7]. Several cuts were 
used: left parasternal long axis view, short axis, apical four chambers, two cavi-
ties and subcostal incidence. Seven cavity measurements of the right ventricle 
were performed (Figure 1). 

Echocardiographic parameters measured were:  
 

 
Figure 1. Scheme of different diameters of the right ventricle. 
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- Right atrium: surface, diameter, volumes 
- Right ventricle: different diameters (Figure 1), surfaces, free wall, ratio 

RV/LV 
- Systolic function of the right ventricle: TAPSE (tricuspid annular plane sys-

tolic excursion), Sa (S-wave from the tricuspid ring to tissue Doppler), Iso-
volumetric contraction peak, Fraction of surface shortening, Simpson RV 

- Diastolic function of RV: tricuspid venous flow (E, A, E/A, E-wave decelera-
tion time (TD), E, “E/E”, Isovolumetric relaxation time, RV-RA systolic 
pressure gradient, pulmonary artery systolic pressure, supra-hepatic venous 
flow 

Sociodemographic, clinical and paraclinical data were identified using a sur-
vey form designed for this study. Then they were captured and analyzed with the 
SPSS (Statistical Package for Social Science) software version 18. The averages 
and percentages were compared using the Student’s test, the Chi-square test, and 
the exact Fischer test, according to their conditions of applicability. We com-
pared proportions and averages in the three subgroups of subjects. A statistically 
significant difference was selected for a value of p < 0.05. 

3. Results 

We have enrolled 38 athletes including 28 from the Senegalese football federa-
tion, 10 from the martial arts and 20 non-athletes. 

The average age of the enduring athletes (footballers) was 21.9 ± 3, 75 years, 
26.30 ± 4.64 for the resistant ones (martial arts practitioners) and 24.10 ± 1.89 
years old in the group of non-athletes. The average weekly volume in the en-
durance athletes group was 11.07 ± 2.12 hours per week and 10.70 ± 2.11 hours 
per week in resistance athletes. In the non-athletic group, there were less than 3 
hours per week. Table 1 summarizes the characteristics of our population ac-
cording to the sport and the type of sport performed. 

 
Table 1. Characteristics of study population and comparison between the 3 subgroups. 

Parameters 
Endurance 

athletes 
Résistance athletes Non-athletes 

Age (years) 21.92 ± 3.75 26.30 ± 4.64 24.10 ± 1.89 

SABP (mm Hg) 125.78 ± 13.21 121.40 ± 15.74 122.65 ± 11.33 

DABP (mm Hg) 74.25 ± 9.34 73.80 ± 6.10 77.20 ± 11.23 

HR (bpm) 63.85 ± 11.12 69.60 ± 9.33 73.30 ± 15.29 

BSA (m2) 1.90 ± 0.14 1.82 ± 0.13 1.84 ± 0.13 

BMI (kg/cm2) 21.42 ± 2.34 21.65 ± 2.16 20.47 ± 2.31 

SPO2 97.46 ± 1.37 98.20 ± 0.63 97.40 ± 1.14 

Number of hours of training/week 11.07 ± 2.12 10.70 ± 2.11 <3 

SABP: systolic arterial blood pressure DABP: diastolic arterial blood pressure, HR: heart rate BSA: body 
surface aera. 
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3.1. On Electrocardiographic Level 

All subjects had a sinus rhythm. Two cases of atrioventricular block of first de-
gree were registered in athletes (one case in the endurance group and one other 
case in the resistance athletes group). Two cases of intraventricular conduction 
disorder were noted: one case of complete right limb block and one of incom-
plete right limb block both in the group of resistant athletes. 

There were 2 cases of right atrial hypertrophy in enduring athletes (7%). 
 According to the Sokolow-Lyon index for right ventricular hypertrophy, 2 en-
during athletes (7%) and one of the non-athletes group had a right ventricular 
hypertrophy. Using the Lewis index, 2 subjects in the control group had right 
ventricular hypertrophy. 

Early repolarization appearance was observed in 3 cases from the group of 
endurance athletes in apical septal and apical lateral derivations; 5 cases in same 
area in the non-athlete group. In the resistant group, one case was observed in 
anteroseptal territory. 

Seven subjects from the group of endurance athletes had an inversion of the T 
wave (associated with ST elevation) in the anteroseptal and two other in inferior 
territories. 

A peaked T wave was found in 12 endurance athletes, 7 strength athletes and 
12 individuals in the non-athletic control group. The presence of thin Q wave 
(duration less than 2 mm) was noted in 18 enduring athletes. 

ST elevation was observed in 12 enduring athletes, 2 resistant athletes, and 7 
subjects in the non-athletic group.   

3.2. On Echocardiographic Level 

The atrium surface as well as the transverse diameter were greater in athletes es-
pecially in the endurance group (p respectively at 0.002). The longitudinal di-
ameter was greater in the resistant group (p < 0.0001). 

The volume of the RA was larger in athletes group (p = 0.04). 
The average diameters of the right ventricle admission chamber (RVIT1, 

RVIT3, and RVIT4) were greater in the group of enduring athletes with a statis-
tically significant difference (p < 0.0001, respectively, at 0.002 and 0.01) except 
for RVIT2 (p = 0.4). 

With regard to the mean diameters of the right ventricular flushing chamber 
(RVOT1, RVOT2, RVOT3 and RVOT4), there was no significant difference ex-
cept for RVOT3 which was significantly greater in the enduring athletes (p = 
0.03). 

The mean annular and basal sagittal diameters of RV were greater in the 
group of enduring athletes (p < 0.0001). The longitudinal one was larger in the 
resistant (p = 0.04).  

Compared with the left ventricle, the right ventricle was proportionally larger 
in enduring athletes with RV/LV ratio (p < 0.0001). The surface area of RV in 
end-diastole was significantly greater in enduring athletes (p = 0.002). The ante-
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rior wall of the right ventricle was larger in athletes compared to non-athletes (p 
< 0.0001). 

Table 2 summarizes the dimensions and volumes of the right atrium and 
ventricle in the three subgroups. 

Apart from the TAPSE which was larger in athletes, there was no significant 
difference between the subgroups with respect to the systolic function indices. 
Table 3 summarizes the data on systolic function. 

The E/A ratio was positive in all subjects. This ratio, as well as the isovolume-
tric relaxation time, were significantly greater in the group of resistant athletes 
(p respectively 0.03). 

The vena cava was greater in athletes. There was no significant difference in 
the hepatic venous flow. The RV-RA systolic gradient and pulmonary arterial 
pressure were greater in resistant athletes (p < 0.0001). 

There was no significant difference in the Doppler parameters of the hepatic 
venous flow. In addition, the systolic fraction was normal in the different sub-
groups. 

Table 4 summarizes the data described above. 
 
Table 2. Measurement of right atrium and ventricle. 

  
Endurance athletes Resistance athletes Non-athletes 

Right atrium 
   

Aera 16.36 ± 3.36 16.29 ± 3.34 12.83 ± 2.14 

Transversal diameter 42.34 ± 5.22 38.6 ± 6.57 37.1 ± 3.44 

Longitudinal diameter 46.39 ± 5.21 47.2 ± 4.07 41.09 ± 3.63 

Volume 48.08 ± 17.40 46.44 ± 13.24 33.81 ± 8.64 

Right ventricle 
   

Inflow tract 
   

 
RVIT1 42.44 ± 7.39 38.4 ± 5.75 32.65 ± 8.01 

 
RVIT2 38.12 ± 6.29 35.8 ± 5.18 36.68 ± 4.37945 

 
RVIT3 38.86 ± 5.62 34.6 ± 5.23 33.8 ± 3.18 

 
RVIT4 35.98 ± 5.81 33.9 ± 2.68 31.55 ± 4.48 

Outflow tract 
   

 
RVOT1 24.24 ± 3.47 22.68 ± 3.11 22.02 ± 2.52 

 
RVOT2 24.38 ± 3.34 23.4 ± 2.17 24.255 ± 3.22 

 
RVOT3 25.96 ± 2.85 23.1 ± 2.28 24.675 ± 3.30 

 
RVOT4 25.10 ± 3.40 25.5 ± 2.12 24.2 ± 4.58 

Other diameters 
   

 
RVA1 (mm) 49.67 ± 6.04 46.02 ± 7.38 42.05 ± 5.41 

 
RVA2 (mm) 41.16 ± 5.22 38.2 ± 4.23 35.15 ± 3.82 

 
RVSAX (mm) 32.13 ± 5.78 31.4 ± 5.62 29.75 ± 3.95 
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Continued 

 
RVLAX (mm) 72.37 ± 5.92 75.4 ± 7.18 68.75 ± 8.29 

End-diastolic aera 21.05 ± 4.28 18.71 ± 3.28 17.2045 ± 2.50 

Free wall thickness 4.98 ± 0.93 4.94 ± 1.016 3.81 ± 0.64 

Ratio RV/LV 1.05 ± 0.13 0.96 ± 0.09 0.93 ± 0.06 

RV: right ventricle; LV: left ventricle; RVOT: right ventricle outflow tract; RVIT: right ventricle inflow tract. 
 
Table 3. Mean values of different parameters of right ventricle systolic function. 

Parameters Endurance athletes Resistance athletes Non-athletes 

TAPSE (mm) 24.41 ± 3.48 24.4 ± 4.50 21.08 ± 2.13 

S wave (cm/s) 14.71 ± 1.86 15.7 ± 1.88 15.1 ± 2.44 

Fraction area change (%) 45.39 ±1 0.44 47.79 ± 7.82 42.75 ± 8.09 

Simpson RV (%) 55.18 ± 10.77 59.5 ± 10.49 58.55 ± 9.14 

Isovolumetric contraction 
peak (m/s) 

10.75 ± 3.06 11.9 ± 1.79 9.7 ± 2.32 

TAPSE: tricuspid annular plane systolic excursion; RV: right ventricle. 
 
Table 4. Comparative values of diastolic function right ventricle parameters and pulmo-
nary artery systolic pressure. 

Parameters 
 

Endurance 
athletes 

Resistance 
athletes 

Non-athletes 

Tricuspid flow 

E wave (m/s) 0.54 ± 0.07 0.60 ± 0.12 0.57 ± 0.14 

A wave (m/s) 0.33 ± 0.05 0.31 ± 0.03 0 .31 ± 0.07 

Ratio E/A 1.67 ± 0.30 2.03 ± 0.54 1.82 ± 0.33 

A’ wave (cm/s) 11.5 ± 3.56 14 ± 4.64 10.75 ± 3.33 

E’ wave (cm/s) 13.57 ± 2.92 14.1 ± 4.30 14 ± 3.53 

Ratio E/E’ 4.33 ± 1.30 4.471 ± 1.05 4.03 ± 1.09 

Deceleration time (ms) 250.92 ± 40.39 242.1 ± 68.40 254.6 ± 76.93 

Isovolumic relaxation time (ms) 92.60 ± 43.53 102.5 ± 25.31 70.25 ± 27.24 

Inferior vena cava 
IVC expiration (mm) 23.48 ± 3.19 23.1 ± 4.86 20.55 ± 3.21 

Index of distension IVC (%) 56.29 ± 13.94 59.66 ± 8.16 53.65 ± 19.52 

Pulmonary pressure 
Gradient RA-RV (mm Hg) 23.18 ± 3.84 25.9 ± 5.21 17.76 ± 7.26 

PASP (mm Hg) 29.79 ± 5.14 35.6 ± 3.34 24.46 ± 9.92 

Supra-hepatic 
veinous flow 

S wave (m/s) 0.49 ± 0.13 0.52 ± 0.19 0.46 ± 0.15 

D wave (m/s) 0.39 ± 0.14 0.41 ± 0.10 0.37 ± 0.10 

A wave (m/s) 0.36 ± 0.19 0.33 ± 0.10 0.30 ± 0.07 

Ratio S/D 1.32 ± 0.34 1.40 ± 0.49 1.25 ± 0.31 

Systolic fraction (%) 61.87 ± 7.71 57.83 ± 10.95 57.85 ± 8.93 

RA: right atrium; RV: right ventricle; PASP: pulmonary artery systolic pressure. 
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4. Discussion 

Determining Factors 

Cardiac changes related to sport are determined by several factors. One of these 
factors is sex [8] [9], the male predominance of these changes can be explained 
by a plasma concentration of testosterone, anabolic hormone higher in humans. 
It is also the age: the findings were more frequent in the subject of less than 20 
years [10]. The role of genetics has been asserted, explained by individual sus-
ceptibility in the development of athlete’s adaptive cardiac hypertrophy [11]. 
Race is also a determining factor with very marked findings in black athletes [12] 
[13]. 

Recently, a large number of researchers have focused on the response of the 
right ventricle to exercise and training.   

Morphologically, several cardiac imaging studies using both ultrasound and 
magnetic resonance imaging, report a high prevalence of right ventricular dila-
tion among the endurance athletes [14] [15] [16]. In our work, admission 
chamber measurements, basal and basal sagittal diameters, right ventricular sur-
faces as well as RV/LV ratio were more important in long-term athletes. Aerobic 
sports require a prolonged rise in cardiac output and concomitantly a reduced 
afterload. The decrease in peripheral vascular resistance, which characterizes this 
type of physical activity, can induce chronic venous overload, better diastolic 
filling of the right ventricle and an increase in the size of the right ventricle and 
atrium [4]. 

The increased volume of the right ventricle could, therefore, result in a more 
significant increase in the left ventricular end-diastolic volume and an earlier 
end-diastolic stretching of the myocardial fibers, probably in turn to improve 
systolic function through a better use of the Frank-Starling mechanism [4]. 

Literature data suggest that right ventricular hypertrophy is an unusual re-
sponse to exercise and training in the absence of any form of concomitant pul-
monary hypertension. The mean parietal thickness of the right ventricle in ath-
letes is within normal range. However, compared to the average non-athletes, 
they are larger. Therefore, it is possible that the remodeling of the right ventricle 
in the black athlete also includes a singular increase in the parietal thickness. 
Much larger studies would be needed to more accurately assess this aspect. On 
the other hand, the left ventricle shows that black subject has a tendency to re-
model marked by an increase in parietal mass and thickness [17].  

The right ventricle is not a passive chamber, as previously thought, but plays a 
crucial role in cardiac adaptations to exercise. Exercise and intense endurance 
training lead to an acute right ventricular dysfunction that is restored in the 
short term, but chronic structural changes and reduced right ventricular func-
tion are evident in some athletes [18]. Hemodynamic imbalance may promote 
transient lesion of the right ventricle or incomplete recovery, with possible 
long-term structural consequences.  

There is little data on the diastolic function of the right ventricle in athletes. 
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Andrew Owen and All reported a regression of diastolic function with age, not 
found in the sedentary control group [19]. But this hypothesis should be the 
subject of further studies. Another study did not show any difference between 
the different groups studied (sedentary active and athletes) regarding the dias-
tolic function of the right ventricle [20]. We did not find any particular differ-
ence with respect to the various diastolic function parameters between the dif-
ferent subgroups. 

The physiological increase in pulmonary artery systolic pressure is correlated 
with that of the stroke volume of the ventricle in endurance athletes [4]. The 
upper limit in our athletes was 40 mmHg, both for endurance athletes and resis-
tance athletes. D’Andrea reported the same observation in endurance athletes 
[15] [18]. However, in well-trained athletes or those aged over 55, pulmonary 
artery systolic pressure can reach 55 to 60 mmHg during maximum effort. 

5. Conclusion 

The right ventricular changes related to sport are various and depending on the 
type of sport. It appears that endurance increases the cavity dimensions of both 
the filling chamber and the flushing chamber. There is no significant difference 
in systolic and diastolic functions. Athletes seem to have a greater parietal 
thickness than non-athletes. This has not been previously described and may be 
a singularity of black athlete. 

References 
[1] Pluim, B.M., Zwinderman, A.H., van der Laarse, A. and van der Wall, E.E. (2000) 

The Athlete’s Heart. A Meta-Analysis of Cardiac Structure and Function. Circula-
tion, 101, 336-344. https://doi.org/10.1161/01.CIR.101.3.336 

[2] Pelliccia, A., Maron, B.J., Spataro, A., Proschan, M.A. and Spirito, P. (1991) The 
Upper limit of Physiologic Cardiac Hypertrophy in Highly Trained Elite Athletes. 
The New England Journal of Medicine, 324, 295-301.  
https://doi.org/10.1056/NEJM199101313240504 

[3] Heblig, W.A. (2004) Right Ventricular Function: The Comeback of Echocardiogra-
phy? European Journal of Echocardiography, 5, 99-101.  
https://doi.org/10.1016/j.euje.2003.12.001 

[4] D’Andrea, A., Limongelli, G., Caso, P., et al. (2002) Association between Left Ven-
tricular Structure and Cardiac Performance during Effort in Two Morphological 
Form of Athletes’s Heart. International Journal of Cardiology, 86, 177-184.  
https://doi.org/10.1016/S0167-5273(02)00194-8 

[5] D’Andrea, A., Caso, P., Scarafil, R., et al. (2007) Biventricular Myocardial Adapta-
tion to Different Training Protocols in Competitive Master Athletes. International 
Journal of Cardiology, 115, 342-349. https://doi.org/10.1016/j.ijcard.2006.03.041 

[6] La Gerche, A., Connelly, K.A., Mooney, D.J., et al. (2008) Biochimical and Func-
tional Abnormalities of Left and Right Ventricular Function after Ultra-Endurence 
Exercise. Heart, 94, 860-866. https://doi.org/10.1136/hrt.2006.101063 

[7] Rudski, L.G., Lai, W.W., Afilalo, J., et al. (2010) Guidelines for the Echocardio-
graphic Assessment of the Right Heart in Adults: A Report from the American So-
ciety of Echocardiography. Journal of the American Society of Echocardiography, 
23, 685-713. https://doi.org/10.1016/j.echo.2010.05.010 

https://doi.org/10.4236/wjcd.2018.87035
https://doi.org/10.1161/01.CIR.101.3.336
https://doi.org/10.1056/NEJM199101313240504
https://doi.org/10.1016/j.euje.2003.12.001
https://doi.org/10.1016/S0167-5273(02)00194-8
https://doi.org/10.1016/j.ijcard.2006.03.041
https://doi.org/10.1136/hrt.2006.101063
https://doi.org/10.1016/j.echo.2010.05.010


S. A. Sarr et al. 
 

 

DOI: 10.4236/wjcd.2018.87035 369 World Journal of Cardiovascular Diseases 

 

[8] Fagard, R. (2003) Athlete’s Heart. Heart, 89, 1455-1461.  
https://doi.org/10.1016/j.echo.2010.05.010 

[9] Sharma, S., Maron, B.J., Whyte, G., Firoozi, S., Elliot, P.M. and McKenna, W.J. 
(2002) Physiologic Limits of Left Ventricular Hypertrophy in Elite Junior Athletes: 
Relevance to Differential Diagnosis of Athlete’s Heart and Hypertrophic Cardi-
omyopathy. Journal of the American College of Cardiology, 40, 1431-1436.  
https://doi.org/10.1016/S0735-1097(02)02270-2 

[10] Pellicia, A., Maron, J.B., Culasso, F., Sparato, A. and Caselli, G. (1996) Athlete’s 
Heart in Women, Echo-Cardiographic Characterization of Highly Trained Elite 
Female Athletes. JAMA, 276, 211-215.  
https://doi.org/10.1001/jama.1996.03540030045030 

[11] Carré, F. (2003) Les aspects génétiques du coeur d’athlète. Archives des maladies du 
coeur et des vaisseaux, 96, 1121-1126. 

[12] Basavarajaiah, S., Boraita, A., Whyte, G., et al. (2008) Ethnic Differences in Left 
Ventricular Remodeling in Highly-Trained Athletes: Relevance to Differentiating 
Physiologic Left Ventricular Hypertrophy from Hypertrophic Cardiomyopathy. 
Journal of the American College of Cardiology, 51, 2256-2262.  
https://doi.org/10.1016/j.jacc.2007.12.061 

[13] Rawlins, J., Carre, F., Kervio, G., et al. (2010) Ethnic Differences in Physiological 
Cardiac Adaptation to Intense Physical Exercise in Highly Trained Female Athletes. 
Circulation, 121, 1078-1085.  
https://doi.org/10.1161/CIRCULATIONAHA.109.917211 

[14] Oxborough, D., Sharma, S., Shave, R., Whyte, G., Birch, K., Artis, N., Batterham, 
A.M. and George, K. (2012) The Right Ventricle of the Endurance Athlete: The Re-
lationship between Morphology and Deformation. Journal of the American Society 
of Echocardiography, 25, 263-271. https://doi.org/10.1016/j.echo.2011.11.017 

[15] D’Andrea, A., Riegler, L., Golia, E., Cocchia, R., Scarafile, R., Salerno, G., Pezzullo, 
E., Nunziata, L., Citro, R., Cuomo, S., Caso, P., Di Salvo, G., Cittadini, A., Russo, 
M.G., Calabro, R. and Bossone, E. (2013) Range of Right Heart Measurements in 
Top-Level Athletes: The Training Impact. International Journal of Cardiology, 164, 
48-57. https://doi.org/10.1016/j.ijcard.2011.06.058 

[16] Pagourelias, D., Evangelia, K., Georgios, K., et al. (2013) Right Atrial and Ventricu-
lar Adaptations to Training in Male Caucasian Athletes: An Echocardiographic 
Study. Journal of American Society of Echocardiography, 26, 1344-1352. 

[17] Pelà, G., Li Calzi, M., Crocamo, A., et al. (2015) Ethnicity-Related Variations of Left 
Ventricular Remodeling in Adolescent Amateur Football Players. Scandinavian 
Journal of Medicine & Science in Sports, 25, 382-389.  
https://doi.org/10.1111/sms.12238 

[18] D’Andrea, A., Riegler, L., Morra, S., Scarafile, R., Salerno, G., Cocchia, R., Golia, E., 
Martone, F., Di Salvo, G., Limongelli, G., Pacileo, G., Bossone, E., Calabro, R. and 
Russo, M.G. (2012) Right Ventricular Morphology and Function in Top-Level Ath-
letes: A Three-Dimensional Echocardiographic Study. Journal of the American So-
ciety of Echocardiography: Official Publication of the American Society of Echocar-
diography, 25, 1268-1276. https://doi.org/10.1016/j.echo.2012.07.020 

[19] Owen, A., Theakston, S.C., O’Donovan, G. and Bird, S.R. (2004) Right and Left 
Ventricular Diastolic Function of Male Endurance Athletes. International Journal of 
Cardiology, 95, 231-235. https://doi.org/10.1016/j.ijcard.2003.07.008 

[20] Owen, A., O’Donovan, G. and Bird, S. (2008) Sedentary, Active and Athletic Life-
styles: Right and Left Ventricular Long Axis Diastolic Function. International Jour-
nal of Cardiology, 127, 112-113. https://doi.org/10.1016/j.ijcard.2007.06.056 

https://doi.org/10.4236/wjcd.2018.87035
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/S0735-1097(02)02270-2
https://doi.org/10.1001/jama.1996.03540030045030
https://doi.org/10.1016/j.jacc.2007.12.061
https://doi.org/10.1161/CIRCULATIONAHA.109.917211
https://doi.org/10.1016/j.echo.2011.11.017
https://doi.org/10.1016/j.ijcard.2011.06.058
https://doi.org/10.1111/sms.12238
https://doi.org/10.1016/j.echo.2012.07.020
https://doi.org/10.1016/j.ijcard.2003.07.008
https://doi.org/10.1016/j.ijcard.2007.06.056

	Study of the Right Heart of High-Level African Adult Athletes: Electrocardiographic and Echocardiographic Aspects
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Inclusion Criteria
	2.2. Exclusion Criteria
	2.3. Ethical Considerations
	2.4. Studied Parameters 
	2.5. Doppler Echocardiography

	3. Results
	3.1. On Electrocardiographic Level
	3.2. On Echocardiographic Level

	4. Discussion
	Determining Factors

	5. Conclusion
	References

