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Abstract. The aim of our study was to evaluate left ventricular (LV) systolic function in a team of elite rugby players 

using new echocardiographic techniques: Tissue Doppler, two-dimensional (2D) Speckle tracking and three-

dimensional (3D) echocardiography. Material and Method. Twenty six male athletes from the regional rugby players’ 

team were evaluated. The team was divided in two groups of athletes based on the predominance of dynamic aerobic or 

anaerobic effort performed: thirteen of them (group 1) - anaerobe effort, the others thirteen (group 2) - aerobic effort. 

All athletes underwent a complete physical exam, complete 2D and 3D transthoracic echocardiographic exam at rest. 

Standard 2D measurements, Tissue Doppler parameters, 2D speckle tracking global longitudinal strain (2D GLS) and 

3D global longitudinal strain (3D GLS) were evaluated. Results. There were statistically significant differences between 

the two groups of athletes.  Those in group 1 had higher body mass index (BMI) (p=0.002), left atrial area (LAA) 

(p=0.006), 3D left ventricular enddiastolic and endsystolic volume (LVEDV3D and LVESV3D) (p=0.006 respective 

p=0.011), 3D left ventricular mass (LVMass3D) (p=0.002), pulse Doppler diastolic A’velocity of lateral mitral annulus 

(A’lat) (p=0.004), left atrial diameter (LAD) (p=0.001), pulse Doppler systolic velocity of medial mitral annulus 

(S’med) (p=0.01), mitral annular plane systolic excursion (MAPSE) (p=0.033) than those in group 2, who had higher 

diastolic E’ velocity of lateral (E’lat) and medial (E’med) mitral annulus (p=0.047 respective p=0.021). There were no 

significant differences of 2D GLS respective 3D GLS between the two groups (p=0.59, respective p=0.27). Athletes 

who had greater LV hypertrophy and LV mass indexed higher had a better response in tests of anaerobic exercise 

capacity. There was a statistically significant association between the 3D ejection fraction (EF) and anaerobic and 

aerobic exercise capacity. Conclusions. Our study revealed interesting interrelations between 2D GLS, 3D GLS, and LV 

hypertrophy and test results of effort capacity in a group of elite rugby players.   
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Introduction 

New echocardiographic techniques such as two-dimensional (2D) Speckle tracking and three-dimensional 

(3D) echocardiography have already demonstrated an important role in evaluation of left ventricular (LV) 

systolic function in elite athletes (1-4). 3D echocardiography had a continuous development, reaching from a 

method reserved for research in specialized laboratories, to a relatively affordable method with multiple 

implications in clinical practice. This method proved its usefulness in evaluating the cardiac volumes (left 

ventricle LV,  right ventricle RV, left atrium LA) as well as systolic and diastolic function of LV. Analysis 

of myocardial contraction and intracardiac dissincronism, evaluation of the morphology of valves (mitral, 

aortic, tricuspid valve and less pulmonic), intracardiac shunts are other important indications. (5).  

In our study we analyze the LV systolic function (ejection fraction EF, myocardial deformation-strain) using 

the standard 2D echocardiography and speckle tracking method with 2D and 3D echocardiography 

respectively. 2D speckle tracking technique (called 2D strain echocardiography) is based on tracking the 

dynamics of multiple myocardial dots (basically a fingerprint of the myocardial wall) throughout the cardiac 

cycle and post processing the data with the help of a special program. These dedicated softs allow the 

calculation of deformation and rotation of LV myocardium. The most widely used parameter, which we have 

used in our study, an important component of ventricular systolic function, is longitudinal deformation 

(global longitudinal strain GLS).This parameter defines the total deformation during the cardiac cycle length,  
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being expressed in percentage. The value of GLS is calculated using the arithmetic average of all segments 

analyzed of the LV (6-7). 

Three-dimensional speckle tracking echocardiography has as major advantage the fact that manages tracing 

the movement of all myocardial dots, and of those who are lost in the assessment of complex 2D motion, so 

long as these remain dots inside 3D volume purchased. Another advantage over 2D method is that time for 

images acquisition shall be reduced by two thirds (8).  

These techniques have been already described in athlete’s heart evaluation. Most studies have shown an 

increase of global longitudinal strain (2D GLS) after high-intensity physical training, assessed using speckle 

tracking method (2). Three-dimensional echocardiography also showed the best physiological adaptation 

changes of heart in different types of sports exercise (4). 

LV physiologic hypertrophy appears as change of heart morphology at complex exercise intensive training. 

Thus, it is well known that dynamic endurance efforts, in which predominantly is aerobic effort, produce 

alterations of LV morphology by increasing diameters and volumes (eccentric hypertrophy), while static 

efforts, endurance, anaerobic produce especially thickening of the LV walls (concentric hypertrophy). In 

practice, there is not accurate a type of physical workout or a model of sport in that effort to be solely aerobic 

or anaerobic type (dynamic or static) and for this reason, changes at the level of the heart are both "load" and 

"pressure" combining concentric hypertrophy with increased LV diameters (9-10). 

The aim of our study is to analyze the LV systolic function using 2D and 3D strain deformation parameters 

in a team of athletes, in order to find a parameter witch link the LV function with the effort capacity stress 

tests of the athletes. 

 

Material and Method 

Twenty six male athletes from the regional rugby players’ team were evaluated in the Institute of 

Cardiovascular Diseases Timisoara, Romania. The team consists in two groups of athletes based on 

predominance of dynamic aerobic or anaerobic performed effort. First thirteen of them (group 1) are in 

defense line and are engaged mostly in anaerobe effort (strength players). Next thirteen (group 2) are in 

attack line and perform predominantly dynamic aerobic effort (runners). All athletes underwent a complete 

physical exam, complete 2D and 3D transthoracic echocardiographic exam at rest. Their physical 

performance was evaluated with specific protocols of exercise testing. Within the clinical examination were 

measured: weight (W), height (H), body surface area (BSA) (after diagram Du Bois) (11), and body mass 

index (BMI).  

Using the indirect method for measuring those 5 envelops of adipose tissue: 1/3 of the brachial triceps, sub 

scapular, flank, abdominal and upper 1/3 of the thigh were previously calculated (12):  

Adipose tissue (AT)% = the sum of the five envelopes (mm) x 0.15 + 5.8 + BSA (m
2
); Adipose 

tissue (AT) (kg) = W x AT%; Active (lean) mass (AM) = W (kg) – AT; Optimal AM = G x 89%; 

Optimal adipose tissue (optimal AT) = AM x 11%; Optimal body weight (optimal W) = optimal AM 

+ optimal AT.  

Standard transthoracic bidimensional (2D) echocardiographic study was performed by an experienced 

echocardiographer using a Vivid E9 ultrasound machine (GE Healthcare) with an M5S probe. All athletes 

were examined in the left lateral position, before the exercise tests. 

Standard 2D measurements - LV diastolic diameter (LVDD) and LV systolic diameter (LVSD), 

interventricular septum (IVS) and posterior wall (PW) thickness - were obtained in the parasternal long axis 

view (13). LV mass was automated calculated according to the ASE recommendations (14).  LV end 

diastolic and end systolic volumes (LVEDV, LVESV) were obtained in the apical four chamber view (13). 

LV ejection fraction (EF) was calculated using the Simpson biplane method.
 
 Resting LV diastolic function 

was assessed by E and A wave velocities, E/A ratio from the mitral inflow, according to the EAE 

recommendation (13). Left atrium (LA) volume was assessed in ventricular end-systole by the modified 

Simpson’s monoplane method in the apical four-chamber view according to the guidelines (15). 

Pulsed tissue Doppler imaging data were obtained from a 2 mm sample volume placed at the lateral mitral 

annulus, medial mitral annulus and lateral tricuspid annulus in the apical 4 chamber view recorded during an 

end-expiratory apnea period. 

Mitral respective tricuspid annular plane systolic excursion (MAPSE respective TAPSE) was calculated by 

the difference between end-diastolic and end-systolic measurements (mm) (16,17). 

For 2D Speckle tracking evaluation, global longitudinal strain (2D GLS) was computed from high frame rate 

(>50 frame/sec) apical views (four chambers, two chambers and three chambers) using speckle tracking  
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analysis (Echo Pac, Version 12BT, GE Healthcare). 2D GLS was obtained by averaging the segmental strain 

curves of all 17 segments of LV and was represented in a color coded bull’s eye plot (18-20). 

Real time three dimensional (3D) echocardiography data set acquisitions were acquired by the same 

examiner using a 3V matrix array transducer (GE Healthcare). A full volume data set of the LV was acquired 

from apical view, consisted in four consecutive beats ECG-gated sub volumes at the end of expiration and 

breathe holding. Two or three datasets for patient were obtained, stored and exported to an off-line 

workstation for further analysis (Echo Pac, Version 12BT, GE Healthcare). With a specific software 

algorithm (4D AutoLVQ
TM

 – GE Healthcare), LV volumes, LV EF, LV Mass and 3D global longitudinal 

strain (3D GLS) were calculated according to actual recommendations (21-23).  

All steps were followed as described in the previous studies: automatic slicing of the entire full LV volume 

dataset; automatic alignment of all the three planes from apical view; identification of LV endocardial border  

both in diastole and systole (automatic with manual correction if necessary) with calculation of LVEDV and 

LVESV; analysis and data display (EF % = LVEDV-LVESV/LVEDV x100); further evaluation of LV mass 

and strain were calculated using automatic border detection of pericardium (with optional manual 

correction); LV Mass = (LV pericardial volume –LV endocardial volume) x1.05. 3D; LV mass was indexed 

for height powered to 2.7.  

3D GLS was automated generated and presented in regional and average strain curves and also in color-

coded 17 segments bull’s eye plot (23). 

Physical performance evaluation. Following clinical examination, 12-lead electrocardiogram and resting 

echocardiography, patients underwent an exercise test with cycle ergometer (Astrand treadmill test for 

maximal oxygen consumption (VO2max) evaluation) (24-25). The aerobe capacity was measured in a 6 

minute cycle ergometer test with a constant workload (2,5W x Body weight (kg) and cadence (60 r.p.m.). 

The heart rate in the last 10s was measured; the specific values obtained were indexed on body weight (kg) 

and then compared with ideal values (%). The values above 75% indicate a good athlete’s aerobe endurance 

capacity. 

Although the physical functional status was analyzed by measuring the HR in minute 5 of intense effort (P1) 

and in minute 1, 2 respective 4 of relaxation period (P2, P3 and P4). The lowest values of the sum of P1, P2, 

P3 and P4 show good effort tolerability. Aerobe effort was also evaluated with systolic tension time test 

(STT test). HR and systolic blood pressure (SBP) were measured in minute 6 of maximal effort and STT 

value was calculated with formula: STT/watt/body weight = (HR min6 x SBP min6)/(W/kg). 

Athletes were also tested for anaerobe capacity evaluation. Szoghy-Cherebetiu test at cycle ergometer was 

used (workload of 7,5%/body weight with 90 rpm) (12). Total mechanical work (TTR %) was calculated at 

10s of effort, 20s and 45s of effort. Grades of Excellent (E), Very good (FB), good (B) and medium (M) 

were allocated depending on obtained values (12).  

Statistical analysis of the data was performed with SPSS 17 software. Clinical and echocardiographic 

characteristics as well as physical performance measurements were expressed using mean and standard 

deviation for continuous variable and proportions for non-continuous variable. Bivariate analysis was 

conducted with all continuous variables with independent samples t- test and with non-continuous variables 

with a Chi-square test. Regression analysis with Pearson’s correlation coefficient was used to evaluate the 

relation between 3D echocardiographic parameters and other variables. 

 

Results 

Clinical, physical and echocardiographic characteristics of entire group of athletes were illustrated in Table I. 

Bivariate data analysis showed statistically significant differences between the two groups of athletes that are 

discussed below (Table II).   

Those in group 1 had higher body mass index (BMI) (p=0.002), left atrial area (LAA) (p=0.006), 3D left 

ventricular enddiastolic and endsystolic volume (LVEDV3D and LVESV3D) (p=0.006 respective p=0.011), 

3D left ventricular mass (LVMass3D) (p=0.002), pulse Doppler diastolic A’velocity of lateral mitral annulus 

(A’lat) (p=0.004), left atrial diameter (LAD) (p=0.001), pulse Doppler systolic velocity of medial mitral 

annulus (S’med) (p=0.01), mitral annular plane systolic excursion (MAPSE) (p=0.033) than those in group 2, 

who had higher diastolic E’ velocity of lateral (E’lat) and medial (E’med) mitral annulus (p=0.047 respective 

p=0.021). 

There were no significant differences of 2D GLS respective 3D GLS between the two groups (18.23±2.1% 

vs. -17.77±2.2%, p=0.59, respective -15.46±3% vs. -16.76±1.9%, p=0.27).       
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Table I. Clinical, physical and echocardiographic characteristics of entire group of athletes 

Characteristics Media±SD Characteristics Media±SD 

Age (years) 25.77±3.32 E' lat (m/s) 0.1742±0.04053 

Height (H) (cm) 182.88±7.02 A' lat (m/s) 0.0754±0.02570 

Weight (W) (kg) 101.77±15.15 S' med (m/s) 0.1485±0.20728 

BMI (kg/m
2
) 30.37±3.75 E' med (m/s) 0.1215±0.02257 

BSA (m
2
) 2.23±0.18 A' med (m/s) 0.0777±0.01751 

W optim (kg) 82.96±9 MAPSE (mm) 20.04±1.90 

AT (kg) 24.25±6.59 TAPSE (mm) 29.88±4.81 

Exces AT (kg) 10.65±7.92 2D GLS (%) -18.01±2.12 

AM (kg) 77.08±10.31 3D GLS (%) -15.99±2.70 

AM deficit (kg) -6.49±6.72 3DLVEDV (ml) 166.12±25.37 

LVEDD (cm) 5.28±0.43 3DLVESV (ml) 71.27±13,95 

LVESD (cm) 3.47±0.36 3D EF(%) 0.56±0.03 

IVS (cm) 1.19±0,11 3D LVMass(mg) 139.92±12.81 

PW (cm) 1.17±0,12 Mmod LVMass(mg) 303.13±50.02 

LVEDV (ml) 145.38±37.86 iMmod LVMass (mg) 136.89±16,73 

LVESV (ml) 59.34±15.75 P1 (b/min) 143.75±9.44 

iLVEDV (ml) 67.11±9.16 P2 (b/min) 101.75±11.66 

iLVESV (ml) 27.63±3,88 P3 (b/min) 90.75±9.24 

4C EF(%) .5838±0.0444 P4 (b/min) 81.75±15.40 

LAD (cm) 4.05±0.50 TTR10 (%) 79.30±9.06 

LAA (cm
2
) 22.17±3.55 TTR20 (%) 75.32±7.98 

LAV (ml) 69.12±17.73 TTR45 (%) 67.54±9.08 

E (m/s) 0.8527±0.15280   

A (m/s) 0.4200±0.09042   

S' lat (m/s) 0.1063±0,01974   

 
Table II. Statistically significant differences between the studied variables 

(between the two groups of athletes) 

Group 1 ˃ Group 2 

Height (p-value=0.007, Independent-samples t test, 95% CI)  

Weight (p-value<0.001, Independent-samples t test, 95% CI)  

BMI (p-value=0.002, Independent-samples t test, 95% CI)  

BSA (p-value<0.001, Independent-samples t test, 95% CI)  

Woptim (p-value=0.004, Independent-samples t test, 95% CI)  

AT (p-value=0.001, Independent-samples t test, 95% CI)  

AM (p-value=0.001, Independent-samples t test, 95% CI)  

LAA (p-value=0.006, Independent-samples t test, 95% CI)  

A’lat (p-value=0.004, Independent-samples t test, 95% CI)  

3D LVEDV (p-value=0.006, Independent-samples t test, 95% CI)  

3D LVESV (p-value=0.011, Independent-samples t test, 95% CI)  

3D LVMass (p-value=0.002, Independent-samples t test, 95% CI)  

LAD (p-value=0.001, Mann-Whitney test, 95% CI)  

S’med (p-value=0.01, Mann-Whitney test, 95% CI)  

MAPSE (p-value=0.033, Mann-Whitney test, 95% CI)  

Group 1 ˂ Group 2 

E’lat (p-value=0.047, Independent-samples t test, 95% CI)  

E’med (p-value=0.021, Independent-samples t test, 95% CI)  

AM Deficit  (p-value=0.001, Mann-Whitney test, 95% CI)  
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Analyzing categorial variables (those of physical performance) we have determined that there are differences 

between the categories of TTR10calif and: IVS thickness (p-value = 0.026, One Way ANOVA test, 95% CI), 

PW thickness (p-value = 0.026, One Way ANOVA test, 95% CI) A’ lat (p-value = 0.019, One Way ANOVA 

test, 95% CI) iMmodeLVmass (p-value = 0.021, One Way ANOVA test, 95% CI). Thus, athletes with 

greater LV hypertrophy and greater LV indexed mass had a better response on anaerobic effort tests.  

There was a statistically significant association between 3DEF and TTR, respectively STT; TTR45calif and 

3DEF (p-value = 0.016, Chi2 test, 95% CI); STTcalif and 3DEF (p-value = 0.044, Chi2 test, 95% CI). In 

other words, the athletes with higher 3DEF had a better results both at aerobic and anaerobic effort tests. 

 

Discussion and Conclusion 

Our study reveals some important aspects: athletes with more pronounced LV hypertrophy had a better 

response to the evaluation tests of anaerobic exercise (TTR was better as LV hypertrophy was higher). In 

addition, athletes who have achieved better ratings at evaluation tests of aerobic and anaerobic effort had a 

higher LV EF, evaluated with 3D echocardiography. 

Another interesting finding in our study was the fact that there were no significant differences of 2D GLS 

respective 3D GLS between the two groups of athletes. This can be explained by the reality that in our team 

the defense line of athletes was not so different by the attack line and they all have both aerobe and anaerobe 

type of training protocols.  

This aspect we consider that it is a limitation of our study, the relatively small number of analyzed athletes 

(in fact the entire lot of professional rugby union regional team) are not enough to constitute a homogeneous 

group in terms of the type of effort unfolded. 

In literature, we found that, recently, D´Ascenzi compared 2D GLS and 3D GLS between athletes and 

healthy individuals and discovered that longitudinal strains did not differ between athletes and controls, 

neither by 2D nor by 3D speckle tracking echocardiography (STE) but 3D longitudinal strain values were 

lower (p < 0.0001), as compared with 2D STE (p < 0.001) (26)   

DÁndreea et al. studied the effects of different effort training protocols on LV strain indices.  They showed 

no differences of 2D GLS between endurance and strength athletes.  Also they demonstrated a positive 

association between E’lat, E’med and LVEDV (p-value<0.001) and an independent correlation between 2D 

GLS and sum of LV wall thickness (p-value<0.005) (27). In our study we also find a significant correlation 

of 2D GLS with IVS (p-value=0.035) and PW (p-value=0.002) thickness. 

Our study showed the importance of complete evaluation of the athletic heart using new echocardiographic 

technique (3D echocardiography, Speckle tracking method). As in other important studies, we demonstrated 

the relationship of interdependence between 2D GLS, LV hypertrophy and the results to athlete‘s 

performance evaluation tests. Myocardial deformation parameters, 2D GLS and 3D GLS did not statistically 

differ between our groups of athlets.  
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