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Left ventricular (LV) strains are quantitative features of LV contrac-
tility which could be easily assessed by three-dimensional (3D)
speckle-tracking echocardiography (3DSTE) [1]. Evaluating elite sport
activity on LV contractility is an emerging topic in recent cardiovascular
research. However, results regarding to its effects on LV myocardial
function are contraversial and need further investigations. The present
study aimed to assess 3DSTE-derived uni- and multidirectional strains
in elite highly trained athletes and to compare their results to age-
and gender-matched non-trained healthy controls.

The present study comprised 20 young elite basketball and
waterpolo players and runner athletes (mean age: 25.7 4 8.6 years, 3
men). The mean previous years of training proved to be 13 4 8 years.
Their results were compared to 24 healthy controls (mean age:
22.9 + 2.9 years, 9 men). None of sportmen and healthy controls has
known diseases or other factors which could affect results. All sportmen
and healthy controls have undergone complete two-dimensional (2D)
Doppler echocardiographic examination extended with 3DSTE. Elite
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athletes were selected into the Motion Analysis of the heart and Great
vessels bY three-dimensionAl speckle-tRacking echocardiography in
Sportmen (MAGYAR-Sport) Study among others with the aim of
evaluating (patho)physiologic consequences of sport activity on LV
deformations (‘magyar’ means ‘Hungarian’ in Hungarian language) [2].
Local institutional ethics committee of the University of Szeged
reviewed and approved the study which conformed to the principles
outlined in the Declaration of Helsinki.

Standard 2D-Doppler echocardiographic study with 3DSTE has been
performed in all sportmen and matched-healthy controls with a com-
mercially available echocardiography system (Toshiba Artida™, Toshiba
Medical Systems, Tokyo, Japan) using a 1-5 MHz PST-30SBP phased-
array transducer [3]. 3DSTE imaging was performed from an apical
position when six wedge-shaped subvolumes were acquired within a
single breath-hold in all cases using a 1-4 MHz matrix-array PST-25SX
transducer with 3DSTE capability. Chamber quantifications were per-
formed using 3D Wall Motion Tracking software version 2.7 (Toshiba
Medical Systems, Tokyo, Japan). 3D echocardiographic datasets were
displayed in different views including apical two- (AP2CH) and four-
chamber (AP4CH) views and different LV short-axis (basal, midventric-
ular and apical) views (Fig. 1). These views were automatically selected
at end-diastole by the software. During assessments LV endocardial
border was traced by setting several reference points at the edges of
the mitral valve and at the apex on AP2CH and AP4CH views. Later, LV
endocardial surface was tracked and automatically reconstructed
through the heart cycle. Over unidirectional strains including radial
(RS), longitudinal (LS), circumferential (CS) strains, multidirectional
strains [area tracking/strain (AS) and 3D (3DS)] were calculated using
time-strain curves generated automatically by the software.

Clinical characteristics, 2D echocardiographic and 3DSTE data of
sportmen and healthy subjects were compared (Tables 1 and 2). No sig-
nificant differences could be demonstrated in standard 2D echocardio-
graphic data, while 3DSTE-derived LV-CS and LV-AS were found to be
significantly increased in sportmen as compared to matched healthy
controls.

To the best of authors' knowledge this is the first time to demon-
strate supranormal 3DSTE-derived deformational variables in elite
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Fig. 1. Extracts from three-dimensional speckle-tracking echocardiography-derived datasets: apical four-chamber (A), two-chamber views (B) and apical (C3), midventricular (C5) and
basal (C7) short-axis views of the left ventricle (LV). A 3D cast of the LV (red D) and calculated volumetric LV parameters are also demonstrated (red E) together with segmental area strain
curves (red F) in a sportmen. Abbreviations: EDV = LV end-diastolic volume, ESV = LV end-systolic volume, EF = LV ejection fraction, est. MASS = estimated LV mass.

sportmen. One of the main benefits of 3DSTE that over LV volumetric as-
sessments uni- and multidirectional strains could be measured at the
same time using the same acquired 3D dataset. This sort of evaluation

Table 1
Clinical characteristics and two-dimensional echocardiographic data of elite athletes and
controls.

Elite athletes Controls p value

(n=20) (n=24)
Systolic blood pressure (mmHg) 116.1 + 8.2 120.0 + 2.9 0.04
Diastolic blood pressure (mmHg) 75.5 + 6.1 79.6 + 2.0 0.003
Resting pulse (1/s) 63.7+ 75 68.3 + 10.0 0.10
Weight (kg) 674 £ 125 70.8 + 19.7 0.50
Height (m) 1731+ 69 1756 + 135 0.66
Body surface area (m?) 1.84 + 0.19 1.89 + 0.32 0.54
Body mass index (kg/m?) 224429 229433 0.80
Left atrial diameter (mm) 353+ 45 326 + 4.2 0.10
LV end-diastolic diameter (mm) 475 + 4.6 482 +45 0.62
LV end-diastolic volume (ml) 106.2 4 23.2 109.6 & 23.5 0.63
LV end-systolic diameter (mm) 28.1+33 27.8 + 4.1 0.80
LV end-systolic volume (ml) 305+ 8.1 300 +£11.1 0.88
Interventricular septum (mm) 847 + 147 7.81 +2.38 0.29
LV posterior wall (mm) 9.27 + 1.59 8314220 0.11
LV ejection fraction (%) 71.7 £ 5.6 731+ 54 0.41
E/A ratio 1.65 + 045 1.68 + 0.37 0.79

allows detailed assessment of elite sport activity-related LV deforma-
tional features. Our results confirmed increased LV-CS (and LV-AS) in
elite sportmen suggesting supranormal LV contractility in circumferen-
tial direction. However, the results regarding to the effect of elite sport
activity on LV function are contraversial. In a recent study with 2D strain
analysis increased resting longitudinal systolic and diastolic strain and

Table 2
Three-dimensional speckle tracking echocardiographic data of elite athletes and controls.
Elite athletes Controls p value
(n=20) (n=24)
Global left ventricular strain parameters
Radial strain (%) 232 +11.1 23.7 £ 8.0 0.86
Circumferential strain (%) —30.7 + 4.0 —26.3 440 0.0003
Longitudinal strain (%) —170+ 1.8 —162 420 0.35
Area strain (%) —436 4+ 35 —3894+40 0.0001
3D strain (%) 248 +£12.2 259+78 0.31
Mean segmental left ventricular strain parameters
Radial strain (%) 249 4+ 12.0 26.1+76 0.47
Circumferential strain (%) —314438 —27.14+38 0.0001
Longitudinal strain (%) —179+ 16 —169+ 19 0.09
Area strain (%) —442 + 34 —39.7+11.0 0.0001
3D strain (%) 279 +£11.2 278 + 184 0.39
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strain rate parameters were found in experienced endurance athletes
compared to the published normal values suggesting supranormal con-
tractility [4]. In another study runners and bodybuilders were compared
showing different pattern of LV deformation parameters: global LS was
found to be decreased in runners, while global CS was reduced in body-
builders with preserved global RS in both groups [5]. Our findings give
further insight into the (patho)physiology of elite sport activity on LV
contractility using 3DSTE, which allows real 3D analysis of LV deforma-
tion, but further population-based studies are warranted.
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