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THE HEART LEFT VENTRICLE DIASTOLIC FUNCTION
DURING EXERCISES OF DIFFERENT POWER IN ATHLETES

Nekhanevych O., Zhylyuk V., Logvinenko V., Kramareva Y.

State Establishment ,, Dnipropetrovsk Medical Academy of Health Ministry of Ukraine”, Ukraine

Understanding the factors that affect capacity for physi-
cal work is the main scientific goal of modern sports
medicine. The capacity of the cardiovascular system
(especially reserve heart contractility) is an important
determinant of the supply of oxygen and nutrients under
maximal and submaximal strain. Reserve heart contrac-
tility is defined as the potential increase in contractility,
which can be achieved in order to ensure blood flow is
adequate to the strain [1]. Unfortunately, most of sports
medicine physicians rarely take into account objective
data about changes in the cardiovascular system related
to the level of physical exertion. Their conclusions are
often based on the Broemzer and Ranke formula and
predictions derived from it.

There are now many new methods of estimating changes
in blood flow [5]. The most commonly used technique is
echocardiography, the main non-invasive visualisation
method in cardiology. Echocardiography is mainly used
for quantitative and qualitative estimation of heart cavities,
valves, heart muscle and intracardiac flow [16]. However,
investigations are performed whilst the subject is at rest
and so they do not provide enough information about acute
changes in cardiovascular work under intensive physical
strain [5]. Stress echocardiography was introduced about
20 years ago to address this deficit [20]. In the period
since then an evidence base has accumulated, making it
possible to objectify data on global and regional systolic
and diastolic function of the left ventricle (LV) of the heart
during exercise [14,19].

Clinicians’ experiences mostly explain the adaptive mecha-
nisms during physical exertion in patients with ischaemic
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heart disease, damaged valves, hypertrophic cardiomyopa-
thy, pericarditis and heart failure [7,10,15]. Most studies
in this field relate to changes in global systolic function in
athletes as a result of long-term training and are based on
target medical examinations [2,3].

The use of stress echocardiography in the practice of sports
physician has certain limitations. First, the evidence base
that reveals acute changes in the heart during exercise,
is designed on patients with coronary artery disease and
valve pathology, therefore it certainly cannot be applied to
athletes in full. Furthermore, it is developed while perform-
ing submaximal exercise and mainly takes into account
the parameters of regional left ventricular myocardium
contractility [6,8,19]. Further work is needed to define
protocols for using stress echocardiography to measure
acute cardiohaemodynamic changes in athletes.

The purpose of our study was to evaluate changes in dia-
stolic function during work of different intensities using
echocardiography.

Material and methods. We examined 68 athletes from 12
to 27 years old (average age is 17,8+4,5 years). Athletes
had sports experience of 10,1+4,4 years at the time of the
test. The average duration of training sessions per week
was 22,4+9,1 hours. The distribution of athletic skill level
in our sample was as follows: masters of sports of interna-
tional class (ICMS): 14,7% (n=10); masters of sports (MS):
38,2% (n=26); candidates for master of sports (CMS):
27,9% (n=19); first class sport: 19,1% (n=13). The major-
ity (85,3%) participated in a cyclic sport (swimming) and
14,7% participated in a game (volleyball).
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First, echocardiographic (echoCG) and electrocar-
diographic (ECG) data were obtained. according to
standard procedures in a state of physiological rest
[1]. Then Doppler echocardiography was carried out
whilst the participant performed a symptom-interfaced
bicycle exercise test in a semi-supine position on a tilt-
ing exercise table with a step increased load without
rest periods. The initial workload was 1W/kg and this
was maintained for 2 minutes, thereafter the workload
was increased by 1W/kg every 2 minutes. The criteria
for the termination of the test were clinical, functional,
and electrocardiographic absolute indications for the
cessation of the load according to the recommendations
of the American Heart Association [13]. Of course these
criteria were met at maximum heart rate (HR), which was
calculated using the following formula: 220 minus age
in years. The criterion for achieving the threshold level
of testing was selected HR, which was calculated using
the following formula: threshold HR = 85%*maximal
HR. EchoCG and Doppler study was conducted at the
end of each level of capacity: LV ejection fraction (EF)
and LV systolic contraction in parasternal position,
mitral inflow and septal mitral annulus velocity in the
four-chamber, long-axis position. ECG and echoCG
data were collected between the third and fifth minute
of recovery time according to standard.

EchoCG data were collected using a Philips HDI 5000
imaging device (USA, 2004). We used 2-4 MHz phase
transducer in 2D, M-, colour, pulse-wave, constant-
wave and tissue Doppler modes. The dimensions and
volumes of the heart chambers were measured accord-
ing to the recommendations of the American Society of
Echocardiography [12, 16]. Left ventricular diastolic
function was assessed by transmitral flow values at the
pulse-wave Doppler study and rate of movement of the
mitral valve fibrous ring in the lateral part with Doppler
visualization according to the recommendations of the
European association of echocardiography [17]. The
filter was set to exclude high frequency signals and the
Nyquist limit was adjusted to a range of 15 20 cm/s. Gain
and sample volume were minimised to allow for a clear
tissue signal with minimal background noise. Indicators
of maximum early diastolic speed of (E) were measured
from the apical four-chamber view with a 1-3 mm sample
volume from the septal corner of the mitral annulus. We
measured indicators of the maximum speed (cm/s) of
early diastolic (E) and late diastolic mitral valve streams
(A), maximum speed (cm/s) of early diastolic and late
diastolic mitral annulus velocity (e’ and a’ respectively),
early diastolic inflow acceleration time (AT, ms) and
deceleration time (DT, ms) and calculated the following
ratios: E/A, e’/a’, E/e’ and DT/AT.

Statistical processing of the results was carried out with the
use of the package of licensed applications STATISTICA
(6.1, AGAR909E415822FA serial number) [4]. Type of
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parameters distribution was analyzed by W-criteria of
Shapiro-Wilk test. Significant differences between the
indices, taking into account the type of distribution were
determined by Student’s t-test, U-Mann-Whitney formula
and Pearson’s chi-squared test. To determine the influence
of factors (that were under investigation) on groups the
ANOVA/MANOVA analysis was used. The threshold level
of statistical significance of the results was p<0,05. Results
are presented as M+SD.

The work was conducted in compliance with the regula-
tions of the medical ethics commission, designed on the
base of provisions of the European Convention Council
“Protection of human dignity in biomedical aspect”
(1997) and the Helsinki Declaration of the World Medi-
cal Association (2008).

Results and their discussion. EchoCG is most commonly
used to evaluate LV function. It is common to distinguish
between ventricular systolic function or pump function
(global and regional) and diastolic function. The latter
connects indices of diastolic pressure and LV volume.
The diastolic function describes the features of myocardial
relaxation during diastole. The most widely recognised
indicator of global LV systolic function is EF i.e. the
percentage of difference between end-diastolic and end-
systolic LV dimensions.

Recently there have been some reports of symptoms of
myocardial relaxation, i.e. diastolic heart function as an
early sign of cardiac overtraining [15,18]. In such patients
EF may remain normal since the performance of the heart
depends not only on its ability to eject blood into the aorta
during systole, but also on its ability to fill with blood in
diastole. The criterion for impaired diastolic function is an
increase in LV filling pressure.

In our sample of athletes transmitral inflow was similar
to the population averaged reported by [1], but detailed
analysis of selected indices revealed differences between
athletes of different skill levels (Table 1).

In ICSM athlets were increased peak early filling (E-wave)
and it leaded to the E/A ratio increasing (p<0,05). The ¢’/a’
ratio in our sample was similar to the population average.
The detailed analysis did not reveal any differences between
above mentioned values (Table 1).

Due to physiological bradycardia the at-rest heart rate in
our sample was 51,1+4,8 beats per minute. Compared with
the population average we also registered an increase in the
time between early and late diastolic waves of transmitral
flow in our athletes (Fig. 1).

The standard indicator of diastolic function is the E/e’ ratio,
the ratio of maximum early diastolic transmitral inflow to
maximum early diastolic septal mitral annulus velocity.
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Table 1. The diastolic function of left ventricle in athletes at rest, (M+£SD)

Variable (IIS\I/IOS) (HD;IZS 6) (ﬁi\/g) I class (n=13) (ni28)
E, cm/s 87,6+27,8* 78,2+19,0 69,0+8,3 65,6+9,5 74,6+18,1
A, cm/s 40,4+19,8 35,7+8.5 34,1+8.4 37,472 36,2+10,6
E\A ratio, units 2,38+0,63* 2,18+0,43 2,16+0,73 1,83£0,50 2,14+0,58
DT, ms 133,8+44,7* 155,24+38,9 177,7+49,8 190,0+45,0 163,4+46,7
AT, ms 110,0+26,7%* 110,3£27,0 123,2442.6 138,6+33,6 118,6+33,9
e’, cm/s 14,9+1,4* 14,9+3,7 11,0+£2,9 11,3+3,3 13,1+3,7
a’, cm/s 6,76+1,64* 6,36:1,97 4,77+1,25 5,04+1,54 5,72+1,82
e’/a’ ratio, units 2,38+0,95 2,42+0,52 2,45+0,91 3,35+2.,46 2,60+1,29
E/e’ ratio, units 5,86+1,45 5,47+1,54 6,66+1,73 6,30+2,23 6,02+1,77

note: * - p<0,05

Dop T5% Map 3
| PRF 3000 Hx

Fig. 1. Increase in the time between early and late diastolic waves of transmitral flow

Values of E/e’ less than 8 exclude the possibility of ac-
celeration in LV filling and values of E/e’ greater than
15 are taken as an indication of accelerated filling. The
age-related reduction in the elasticity of the myocardium
leads to an increase in the E/e’ ratio [17]. The mean E/e’
ratio in our sample of athletes was similar to that for the
general population (Table 1).

The research shows that under loads which require
medium and submaximal power (from 50% to 75% of
maximal heart rate (HR) E and e’ increase proportionally,

confirming the international research data [14] and thus
the E/e’ ratio remained unchanged or slightly reduced
(Table 2, Fig. 2).

We found that under increasing load at maximal level the
increase in ¢’ was less than the increase in E in people
with impaired myocardial relaxation or people exercis-
ing above threshold load. This leads to an increase in
the E/e’ ratio (Table 2). These data suggest that stress
echocardiography could be used to assess diastolic
myocardial reserve.

Table 2. Doppler echocardiographic variables during exercise, (M+SD)

Variable Rest 50% Maximal | 75% Maximal ?0% Reco.very
HR HR Maximal HR period
E, cm/s 74,6=18,1 81,9+£20,0 102,2+£32.9 114,7+31,2* 94,89+22.6
A, cm/s 36,2+10,6 35,3+8,3 41,0+15,2 452414 2% 41,7497
E\A ratio, units 2,14+0,58 2,39+0,71 2,68+0,96 2,68+0,87%* 2,36+0,55
DT, mc 163,4+46,7 184,1+£48,2 153,2+44 4 132,5+69,0%* 158,5+36,0
AT, mc 118,6+33,9 111,5+37,4 116,8427,2 117,6+33,6 104,4+20,2
e’, cm/s 13,1+3,7 15,3+4,3 16,6+5,7 19,6+6,92* 19,3+4,2
a’, cm/s 5,72+1,82 6,75£2,91 6,71+£2,28 7,34+2,23* 8,03+1,86
e’/a’ ratio, units 2,60+1,29 2,54+0,92 2,594+0,88 2,88+0,97 2,47+0,57
E/e’ ratio, units 6,02+1,77 5,72+1,85 6,73+£2,83 7,33+3,69* 5,07+1,37
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Fig. 2. Diastolic function of left ventricle variables during exercise in different intensity:
1 —doppler mitral inflow, Il — tissue doppler annular early and late diastolic velocities.

A —rest, B—50 % of maximal HR, C =75 % of maximal HR, D — recovery period
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The DT interval is another potential indicator of threshold
load. DT decreases slightly during submaximal exertion
in individuals with a normal myocardium but under loads
above threshold load DT decreases by more than 50 ms.
These data are consistent with the results of a study that
measured the pressure in the LV directly using heart cath-
eterisation cells [9].

Our data on the changes of diastolic function during the
recovery period are of particular interest. There is evidence
that patients with impaired myocardial relaxation due to the
coronary heart disease have constant elevation of wave E
within 5-10 minutes, whereas e’ reduces as soon as the load
is removed; hence in this population there is an increase
in the E/e’ ratio when load is removed. In patients with
normal diastolic function the decreases in E and e’ occur
in proportion [11]. In our sample of athletes E decreased
more quickly than e” when the load was removed and thus
the E/e’ ratio dropped below the at-rest value (Table 2).

Conclusions. This study is first to demonstrate that medium
and submaximal loads lead to proportional increases in
indicators of diastolic function. The early symptoms of
physical strain on the cardiovascular system are signs of im-
pairment in myocardial relaxation during diastole, namely
an increase in the ratio between maximum speed of early
diastolic LV filling and maximum speed of early diastolic
tissue mitral annulus activity. This ratio can be used as an
early sign of physical strain on the cardiovascular system
and as diagnostic indicator of diastolic myocardial function.

Unfortunately, there are several cases of wrong distribution
of'aload during prolonged effort. For example, runners who
start long distance run with too high velocity, then at the
end of a run they are exhausted [20] and may experience
heart problems or even die.
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SUMMARY

THE HEART LEFT VENTRICLE DIASTOLIC
FUNCTION DURING EXERCISES OF DIFFERENT
POWER IN ATHLETES

Nekhanevych O., Zhylyuk V., Logvinenko V.,
Kramareva Y.

State Establishment ,, Dnipropetrovsk Medical Academy of
Health Ministry of Ukraine”, Ukraine

The aim of the research was to investigate diastolic
left ventricle function in athletes performing exercises
requiring varying power using echocardiography. We
surveyed 68 athletes aged from 12 to 27 years who were
involved in swimming and volleyball. Echocardiography
was used to assess cardiohaemodynamic changes in
athletes using a bicycle ergometer to exercise at vary-
ing intensities. Exercising at submaximal and average
power produces a proportional increase in indices of
diastolic function of the heart: maximum speed of early
diastolic mitral inflow streams (E) to 81,9+20,0 cm/s and
maximum speed of early diastolic and mitral annulus
velocity (e’) to 16,6+5,7 cm/s. It led to constant ratio
E/e’ 6,7342,83 units. The early symptoms of physical
strain on the cardiovascular system were signs of myo-
cardial relaxation violation during diastole. Symptoms
appeared during the maximum power load and led to
a large increase in E compared to e‘, which was mani-
fested in the E/e’ increase to 7,33+3,69 units (p<0,05).
Continued physical activity lowered the global systolic
function of the left ventricle. Additional early indica-
tor of physical strain is length of early diastolic inflow
deceleration time, which at above-threshold load was
reduced more than 50 ms.

Keywords: athletes, heart diastolic left ventricle function,
stress-echocardiography.
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PE3IOME

JUACTOJINYECKAA ®YHKIUA JTEBOI'O KE-
JYJAOYKA CEPAUA BO BPEMSA ®U3NYECKHUX
HATPY30K PA3JIMYHOM UHTEHCUBHOCTH

HexaneBuu O.b., Kuawk B.U., JloreBunenko B.B.,
Kpamapesa 10.C.

Tocyoapcmeennoe yupescoenue «[Anenponemposckasn
Meduyunckas akademuss M3 YVipaunvry, Yepauna

Lenbro nccaenoBanus SIBUIOCH M3YYEHNE TUHAMUKH I10-
KazareJel qUacToNMIeckoi (pyHKIMHU cep/iia CIIOPTCMEHOB
BO BpeMsI (PU3MUIECKHUX HATPY30K PA3IUUHON MOILIHOCTH TI0
JTaHHBIM SXoKapauorpadui. OOce[oBaHkI 68 CIOPTCMEHOB B
Bo3pacte oT 12 10 27 neT, KOTOpbIe 3aHNMAJINCh ITABAHEEM U
Boneiiborom. [TocpencTBom sxononmIepKkaparor phuaeckoro
HCCIIEZIOBAHMSI YCTAHOBIIEHBI OCOOCHHOCTH KapIHOTeMOIH-
HAaMHUYECKNX C/IBHTOB y CIOPTCMEHOB BO BpeMs (u3Hde-
CKHUX Harpy30K pa3In4HOI MOITHOCTH. B pabote mokasaHo,
4TO (pr3MYEcKHe HATPY3KH CPEIHEH W CyOMaKCHMaIbHOU
MOIITHOCTH HPHUBOJAT K MPONOPIMOHATIEHOMY YBEITHUCHHUIO
TOKa3aTeNell AMacTONMIYeckoil (YHKINH CepAlia: CKOPOCTH
PaHHETO TMACTOIMYIECKOTO HAIOJHEHHS JIEBOTO JKEITy/I0uKa
(E) mo 81,9420,0 cM/c 11 CKOpOCTH paHHETO AUACTOTHMIECKOTO
JIBIDKEHHSI CTBOPOK MUTpPAJIbHOTO Kinarmana (€°) mo 16,6+5,7
cM/C, 9TO COXpaHSET X COOTHOIIICHNE Ha ypoBHE 6,73+2,83
y.e. PaHHIME cuMnTOMaMi (PU3MYECKOTO TTepeHANPSIKEHNS
CEepIEUHO-COCYANCTOMN CHCTEMBI OBUTH IPU3HAKK HAPYILIEHNS
penaKcary MHOKap/a BO BPEMsI ANACTOJIBI, CHMITTOMBI KOTO-
POTO MPOSIBISUTICH TIPH BBINOIHEHUH HAIPY30K MAKCHMalTb-
HOI MOIITHOCTH 1 IIPUBOAMIIH K O0IIBIIIeMy IpupocTy E B cpa-
HEHUH C €, 9TO BBIpaKasioch B yBemmueHnn E/e’ mo 7,33+3,69
ye. (p<0,05). [IponomkeHne BEITOMHEHNS (DI3IMUIECKOI HAarpy3Ki
TIPABOIIAIIO K CHIDKEHHIO IIOOATFHON CHCTONIITIECKOH (PyHK-
MM JIEBOTO KEeJTyouKa cep/a. JlOnoMHUTEIbHBIM PaHHUM
TIOKazaresieM (PM3MUECKOro MEPEHANPSIKEHNS] MOKHO CUUTATh
JUINTETBHOCTD HUCXOJUIIIEH YacTH PaHHETO AUACTOIMYECKOTO
TIOTOKa, KOTOpasi IPH HaAIOPOTOBBIX HAIPy3Kax COKpAIlaiach
6ornee uem Ha 50 Mc.
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HUIEBOE NOBEJAEHHUE U BUCHEPAJIBHASA )KUPOBAS TKAHD -
JABA B3AUMOCBSA3AHHBIX THOPOPMATUBHbBIX MAPKEPA IIPOI'HO3A
HAPYHIEHUH NUIEBOI'O CTATYCA U PUCKA PA3BUTUS KOMOPEUTHBIX
XPOHUYECKHUX HEMH®EKIIMOHHBIX 3ABOJIEBAHUM

dageenxo /1., Huxudoposa 51.B.

I'Y «Hayuonanonwviti uncmumym mepanuu um. JI.T. Manoiu HAMH Ykpaunwvly, Xapvkos, Ykpauna

HccnenoBaHUs MOCIEIHUX JET JOKA3aJH HPSIMYIO
CBSI3b XapaKTepa M KOJUYECTBA MUTAHUS C Pa3BUTHEM
pAla XpOHUYECKUX HEHH(PEKIHOHHBIX 3a00JIeBaHUN
(XH3). PacupocTpaHeHHOCTh HEAIKOTOIBHOM KUPO-
Boit Ooxnesnu meuernu (HAXBII), runeprormndeckoit
6one3nu (I'B), oxupenwns, caxapaoro nmabera 2
tuna (CH-2), KoTopbie SBISIOTCS COCTABISAIOMIIMU
MeTabonmaeckoro cuaapoma (MC), mocturia mac-
mraboB margemui [2,4,6,8]. CiexyeT OTMETHUTH
«OMOJIOXKEHHE» M BBICOKYIO 4aCTOTY BCTPEYAECMOCTH
KOMOPOUIHBIX 3a00JICBAHUH, YTO MOXXHO OOBSICHHTH
€IMHCTBOM HX JTHOIATOTCHE3A.

3HAYUTETBHYIO POJIb B PA3BUTUH BBHIIICTICPCUNCICHHBIX
3a00IeBaHUHN UTPAOT TUHAMHUYECKUE U3MEHCHHS 0CO-
oennocrel nmumieBoro moseaeuus (I111), MakcuManbHbIC
HM3MEHEHUS KOTOPBIX MPOU3OILIN B TCUCHIE MO CICTHUX
narunecstv et [1-4]. JlerkogoctynHoCcTh Uiy 24 yaca
B CYTKH U 7 THEH B HEACIIO, HATMYUE «OBICTPBIX)» CYXHX
3aBTPaKOB (OOITBIIOE KOTHIECTBO «JIETKHX» YITICBOIOB,
BKYCOBBIX yCHIINTENCH), aKTUBHAS PEKIIaMa ITHIIH, Ha-
MUY TCHHOMOIU(DUIIMPOBAHHBIX IMTPOYKTOB MTUTAHUS,
IIUPOKOE MPUMEHEHHE B MUIICBON MPOMBIIIICHHOCTH
TPaHCKUPOB, CHIDKCHHE MHUIICBOM IEHHOCTH OBOIIEH
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1 (QPYKTOB, YBEIMUYCHNE KOJIUYECTBA CKPHITOH COJH B
MIPOAYKTAX MUTAHUS, TOCTOSIHHOE ITPUCYTCTBUE XPOHU-
YeCKOTo MH(OPMALMOHHOTO ¥ AMOIIMOHAIBLHOTO CTpecca
nossusiio Ha 111, ciaencTBueM Yero crajio yBeianueHue
Macchl BUCLIEpaIbHOI kupoBoil TkaHu (BXKT) - akTuB-
HOTO SH/IOKPUHHOTO OpraHa, KOTOPBIH IIyTeM CEKpeLuu
psila OMOJIOTHYECKH aKTHBHBIX BEHIECTB (aIUIIOKIMHOB)
BIUSIET HAa Pa3BUTHE XPOHUYECKOTO BOCHAINTEIHHOTO
mporecca B opranusme. M36srok BXXT wame Berpe-
YyaeTcsl y MAlUeHTOB C a0JOMHUHAJIbHBIM OXXHPEHHUEM,
KOTOPBIH mpu3HaH (akropom pucka pazsutus XH3 [2].

Ha ceronast abCOMIOTHO T0Ka3aHHBIM SIBIISIETCS] BBICOKUI
puck pazsutust HAXBIIL, I'b, nucnunuieMun, HHCYIHHO-
pesucrentHocTH (MP) n C/ Tma 2 y aun ¢ abnoMuHaIb-
HBIM THUIIOM O)kupeHus [6,8,9].

[Matorene3 HAXKDBII - siBisieTcst CIOKHBIM MHOTO(aKTOP-
HBIM IIPOIIECCOM, OCHOBHBIM 3BEHOM KOTOPOTO SIBIISIETCS
nHCynuHope3ucteHTHOCTh (MP) n m3amenenue mpodus
ropmoHoB-peryisitopos 111 u xupoBoro obmena - jern-
THHA, aJUTOHEKTHHA, PE3UCTHHA 1 JPYTUX TOPMOHOB, BBI-
pabarsiBaembix aaumonutamu BXKT [1,6,8]. [loBeimenne
anIeTuTa Koppeinupyer ¢ yBenndenneM oorema BXKT.



