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RESUME

Résumé

Parameétres morphologiques, fonction, Doppler Tiasal et analyse des contraintes

du ventricule gauche chez les sportifs ages de 3 ans

Le vieillissement est associé avec la détérioratieria fonction diastolique et
I'effet de I'entrainement aérobie sur la fonctiaastiolique au repos reste inconnu. En
effet, les données actuelles restent contradictare ce qui concerne ce parametre
puisque certaines recherches constatent que leatation de la fonction diastolique
liée & I'age, pourrait étre partiellement évitée pentrainement, ce qui est infirmés
par d’autres auteurs.

Par ailleurs, I'échocardiographie Doppler est larget utilisée en tant que
meéthode non invasive pour distinguer I'hypertroppahologique ou physiologique
du ventricule gauche (VG). Cette méthode offre imfermation sur la fonction
globale du VG, en particulier avec la nouvelle taghe, le Doppler Tissulaire (DT).
Le DT peut étre couplé au Doppler pulsatile, aul2@ppler couleur ou au M-mode
Doppler couleur. Le DT pulsatile permet d’étudiarrélation, en fonction du temps,
des cycles systoliques et diastoliques du myocarde.

D’autre part, grace au développement de la sinmratiumérique grace a
l'analyse des éléments finis, il est désormais ipessde modéliser le ventricule
gauche afin de valider les résultats expérimentaux.

Par manque d’information sur les pratiquants dv@téts physiques et sportives
agés entre 45-55 ans, il a été décidé d’examinéoretion diastolique du VG des
personnes ayant un veéritable passé sportif ensaili une échocardiographie
conventionnelle et DT pour obtenir I'informationdiiionnelle sur les caractéristiques
principales des contractions du VG chez les atblételurants et chez les sédentaires.

Notre population d’étude est composée de : i) bets de haut niveau (15
hommes, 1 femme). lls étaient membres du Stadeg@déebert de Reims en France
et suivaient un entrainement intensif (plus de &é® par semaine avec une moyenne
de 17+12 ans, mentionné comme Groupe Plus AthitigGPA) ; ii) 13 coureurs (11
hommes, 2 femmes) qui suivent un entrainement is¥g(hoins de 5 heures par

semaine, mentionné comme Groupe Moins AthlétiqueMA) iii) et 16 sédentaires
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RESUME

(7 hommes, 9 femmes), ne pratiquant aucune achisiqgue (mentionné comme
Groupe Non Athlétique = GNA). Les sujets ne présient pas de maladies
cardiovasculaires, d’hypertension, de diabete aegt tous non fumeurs. De plus,
leurs échocardiographies n’ont révélé aucune pagjl

Tous les sujets ont subi une échocardiographieyge traditionnel qui a été
réalisée avec un échocardiographe de marque SieAmrson Aspefl couplé & un
DT. Une sonde de 2.5-3.5 MHz était utilisée pdoteair les images echo-Doppler et
DT. Les sujets étaient dans une position partigdlgatérale pendant toutes les
mesures et la moyenne de 3-5 cycles cardiaquesé aprige en compte. Les
mouvements en M-mode ont été obtenus dans le tedpeprotocole établi par la
Société Américaine d’Echocardiographie dans une parasternale et dans un axe
longitudinal. Les diamétres du VG en systole etsti@, I'épaisseur du septum
interventriculaire et la paroi postérieure du VGt @ ainsi mesurés. La masse
musculaire du VG a été calculée par la formule elenP

Le Doppler pulsatile a été effectué avec la vuecavités ». Les pics E et A
(m/s) et leurs ratios, les temps de relaxationakowétriques ont été mesurés comme
parametres de la fonction diastolique du VG. Le D&té réalisé avec une sonde de
3.5 - 4.0 MHz. Les variables suivantes du DT ost@taluées : Ea, Aa, Ea/Aa et le
ratio E/Ea.

L’analyse statistique a été réalisée avec le IegBTATISTICA 6.F (Statsoft,
France).

Les résultats sont exprimés comme moyenne + SDedteT de Student pour
des échantillons indépendants a servi a évaluatditi&sences significatives entre les
groupes, quand les variables étaient normalemshildiées. Le méme test a servi a
montrer des différences d’intragroupes entre lesabkes DT dans chaque groupe.
Une corrélation partielle avec la méthode Pearsmerai a montrer les relations
univariantes. Une régression multiple pas a pasemi s& montrer les effets
indépendants des déterminants potentiels sur lesbles dépendantes.

Parmi les trois groupes examinés, le GPA a momieéplus grande épaisseur
de la paroi postérieure du VG, un diameétre finakthlique plus grand et une masse
musculaire plus importante du VG comme cela étdéndu. Il n’y avait pas de
différences significatives entre les parameétrestdimues (E, A, E/A) et la fraction

d’éjection.
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RESUME

Comparé au GMAet au GNA, le GPA n’a pas montré un Ea plus impuyta
mais une baisse significative du Aa sur le cétérédtdu coeur par rapport au GNA et
aussi un plus grand ratio Ea/Aa sur le c6té latétaseptal du coeur. En ce qui
concerne la pression de remplissage du VG (E/lBaque groupe avait une pression
de remplissage normale (E/Ea<8).

Un modéle simplifié du ventricule gauche a étéiséilpour montrer les
différences de stress et de déformation parmi leA GR GNA analysés par
ABAQUSI/Explicit 6.5° en adaptant I'épaisseur du mur postérieur et [gtuse
ventriculaire du ventricule gauche a la fin de lage diastolique. Méme avec ce
modéle, il a été possible de mettre en évidencengsituation normale, I'influence du
stress ne peut pas étre négligée dans la mécavamieculaire et peut expliquer les
résultats expérimentaux obtenus avec le Dopplaulage.

L’augmentation physiologique du VG se manifestéaurpar I'épaississement
du septum interventriculaire et de la paroi postée du VG, par la dilatation du VG
en réponse a un exercice de plus de 5 heurespairsedans le GPA. Et ceci associé
a une augmentation du diametre de l'oreillette pawat a une baisse de Aa sur le coté
latéral du coeur et ce, malgré les différences nemes entre les résultats
d’échocardiographie standard. La fonction systdigeste inchangée parmi les
groupes.

Les conclusions de cette étude confirment I'hyps¢hselon laquelle le déclin
de la fonction diastolique du VG en relation avewikillissement est di & un mode de
vie, et non seulement au vieillissement en lui-méaiesi qu’a I'aggravation des index
diastoliqgues qui peuvent étre préservés par uigeiment bien dosé. En plus, le DT
peut étre utile dans le dépistage des sujets didmeen et pour distinguer la forme

physiologique et pathologique de I'hypertrophie\s.

Mots clés:fonction diastolique, vieillissement, Doppler Tiksre, échocardiographie,

coeur d’athlete
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SUMMARY

Summary

Left ventricular morphologic parameters, diastoliding, pulsed Doppler
Tissue Imaging and stress analyzes among 45-5% ydrathletes and highly trained
athletes.

Aging is associated with impaired early diastoliing; however the effect of
endurance training on resting left ventricular (Ldiastolic function remains unclear.
There are certain contradictions considering thlisameter since some articles states
that the age-related impairment of diastolic fumtticould be partly prevented by
exercise while others show the contrary.

Doppler echocardiography is a widely used non iveasiethod to distinguish
pathological and physiological LV hypertrophy. Tha®l provides information on LV
global function, especially with the new upcomiregtinique, the Doppler Tissue
Imaging (DTI). DTI can be performed with the use mflsed Doppler, color 2D
Doppler and color M-Mode Doppler. Pulsed Dopplessiie Imaging offers a high
temporal relation between myocardial systolic ardtdlic waves.

Furthermore, thanks to the development of compsiemwlation, with the
Finite Element Analyzis, there is the possibiliyvalidate the experimental results on
the left ventricle.

Lacking the information on the athletic people abetiveen 45-55 years old, it
had been decided to investigate the LV diastolicfion with a long-time athletic
background by using conventional echocardiographg BTI to have additional
information on the myocardial wall motion feature$ endurance athletes and
sedentary people.

Sixteen highly competitive endurance runners eadaihto this study (15 men,
1 woman) members of the Stade George Hebert, Rawhs, had been trained
intensively more than 5 hrs/week for more thanarage of 17+£12 years (mentioned
as Most Trained Group=MTG); 13 runners (11 men,02nen) who had been trained
less than 5 hours/week (mentioned as Less TraimedipgGLTG) and 16 healthy
controls (7 men, 9 women) (mentioned as Non Trai@eoup=NTG). Subjects were
excluded for coronary artery disease, valvular andgenital heart disease, heart
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SUMMARY

failure, cardiomyopathy, arterial hypertension, ba#s mellitus, smoking and
inadequate echocardiograms.

All study participants underwent standard echocadiphy which was carried
out with a Siemens ACUSON Aspen equipped with DAl.variable frequency
phased-array transducer (2.5 to 3.5 to 4.0 MHz) wgesl for echo-Doppler and DTI
imaging. The subjects were in a partial decubitasitpn while all measurements
were analyzed by 1 experienced reader, on an averfi to 5 cardiac cycles. M-
mode measurements were obtained according to theeriéam Society of
Echocardiography in the parasternal long-axis viewend-diastolic and end systolic
diameters (LVIDD and LVIDS), septal (IVST) and pesor end-diastolic wall
thickness (PWT) were measured. LV mass was catlilating the Penn formula.

Pulsed Doppler LV inflow was performed in the apgahamber view. E and
A peak velocities (m/s) and their ratio, isovoluntetrelaxation time (IVRT) were
measured as parameters of the LV diastolic functibil was performed by
transducer frequencies of 3.5 to 4.0 MHz. The samplumes were located in each
basal left ventricular segment in the apical vidle following variables of the tissue
velocity curve were evaluated: peak early diastoledocity, peak late diastolic
velocity, mean peak early/peak late diastolic viyoand ratio of E/Ea were obtained.

Statistical analyses were carried out by Statisdida(StatSoft, France). Data
are expressed as meantSD. The Student t testdepémdent samples was used to
evaluate the significance of differences betwe@ugs when variables were normally
distributed. The same test was used to show irduggdifferences between the DTI
variables in each group. Partial correlation tegtPearson’s method was done to
assess univariate relations. Stepwise forward, iphelltregression analyses were
performed to weigh the independent effects of pakdeterminants on the dependent
variables.

Among the three examined groups, the MTG showerkatey left ventricular
wall thickness, end diastolic diameter and lefttrenlar mass as it was expected.
There were no significant differences on the diasindexes (E, A, E/A) and ejection
fraction. Respect to the NTG and the LTG, the MTiGrbt exhibit a higher Ea, but a
significantly lower Aa on the lateral side of theat compared to the NTG and
showed a higher Ea/Aa ratio of both lateral andadepall. As for the LV filling

pressure (E/Ea) each group showed a normal finregsures (E/Ea<8).
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SUMMARY

A simplified model of the left ventricle had beesed to show the differences
of stress and strain among the MTG and NTG analigedBAQUS/Explicit 6.5 by
adapting the thickness of the posterior wall arelitherventricular septum of the left
ventricle at the end-diastolic phase. Even witk thodel, it was possible to show that
under normal conditions the influence of stress wahbe neglected in ventricular
mechanics, and can explain the experimental firgdimgth the Doppler Tissue
Imaging.

The physiologic increase of LV which is manifestimg the thickening of
IVST, dilatation of left ventricular internal dianee (LVID) and the thickening of
posterior wall thickness (PWT), in response to eiserspent more than 5 hours/week
among the MTG occurs in parallel with an augmeaotatf the diameter of the left
atrium (LA) and with the decrease in late wave g#jo(Aa) on the lateral side of the
heart despite of the missing significative diffeses between standard
echocardiographic indexes. Systolic function setmise preserved among the three
groups.

This finding underlines the hypothesis that thelidecof the LV diastolic
function related to aging is due in part of lifdefyand not only to aging itself and the
worsening of the diastolic indexes can be preverigda well loaded training.
Furthermore, DTI may be useful for the screeningrofidle aged athletes and to

distinguish pathological form of hypertrophy fromhygiologic hypertrophy.

Key words: LV diastolic filling, aging, Doppler Tissue Imagnechocardiography,

athlete’s heart
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INTRODUCTION

1. Introduction

ardiovascular disease (CVD) accounts for approxeiye80% of all deaths

worldwide, and will only worsen as the world’s ptgition ages. It is well

established that age is a major risk factor andtridmior to all
cardiovascular morbidities and mortalities (Shibi, 2006; Cutler et al., 2006; De
Meersman et al., 2007). There are several fachaisappear to play a critical role in
the onset and progression of cardiovascular diseaseh as: nutrition, stress and lack
of exercise.

Many nutrients and phytochemicals in fruits andetagles, including fiber,
potassium, and folate, could be independently mtljoresponsible for the apparent
reduction in cardiovascular diseases (Ignarro.ef807; King et al., 2007).

As one of the low cost antioxidant therapy, exera@sems to be the best since
exercise has been confirmed as a pragmatic coueseina to protect against cardiac
injury (Ascensao et al., 2006).

Low-intensity exercise is generally better accefiggeople naive to exercise
training, those who are extremely deconditionedu(“of shape”) and older people.
Low-intensity exercise may result in an improvemianhealth status with little or no
change in physical fithess even if it means ongutar walking or moderate to heavy
gardening as it has been shown to be sufficierddnieving these health benefits
(Ignarro et al., 2007).

If today it is well established that practicing laypical activity regularly and at
a low intensity is favorising a good cardiovascuiaalth, it is not that sure for an
intensive one. Carre, 2004 describes that a vagngive training can lead to the
modifications of the autonome nervous system and cause for example
supraventricular arrhytmias and orthostatic intenhee. Furthermore, Gomez-Cabrera
et al., 2006 revealed that exercise generates txedstress only when it is exhaustive,
which means that when oxidants are produced at ratelkevels they act as signals to
adapt cells to exercise, on the contrary, when taey overproduced, they cause
cellular damage.

Heamodynamic and/or pressure overload due to mgiosually involve left

ventricle, inducing in cardiac structure as incesa$ internal cavity diameters, wall
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INTRODUCTION

thickness and mass. These changes are usuallybsesers “athlete’s heart”. A large
meta-analysis on this has underlined how the coatioin of endurance- and strength
training may determine both extreme volume andsuresload, thus explaining the
athlete’s heart incresase in LV internal dimensiad wall thickness (D’Andrea et al.,
2007). On the contrary, pathologic left ventrcicukypertrophy represents both a
manifestation of the effects of hypertension arfeeotardiac risk factors over time as
well as an intrinsic condition causing pathologitacges in cardiac structure and
function (Krauser et al., 2006).

Thanks to the development of technology, the mdachaevents, morphology
of the heart can be described thoroughly (Gano8@12Gowda et al., 2004). As such
a mechanical event, diastolic function seems telaagreat importance to identify the
nature of physiologic and pathologic hypertrophy’Afirea et al., 2007).
Furthermore, it seems that Doppler Tissue Imagiigl) will play an additional role
in the differentiating of these two forms of hypephy (Toncelli et al., 2006;
Weyman, 2007).

Advances in engineering and computer technologywati bridging the gap
between physiology and mechanics. Cardiomyocytesststrain relates to muscle
energy expenditure, which dictates oxygen and saflestutilization. Furthermore,
theory of finite element analyzis (FEA) can prediatdiac mechanics under normal
and pathologic conditions (Tendulkar et al., 2006).this study, it was meant to
describe mechanical stresses and strain in the angioen among the MTG and NTG
group.

In the field of cardiologic research there are gngwmumbers of studies to
show how the heart of aged people is reacting @rcese or training compared to
pathologic and/or sedentary cases. Left ventriadil@stolic function may be impaired
in the elderly (Libonati, 1999; Oxenham et al., 200vhile others state the contrary
thanks to training (Forman et al., 1992; Pavlikakt 2001; Galetta et al., 2004).
Doppler Tissue Imaging seems to solve this probkren though there are still some
confusing results (Fleg et al., 1995; Galetta gt24l04). However, there hasn’t been
lots of article written on the question: what isppaning before ‘aging’ since the
articles chosen for this study and generally acbcating the aged group above 60
years. This was one of the reasons to choose thgragp between 45-55 years old to

see, what cardiovascular events are coming upregtlar training.
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None of the articles found for this study took imtccount the hours spent by
training per week. There were several articles éxgtained the upcoming differences
on the diastolic function comparing the aged adfseind sedentary people because of
the years spent by training. This indication of rgemight not be reasonable since it
had been shown that one can have the manifestaitithre athletic heart followed by a
regular training after three months (Ocel et al02 Meyer et al., 2007) (maybe
among the aged people it would take more time proof found on this hypothesis).

Therefore in this study it was meant to highlighe tdifferences of cardiac
parameters based on the hours spent by traininggek and to see whether excessive
hours of training is beneficial for the developmaeitthe cardiovascular system,
especially the heart, or not in the chosen agepjrou

To answer these questions, a study carried out 4tkubjects aged between
45-55 years old, were divided into three groups:stMbrained Group (MTG), Less
Trained Group (LTG) and Non Trained Group (NTG).eTprotocol established to
carry out the measurements had been divided intopfasesl) a questionnaire to
collect personal and anthropometrical daYdollowing the standardized approach of
the American Society of Echocardiography to obtawmrphologic, diastolic function
and Doppler Tissue data on the hearts of the paatics of the study.

Echocardiography provided information regarding d@s morphology,
function and hemodynamics non-invasively. It is tmest frequently performed
cardiovascular examination after electorcardiogyaphd chest X-ray. Currently the
technique called M-mode echocardiography is ofipaer use and it does not mean a
“picture” of the heart, but rather a diagram thabws how the positions of the heart’s
structures change during the cardiac cycle whene tiesolution is necessary for the
precise measurements, such as echo of derivedisyaial diastolic time intervalls
(Gowda et al., 2004). In most centers, measuremeinéctly from 2-D
echocardiography or two-dimensionally guided M-modehocardiography has
supplanted isolated M-mode recordings (Feigenbaual. e2005), as it happened in
this study also. Although Doppler imaging can bgarded as being complementary to
2-D imaging, it is used primarily to examine thevil the direction, and the velocity of
blood flow (Feigenbaum et al., 2005). Furtherm@eppler Tissue Imaging (DTI)
was used as a useful echocardiographic tool fomtifative assessment of left
ventricular (LV) systolic and diastolic functionrdin DTI analysis, a number of

parameters (Sa, Ea, Aa, Ea/Aa, E/Ea) have beennstmwe useful to predict long
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term prognosis, while the use of threshold valdeSao(<3 cm/s) and E/Ea (>15) has
provided independent and incremental prognostiormétion in a number of major
cardiac diseases (Isaaz K., 2002; Yu et al., 2007).

Data were registered in a STATISTICA file, then weanalysed with a
program STATISTICA to characterise the best posdilé three groups.

Then a Finite Element Analyzis (FEA) was used tiidedée some experimental
results through a simplified heart model.

The results were then inserted into the literattiresen for this study, to see
whether there is a concordance or dissonance.

A study limitation was stated to have a criticahlgmis on the factors that can
explain the similarities or differences obtainedha study through the literature.

Finally, a conclusion was written to highlight sorsaggestion of further

research on this work in the same domain and casdhivith other research fields.
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AGING AND SPORT

2. Aging and sport — Le vieillissement et le sport

The number of adult men and women over 40 yearagef participating in
competitive sports has increased dramatically ¢werpast 25 years. Although many
of these older competitors engage in competitiomdoreation and fitness, others train
with the same enthusiasm and intensity as Olympi@apportunities are now available
for older athletes to compete in activities rangirgm marathon running to weight
lifting. The success and the standards of perfooma®t by many older athletes are
exceptional and often difficult to explain. Howeyveaithough these older athletes
exhibit strength and endurance capacities thafaargreater than those of untrained
people of similar age, even the most highly traioktér person experiences a decline
in performance after the fourth or fifth decaddifaf (Schulman et al., 1992; Wilmore
and Costill, 1999).

2.1 The effects of sport on aging

In general, there is a decline in almost every tspeents beyond our physical
prime. Researchers showed as we age, peak perfoesian both endurance and
strength events decrease by about 1% to 2% pey steating after age 25 (Maron et
al., 2001).

As physiological changes here are some major factbat have to be
obligatory mentioned with aging:

« Vital capacity, forced expiratory volume, maximatpeatory ventilation
decrease with age (Rogers et al., 1990; Katzdl,e2G01),

« Strength is reduced with aging. This is the restitecreases in both physical
activity and muscle mass. Whereas endurance toaotoes little to prevent the aging
loss in muscle mass, strength training can mairgaincrease the muscle fiber cross-
sectional area in both men and women (Schuit, 2006)

« The amount of relative body fat increases as wgRgguso et al., 2006).

It is well known that moderate exercise can sigatifitly improve one’s health

and make life longer. The outstanding effects ahgsport/exercise are due to the
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followings and can be applied even for some, alyeaxisting pathological cases
(hypertension, diabetes etc.) such as:

« Kelley et al., 1994 found in their study that lovetremity aerobic exercise
has an antihypertensive effect on resting sys#ésit diastolic blood pressure in adults;

* Physical activity increases the fat burning enzyimethe muscles as it was
found in the study of Sido et al., 2000 where thesults indicated that physical
training programs have a favorable effect on tHeeardiographic parameters among
obese women even without a pharmacological inteiwen

* Helps stay fit which was confirmed in the studyQuttini et al., 1996 where
they showed that physical activity of running arebular physical activity can
attenuate the age-dependent decline of the explgsawer of the inferior limbs in
sedentary subjects, especially over the age of &frsy and can slow down the
deterioration of the coordinative neuromuscularacity, and maintain weight;

* It strengthens heart muscles and improves ciranatf blood thereby
reducing the risk of heart disease even among titalveomen, where increased
physical activity, including regular walking, issasiated with substantially reduced
risk for cardiovascular events (Hu et al., 2001gén, 2007);

e« The results of Tran et al., 1985 suggested thaiatezhs in cholesterol and
LDL-C levels were greatest when exercise trainirag wombined with body-weight
losses even though there was a decrease on thesegbars simply with weight loss
also;

* Physical training improves the effect of exercisdresulin sensitivity through
multiple adaptations in glucose transport and nwdisin. In addition, training may
elicit favorable changes in lipid metabolism and baing about improvements in the
regulation of hepatic glucose output, which is egly relevant to NIDDM (Non
Insulin Dependent Diabetes Mellitus). It is con@ddthat physical training can be
considered to play an important, if not essentl m the treatment and prevention of
insulin insensitivity (Borghouts et al., 2000).

* Rogers et al., 1990 found that the age-relatededserin V@max of master
athletes (aged 62+2.3 yrs) who continue to engagesgular vigorous endurance
exercise training is approximately one-half theeraf decline seen in age-matched
sedentary subjects. Furthermore, the importancegufiar exercise was emphasized in

the work of Katzel et al., 2001 where they showleat the longitudinal decline in
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VO,max is highly dependent upon the continued mageitfdthe training stimulus.
The majority of the athletes, who reduced theimntra levels over time, resulted in a
longitudinal reduction in V@max two to three times as large as their sedepizeys.

* It creates the feeling of self-confidence and adndver one’s body and life
(Duclos, 2006; Themanson et al., 2006).

Briefly, regular physical moderate activity is asisted with many health
benefits and due to all these, physical activitgossidered to be essential for those
who want to prolong their life span (Gielen et &005; Tuomainen et al., 2005;
Rajendran et al., 2006; Dua et al., 2007). Differetndies have attempted to show
how exactly exercise affect's one health as it leapgd in the study of Huang et al.,
1998 where they studied a group of middle-agedaaer men and women (40 years
and more) followed for an average of 5.5 yearsxanene the association between
physical fithess, physical activity, and the prewae of functional limitation. The
result of their work showed that physically fit ampihysically active participants
reported less functional limitation than unfit oedentary participants. After
controlling for age and other risk factors, thevatence of functional limitation was
lower for both moderately fit and high fit men coan@d with low fit men. So did
Blair et al., 2001 in their work where «they idé&etl articles by PubMed search
(restricted from 1/1/90 to 8/25/00) using keyworgdated to physical activity,
physical fithess, and health». An author scannstand abstracts of 9831 identified
articles. After having analyzed these articles theived to the following conclusions:

i) There is a consistent gradient across activityugso indicating greater
longevity and reduced risk of CHD (Coronary Hearsdase), CVD (CardioVascular
Disease), stroke and colon cancer in more actwistuals and

i) The studies are compelling in the consistency stedpness of the gradient
across fitness groups. Most show a curvilinear igragd with a steep slope at low
levels of fitness and an asymptote in the uppergdahe fitness distribution.

Furthermore, improvements have been observed imenpst with mild
depressiorand anxiety thanks to the physiological changes wigular exercise.
There was also an improvement considering the ssifeem, psychomotor
development, memory, calmness and sleep (Fentef; Bdanco-Centurion, et al.,
2006).
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On the contrary, the benefits of high-intensityreise are not as clear as in the
case of moderate exercise. Kemi et al., 2005 detrated that cardiovascular
adaptations to training are intensity-dependentlose correlation between d@ax,
cardiomyocyte dimensions and contractile capacitggests significantly higher
benefit with high intensity, whereas endotheliahdtion appears equivalent at
moderate levels. Laursen et al., 2005 supportalibge mentioned statement, but they
tought that peripheral adaptations rather thanrakatiaptations are likely responsible
for the improved performances withessed in wellhigd endurance athletes following
various forms of high-intensity interval trainingograms. Nevertheless, Esteve-Lanao
et al., 2007 found that the value of a relativedyge percentage of low-intensity
training is great, while the contribution of highteénsity exercise remains only
sufficient. Jansen et al., 2007 seems to suppisrtiiory, because in their study high-
intensity weight training is not able to produce apiive improvement in
cardiovascular function. Therefore, they suppoevjmus studies where they showed
that the lack of cardiovascular adaptation may he tb the low percentage of
VO,max elicited by this form of training. Thus, exeesiintensity emerges as an

important variable in future (clinical) investigais.

2.2 The effects of sport on the cardiovascular systéitevaging

2.2.1 HR, HRmax, blood pressure and morphological chandes to sport and
while aging

Even though the resting heart rate shows littleration with age, the heart rate
of the trained heart is becoming less comparedhé¢onbn-trained heart while aging
(Arbab-Zadeh et al., 2004). This phenomenon is eddled bradycardia which means
a heart rate less than 60 beats/min. Stratton.,e1294 were screening healthy older
men aged between 60 to 82 years compared to youngeraged between 24 to 32
years before and after 6 months of training ang tband that among all subjects the
resting heart rate (HR) reduced by 12%. On theraoptthis adaptation on training is
not so evident since some studies have found hieaé tis hardly any difference from
the baseline resting heart rate and on the rebag rate reached with exercise when
master athletes are compared to sedentary coblsore et al., 1996; Pavlik et al.,
2001; Baldi et al., 2003).
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A person’s maximum heart rate (HRmax) tends to tabls and usually
remains relatively unchanged following enduraneetng and the heart rate recovery
period decreases with endurance training (Wilmaoik @ostill, 1999).

Following endurance training, arterial blood press(resting blood pressure)
changes very little during submaximal or at maxinvatk rates (Ehsani et al., 1991,
Giada et al., 1998, Wilmore and Costill, 1999, Baldal., 2003).

Even though, systolic left ventricular function meeeed at rest by
echocardiography, is unaffected by aging itsele@i-11986), as a result of endurance
training, stroke volume (SV) shows an overall ias® because after training, the left
ventricle fills more completely during diastole thia does in an untrained heart
(Ehsani et al., 1991). The reason of it is that bh@od plasma volume increases
therefore more blood is available to enter the nigetwhich results in an increased
end-diastolic volume (EDV) (Ehsani et al., 1991yy et al., 1993; Seals et al., 1994;
Baldi et al., 2003). The increase of the EDV canfdéowed’ by the thickening of the
interventricular septum and posterior wall thicl¢Baldi et al., 2003; Owen et al.,
2004) but Gates et al., 2003 concluded that reqaganbic-endurance exercise does
not consistently modulate the changes in LV stmecamong middle aged and older
men. As for the cardiac output, that remains unghdnor decreases slightly after
training, on the contrary, while training at a nmaal level of exercise increases
considerably (Ehsani et al., 1991; Levy et al.,3)9%ee Table 1.

Table 1. The effects of sport on the cardiovasculaystem

. Stroke volume increases

. End-diastolic volume increases

. Blood plasma volume increases

. Heart rate decreases (bradycardia)

. Maximum heart rate rest stable

. Heart rate recovery period decreases

. Cardiac output rest unchanged

. Blood pressure remains unchanged or decreaseditilery

Furthermore, age-related structural alterationsuthec a decrease in myocyte
number (because of apoptosis) and an increase iocytey size, while on the
extracellular level, the morphologic changes ofngginclude increases in matrix
connective tissue (e.g., collagen) leading to stikal fibrosis. Thus, these structural
changes are leading to increased myocardial ss$fnand reduced ventricular
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compliance, translating into impaired passive \eftricular filling (Groban, 2005).
Another interpretation of diastolic dysfunction sfeml that vascular and ventricular
wall thickness increase, whereas arterial compéanendothelial function and
ventricular contractility decline which is resuljinin an increased viscoelastic
myocardial stiffness (Tanaka et al., 2000; Arbabletaet al., 2004).

It is unclear how much of the decrease in cardiowias function with aging is
due to physical aging alone and how much is dudetmnditioning because of the
decreased activity. In the study of Arbab-Zadelalgt2004 they referred to the fact
that for example a simple bed rest deconditionegd$ to many of the apparent
manifestations of the aging process, such as demleaork capacity, increased work
sympathetic nerve activity and muscle atrophy. @& ¢ontrary, in the same study
they compared 12 healthy sedentary seniors (69#8syeld), 12 masters athletes
(67+3 years old) and 14 young but sedentary comsubjects (28.9+5 years old) and
they found that stroke volume for any given fillipgessure was greater in masters
athletes compared with aged matched sedentarycssibjghereas contractility, was
similar. Therefore, their conclusion was that aeseary lifestyle during healthy aging
is associated with decreased left ventricular cempk, leading to diminished
diastolic performance but prolonged sustained earth@ exercise training preserves
ventricular compliance with aging and may help tevent heart failure in the elderly.
Moreover, Mc Guire et al., 2001 showed in theiry@@r follow up study that 3 weeks
of bedrest among healthgen at 20 years of age (in 1966) had a more profoun

impact orphysical work capacity than did 3 decades of aging.

2.2.2 The heart as a pump
2.2.2.1 Mechanical events of the cardiac cycle
2.2.2.1.1 Events in late diastole

Late in diastole, the mitral and tricuspid valvetvieen the atria and ventricles
are open and the aortic and pulmonary valves a%edl Blood flows into the heart
throughout diastole, filling the atria and vent®l The rate of filling declines as the
ventricles becomes distended, and — especially \lieteart rate is low — the cusps
of the atrioventricular valves drift toward the séal position. The pressure in the

ventricles remains low.
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2.2.2.1.2 Atrial systole

Contraction of the atria propels some additionabtl into the ventricles, but
about 70% of the ventricular filling occurs pas$ivauring diastole. Contraction of
the atrial muscle that surrounds the orifices ef shperior and inferior vena cava and
pulmonary veins narrows their orifices, and thetiaeof the blood moving toward the
heart tend to keep blood in it; however, thereoa regurgitation of blood into the

veins during atrial systole.

2.2.2.1.3 Ventricular systole

At the start of ventricular systole, the mitral amduspid valves (AV) close.
Ventricular muscle initially shortens relativelytle, but intraventricular pressure rises
sharply as the myocardium presses on the blootienventricle. This period is the
isovolumic ventricular contraction and lasts abOu5 sec, until the pressures in the
left and right ventricles exceed the pressurehéndorta (80 mmHg) and pulmonary
artery (10 mmHg) and the aortic and pulmonary v&lepen. During isovolumic
contraction, the AV valves bulge into the atriaygiag a small but sharp rise in atrial
pressure. When the aortic pulmonary valves opemn,ptiase of ventricular ejection
begins. Ejection is rapid at first, slowing down agstole progresses. The
intraventricular pressure rises to a maximum areh tdeclines somewhat before
ventricular systole ends. Peak left ventricularspuee is about 120 mmHg. Late in
systole, the aortic pressure actually exceeds #wricular, but for a short period
momentum keeps the blood moving forward. The AWealare pulled down by the
contractions of the ventricular muscle, and api&ssure drops. The amount of blood
ejected by each ventricle per stroke at rest i9F0nl. The end-diastolic ventricular
volume is about 130 ml. Thus, about 50 ml of bleechains in each ventricle at the
end of systole (end-systolic ventricular volumejd @dhe ejection fraction, the percent
of the end-diastolic ventricular volume that isotgel with each stroke, is about 65%.

The ejection fraction is a valuable index of venifar function (Ganong, 2001).

2.2.2.2 Physiology of diastole

The physiology of diastole can be divided into welt and mechanical

definitions (Groban, 2005) but knowing that the gmse of this work to show the

37



AGING AND SPORT

echocardiographic findings on the aged heart, ihas a matter of interest to get
involved with the biological explanation of thisiittioning.

Diastole can be divided into four phases: isovotunelaxation, early filling,
diastasis, and atrial systole. The amount of LWhfijl that occurs during each of these
phases depends on the myocardial relaxation, t&vgacharacteristics of the LV, the
characteristics of the left atrium, pulmonary veiasd mitral valve, and the heart rate
(Little et al., 1990). Therefore, on the mechanieadel it begins with aortic valve
closure when the pressure within the left ventriblegins to fall, termed the
isovolumic relaxation phase (later on mentioned \dRT). The left ventricular
pressure will continue to fall even after the opgnof the mitral valve. In fact, left
ventricular pressure falls below left atrial pregsas a result of elastic recoil, creating
a “suction” effect. Rapid filling of the left vemtte occurs during this phase.
Normally, left ventricular relaxation ends in thesf third of rapid filling (e.qg.,
estimated change in left ventricular (LV) volume3&100mL) so that the majority of
left ventricular filling (e.g., from 100 to 145 mi(slow, passive filling) is dependent
on such properties as left ventricular compliangentricular interaction and
pericardial restraint. Finally, atrial systole cdimtites to the rest of left ventricular
volume (e.g., 145-160 mL of LV volume). In the yguheart, approximately 80% of
LV filling is complete by the end of the passivdliig phase, with the remainder
occurring during active atrial transport. In costravith advanced age, impairments in
early diastolic relaxation and ventricular compdaralter filling dynamics such that
atrial transport becomes the more important coutioibto diastolic volume (Groban,
2005).

2.3 Arterial pulse

The blood forced into the aorta during systole axdyy moves the blood in the
vessels forward but also sets up a pressure watertvels along the arteries. The
pressure wave expands the arterial walls as ielsaand the expansion is palpable as
the pulse. With advancing age, the arteries becomoee rigid, and the pulse wave

moves faster (Ganong, 2001).
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2.4 Diastolic function

Normal mitral inflow consists of biphasic flow frothe left atrium into the left
ventricle. In healthy, disease-free individual, gaely flow, coincident with the mitral
E-wave, exceeds the later flow, which occurs witiabsystole (the A-wave) both in

velocity and volume (Feigenbaum et al., 2005) (Fegl).

Figure 1 Schematic representation of the diasfaliction. LVOT, left ventricular outflow tract (mjs
IVRT, isovolumic relaxation time (sec); IVCT, isdumic contraction time (sec); DT, deceleration

time (sec); Em, early peak (m/s); Am, late pealsjrfFeigenbaum et al., 2005)

The magnitude of these flows, as well as theirorataries with age in the
normal population. In healthy, young, disease-ineividuals the E-wave exceeds the
A-wave and therefore the E/A ratio is more than ds0it was found in numerous
studies.

In adolescents and young adults, there may bepaiogisrtionate contribution
of active ventricular relaxation to ventricularlifig, which results in a markedly
accentuated E-wave velocity. In this instance, Ef#o can exceed a value of 2.0 in a
normal, disease-free individual especially in theecof athletes (Pavlik et al., 2001).

Numerous investigations have shown that peak edhdgtolic mitral inflow
velocity (E) is reduced in aged individuals andntaintain ventricular filling and

stroke volume, peak late diastolic filling velocit) increases with age, resulting an
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age related decline in the E/A ratio (Spirito et &B88; Safar, 1990; Badano et al.,
1991; Prasad, et al., 2007). Furthermore, manyopagital processes, such as cardiac
or systemic diseases, can increase the incidencdiastolic dysfunction which
manifests in the reduction of E-wave, the increzs&-wave and the inversion of E/A.
These pathological conditions can be even worseenwgathologic hypertrophy is
present (Macor et al., 1991; Mockel, et al., 1998Imieri et al., 1999; Schanwell et
al., 2002; Caserta et al., 2007; Borlaug et alQ720Nevertheless, as it had been
described previously, regular training has posigffects on the human body, which,
in the case of the diastolic function raised somublem in this field of research.

In fact, there had been some authors who found doatg sport has a
beneficial effects on the E/A with aging. Pavlikagt 2001 carried out in their study a
two dimensionally guided M mode and Doppler echdicaggraphic measurement on
578 male subjects. They made their analysis from dgpects: a, in the young adult
category competitors in different groups of spevese studied and b, in the different
age groups (10-14 years, 15-18 years, 19-30 y84ar44 years and 45-60 years) were
compared through athletic and non-athletic backggsu They showed that with the
respect of public health, the most important faerss to be that the E/A quotient was
much higher in the older athletes than in the nibefic subjects. As in their study,
older athletes had mostly performed at the topl levtheir youth, they suggested that
a more effective positive influence of regular pbgktraining on diastolic function
can be expected when athletic conditioning is sigffitly intense at a younger age and
has been continuously maintained throughout thesyezo did Bouvier et al., 2001
who concluded that by endurance training, a higtellef physical capacity can be
maintained late in life (their subjects were 10 enabteran athletes aged 73+3 years
and 12 sedentary subjects aged 75+2 years) arslifggior cardiovascular function in
the veteran athletes, compared with the untrair@drals was due to both better
systolic and diastolic left ventricular functiorufthermore, Brenner et al., 2001 found
in their study carried out with rats, that some -ageociated changes in diastolic
function are reversible and thus may not be iniits aging but instead secondary to
other processes, such as deconditioning. On th&argn some authors stated that
doing sport regularly doesn’t have effect on thesthlic function when comparing the
athletic and sedentary aged people (Jungblut €2@D0; Prasad et al., 2007). Fleg et
al., 1995 found that with the participation of 1Bler competitive male endurance

athletes (52-76 years old), 17 young (less thaye&ds) and 23 older (52-76 years old)
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sedentary control subjects that older men witbrey lhistory of intensive endurance
training demonstrate impaired early diastolic L\Mifg similar to that of their
sedentary peers. Thus, impairment of early diasfidling appears to be intrinsic to
normative aging and not secondary to the reduciionaerobic capacity that
accompanies the aging process. Highlights the abmemtioned finding the study of
Baldi et al., 2003 where they enrolled 20 olderained men (60-80 years), 19 older
male athletes, 19 young untrained men (20-30 yeard)13 male athletes into their
study to determine whether endurance training sb@ated with an attenuation of
age-associated changes in diastolic filling. Inrtfiedings peak early mitral inflow
velocity (E) and early-to-late mitral inflow veldgiratios were lower in older vs.
young men; however, there was no training effetalfy, they suggested that early
diastolic filling is not affected by training inad#r men, and the effect of training on

tissue Doppler variables (Aa and Sa) is differantoung and older men.

2.5 Isovolumic relaxation time

The isovolumic relaxation time (IVRT) represents tlearliest phase of
diastole. It is defined as the time from aorticveatlosure to mitral valve opening and
normally averages 76x£13 ms in adults. If an IVR&ager than 90 ms is detected, there
is a genuine concern that pathological left ventac hypertrophy exists if it is
associated with deceleration time more than 240antsthe E/A ratio <1 (Hildick-
Smith et al., 2001). During this time, systolic taestion has ceased, but left
ventricular filling has not yet begun. Libonati &t, 2002 studied the effect of two
exercise training modalities, i.e. low-intensitydarance running and sprint running,
in vitro on rats. They suggested that LV diastadievolumic relaxation is improved
with exercise training (Libonati, 2000) and tha¢ impact of exercise training on the
LV diastolic pressure/volume relationship is, intpaelated to the intensity/mode of
exercise. So far, there is no reported pathologiese on this parameter among
athletic and non athletic healthy, aged individuaéen though Nottin et al., 2005
found that long-term training does not reduce the-elated decline in LV relaxation
properties in human. Their finding implied that ethmechanisms, such as increased
LV filling pressures due to expanded blood volurawes probably responsible for the
higher contribution of early diastolic filling to\Lfilling in master athletes compared

with their sedentary controls.
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2.6 Physiologic and pathologic hypertrophy

Cardiac hypertrophy is one of the main ways in Wwtdardiomyocytes respond
to mechanical and neurohormonal stimuli. It enabigecytes to increase their work
output, which improves cardiac pump function. Hoemvthis compensatory
mechanism can become overwhelmed by biomechartiesss thereby resulting in
heart failure (Grossman, 1980; Carreno et al., RODéft ventricular hypertrophy is
typically characterized as being pathologic or phiggic. It should be recognized that
the calculation of left ventricular mass is a deti@ation of the actual mass of the
ventricular muscle and may not be related to oVeeatliac enlargement. Increases in
left ventricular mass can occur with chamber emdargnt and relatively normal wall
thickness (eccentric hypertrophy). When evaluatpegients for left ventricular
hypertrophy, it is important to characterize thepdwgrophy as being due to either
chamber enlargement or increased wall thicknesser@dd et al., 2006). One
additional index of hypertrophy is relative walldkness (RWT) defined as: posterior
wall thickness /left ventricular interior dimensi@darayan et al., 2006). Relative wall
thickness more than 0.44 is used as a thresholgatifiologic left ventricular
hypertrophy. This ratio is also useful in charaeziag the physiologic hypertrophy of
the athletic heart and distinguishing it from padigec hypertrophy (Pellicia et al.,
1999).

Pathologic hypertrophy can be associated with hgpseive cardiac disease,
hypertrophycally obstructive cardiomyopathy andvuldr aortic stenosis (Smith et
al., 1985; Schannwell et al., 2002; Bountioukosalgt2006).

The other form of hypertrophy, the physiologic hygpmohy can be seen in
highly trained athletes. In general, this is a pblggiic adaptation in which there is a
slight increase in both wall thickness and chantbarension. Wall thickness more
than 13mm is unusual in physiologic hypertrophycd&iese the hypertrophy is a
physiologic adaptation to training, wall stressd®io be normal. If interventricular
septal thickness is8 13mm, then left ventricular mass index should alewdated. If
the result is > 134 g/min men or > 110 g/Mmin women, then left ventricular
hypertrophy can truly be said to be present (Grargel., 1985; Hammond et al.,
1986; Pellicia et al., 1997; Hood et al., 1999 ditik-Smith et al., 2001).
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As a result of increased wall thickness and diastdimension, overall left
ventricular mass rises with training (Child et 4984). In elite athletes, this increase
averages 40-50% in comparison with sedentary clsntteft ventricular mass and
more particularly mass index are the benchmarks wiych left ventricular
hypertrophy should be judged. Mass can be calailaby transthoracic
echocardiography using either Devereux’s classic nMbde formula or two
dimensional estimation. The upper limit of physmétal left ventricular hypertrophy
is considered to be approximately 500 gr (Hildicki® et al., 2001).

In athletes, left ventricular hypertrophy (LVH) canimics disease states
(hypertrophic cardiomyopathy, hypertension); theref the distinction may have
important implications, particularly when adultsagtice regular physical activity.
Schannwell et al., 2002 revealed in their work,le&vkbmparing 49 athletes with LVH
due to training, 49 patients with LVH and 26 cofgy@ higher LV muscle mass index
in the two study groups compared with controls. Bigdy stated that, the group of
athletes had a normal diastolic filling pattern,il@tthe hypertension group had a
delayed relaxation pattern with a decrease in Eaamithicrease in A. Limongelli et al.,
2006 studied 30 master athletes (MA), 24 subjeatk Wwypertension (HYP), 20
patients with hypertrophic cardiomyopathy (HCM) aB3@ normal individuals (CG)
aged between 40-50 years. The LV wall thickness lanagend-diastolic dimensions
were higher in MA than controls, but significanttywer than other groups (HYP,
HCM). LVH/heighf’ was increased in 79% of HYP and in 95% of HCM, \vas
within the normal limits in MA. As for the diastalfilling, all HYP and 95% of HCM
showed abnormal relaxation pattern, but was nonmall MA. It seems that improved
understanding of LV relaxation and filling helps differentiate pathological and
physiological myocardial hypertrophy (Mockel et, d996; Urhausen et al., 1996,
1997).

2.7 Doppler Tissue Imaging
2.7.1 Basic principles of DTI

Doppler Tissue Imaging targets the tissue rathem the conventional Doppler
which targets the red blood system. For this pwepddiers are set to parameters
opposite those needed to accurately detect redilelb motion. Because tissue has a

greater reflectivity and slower motion, instrumeiata filters are set to exclude high
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velocities and low-intensity reflectors. With thischnic, either the myocardium or
fibrous skeleton of the heart can be targeted aedker reflections from the higher
velocity blood cells relatively excluded. More commty for the determination of
function, a pulsed Doppler sample volume is plagélin an area of the myocardium
or the anulus and the velocities at that point #wen displayed for quantitation.
Virtually any area of the myocardium can be evadatn this manner. When
evaluating global performance, as it was perfornmethis study, DTI velocities can
show some regional variation based on which ar¢heomitral annulus is interrogated
(septal vs. lateral) (Cardim et al., 2001; Ho et 2D02). The annular velocity in
systole has shown a good correlation with the \tefitricular ejection fraction as it
happened in the work of Gulati et al., 1996, whbey found an excellent correlation
between the average velocity of mitral annular oroind the ejection fraction.

Most commonly, DTI of the mitral annulus is empldy&nd the data used as a
marker of global systolic or diastolic function. $mus rhythm, there are two annular
motions (Ea and Aa) that parallel the transmitlaf In normal, disease-free states,
Ea is greater than Aa, similar to the relations#fiphe mitral E- and A-waves (E and
A). With diastolic dysfunction, there is a reductiommn Ea such that the annular ratio
(Ea/Aa) reverses. With increasing age the Ea/Aaedses, moreover, the reversal of
E/A with increasing age occurs in the seventh decaeversal of the Ea/Aa ratio
occurs in the fifth decade. The annular velocitya$ volume dependent, as opposed
to mitral inflow and it remains depressed in thessure of a pseudo-normal or
restrictive mitral inflow pattern (Sohn et al., T®®xenham et al., 2003).

Since DTI as a technique is coming into practiceanlmng time ago, and used
to characterize myocardial patterns mainly in heliseases (such as hypertrophic
cardiomyopathy), there hasn’t been as much artialitten on the athletic heart
measured with this method than on the athleticthmaasurement with the Doppler
echocardiography. Derumeaux et al.,, 2002 found thgbcardial contraction and
relaxation assessed by tissue Doppler imaging wergaired in pathological
hypertrophy but not in physiological hypertrophy arg rats, while Galetta et al.,
2003 showed in their human study that athletesesdnibit a higher Ea, a lower Aa
and an increased Ea/Aa both lateral wall and semtomong elderly aged 67.6+4.5
years. Last, but not least, it can be stated, it is very useful to identify
myocardial diastolic properties, because this neibainrelated to preload, left atrial

pressure, heart rate and aortic pressure (Dincdr,&002; Oxenham et al., 2003).
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Briefly, DTI is a useful method to detect regior&dlanges in myocardial
function in pathologic and physiologic adaptatiomghe heart as it happened in the
work of Kosmala et al., 2004, where they found DS$uperior to other
echocardiographic techniques as well as to measntsnof plasma BNP (a type of
neurohormon generally used for routine diagnosis\oflysfunction) in identification
of impairment in myocardial function in diabetictigats. Their results considerably
enabled to detect deterioration of LV systolic alstolic functions in normotensive
and hypertensive diabetics compared with healtlyests and patients with systemic
hypertension and diabetes mellitus, respectivelythiermore, Di Bello et al., 2000
found that DTI allows the differentiation of thedveft ventricular hypertrophy model
(physiologic and pathologic), and hypertensive icanyopathy showed an
impairment of diastolic function, while athlete’sdrt shows a normal behavior at age
31.6 £ 3.5 years. It must be mentioned, that adwgnage is characterized by
structural and functional changes of the left vietdr This finding was underscored by
the study of Caso et al., 2000 and Zoncu et ab22®ho found DTI a useful tool for
detecting myocardial function induced by trainimgamg young athletes (age 22.5+5.3
and 20.7+4.5 years), because athletes presentedh@ovement in the diastolic
passive properties of myocardium. The higher edihgtolic velocity of the inferior
wall and its relation to increased preload may esent an indicator of aerobic
training, allowing quantification of the degreeldf adaptation to endurance exercise.
Studies have already shown also that, with agingaandial atrioventricular annular
velocity and regional Ea decrease in both vensjoléhereas Aa increases (Nikitin et
al., 2003; Thomas et al., 2003; Innelli et al., 200

On the contrary, the effects of training are stiliclear among the aged
athletes. Giada et al.,, 1998 carried out in th&idy among elderly athletes and
controls vs. youngs (age: 556 vs. 58+6 years i@ diderly group) found no
significant differences between athletes and sadgrsubjects but they noted that in
the trained elderly subjects Doppler curve morpgplof ventricular filling seems to
resemble that of young people, with an increagkarE wave and a reduction in the A
wave. So did Baldi et al., 2003, who showed alsd garly diastolic filling is not
affected by training in older men. On the contraBgletta et al., 2003 and 2004
supported the hypothesis that age-related declih® idiastolic function is due in part

to lifestyle and not solely to aging and long-teemdurance training throughout life
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determines changes in myocardial diastolic properin a prognostic favorable
direction, which may contribute to the better L\Astolic function.

2.8 Left ventricular filling pressure

It occurs during diastole as left atrial pressurereases, causing mitral valve
opening and creating a pressure gradient betweselefthatrium and left ventricle. The
mitral E-wave peak velocity is another indirect sw@@ of left atrial pressure. The E-
wave velocity correlates with the difference betwdeft atrial and left ventricular
pressure at the time of mitral valve opening. Thig,higher the left atrial pressure at
the time of mitral valve opening, the higher thediocity is going to be. Furthermore,
the rate of left ventricular relaxation and atgahtractility influence this relationship.
Recently, thanks to the technical developments,pBopTissue Imaging starts to be
used to estimate left atrial pressure. This apgroates on the Doppler technique to
measure the velocity in early diastole of the rhianulus. This velocity profile
appears to be more dependent on left ventriculakaon and less dependent on the
transmitral pressure gradient. The ratio of miEalvave peak velocity (E) to annular
E velocity (Ea) has been shown to correlate wethueft atrial pressure. A normal
E/Ea is less than 10 and a ratio over 15 predidést aentricular pressure more than
15 mmHg. This simple ratio combines the influentendral driving pressure and left
ventricular relaxation. Nevertheless, it appearadok well in the presence of normal
hearts and/or preserved systolic function (Feigeanbat al., 2005). De Sutter et al.,
2005 evaluated the effects of age, gender, andéetricular hypertrophy on the early
diastolic mitral annulus velocity (Ea) assessedDmppler Tissue Imaging and the
ratios of the transmitral early peak velocity (E9sessed by conventional Doppler
imaging over Ea (E/Ea) in a wide age range of nbpatients and in patients with LV
hypertrophy due to hypertension. In their resulle appeared to be the strongest
determinant of Ea and E/Ea and women in generakhglatly higher values for E/Ea
compared with men. Moreover, patients with LV hypmohy had slightly higher E/Ea
values for each age category compared with normaéiems (age 45-54: normal
(9.1£2.9 vs. 10.5%2.2).
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2.9 Finite Elements

With the development of techniques, computer sitiarlais becoming an
important tool for biological research. In such eagh, biological model is
constructed and evaluated with variety of paramsefEinere have been lots of models
of the heart constructed by many research groufle wivestigating different point of
views of the functioning of the heart (Akira et,d004). Bovendeerd et al., 1992
studied the dependence of local left ventricular)(mechanics on myocardial muscle
fiber orientation while using a finite element mbd@ the model they considered
anisotropy of the active and passive componentayafcardial tissue, dependence of
active stress on time, strain and strain rate. Toaycluded that a physiological
transmural distribution of the helix fiber anglencae found, at which active muscle
fiber stress and muscle fiber strain are distriduégproximately homogeneously
across the LV wall. Gibbons et al., 2006 showedugh their finite element analyzis
that the pericardium has a significant influence tba structural behavior of the
septum and LV and right ventricular (RV) free wallsis possible also to generate
complex left ventricular simulation models with 3hape model, cell orientation
model, cell electrophysiological model, coronartegr model and tissue mechanical
property model (Dorri et al., 2006; Augenstein let2006; Domenichini et al., 2007).
Ingrassia et al., 2007 illustrated a model-basgarageh to designing wall motion
measures using published finite element modeldtefeal cardiac activation to screen
wall-motion-based measures of synchrony of contractThey indicated in their
results that early systolic events and specificallyly systolic rates of endocardial
motion are likely the best wall-motion-based intlica of synchrony of contraction,
confirming that fully 4D wall motion analyses wille essential for their clinical
application. In this study, a Finite Element Anadyis going to be used to validate

some experimental results.
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3. Hypothesis — Hypothese

Healthy aging might results in changes in morphgldgoppler and Doppler
Tissue measurements of the heart. It is uncleatheh¢hese alterations are a specific
manifestation of the aging process or reflect aiearadaptation to a more sedentary
lifestyle. However, there hasn't been lots of detiaritten on the question: what is
happening before ‘aging’ since the articles chofenthis study and generally are
indicating the aged group above 60 years. This avesof the reasons to choose the
age group between 45-55 years old to see, whaiovastular events are coming up
with regular training.

In this study it was meant to highlight the diffieces of cardiac parameters
based on the hours spent by training per week arsg¢ whether excessive hours of
training is beneficial for the development of trerdiovascular system, especially the

heart, or not in the chosen age group?

Therefore it was hypothesized that:
» Healthy, but sedentary aging would result in slaywi diastolic filling and
Doppler Tissue variables,
» Low- and high intensity endurance training wouldyant such changes.
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4. Materials and methods — Matériels et méthodologie

4.1 Study population

Fifty-one subjects were enrolled into this studyha@l been excluded because
of missing data, hypertension and smoking. Theeefarally, 16 healthy subjects
(NTG (non-trained group)): 7 men and 9 women, (maga 49.2 = 4.0 years) and 29
matched athletic subjects (MTG (most trained grioup) men and 1 women, (mean
age 50.1 + 4.8 years) and LTG (less trained grolip)men and 2 women, (mean age
46.9 = 6.0 years) were participating in this stuéyl the subjects were free of
cardiovascular diseases such as hypertension, aryramtery disease, valvular and
congenital heart disease, heart failure, cardioratlop diabetes mellitus, inadequate
ECG (electrocardiogram), they were non-obese anesnwkers.

Athletes were selected on the basis of the howratspith training per week
which meant more or less 5 hours per week (MTG=mivan 5 hours/week,
LTG=less than 5 hours/week). Those who were pracgticunning had been recruited
from the Stade Georges Hébert, Reims, France atittsyhad been recruited from
the Cyclo Club Rémois and Pédale Rémoise, Reimmcer As for the runners
recruited from the Stade George Hébert, they wellewing training sessions 4-5
times a week on a 60 to 90 minutes basis. Themitg sessions followed the general
guidelines of training which meant: warming up, rexge, and stretching. Their
training sessions are guided by a professionaldraand the duration of their training
in years is 14 + 12 years (meant from childhood ramidrelated only to the years spent
with running). The cyclists were recruited from ttwe clubs mentioned earlier and
followed training sessions 4-5 times a week with 1@.4 hrs of training. Their
training sessions were guided by a professionaddrand their duration of training in
years is 23 + 12 years (meant from childhood andrelated only to the years spent
with cycling). They were all active at the time tbe measurements in national and
international running and cycling races. Athleté®sen for the less trained group
(LTG) were doing running, cycling as a free timeiaty, some of them joined the
above mentioned clubs but were not competitors.s&ethletes followed training
sessions 3-4 times a week. Sedentary subjects (NdiGtrained group) had been
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searched through various forms of advertisementitt&¥r informed consent was
obtained from each subject entering the study.

All the measurements took place at the Departme@acdiology, Clinique de
Courlancy, Reims, France. Generally the examinatiaere executed every two
weeks on Fridays, between 14:00-19:00 pm.

Their height was measured with an height rod SEC#deh 202, Made in
Germany before the examine and also their weighs weasured with Balance
Medicale, CK SECA, Made in Germany. Body surfaceaa(BSA) (1) had been

measured by using the Du Bois and Du Bois formula:
BSA (m2) = 0.007184 x Height(chi5°x Weight(kd}**° 1)

This formula is one of the most frequently useddboiidren >5 years and for
non obese adults. Furthermore, this equation adelgyaredicted BSA but failed with
obesity (Wang et al., 1992; Livingston et al., 2001

Body Mass Index (BMI)2) has been defined as weight in kilograms divided
by the square of the height in meters (kg) and is a surrogate measure of overweight

and obesity in clinical practice and in epidemidtad studies (James et al., 2001).

BMI=Weight/Height (rf) 2)

Table 2 World Heart Organization (WHO) classification of obesity

Classification BMI (kg/ )
Underweight <18.5
Normal range 18.5t024.9
Overweight >25
Pre-obese 2510 29.9
Obese class 1 30to 34.9
Obese class 2 3510 39.9
Obese class 3 >40

The blood pressure had been measured 2 timesgdiethinning, 3 minutes
after being lied down on the examination table anthe end of the examen on the left
arm) with Critikon Dinamap™ 8100 DRE, Inc., Louik®j KY, USA and the average
of these numbers were used as systolic and diaspalrameters. The Critikon
Dinamap 8100 Adult/pediatric non-invasive bloodgstee monitor measures systolic,
mean, and diastolic pressures at preset levels, wai as pulse rate.
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(http://lwww.dremed.com/catalog/product info.phpfprots id/13% Various cuff

sizes were available.
The data obtained was registered on an individualstionnaire planned by

Kispeter Zsofia (Annexe lll)

4.2 The echocardiographic examination of the left vieter

Orientation of the echocardiographic image has beddressed by the
American Society of Echocardiography who recommdralstandardized approach to
two-dimensional echocardiographic imaging. The &wycifurther suggests that all
two-dimensional imaging transducers have an indexknthat clearly indicates the
edge of the ultrasonic plane, i.e., the directionvhich the ultrasound beam is swept.
For example, in parasternal long-axis view, theendhark should be oriented in the
direction of the aorta and the aorta should appeé#ne observer’s right of the image
display. The effect of this convention is to pasitithe parasternal long-axis view so
that the aorta is to the right, the short-axis véthat the right ventricle is to the left
side, and the apical four-chamber view so thatléfteheart is to the right. Recently,
the same Society has made recommendations regatdengmeasurements and
descriptive items that constitute a standard repafrtan adult transthoracic
echocardiogram (Gardin et al., 2002). This docunoffiets a comprehensive listing of
the various features that should be routinely a®lyand which were applied in this
study also. In general, the goal of this listingtds encourage standardization of
echocardiographic reports and to ensure that exdmns are thorough,
comprehensive and carried out in the same way wiatkl which helps the

development and understanding of the cardiologieaech also (Figure 2).
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Figure 2 Schematic representation of a parastéongtaxis view of the left ventricle depicting lisne
measurements. LVOT, left ventricular outflow trach, left atrium; RVOT, right ventricular outflow
tract; IVS, interventricular septum; LVIDd, left ngicular internal diameter in diastole; LVIDs, tlef

ventricular internal diameter in systole; PW, pastewall thickness. (Feigenbaum et al., 2005)

The study was carried out with an Acuson Aspen EdWountain View,
California, USA phased-array echocardiograph withmidde, two dimensional,
equipped with pulsed, continuous and color-flow Plep possibilities. The
echocardiograms were evaluated according to trenmeendations suggested by the
American Society of Echocardiography (Sahn DJ ¢t18178). Left ventricular mass
was calculated according to the Penn formula: L\ssra.04 [(IVS + LVEDD +
PWT)? — (LVEDD)®] — 13.6, where IVS = interventricular septal thieks, LVEDD
= internal end-diastolic dimension, PW = postewatl thickness.

4.2.1 Left ventricular wall segments

Although the left ventricle could be divided intayanumber of segments, the
American Society of Echocardiography has adoptedsed of standards and
recommended terminology. The scheme begins by idiyithe left ventricle into
thirds along the major axis from base to apex.

The most basal third of the left ventricle extericem the atrioventricular
groove to the tip of the papillary muscles. The diecthird is identified as that portion

of the left ventricle containing the papillary mles; and the apical third begins at the
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base of the papillary muscle and extends to the.apfee Society also identifies the
left ventricular outflow tract as the area extegdfrom the free edge of the anterior
mitral leaflet to the aortic valve annulus.

The next step is to divide each region into segmarmund the circumference
of the minor axis. The basal and mid thirds ardgaruarily divided into six segments
each, and the apical region is divided into fougnsents. The result is the creation of
16 segments that comprise the left ventricle. Tiaetral advantage of this model is
that each segment can be visualized in both a dxgyand a corresponding short-axis
projection. After all, this model is commonly refed to as the 16-segment model and
has become the standard approach for assessimpaktgft ventricular function and

wall motion analysis (Cerqueira et al., 2002).

4.2.2 M-mode examination

With the development of two-dimensional and Dopg@einocardiography, the
M-mode examination has been subjugated to a supgadle but there are still lots of
laboratories where M-mode measurements are stifbpeed with two-dimensional
echocardiography or two-dimensionally guided echdiography, particularly to
measure chamber dimension, left ventricular waltkifless and left ventricular
fractional shortening; moreover, with the advent dfwo-dimensional
echocardiography, area measurements and theiredevume calculations were also
employed. As it was mentioned previously, M-modbeosardiogram is not a picture
of the heart, but rather a diagram that shows lh@\pbsitions of the heart’s structures
change during a cardiac cycle. In each case, tinesaund first penetrates the chest
wall, then the right ventricular cavity and finallyto the left heart structures (Sahn et
al., 1978). See also Annex I.

Its importance is highlighted in the study of hypaphic cardiomyopathy and
physiologic hypertrophy.

By convention, linear measurement of the left vieldris made at the level of
the mitral valve chordae. Furthermore, many of lthear measurements that can be
made for assessment of left ventricular functiochsas left ventricular outflow tract.
When ventricular septal thickness had been measoedion were made to avoid

measuring the most proximal portion of septum, Whscfrequently an area of isolated
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hypertrophy and angulation that does not truly eepnt ventricular wall thickness
(Feigenbaum et al., 2005).

In all of the cases, imaging was performed withghgent either supine and/or
tilted in the left lateral decubitus position. Blimg the patient to the left, the heart is
brought forward to the chest wall and more to thi¢ side of the sternum thereby
improving the ultrasound windows. The degree toclhhe patient should be rotated

to the left must have been individualized and thgepts’ cooperation was excellent
(Figure 3 and 4).

Figure 3 Proper patient positioning for the echdisgraphic examination. (Feigenbaum et al., 2005)
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Figure 4 Various transducer locations used in egtthography. (Feigenbaum et al., 2005)

All the measures were started with the parastdorgg-axis view (Figure 5)
which means that the transducer was placed on hhd teft intercostal space
(sometimes moved up or down one or two intercagpalces) to have an optimized

image.
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Figure 5 The parasternal long axis view. Ao, aotta; left atrium; LV, left ventricle; RV, right

ventricle. (Feigenbaum et al., 2005)

When it was properly recorded and shown on theescrine mid portion and

the base of the left ventricle, both leaflets af thitral valve, the aortic valve and the
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aortic root, the left atrium, and the right veneidhad been seen. The transducer
position has to be adjusted so that the scanniagepis parallel to the major axis of
the left ventricle and passes through the centéhefleft ventricular chamber. From
this view, an M-mode cursor can be placed to retoedfull excursion of the mitral
valve, aortic valve opening and closing, right viendar free wall motion, and the left
ventricular septal and posterior wall motion hadrbgiewed. Therefore the following
parameters could have been determined: Aorta deanféb), left atrial size (LA),
interventricular septal thickness (IVST), left wectilar diastolic dimension (LVIDD),
posterior wall thickness (PWT), all had been deteeth in systole and diastole
(Figure 6 and 7).

Figure 6 The parasternal long axis view from the-timensional image, an M-mode display at the
basal level. Ao, aorta; LAD, left atrial diametéfispeter, 2006)
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QUE DE COURLANCY

Figure 7 The parasternal long axis view from the thimensional image, an M-mode display at the mid
ventricular level. IVSs, interventricular septumdpstole; LVIDs, left ventricular internal diameter
systole; PWTSs, posterior wall thickness in systd\é5d, interventricular septum in diastole; LVIDd,

left internal diameter in diastole; PWTd, postemall thickness in diastole. (Kispeter, 2006)

4.3 Measuring systolic and diastolic function of thi leentricle

When the patient is rotated to the left and thaddacer placed at the cardiac
apex (Figure 8), a long-axis image is availablas™tcurs when the full excursion of
both mitral and tricuspid valves is recorded anel ‘tihue” apex of the left ventricle
lies in the near field. The normal true apex hadnbelentified by its relatively thin
walls and lack of motion. From the apical five-ch@mview, simultaneous recording
of aortic outflow and mitral inflow can be perforchd=rom the four chamber view, the
Doppler sample volume is first placed at the tipthe mitral leaflets to record mitral

inflow.
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Figure 8 The apical four- chamber view. LA, leftiam; LV, left ventricle; RA, right atrium; RV, rigt

ventricle. (Feigenbaum et al., 2005)

There are numerous echocardiographic techniques efaaluating left
ventricular diastolic function. In the contemporapyactice, Doppler techniques
evaluating mitral inflow and pulmonary vein flowdDTI of the mitral annulus have
had the most clinical utility. All can be easilyadwated using standard commercially
available equipment and the data can be recordedast patients presenting for
evaluation. On the contrary, two-dimensional echdiography serves a lot in the
evaluation of the anatomic description and assesisaiesystolic function. There are a
number of Doppler approaches for determining dlastdunction, including
determination of mitral inflow patterns with puls@&bppler imaging, evaluation of
pulmonary vein flow, and the newer technique of Dwhich can be used as a stand
alone technique or combined with mitral inflow jatis. It has to be mentioned that
the accuracy and validity of Doppler markers ofsthiéic function are greatest in the
presence of systolic dysfunction and individualagpaeters may lose their validity in
the presence of normal systolic function. For thel@ation of diastolic properties of
the left ventricle, the mitral inflow pattern is auated from an apical transducer
position with the sample volume placed at the tipthe mitral valve. Normal mitral
inflow consists of biphasic flow from the left atm into the left ventricle. In healthy,
disease-free individual, the early flow, coincidenth the mitral E-wave, exceeds the

later flow, which occurs with atrial systole (theweave) both in velocity and volume
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(Figure 9). This permits to measure: transmitrang A peak velocities (m/s), which

were then calculated as diastolic indexes, E/Aratid isovolumetric relaxation time,

which was measured as the time interval occurrigigvben the end of systolic output
flow and the transmitral E-wave onset, by placingspd Doppler sample volume
between outflow tract and mitral valve. There areltiple parameters that can be
derived from the inflow pattern including E and Alacities and the time velocity

integral of the E-wave and A-wave separately ad a®ltheir ratios. An additional

commonly used measurement is the decelerationdfrtiee E-wave. With delayed left

ventricular relaxation there is a prolongation eteleration time (Feigenbaum et al.,
2005).

- L
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Figure 9 Example of a pulsed wave Doppler imagé wie sample positioned to record mitral inflow.

E, peak early mitral inflow velocity; A, peak latdtral inflow velocity. (Kispeter, 2006)

In the absence of valvular regurgitation or intrdéec shunt, flow through all
four valves should be equal. Although flow can tetioally be measured at any site,
in practice, it is customary to measure blood fldwough the aortic valve. The
Doppler recording is performed using either thecalpfive-chamber or apical long-
axis view and the sample volume is positioned at ldvel of the aortic annulus,
approximately 3 to 5mm proximal to the valve. Tliere, Doppler echocardiography
is able to measure blood flow through its abil@yquantify blood velocity. It is known
that the rate of flow through an orifice is equalthe product of flow velocity and

cross-sectional area. In the cardiovascular systesmever, flow is pulsatile and
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therefore individual velocities during the ejectiphase must be sampled and then

integrated to measure flow volume.

4.3.1 Evaluation of systolic function

As a measure of systolic function (Figure 10), &pecfraction is computed

according to the following formulas:

SV

EF (%) = —-C %100 (1)

where EDV is End-Diastolic Volume and SV is Strakadume.
Ejection fraction, the percent of the end-diastelentricular volume that is

ejected with each stroke, is about 65+10% (Gan28@l). See Annex Il.

Figure 10 From the apical four chamber view, siamdus recording of aortic outflow and mitral
inflow can be performed. On this picture only thertie outflow can be seen where the IVRT
(isovolumic relaxation time) can be measured alséOT, left ventricular outflow tract; IVRT,

isovolumic relaxation time. (Kispeter, 2006)

4.3.2 Evaluation of Doppler Tissue Imaging

Pulsed wave Doppler Tissue Imaging (DTI) was penfxl by using special
software available on the Acuson Aspen Echo, Maonfgew, California, USA. With
this method there was the possibility to have mesasants of ventricular wall motion
velocity by positioning the sample volume withiretmyocardium. DTI of diastolic
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velocities of the basal lateral segment and oftthgal interventricular septum in the
apical four-chamber view were measured at the drntieoexaminations. The lower

case “a” for annulus or “m” for myocardial (Ea omEand the superscripted prime
symbol (E’) are used to differentiate tissue Dopplelocities from conventional

mitral inflow (Ho et al., 2006) and uniquely the,Ba, Ea/Aa symbols are used in this
study to describe tissue Doppler velocities in plaet of the study carried out by the
author. Therefore, early (Ea) and atrial (Aa) diastwaves (m/s) were measured as

diastolic indexes (Figure 11 and 12).
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Figure 11 Diagrammatic representation of the preiogsrequired for Doppler tissue versus blood pool

imaging. (Feingenbaum et al., 2005)
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Figure 12 Patterns of mitral inflow and mitral ahmsuvelocity from normal to restrictive physiology.

(Sohn et al., 1997)

All parameters were measured during three consecuardiac cycles and

their mean value calculated (Figure 13).

Figure 13 An example of mitral annulus velocity fmyised-wave tissue Doppler with sample volume

placed on the lateral wall. Ea, peak early annuidocity; Aa, peak late annular velocity. (Kispeter

2006)
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Figure 14 gives a brief summary on the echocardjlgc measurements.

Measurements carried out following the

American Society of Echocardiography

guidelines while patient was in a lateral
decubitus position

\

1 STEP
(M-mode measurements in a parasternal view)
AOD, LADS, IVSTs, LVIDDs
PWTs, IVSTd, LVIDDd, PWTd

\

2" STEP
(2-D recordings in 4 cavities)
E, A, E/A, AOV

\

39 STEP
(DTI recordings in 4 cavities)
Septal Ea, Aa
Lateral Ea, Aa

Figure 14 Schema showing each step while carryirigeohocardiographic data (for abbreviations see

List of abbreviations)

4.4 Finite Element Analyzis

As it was described previously, the heart is thenputhat circulates blood
through all organs of the body. It consists of faheambers: two ventricles situated
below the two atria. The cardiac cycles is consduby two successive phases: the
systole and the diastole. During systole, both neatcontract and at the end begins
the diastolic phase, where both ventricles relak ame filled with blood. Ventricular
filling begins with blood flowing in rapidly fromhie atria into the ventricles in a short
period called the rapid filling phase that représehe first third of diastole. During
this period, more than half of the subsequent strakume has entered the ventricles.

The internal volumes of both cavities approximatdtuble, while the ventricular
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pressures rise typically only by an amount of ldem 1kPa. In view of such low
pressures, the question arises whether they camdprthe driving force for the large
inflow of blood entering the ventricles during tlpkase. If it is not the case, it is
important to understand which other mechanismsdcplay a role in the rapid filling
phase as it happened in the study of Bettendorfiitzen et al., 2006 where they
investigated whether the ventricular filling preesimeasured under physiological
conditions can give a rise to such an extensivenamgation in ventricular volumes.
They developed a finite element model of the rightl left ventricles, taking into
account the nonlinear mechanical behavior and ®ffeccompressibility of the
myocardial tissue. They arrived to a conclusiort tha ventricular pressure measured
during the rapid filling phase cannot be the s@ese of the rise of the observed
ventricular volumes and they indicated that undamnral conditions the influence of
the viscoelasticity of the tissue should not beedjarded in ventricular mechanics.
Local wall stress is a major determinant of therbeauscle’s systolic function.
Under in vivo conditions, however, such stressesigbibe measured systematically
and quantitatively. In contrast, imaging techniga#lew the deformation pattern of
the left ventricle in vivo with high accuracy. Doat al., 2006 found as a conclusion
of their study that a realistic geometry and filaechitecture lead to typical and
substantially inhomogeneous deformation patternhey are recorded in real hearts,
therefore, they expect that the measurement oblgysieformation might provide

useful diagnostic information.

4.4.1 Hypothesis

In order to investigate the non existing differeno®nsidering the
echocardiographic measurements of the early fillpgpk (E) and the existing
difference of Aa between the Most Trained Group (BJTand Non Trained Group
(NTG), nonlinear elastic Finite Element (FE) anal/aith various types of cavity
pressure functions applied as boundary conditioasewperformed by adapting the
thickness of the posterior wall and septum of tie Ventricle at the end-diastolic
phase. Since the hypertrophy of the myocardiummesaf the most evident sign of the
adaptation of training (and were significant in meghocardiographic study), a

thickness of 9.5mm of the interventricular septuwS) and posterior wall (PW) was
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applied in the case of the NTG and a thicknessldrim of IVS and PW was applied
in the case of MTG.

4.4.2 Evaluation with ABAQUS/Explicit

A simplified finite element model of the human lgéntricle was proposed as
a 3D shape model to carry out this simulation, Whgenerates complex left
ventricular simulation. The model is constructezhirextracted region of left ventricle
from a 2D image (Figure 15). The model consist834 nodes and 677 elements in
wall thickness. It must be mentioned that the m®depresent the NTG and MTG
groups which corresponds to the population averageasured in my

echocardiographic study.

Figure 15 As a pre-processing a 2D image of thevaitricle was used to construct FE.

Mechanical property of the myocardial tissue is Wwnoto be strongly
nonlinear. However, as the in vivo measuremenuohgroperty is very difficult and
the results are not reliable enough, therefore,the case of both groups the
myocardium was considered to be a homogenate @Botroaterial with a Poisson’s
ratio 0.49 (is a measure of a tendency when a saofpinaterial is stretched in one
direction, it tends to get thinner in the other twalirections

(http://en.wikipedia.org/wiki/Poisson%27s_ratend with a 20 kPa Young’'s modulus.
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The pressure changes during systole of the LV weesl in agreement with general

physiology (Figure 16).
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Figure 16 Physiologic changes of ventricular pressgred line) and volume (white line)
(http:/library.med.utah.edu/kw/pharm/hyper_hedatirhl)

Basically, to construct a simplified mechanical mlodf the left ventricle, the

following models were taken into consideration:

o] 2D shape model of the left ventricle
o] fluid dynamics model of blood inside the left vecls
o] mechanical property model of the myocardium

To carry out the measurements ABAQUS version 6.5 wsed. ABAQUS is a
commercial software package for finite element gsialdeveloped by ABAQUS, Inc.
ABAQUS was initially designed to address non-linphaysical behavior; as a result,
the package has an extensive range of materiallsxode

A complete ABAQUS/EXxplicit analysis (that was usegerform the analysis)
usually consists of three distinct stages: premsiog, simulation, and postprocessing.
These three stages are linked together by filehawn below (Figure 17).
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Preprocessing
ABAQUS/CAE orother

A 4

A\ 4
Simulation

ABAQUS/Explicit

A 4

Output files

4
Postprocessing

ABAQUS/CAE or other
software

Figure 17 The three stages carried out usually BR@US/Explicit

Preprocessing (ABAQUS/CAE)

In this stage it has to be defined the model ofghgsical problem and create
an ABAQUS input file. The model is usually creategtaphically using
ABAQUS/CAE or another preprocessor, although thedA®RJS input file for a simple
analysis can be created directly using a text edito
Simulation (ABAQUS/EXxplicit)

The simulation, which normally is run as a backgiprocess, is the stage in
which ABAQUS/Explicit solves the numerical probledefined in the input file.
Examples of output from a stress analysis includplaicements and stresses that are
stored in binary files ready for postprocessingthis study ABAQUS/Explicit had
been used because it allows the resolution of tbespn with the changes of time.
Postprocessing (ABAQUS/CAE)

It is possible to evaluate the results once theukition has been completed
and the displacements, stresses, or other fundamenriables have been calculated.
The evaluation is generally done interactively gsthe Visualization module of
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ABAQUS/CAE or another postprocessor. The Visualmaimodule, which reads the
neutral binary output database file, has a vamétgptions for displaying the results,

including color contour plots, animations, defornsd@pe plots, ang-Y plots.

Loads and boundary conditions

Loads distort the physical structure and, thus,aterestress in it.
ABAQUS/Explicit provides a variety of loading optis, the most common of which
include:

+ point loads;

+ pressure loads on surfaces;

+ body forces, such as the force of gravity; and
+ thermal loads.

Boundary conditions are used to constrain portiohshe model to remain
fixed (zero displacements) or to move by a presdibamount (nonzero
displacements). In this study, the Figure 18 shloag boundary conditions were used
(shown with red colour on Figure 18) and Figure 8w load was applied as a

pressure of the interior part of the left ventrigdaown with red arrows on Figure 19).

Figure 18 Boundary conditions used on the left nelat
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Figure 19 Application of pressure of the interiartpof the left ventricle as a load

4.5 Statistical analysis

Analyzes were performed with a Statistica 6.1 (&t Inc., Maisons-Alfort,
France).

4.5.1 Descriptive statistics

A descriptive statistics was used to show the @esreharacteristics of the
three groups. Descriptive statistics generally asadculated separately for each
variable, and they provide such basic informatie the mean, minimum and
maximum values, different measures of variationya$i as data about the shape of
the distribution of the variable. The measuresvafiation included the standard
deviation, and the standard error. Numerous tektsv/fether the distribution of
variables follows the normal distribution are algmvided and in this study the

Kolmogorov-Smirnov was used.

4.5.2 Pearson correlation

Correlation is a measure of the relation betweem t&w more variables. The

measurement scales used should be at least intecadds, but other correlation
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coefficients are available to handle other typeslath. Correlation coefficients can
range from -1.00 to +1.00. The value of -1.00 repnés a perfect negative correlation
while a value of +1.00 represents a perfect pasitorrelation. A value of 0.00

represents a lack of correlation.

Pearson correlation assumes that the two variadresneasured on at least
interval scales, and determines the extent to whkalbes of the two variables are
"proportional” to each other. The value of correlat(i.e., correlation coefficient)
does not depend on the specific measurement useis; flor example, the correlation
between height and weight will be identical regesdl of whether inches and pounds,
or centimeters and kilograms are used as measuteanm#s. Proportional means
linearly related; that is, the correlation is higlit can be "summarized” by a straight

line (sloped upwards or downwards).

4.5.3 T-test for independent samples

The t-test is the most commonly used method to evaltiaedifferences in
means between two groups. For examplei-tiest can be used to test for a difference
in test scores between a group of patients who geen a drug and a control group
who received a placebo. Theoretically, titest can be used even if the sample sizes
are very small (e.g., as small as 10; some reseadaim that even smaller numbers
are possible), as long as the variables are noyrdatributed within each group and
the variation of scores in the two groups is nbabdy different. As mentioned before,
the normality assumption can be evaluated by lapkihthe distribution of the data
(via histograms) or by performing a normality t€sta the descriptive statistics
option). The equality of variances assumption candrified with the=-test (which is
included in thet-test output), or you can use the more robust Levest option (as
well as the Brown-Forsythe modification of thistje#f these conditions are not met,
then you can evaluate the differences in meansdagtiwo groups using one of the
nonparametric alternatives to thtest.

Thep-level reported with &test represents the probability of error involwed
accepting our research hypothesis about the existeh a difference. Technically
speaking, this is the probability of error assaaiatvith rejecting the hypothesis of no
difference between the two categories of obsermat{oorresponding to the groups) in

the population when, in fact, the hypothesis i®.trfBome researchers suggest that if
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the difference is in the predicted direction, yaun consider only one half (one "tail")
of the probability distribution and thus divide te@ndardp-level reported with &-
test (a "two-tailed" probability) by two. Otherspwever, suggest that you should

always report the standard, two-taitetgst probability.

In this study a studentest was used to evaluate the significance of idiffees
between groups when variables were normally distieidb with approximately equal

variations.

4.5.4 Multiple regression

The general purpose of multiple regression (the teas first used by Pearson,
1908) is to learn more about the relationship betwseveral independent or predictor
variables and a dependent or criterion variables possible to choose to analyze the
data using &tandard Forward stepwisgor Backward stepwiseegression method.
The popularForward stepwiseanethod evaluates the independent variables at each
step, adding or deleting them from the model bamediser-specified criteria as it
happened in this study also (STATISTICA Electromanual, Statistica 6.1, StatSoft,
Inc. 1984-2004). Sex differences were coded asr Infen and 2 for women in the
Statistica database created for this study.

All values are expressed as a mean + SD (stan@adtibns) unless otherwise

stated. Statistical significance was set at p $ @0 all tests.
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5. Results — Résultats

5.1 Most Trained Group (with training hours more thahrs per week):
5.1.1 Anthropometric and physiological data

Average age of this group was 50.0+5.0 years. Taearage height, weight
and body surface area were 176.0£6.0 cm, 72.04#4@.8nd 1.9+0.14 respectively.
Their body mass index was 23.3£2.2 which shows tiodtody suffered of obesity.
Their heart rate was 60.2+9.3 bpm that shows adaemy adaptation to exercise. This
phenomena is also callédadycardia,which indicates a resting heart rate lower than
60 beats/min (Feigenbaum et al., 2005). Their $igsamd diastolic blood pressure
was 123.4+14.3 mmHg and 75.5+12.4 mmHg respectividigne of the subjects
suffered from hypertension at the time of examorati

As for their training hours, they trained 9.9+2 &ubs per week and they had
training background 17.4+12.2 years.

5.1.2 Echo M-mode and Doppler measurements

As for the morphological signs the AOD and LADS &#49+6.1mm and
37.7£5.7mm respectively. The IVSD was 10.8+1.5mM|@D 50.1+5.0mm and the
PWD 10.4£1.5mm were respectively. The IVSS was #A24mm, LVIDS
30.7+4.2mm, PWS 17.6£2.7mm were, respectively. TW# is 235.2+54.0 g, the
LVM/BSA is 134.8+30.8 g/rh The diastolic signs are the following: E 0.8180rts,
A 0.62+0.12m/s and E/A 1.31+0.27. The systolic tiores were the following: AOV
1.15+0.16m/s and EF 76.5t7.2 %. The prevalence &f hypertrophy
(LVM/BSA>134 g/nf) in this group was 38% (Hildick-Smith et al., 2001

The functional parameters gave the following resu8V 98.9+33.4ml, CO
5.9+1.9 L, EDV 129.2+41.1ml and ESV 30.3£11.8ml.

These results are considered to be normal valgesdiag to the international

findings mentioned previously in this work.
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5.1.3 Doppler Tissue Imaging

As for their DTI values the results were the foliogt the Ea was 0.21+0.04
m/s, Aa was 0.16+0.03 m/s on the basal inferiol.\idleir Ea/Aa ratio was 1.42+0.4
on the same side. The Ea was 0.17+0.03 m/s, th8.2&+0.03 m/s on the middle
inferior wall. The Ea/Aa ratio was 1.22+0.3 on #@me side. The E/Ea was 5.05t1.7.

The descriptive statistics are presented in Table 3
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Table 3 Descriptive statistics of the Most Trainedsroup (MTG) (n=16) (SD, standard deviation)

Mean + SD
Anthropometric and physiological data
Age (yrs) 50.0 + 5.0
Height (cm) 176.0 + 6.0
Weight (cm) 72.0 + 10.0
BSA () 1.9 + 0.14
BMI (kg/m?) 23.3 + 2.2
Resting HR (pulse/min) 60.2 + 9.3
Sytolic BP (mmHg) 123.4 + 14.3
Diastolic BP (mmHg) 75.5 + 12.4
Duration of training (years) 17.4 + 12.2
Training intensity (hours/week) 9.9 + 2.0
Echo M-mode and Doppler measurements
AOD (mm) 34.9 + 6.1
LADS (mm) 37.7 + 5.7
IVSD (mm) 10.8 + 15
LVIDD (mm) 50.1 + 5.0
PWD (mm) 104 + 15
IVSS (mm) 14.2 + 2.4
LVIDS (mm) 30.7 + 4.2
PWS (mm) 17.6 + 2.7
E (m/s) 0.81 + 0.19
A (m/s) 0.62 + 0.12
IVRT (msec) 86.5 + 18.8
AQV (m/s) 1.15 + 0.16
E/A 1.31 + 0.27
LVM (g) 235.2 + 54.0
LVM/BSA (g/m?) 134.8 + 30.8
RWT 0.21 + 0.04
Functional data
EDV (ml) 129.2 + 41.1
ESV (ml) 30.3 + 11.8
EF (%) 76.5 + 7.2
SV (ml) 98.9 + 33.4
CO (L/min)) 5.9 + 1.9
Doppler Tissue measurements
Lateral Ea (m/s) 0.21 + 0.04
Lateral Aa (m/s) 0.16 + 0.03
Lateral Ea/Aa 1.42 + 0.40
Septal Ea (m/s) 0.17 + 0.03
Septal Aa (m/s) 0.14 + 0.03
Septal Ea/Aa 1.22 + 0.33
E/Ea 5.05 + 1.7
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5.2 Less Trained Group (with training hours less thams per week):
5.2.1 Anthropometric and physiological data

Average age of this group was 47.0£6.0 years. Ténedrage height, weight
and body surface area were 173.0+5.0 cm, 71.0+F.@nrd 1.9+£0.11 respectively.
Their body mass index was 23.7+2.2 which shows tiodtody suffered of obesity.
Their heart rate was 62.5+9.5 bpm that shows alatgy adaptation to exercise.
Their systolic and diastolic blood pressure was.2281 mmHg and 70.2t13.4
mmHg respectively. None of the subjects sufferemnfhypertension at the time of
examination.

As for their training hours, they trained 4.7+1 &ubs per week and they had
training background 8.3+£10.9 years.

5.2.2 Echo M-mode and Doppler measurements

As for the morphological signs the AOD and LADS &26+3.9mm and
34.8+3.0mm respectively. The IVSD 10.5£2.0mm, LVIZB.8+5.4mm and the PWD
9.9+2.1mm were respectively. The IVSS was 16.6+835mVIDS 28.1+4.6mm,
PWS 17.1+3.1mm were respectively. The LVM is 194®2 g, the LVM/BSA is
114.1+24.6 g/h The diastolic signs are the following: E 0.778nis, A
0.63+0.14m/s and E/A 1.25+0.31. The systolic funtsi were the following: AOV
0.93+0.2m/s and EF 76.9+10.0 %. The prevalence of hypertrophy
(LVM/BSA>134 g/nf) in this group was 15% (Hildick-Smith et al., 2001

The functional parameters gave the following resuV 82.2+29.3ml, CO
5.2+2.1 L, EDV 106.0£35.2ml and ESV 23.8+11.23ml.

These results are considered to be normal valgesdiag to the international

findings mentioned previously in this work.

5.2.3 Doppler Tissue Imaging

As for their DTI values the results were the follogt the Ea was 0.23+0.03
m/s, Aa was 0.18+0.04 m/s on the basal inferiol.\idleir Ea/Aa ratio was 1.35+0.4
on the same side. The Ea was 0.19+0.04 m/s, th8.2&+0.03 m/s on the middle
inferior wall. The Ea/Aa ratio was 1.24+0.3 on #@me side. The E/Ea was 4.21+1.2.
The descriptive statistics are presented in Table 4
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Table 4 Descriptive statistics of the Less Trained Group (ILG) (n=13) (SD, standard deviation)

Mean + SD
Anthropometric and physiological data
Age (yrs) 50.0 + 6.0
Height (cm) 173.0 + 5.0
Weight (cm) 71.0 + 7.0
BSA () 1.9 + 0.11
BMI (kg/m?) 23.7 + 2.2
Resting HR (pulse/min) 62.5 * 9.5
Sytolic BP (mmHg) 120.2 + 9.1
Diastolic BP (mmHg) 70.2 * 13.4
Duration of training (years) 8.3 + 10.9
Training intensity (hours/week) 4.7 + 15
Echo M-mode and Doppler measurements
AOD (mm) 32.6 + 3.9
LADS (mm) 34.8 + 3.0
IVSD (mm) 10.5 + 2.0
LVIDD (mm) 46.8 + 5.4
PWD (mm) 9.9 t 2.1
IVSS (mm) 16.6 * 35
LVIDS (mm) 28.1 * 4.6
PWS (mm) 171 * 3.1
E (m/s) 0.77 * 0.18
A (m/s) 0.63 + 0.14
IVRT (msec) 78.7 + 20.4
AQV (m/s) 0.93 + 0.20
E/A 1.25 + 0.31
LVM (g) 194.9 + 46.2
LVM/BSA (g/m?) 1141 + 24.6
RWT 0.21 * 0.06
Functional data
EDV (ml) 106.0 + 35.2
ESV (ml) 23.8 * 11.2
EF (%) 76.9 * 10.0
SV (ml) 82.2 * 29.3
CO (L/min)) 5.2 + 2.1
Doppler Tissue measurements
Lateral Ea (m/s) 0.23 + 0.03
Lateral Aa (m/s) 0.18 * 0.04
Lateral Ea/Aa 1.35 * 0.37
Septal Ea (m/s) 0.19 * 0.04
Septal Aa (m/s) 0.16 * 0.03
Septal Ea/Aa 1.24 * 0.30
E/Ea 4.21 * 1.2
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5.3 Non Trained Group (sedentary group):
5.3.1 Anthropometric and physiological data

Average age of this group was 49.0+4.0 years. Ténedrage height, weight
and body surface area were 168.0+10.0 cm, 66.044@.8nd 1.8+0.2 respectively.
Their body mass index was 23.3£2.9 which shows tiodtody suffered of obesity.
Their heart rate was 74.5+11.3 bpm. Their systahd diastolic blood pressure was
122.9+9.4 mmHg and 70.4+7.8 mmHg respectively. Nohé¢he subjects suffered
from hypertension at the time of examination.

As for their training hours, they were not trairegdhe time of examination and
they were not following any organized training mam or free time activity in their

lifetime.

5.3.2 Echo M-mode and Doppler measurements

As for the morphological signs the AOD and LADS &27+5.2mm and
29.845.5mm respectively. The IVSD 9.1+2.0mm, LVIBEIB.4+5.0mm and the PWD
9.2+1.6mm were, respectively. The IVSS was 13.7m81] LVIDS 27.9+5.0mm,
PWS 16.6+2.8mm were, respectively. The LVM is 163204 g, the LVM/BSA is
102.9420.4 g/h The diastolic signs are the following: E 0.778nis, A
0.68+0.14m/s and E/A 1.16%£0.2. The systolic funttiovere the following: AOV
1.05£0.14m/s and EF 77.149.2 %.

The functional parameters gave the following resu8V 79.4+26.2ml, CO
5.7+2.0L, EDV 103.3£32.4ml and ESV 23.8+14.3ml.

These results are considered to be normal valggsdiag to the international

findings mentioned previously in this work.

5.3.3 Doppler Tissue Imaging

As for their DTI values the results were the foliogt the Ea was 0.22+0.04
m/s, Aa was 0.18+0.04 m/s on the basal inferiot.\Waleir Ea/Aa ratio was 1.22+0.26
on the same side. The Ea was 0.17+0.03 m/s, th8.2¢+0.03 m/s on the middle
inferior wall. The Ea/Aa ratio was 1.09+0.21 on teame side. The E/Ea was
4.73+1.1. The descriptive statistics are presemdable 5.
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Table 5 Descriptive statistics of the Non Trained @up (NTG) (h=16) (SD, standard deviation)

Mean + SD
Anthropometric and physiological data
Age (yrs) 49.0 + 4.0
Height (cm) 168.0 + 10.0
Weight (cm) 66.0 + 12.0
BSA () 1.8 + 0.20
BMI (kg/m?) 23.3 + 2.9
Resting HR (pulse/min) 74.5 * 11.3
Sytolic BP (mmHg) 122.9 + 9.4
Diastolic BP (mmHg) 70.4 + 7.8
Duration of training (years) 0.9 * 3.8
Training intensity (hours/week) 0.2 * 0.8
Echo M-mode and Doppler measurements
AOD (mm) 32.7 + 5.2
LADS (mm) 29.8 + 5.5
IVSD (mm) 9.1 + 2.0
LVIDD (mm) 46.4 + 5.0
PWD (mm) 9.2 + 1.6
IVSS (mm) 13.7 + 3.1
LVIDS (mm) 27.9 + 5.0
PWS (mm) 16.6 + 2.8
E (m/s) 0.77 + 0.15
A (m/s) 0.68 + 0.14
IVRT (msec) 79.4 + 10.6
AQV (m/s) 1.05 + 0.14
E/A 1.16 + 0.20
LVM (g) 167.0 * 52.4
LVM/BSA (g/m?) 102.9 * 20.4
RWT 0.20 + 0.04
Functional data
EDV (ml) 103.3 * 32.4
ESV (ml) 23.8 + 14.3
EF (%) 77.1 + 9.2
SV (ml) 79.4 + 26.2
CO (L/min)) 5.7 + 2.0
Doppler Tissue measurements
Lateral Ea (m/s) 0.22 + 0.04
Lateral Aa (m/s) 0.18 + 0.04
Lateral Ea/Aa 1.22 + 0.26
Septal Ea (m/s) 0.17 + 0.03
Septal Aa (m/s) 0.16 + 0.03
Septal Ea/Aa 1.09 + 0.21
E/Ea 4.73 + 11
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Table 6 Summary of Descriptive statistics among thehree groups

MTG LTG NTG

Mean =+ SD Mean = SD Mean SD
Anthropometric and physiological data
Age (yrs) 50,2 + 4,8 46,9 + 6,1 49,3 + 4,0
Height (cm) 176,1 + 6,2 1735 + 5,( 168,3 + 9,8
Weight (cm) 72,3 + 9,6 71,3 + 7.4 66,5 + 12,3
BSA (n?) 1,9 + 0,14 1,9 + 0,11 1,8 + 0,20
BMI (kg/m?) 233 £ 22 23,7 22 233 £ 29
Resting HR (pulse/min) 60,2 * 9,3 62,5 * 96 74,5 #1,3
Sytolic BP (mmHg) 1234 + 143 1202 + 91 1229 +94
Diastolic BP (mmHg) 755 £ 124 70,2 + 134 704 7,8
Duration of training (years) 17,4 + 12p 8,3 + 10,9 0,9 + 3,8
Training intensity (hours/week) 9,9 + 2,0 4,7 + 155 0,2 + 0,8
Echo M-mode and Doppler measurements
AOD (mm) 349 + 61 326 + 39 327 + 52
LADS (mm) 37,7 + 57 348 + 3,0 298 + 55
IVSD (mm) 108 + 15 105 + 20 9,1 + 20
LVIDD (mm) 50,1 + 50 46,8 + 54 46,4 * 50
PWD (mm) 104 + 15 9,9 + 21 9,2 + 16
IVSS (mm) 142 + 24 166 + 3,5 13,7 + 31
LVIDS (mm) 30,7 + 4.2 28,1 + 46 279 £ 50
PWS (mm) 176 + 27 171 + 31 166 + 28
EV (m/s) 081 + 0,19 077 + 018 077 + 0,15
AV (m/s) 062 + 0,12 063 + 0,14 068 + 0,14
IVRT (msec) 86,5 + 18,8 78,7 + 204 794 + 106
AOV (m/s) 1,15 + 0,16 093 + 0,2 105 + 0,14
E/A 1,31 + 0,27 125 + 0,31 1,16 + 0,20
LVM (g) 2352 + 540 1949 + 46,32 1670 <+ 524
LVM/BSA (g/m?) 1348 + 30,8| 114,1 + 244 1029 + 204
LVM/height (g/nf" 516 + 142 438 + 95 404 + 93
Functional data
EDV (ml) 1292 + 41,11 129,2 + 35, 1033 + 324
ESV (ml) 30,3 + 11,8 30,3 £+ 11, 238 + 143
EF (%) 765 + 72 76,5 + 10, 771 £ 9.2
SV (ml) 98,9 + 334 989 + 29, 794 £ 26,2
CO (L/min)) 5,9 + 19 59 + 21 5,7 + 20
Doppler Tissue measurement
Lateral Ea (m/s) 021 + 0,0 021 + 003 022 + 40,0
Lateral Aa (m/s) 0,16 + 00 0,16 + 0,04 0,18 + 40,0
Lateral Ea/Aa 1,42 + 04 1,42 + 037 1,22 + 0,26
Septal Ea (m/s) 0,17 + 0,0 017 + 004 017 <+ 0,03
Septal Aa (m/s) 0,14 + 00 0,14 + 0,03 0,16 + 0,03
Septal Ea/Aa 122 + 0,3 122 + 0,30 1,09 + 0,21
E/Ea 505 + 17 505 + 1, 473 + 141

79



RESULTS

5.4 Results of the T-test for impaired data on therddtend septal velocity by

Doppler Tissue Imaging
5.4.1 Most Trained Group

There was a significant difference between therdat&€a and septal Ea
(0.21m/s vs. 0.17 m/s). There was no significaffecence between the lateral Aa and
septal Aa even though on the lateral side the Ask peas higher. Considering the
Ea/Aa ratio on the lateral and septal side, therddiside showed a higher ratio (1.42
vs. 1.22) (Figure 20).

T-test impaired data between the lateral and septdDTI measurements in the MTG
2,0
1,8 -

1,6

1,4 1

12 4
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O DTI septal

1,0 4

0,8 -
0,6

04+ * p<0.05

0,2

NN S N

Lateral Ea vs Septal Ea Lateral Aa vs Septal Aa Lateral Ea/Aa vs Sept
Ea/Aa

DN\
i

Figure 20 T-test paired data in the MTG

5.4.2 Less Trained Group

There was a significant difference between therdat&€a and septal Ea
(0.23m/s vs. 0.19 m/s). There was no significaffedince between the lateral Aa and
septal Aa even though on the lateral side the Ask peas higher. Considering the
Ea/Aa ratio on the lateral and septal side, therddiside showed a higher ratio (1.35
vs. 1.24) (Figure 21).
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T-test impaired data between the lateral and septdDTI measurments in the LTG
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Figure 21 T test for paired data in the LTG

5.4.3 Non Trained Group

There was a significant difference between therdat&a and septal Ea
(0.22m/s vs. 0.17 m/s). There was also a signifideference between the lateral Aa

and septal Aa (0.18m/s vs. 0.16m/s). ConsideriegBh/Aa ratio on the lateral and

septal side, the lateral side showed a higher (atk2 vs. 1.09) (Figure 22).
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T-test impaired data between the lateral and septaDTl measurements in the NTG

A DTl lateral
@ DT septal

*p<0.05 *p<0.05
-
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Figure 22 T test for paired data in the NTG

5.5 Results of the T-test for impaired data on trainingckground, morphologic

data, diastolic function and DTI

The groups were comparable for age (50.2+4.8 y8s9#6.1 yrs, 49.2+4.0
yrs), body surface area (1.88+0.14, 1.85+0.1, 1075#nf) and blood pressure
(123.4+14.3/75.5£12.4 mmHg, 120.1+9.1/70.1+13.35 Hhgm 122.9+9.4/70.4+7.7
mmHg) respectively (MTG-LTG-NTG) (Table 6).

5.5.1 T-test for the MTG-LTG groups

Significant differences were found in the followingriables: training intensity
(9.9+£1.9 vs. 4.6£1.4 hrs; p<0.05), IVSS (14.2+23 ¥©6.5+3.5 mm; p<0.04), AOV
(2.1+0.2 vs. 0.9+0.2 m/s; p<0.008) and LVM (235.24£bvs. 194.9+46.1 g; p<0.04)
respectively. Even though the difference was nghicant, the MTG showed less
HR compared to the LTG (60.2+9.3 vs. 62.4+9.5 bpamd showed higher values
among the following variables: duration of traini(y7.4+12.15 vs. 8.33£10.9 yrs),
LADS (37.745.7 vs. 34.8+¢3.0 mm), IVSD (10.8+1.5 vK).5+1.9 mm), LVIDD
(50.1+5.0 vs. 46.845.3 mm), PWD (10.4+1.5 vs. 9.8+7m), E (0.81+0.2 vs.
0.77+0.2 m/s), E/A (1.3+0.3 vs. 1.240.3), LVM/BSA34.8+30.8 vs. 114.1+24.6
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g/m?), LVM/height (51.6+14.2 vs. 43.8+9.5 gftf), EDV (129.2+41.0 vs.106.0+35.2
ml), SV (98.9+33.4 vs. 82.1+29.3 ml), lateral EafAa42+0.4 vs.1.35+0.4).

5.5.2 T-test for the MTG-NTG groups

Significant differences were found in the followingriables: HR (60.2+9.3
vS.74.5+11.2 bpm; p<0.0007), duration of trainirky.4+12.1 vs. 0.9+3.7 years),
training intensity (9.9£1.9 vs. 0.2+£0.7 hrs), LAR&/.7+5.7 vs. 29.8+5.5 mm), IVSD
(10.8+1.4 vs. 9.0+2.0 mm), LVIDD (50.1+5.0 vs. 464499 mm), PWD (10.4£1.5 vs.
9.241.6 mm), LVM (235.2+54.0 vs. 167.0+52.4 g), LYBBA (134.8+30.1 vs.
102.9+20.4 g/f), LVM/height (51.6+14.2 vs. 40.4+9.3 g?f), DTI A lat (0.16+0.03
vs. 0.18+0.03 m/s) respectively. Even though tHéemince was not significant the
MTG had higher values compared to the NTG amongfaliewing variables: E
(0.81+0.2 vs. 0.77+0.1 m/s), E/A (1.3+0.3 vs. 1.230 EDV (129.2+41.0 vs.
103.3+32.3 ml), SV (98.9£33.4 vs. 82.1+29.3 ml)tetal Ea/Aa (1.42+0.4 vs.
1.22+0.3), septal Ea/Aa (1.22+0.3 vs. 1.09+0.2).

5.5.3 T-test for the LTG-NTG groups

Significant differences were found in the followingriables at p<0.05: HR
(62.4+9.5 vs.74.5+11.2 bpm), duration of training3¢10.9 vs. 0.9+3.7 years),
training intensity (4.7+1.5 vs. 0.2+0.7 hrs), LADR®1.8£3.0 vs. 29.845.5 mm), IVSS
(16.5+£3.5 vs. 13.6+£3.1 mm) respectively. Even thoupe difference was not
significant the LTG had higher values comparedhi® NTG among the following
variables: IVSD (10.5£1.9 vs. 9.0£2.0 mm), EDD .@¥5.4 vs. 46.4+4.9 mm),
9.8+2.0 vs. 9.2+1.6 mm), E/A (1.2+0.3 vs. 1.2+0.2s)n LVM (194.9+46.2 vs.
167.0452.4 g), LVM/BSA (114.1+24.6 vs. 102.9+20/4n9, LVM/height (43.8+9.5
vs. 40.4+9.3 g/f), EDV (105.9+35.2 vs. 103.3+32.3 ml), SV (82.2:2%s.
79.5£26.2 ml), lateral Ea (0.23+0.03 vs. 0.22+01@4s), lateral Ea/Aa (1.35+0.4
vs.1.22+0.3), septal Ea/Aa (1.24+0.3 vs. 1.09£0.2).
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Table 7 T-test for impaired data between the threeexamined groups (p<0.05 were considered
statistically significant)

T-test for independent samples

MTG-LTG MTG-NTG LTG-NTG

Anthropometric and physiological data

Age (yrs) 1 1 !

Height (cm) T 1
Weight (cm) 1 1 1

BSA (nT) 1 1 1

BMI (kg/m?) ! 1 )
Resting HR _(pulse/min) !
Sytolic BP (mmHg) 1 1 l

Diastolic BP (mmHg) 1 1 l

Duration of training (years) 1 1 p<0.000 1 p<0.02
Training intensity (hours/week) 1 p<0.05 1 p<0.000 1 p<0.000
Echo M-mode and Doppler measurements

AOD (mm) 7 1 !
LADS (mm) 1 1 p<0.0004 1
IVSD (mm) 1 1 p<0.008 1
LVIDD (mm) 0 1 p<0.009 0
PWD (mm) 1 1 p<0.01 1
IVSS (mm) <0.04 <0.03
LVIDS (mm) 1 1 1
PWS (mm) 7 7 7
EV (m/s) 1 1 >
AV (m/s) ! ! !
IVRT (msec) 1 1 !
AOV (m/s) 1 !
E/A 0
LVM (g) 1 p<0.04 1 p<0.001 0
LVM/BSA (g/m?) 1 p<0.002 0
LVM/height (g/nf") 1 p<0.003 0
RWT 0
Functional datas

EDV (ml) ) 1 )
ESV (ml) ) 1 )
EF (%) ! ! !
SV (ml) ) 1 )
CO (L/min) 1 1 !
Doppler Tissue measurements

Lateral Ea (m/s) l ! 1
Lateral Aa (m/s) l N
Lateral Ea/Aa 1 1 1
Septal Ea (m/s) l > 1
Septal Aa (m/s) l ! >
Septal Ea/Aa l 1 1
E/Ea 0 1 !

1 the value of the first group is higher compareth®second group
| the value of the first group is less comparedtogecond group
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5.6 Correlation

5.6.1 Correlation in the overall population

Table 8 Correlation between anthropometric, physiabgic, echo Mmode, Doppler and Dopplet
Tissue measurements in the overall group (Correlatins level of significance is marked at p < 0.05)

Age BSA Sex Resting HR Duration of ;::; 2'3?3/
(yrs) (m2) (pulse/min) training (yrs) (hrsiweek)
—---——-
LADS (mm) 0.04 0.64 -0.59 -0.26
—---——-
LVIDD (mm) 0.07 0.21 -0.29 -0.24
—---——-
-0.44  0.07 0.01 -0.05
—---——-
IVRT (msec) 0.15 0.07 0.06
—---——-
LVM (g) 0.36 0.52 -0.52
—---——-
LVM/height (g/m2.7) 0.33 0.20 -0.27 -0.39
—---——-
Lateral Ea (m/s) -0.35 -0.34 0.01 -0.05
—---——-
Lateral Ea/Aa -0.12 -0.17 -0.13 -0.13

Septal Aa (m/s) -0.12 -0.03 0.09

E/Ea -0.07v 028 -0.06 -0.14

In the overall population age related to IVSD, PWBWVS (r=0.33, r=0.37,
r=0.41); E, E/A (r=-0.44, r=-0.41); LVM, LVM/BSA, YM/height (r=0.36, r=0.35,
r=0.36); lateral Ea, septal Ea (r=-0.35, r=-0.3&¥pectively at p<0.05. Sex was
negatively related almost all the morphologic pagters at p<0.05, except LVIDD,
LVIDS, LVM/height and was not related to any fuoctal parameters, such as
diastolic function and Doppler Tissue measuremedresting HR was related to the
following morphologic parameters: AOD, IVSD, PWD/AE LVM, LVM/BSA,
LVM/height (r=-.0.38, r=-0.49, r=-0.32, r=-0.31,-6:50, r=-0.44, r=-0.44, r=-0.39)
respectively. As for the duration of training, iasvrelated to AOD, LADS, LVIDD,
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LVIDS, LVM, LVM/BSA, LVM/height, septal Ea/Aa (r=@7, r=0.33, r=0.42, r=0.47,
r=0.37, r=0.44, r=0.38, r=0.49). Finally, the thaip intensity was related to LADS,
IVSD, LVIDD, LVIDS, LVM, LVM/BSA, LVM/height (r=0.53, r=0.35, r=0.38,
r=0.30, r=0.54, r=0.52, r=0.46) respectively (Tab)e

In the overall population the correlation betweearphologic variables and
Doppler Tissue variables showed the following ressuhe LVIDD and EDV were
related only to septal Aa (r = -0.36, p<0.05 ard-0.39, p<0.01) (Figure 23) and age
was related to lateral Ea (r=-0.35, p<0.05) andadéfa (r=-0.31, p<0.05).

Septal Aa =,24779 - ,0020 * LVIDD

Correlation: r =-,3391
0,24 .

0,22
0,20 b
0,18
0,16 }

0,14 ¢

Septal Aa

0,12t

0,10 +

0,08 | o 1

o6 L—o
36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
LVIDD |\95% of confianc*a

Figure 23 Correlation between LVIDD and septal Adhie overall group

As for the intragroup correlations between morppmariables and Doppler

Tissue variables, the results were the following.

5.6.2 Correlation in the Most Trained Group

In the MTG the LVIDD and EDV were related only tepgal Aa (r = -0.53,
p<0.04 and r = -0.53, p<0.05) (Figure 24).
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Septal Aa =,32296 - ,0036 * LVIDD
Correlation: r =-,5253
0,24 T T T

0,22 f
0,20 +
0,18 f

0,16 +

Septal Aa

0,14 F
0,12}
0,10

0,08 f

0,06 R S D S S
38 40 42 44 46 48 50 52 54 56 58 60 62 64
LVIDD |\95% of confianc*a

Figure 24 Correlation between LVIDD and septal Adhe MTG group

5.6.3 Correlation in the Less Trained Group

No significant correlation found between DTI andrptwlogic variables.

5.6.4 Correlation in the Non Trained Group

In the NTG the LVIDD and EDV were related only teptal Ea (r = -0.57,
p<0.05 and r = -0.55, p<0.05) (Figure 25).
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Septal Ea =,30960 - ,0031 * LVIDD

Correlation: r =-,5652
0,24

0,22

0,20 ¢

0,18 f

Septal Ea

0,16 +

0,14 ¢

0,12 +

0,10 - - - - - - - - -
3 38 40 42 44 46 48 50 52 54 56

LVIDD | o 95% of confianc*a

Figure 25 Correlation between LVIDD and septal iEthe NTG

5.7 Stepwise, forward multiple regression

Stepwise, forward multiple regressions were peréatito learn more about the
relationship between several independent predicoables and a dependent variable.
Therefore, morphologic variables such as resting HXDS, IVST, LVIDD, LVIDS,
PWT, LVM; DTI were chosen in the overall populatidhis assumed in multiple
regression that the residuals are distributed nibyntaerefore the following variables
were entered: age, sex, training intensity, dunatibtraining were included into the
model as potential determinants to allow a resesrdh ask:"What is the best
predictor of a chosen variable?”

Resting heart rate was independently associatddteatintensity of training3(
=-0.37, p<0.03); duration of training was the omlgependent predictor of LVIDD
and LVIDS (3=0.36, p<0.03 an=0.47, p<0.002; respectively). Age and sex was
independently associated with PWF=0.33, p<0.03$=-0.31, p<0.04; respectively).
LADS was independently associated with sex and tauraof training (=-0.48,
p<0.002; p=0.26, p<0.08). Finally, LVM was independently asated with the
intensity of training, age and sef=0.36, p<0.02$=0.28, p<0.08=-0.31, p<0.04,
respectively).

Age was the only independent predictors of latétal 3=-0.35, p<0.03).

However, age {=-0.32, p<0.04) and duration of trainin=0.47, p<0.02) were
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independently associated with septal Ea. As fordberal and septal Aa, none of the
chosen variables showed an association with themn ¢hough the duration of

training showed a negative, non significant assmriaon these variables.

5.8 Results on the Finite Element Analyzis
5.8.1 Stress of von Mises

Stress is the internal distribution of force peit @mea that balances and reacts
to external loads applied to a body. It is a seemmtdr tensor with nine components,
but can be fully described with six components twuesymmetry in the absence of
body moments. Stress is often broken down intghtsar and normal components as
these have unique physical significance
(http://len.wikipedia.org/wiki/Stress_%28physics%29)

Von Mises stress@ v is a scalar function of the components of thesstre
tensor that gives an appreciation of the overadignitude' of the tensor. This allows
the onset and amount of plastic deformation undexial loading to be predicted

from the results of a simple uniaxial tensile {gstdini et al., 2003).

In 3D, the Mises stress can be expressed as:

i _‘/(m—az}? - (02 — 03)% + (03 — 1)’
- S 2

Whereoi,06,,03 are the principal stresses. In 1-D, this reducethé uniaxial

stress.

Or, in terms of a local coordinate system:

| |_1

i 21 V2 \2 e -1
0, = ” U0z — 0y + 0y — 02)° + {0 — 0 )* +6(75, + 7, +

Iw...-'-|

(http://en.wikipedia.org/wiki/Von _Mises_strgss
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5.8.1.1 Stress of Von Mises in the Non Trained Group

Figure 26 Stress of Von Mises with a Young’'s moduix0.3 MPa (which is a measure of the stiffness

of a given material) and a Poisson’s rati®.49 at t=0 msec in the NTG

The LV wall is hypothesized to be stress free @trissec in the NTG.

Farie, Fadidd |keaws 2"dcd] 2067

Figure 27 Stress of Von Mises with a Young’'s modufix0.3 MPa (which is a measure of the stiffness

of a given material) and a Poisson’s rati®).49 at t=0.12 msec in the NTG
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The stress is maximal at the apex, decreasestfierapex toward the base of
the heart and decreases from the endocardium tawarepicardium at t=0.12 msec in

the NTG.

136237 Sarin, Hadrid (heurs d'écé] 2007

Figure 28 Stress of Von Mises with a Young’'s modufir0.3 MPa (which is a measure of the stiffness
of a given material) and a Poisson’s rati®.49 at t=0.24 msec in the NTG

The stress has its highest value at the apex taihe devel of septal and lateral

valves, and increases from the endocardium towsdepicardium at t=0.24 msec in

the NTG.
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5.8.1.2 Stress of Von Mises in the Most Trained Group

Yarmom 2. 571 Wed Jum 17 14 43 Faziz, Hwdzid (Tauze d'écd)

o ol Passor; H3 D0D-HD

Figure 29 Stress of Von Mises with a Young’'s modufir0.3 MPa (which is a measure of the stiffness
of a given material) and a Poisson’s rati®.49 at t=0 msec in the MTG

The LV wall is hypothesized to be stress free atrtssec in the MTG.
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Figure 30 Stress of Von Mises with a Young’'s modufir0.3 MPa (which is a measure of the stiffness
of a given material) and a Poisson’s rati®.49 at t=0.12 msec in the MTG
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The stress is maximal at the apex, decreasestfierapex toward the base of
the heart, except on the septal side, where tsema increase of the stress at the level
of aortic valves. There is also an increases frdva éndocardium toward the

epicardium at t=0.12 msec in the MTG.

170 Faris, Hadrid (beure 4"@el 2007

Figure 31 Stress of Von Mises with a Young’'s modufir0.3 MPa (which is a measure of the stiffness

of a given material) and a Poisson’s rati®.49 at t=0.24 msec in the MTG

The stress has its highest value at the levebdifcavalves on the septal side
and at the level of mitral valves on the lateraesiThere is an increases from the

endocardium toward the epicardium all along thewall at t=0.24 msec in the MTG.

5.8.2 Strain

Strain is the geometrical expression of deformatansed by the action of
solicitation of external pressure on a physical yoo8train is calculated by first
assuming a change between two body states: tharbegistate and the final state.
Then the difference in placement of two points lis tbody in those two states
expresses the numerical value of strain. Strairetbee expresses itself as a change in
size and/or shape (http://en.wikipedia.org/wiki&sitr %28materials_science%29
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The (relative) strairg, is given by:

e=of
o

(3)

Whereg is strain in measured directiofy, is the original length of the material

and{ is the current length of the material.

5.8.2.1 Strain in the Non Trained Group

r: +1.000e+00

Figure 32 Strain of the left ventricle at t=0.0 mgethe NTG

This stimulation showed that at time=0.0 msec tteximal principal strain
(Emax) is the largest at the middle of the lefttvienlar wall and smaller at the level

of the septum while the apex remains static.
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‘aris, Madrid (heure d'été)

Figure 33 Strain of the left ventricle at t=0.12amén the NTG

As for time=0.12 msec, just in the middle of theaogrdial contraction, the
Emax is the largest at the apex, then it is in@ead the middle of the left ventricular
wall and the smallest at the basal level. The deddion takes place from the
endocardial muscle fibers toward the epicardial cleufibers. The lateral and septal
basal parts move toward each other, so does thelemd the left ventricular wall and

septum, while the apex remains quasi static.

ris, Madrid (heure d'é&té

Figure 34 Strain of the left ventricle at t=0.24ems$n the NTG
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Finally, at time=0.24 (end-systolic phase), thet@mtion took place, the Emax
is growing from the apex toward the basal levethef lateral and septal side of the left
ventricle at the level of the mitral valves throutje myocardium and seems to be the
same among the endocardial muscle fibers and ejatanuscle fibers. Interestingly,
there is an augmentation of the Emax at the lef/¢h® septal side, just above the

origin of the aortic valve.

5.8.2.2 Strain in the Most Trained Group

ris, Madrid (heure 4'

or: +1.000=+00

Figure 35 Strain of the left ventricle at t=0.0 mgethe MTG

This stimulation showed that at time=0.0 msec treximal principal strain
(Emax) is about the same all along of the left siealar wall while the apex remains

static.
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Paris, Madrid (heure d'écé)

Figure 36 Strain of the left ventricle at t=0.12em$n the MTG

As for time=0.12 msec, in the middle of the myo@rdontraction, the Emax
is the largest at the apex and getting smaller fitoimward the lateral and septal side
of the left ventricle and compared to the NTG tl&vation takes places somehow
slower among the left ventricular wall. The middiethe left ventricular wall and
septum moves toward each other while the apex msligigly toward the basal part

of the heart.

ris, Madrid (heure d'écé)

Figure 37 Strain of the left ventricle at t=0.24em$n the MTG
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At time=0.24 msec, the full contraction takes plaitee wall of the heart is
contracted all along the left ventricle. At thim& it can be clearly seen compared to
the NTG, how the deformation passed through from éhdocardium toward the
epicardium. Interestingly, there is an accumulatwdrstrain at the septal and basal
sides at the level of the mitral valves, just likehe case of the NTG, even though in

this case is more evident on both sides.
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6. Discussion — Discussion

The normal aging process is known to be associaitttda decline in cardiac
performance, often manifested as impaired left neulaar diastolic function, with
little or no change in systolic performance. Spealfy in diastole, left ventricular
relaxation slows and the peak rate of early ragidd decreases, whereas the relative
late atrial filling of the left ventricle increas@sth age. However, it seems that with
regular moderate- to high intensity endurance eserraining this aging process can

be slowed down and even aged athletes can indudiacadaptations.

6.1 Echo M-mode and Doppler measurements
6.1.1 The left atrium

The left atrium serves as both a reservoir andraluiv for passage of blood
from the pulmonary veins to the left ventricle aasl a contractile chamber that
augments left ventricular filling. Moreover, somedies showed that the left atrium
(LA) contribute up to 30% of left ventricular filg and cardiac output (Thomas et al.,
2003). One of the most interesting finding of thierk was the difference shown
between the three examined groups considering WS where the MTG and LTG
had a more increased but non pathologic left atrgime €40 mm). This result is
similar to the finding of Giada et al., 1998, whéney found a significant increase of
left atrium size only among elderly amateur cyc(astjed between 50 to 65 years)
compared to young amateur cyclist (aged betweeto 2% years) and Pellicia et al.,
2005 where they showed also among 1,777 competdiidetes that in a large
population of highly trained athletes, enlarged ditnension=40 mm was relatively
common, with the upper limits of 45 mm in women &@mm in men distinguishing
physiologic cardiac remodeling from pathologic ¢acdconditions. There had been
numerous articles that described thanks to traitivege is an augmentation of the
VOo,max (Ehsani et al.,, 1991; Giada et al., 1998) andke volume that highly
correlated with the changes in plasma volume, ngaltams training induced increase
one of the most significant training effects (Wilracet al., 2004) which means that

more blood arrives toward the LA, therefore thigtdition can be explained by this
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factor. It has been shown also that the strengthtradl contraction, like the ventricle,
is a direct function of preload and that atrial éymm is limited by the afterload
against which it ejects (Thomas et al., 1991). Tasrat al., 2003 demonstrated that
pulsed wave Doppler Tissue Imaging can be usedtimate global atrial contraction
and colour Doppler Tissue Imaging can be used tiimate segmental atrial
contraction in normal subjects in sinus rhythm itwo groups: Group A<50years and
Group B>50 years.The A velocity was noted to increase with age wathsignificant
difference between groups. The peak mitral A waseaity, mitral A wave velocity
time integral, atrial fraction and atrial ejectitorce significantly increased with age,
even though no significant changes were noted irsiz& or parameters of pulmonary
atrial flow reversal with ageing which might be &iped with the fact that they were
examining healthy, but non athletic people. Thiggmimean that the total atrial
emptying volume remains unchanged, the active emgtyolume is increased in
compensation for the decreased volume transfes fdssible increase in active atrial
emptying volume was reflected by the decrease ak pevelocity through a dilatation
of the LA in this study (Toutouzas et al., 1996¢sklies, there had been few works
which were interested in the physiologic approathhe LA and they were mostly
based on the anatomic recordings.

It can be hypothesized that there is a “physiol@gictinuum” considering the
athlete’s heart even in this age group which mélamslilatation of the atrium to allow
a better filling of the left ventricle mostly dugrexercise and an improvement of the
aerobic performance and can be considered as physicadaptations to training
(Erol et al., 2001; Pellicia et al., 2005; Kasilglw et al., 2006). Moreover, increased
vagal tone produces a negative inotropic effectirdiac myocytes, thus the lower Aa

might be explained by this fact.

6.1.2 Resting heart rate

As expected, resting heart rate was lower in badinéd group (MTG and
LTG) compared to the control group (NTG) and tharsspent with training seems to
influence the best this variable (Nottin et al.020Meyer et al., 2007), while the years
spent with training doesn’t seem to have a strdfegieon resting heart rate.
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6.1.3 Hypertrophy of the left ventricle

Cardiac enlargement in response to long term trginvas first described a
century ago and was considered to be a purely plogscal response. Much later, the
theory was developed that left ventricular hypetrp is a part of a continuum and
that transition from the early (physiological) ttd (pathological) forms can occur.
Nowadays they suggest that the development of Jefitricular hypertrophy is
multifactorial, but most authors continue to bediethat athletic left ventricular
hypertrophy is a purely physiologic condition (Hdk-Smith et al., 2001). Although
the effects of training on cardiovascular functase relatively well described in young
subjects, little is known regarding the changes ticaur with training in middle aged
subjects, and it has only been proved not long tige that even older subjects can
adapt to exercise training. The elements that esertbing the best the changes of the
left ventricle are the IVST, the LVIDD and the PWT.

Moreover, the law of Laplace says that wall tensba sphere is proportional
to the radius of the sphere and the pressure wiith&s for the athletic performance,
two types of overload exist, one is called presswerload that is more evident among
strength trained athletes and manifest with thaeese of septal and free wall
thickness to normalize wall stress and volume oaetlthat is more evident among
endurance trained athletes and manifest with tbease of LVID with a proportional
increase in septal and free wall thickness. Thetlysmerally responds to most athletic
disciplines in a manner similar to volume loadimgcreases cavity size, and wall
thickness are appropriate compensatory mechanisid(€ al., 1984; Di Bello et al.,
1993).

Among most of the athletes (MTG and LTG group) 8D is normal or a
little bit higher than the normal values (less tHz&8rmm). Although, there is some
variation in study data, the largest and most cetmgnsive survey of elite athletes
showed that only 2% develop an interventriculartaefhickness=13mm (Hildick-
Smith et al., 2001). Furthermore, interventricidaptum thickness seems to have both
age, training intensity effects (Fleg et al., 198&vlik et al., 2001; Nikitin et al.,
2006).

The augmentation of the LVIDD is quite frequent amothe athletes,
particularly among those who are practicing endceaactivities (Jaubert-Poignant,

2006). One of the most important studies considephysiologic left ventricular
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cavity dilatation among athletes was carried outaty, where the researchers wanted
to evaluate the morphologic characteristics andsiaihggic limits of left ventricular
cavity enlargement associated with intensive, ltargr athletic conditioning among
1309 elite Italian athletes, aged between 13 toyBfrs. They found that left
ventricular end-diastolic cavity dimensions vaneidely among the two sexes (so did
Sandstede et al., 2000 among men and women headthpteers) but was within
generally accepted normal limits for most partiogga&54 mm) which are well in
concordance with the two examined athletic gronpsis study (Pellicia et al., 1999).

Most of the athletes has a left ventricular PWTnmalror a little thicker <€ 13
mm) which was highlighted in the study by Spiritaak, 1994 where they showed that
among 947 athletes only 16 (so 1.7%) had higherwall thickness above normal
limit.

The LVM, LVM/BSA showed higher values among the MT@npared to the
LTG (Di Bello et al., 1993, Jungblut et al., 20@@)ich result was described by Giada
et al., 1998 where they found that amateur cyc(st®ed 50 to 65 years) examined at
the end of the competitive season showed a grealee of their EDV and left
ventricular mass was proportionally higher in tHdeo than in the young cyclists
when compared with their respective sedentary otmtr

Even though the above mentioned results has tontepreted with care
because increased PWT was independently assowidtedhcreasing age even in this
narrow age group, while increased LVIDD and LVID8rerindependently associated

with the duration of training in years (Gates et 2003).

6.1.4 Systolic function

No remarkable difference was observed as to ejedtaction that shows at
least during rest, left ventricular systolic fulcti of the examined aged groups is
preserved and doesn’'t depend on training (Fleg6;18&da et al., 1998, Nikitin et al.,
2006). At rest end diastolic volume was increaseshehough it was not significant
and stroke volume was non significantly greatercbynparing the MTG with LTG
and NTG which is similar to the result of the studyEhsani et al., 1991.
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6.2 Doppler measurements

With the advent of pulsed Doppler echocardiograjithig, possible to examine
more directly the pattern of left ventricular fili. Using this technique, the pattern of
blood velocity across the mitral valve recordeddiastole is used to calculate the
temporal course of ventricular filling. Several enpindexes have been derived from
the mitral inflow pattern and proposed as markersventricular diastolic function,
including the peak and integrated velocities oflyeaapid filling, atrial contraction,
and their ratios. The Doppler method has appeahuseit provides a beat-by-beat
assessment of ventricular filling without hemodymampact and is relatively simple
to use (Thomas et al., 1991).

With increasing age, prolongation of isovolumicdiac relaxation and loss of
ventricular compliance combine to reduce the effjcaf early diastolic filling and
increase the late diastolic filling, therefore #hé decrease in the ratio of early to late
flow (Spirito et al., 1988; Safar, 1990). Amonglatit persons generally a normal or
more performant diastolic function can be obsemwhith happened in this study even
though the differences were not significant butveed an elevated E peak and a
decrease of A peak among the MTG, suggesting thahis age group endurance
training doesn’t really have an effect primarily diastolic filling (Giada et al., 1998;
Pluim et al.,, 1999; Galetta et al., 2004; Nottin adt, 2004). Furthermore, the
traditionally measured E/A ratio showed no evidetwdiffer between the examined
three groups despite the substantial increasdtindatricular mass of the MTG, even
though this ratio was always higher in the traigedups compared to the sedentary
group (Pavlik et al., 2001; Owen et al., 2003; Moét al., 2004) which was reached
through a decrease of the A peak. In this studselatively narrow age group was
measured (45-55 years) to try to limit the effaftphysiologic changes during aging.
It seems that training can not really improve th&stblic function even though the
runners and cyclists were taken into this study @YIWere exceptionally well trained
with a median of 17 years of training. It must bemioned that a characteristic feature
of pathological LVH is an increase in collagen vokifraction. In physiological LVH
no collagen increase occurs. In both forms of hypphy the myocytes are
hypertrophied (Owen et al.,, 2003). Therefore it dsn suggested that myocyte
hypertrophy in itself does not improve or decreasastolic function, rather the

abnormal collagen matrix that can be found in patiioal hypertrophy which can
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impair the relaxation of the myocytes. Finally, séems that endurance exercise
training at any intensity does not appear to aftermative aging effects on left
ventricular diastolic function in this age groupaf€s et al., 2003). A normal IVRT
were detected in each group, therefore it seemgelalar training doesn’t influence
the age related decline in LV relaxation properwes this variable (Nottin et al.,
2005).

6.3 Doppler Tissue Imaging

Doppler Tissue Imaging is a relatively new echomadphic technique that
uses Doppler principles to measure the velocityngbcardial motion. It relies on
detection of the shift in frequency of ultrasouighals reflected from moving objects.
With this principle, conventional Doppler techniguasses the velocity of blood flow
by measuring high-frequency, low-amplitude sigrfatsn small, fast-moving blood
cells. In DTI, the same Doppler principles are ugseduantify the higher amplitude,
lower-velocity signals of myocardial tissue motioAulsed-wave DTI is used to
measure peak myocardial velocities and is partigulaell suited to the measurement
of long-axis ventricular motion because the longjitally oriented endocardial fibers
are most parallel to the ultrasound beam in theahpiews. Because the apex remains
relatively stationary throughout the cardiac cyat@fral annular motion is a good
surrogate measure of overall longitudinal left viemdar contraction and relaxation.
Pulsed-wave DTI has high temporal resolution buésdoot permit simultaneous
analysis of multiple myocardial segments (Ho etz006).

Peak Ea lateral and septal, peak Aa lateral an@lseglocities were measured
and it seems because of intrinsic differences inaaxdial fiber orientation, septal Ea
and Aa velocities in all the three groups were tbss on the lateral side (Galiuto et
al., 1998; Ho et al., 2006), therefore these DHsthlic velocities suggest a better
relaxation activity in the longitudinal axis at treeral side of the mitral annulus of
the LV. On the contrary with other studies (Zon¢wak, 2002; Galetta et al., 2003;
Galetta et al., 2004), the MTG did not show a digaint increase on their Ea on both
sides but there was a significant decrease compgar®¥ G considering their Aa on
the lateral side (Galetta et al., 2004; Bilkoo let 2006) and had a non significantly
greater Ea/Aa ratio on both sides compared to LG MTG (Galetta et al., 2003;
Galetta et al., 2004; Bilkoo et al., 2006). Therefdt seems that training doesn’t
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influence the Ea deterioration but counterbalarthesAa increases from middle age
which is implying a compensatory augmentation afahtfunction (Nikitin et al.,
2003). Furthermore, Ea/Aa ratio is an expressiorcldnges in left atrial to LV
pressure gradient as well as of passive diastobpgrties of LV walls, this increase
can indicate a training-induced improvement in L\Wamardial compliance in the
MTG.

As for the E/Ea, all the three groups showed nomadlies (E/Ea<8) which

correlates with a normal LV end-diastolic pressure.

6.4 Finite Element Analyzis

A simplified model of the left ventricle (isotrophomogen; not taking into
account the valves and left atrium) was used tovstie differences of stress and
strain among athletic (MTG) and non-athletic (NT@ople analyzed by Abaqus
explicit.

Even with this simplified model, the following phgal and physiological
statement can be highlighted:

The law of Laplacestates that the wall tension of a sphere is ptapwl to
the radius of the sphere and the pressure withirhis law can be loosely extrapolated
to the setting of left ventricular hypertrophy thatpresented among the examined
athletic group and showed a difference considettiegmeasured data (Hildick-Smith
et al., 2001).

Furthermore, it can be hypothesized that there sseraof a transform of the
strain from the apex toward the basal lateral #idé can explain why the rapid filling
is able to cause a large increase of the interolainves of the left ventricle and might
have an influence on the viscoelasticity that carrddated to the hypertrophy of the
myocardium. Bettendorf et al., 2006 wrote that ridugid filling phase can be seen as
the period where the myocardium recoils from itgl-epstolic configuration. The
deformation energy stored during systole becomésctefe when the mitral and
tricuspid valves open and serves to displace biotdthe ventricles. Accordingly, at
the beginning of diastole, the myocardium cannoassmimed to be free of substantial
stresses and deformation. The analyzes carriediradgrlines this statement with the
augmented strain at the level of the mitral valeeghe lateral side of the left ventricle

and can explain why there was no difference onEBhepeak considering the two
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examined groups (and knowing the fact that the filmse of diastole is a rapid, but
passive phase). No article states until now thet #tcumulation of strain can be
beneficial on the second phase in diastole but kmpwhe echocardiographic findings
among the MTG it can be hypothesized.

Knowing the fact, that the human heart is a vempglex organ it is planned to
have a future research on its global function wintduding a 3D shape model of the

heart (taken from MRI) and fluid dynamics modebtidod inside of the left ventricle.
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Strain of the LV at t=0.24 msec in the NTG Strain of the LV at t=0.24 msec in the MTG

Figure 38 Summary of strains at different timehia two examined groups
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6.5 Study limitations
6.5.1 Ratio of men-women in the non trained group (NTG)

The first limitation concerns the distribution oemwomen in the non trained
group (7 men, 8 women) and can have influence ercdmparison with the T-test for
independent samples between the three examinegggr8ince women generally have
smaller body size compared to men, therefore smiadlarts and smaller left ventricles
which is related to their smaller blood volume (&stede et al., 2000; Salton et al.,

2002; Nikitin et al., 2006) and seems to correspwitd this study also.

6.5.2 Limitations to the term ‘intensity of training’

In this study, the creation of the two athleticugre depended on the number of
hours spent by week. Unfortunately, there was rssipdity to carry out vita maxima
exercises to measure the intensity of trainingughoVO2max, maximum heart rate
(HRmax) and lactate threshold (LT) that would allemtlowing the classification of
physical activity intensity, based on physical atyilasting up to 60 minutes written
by the American College of Sport Medicine (ACSM)lBck et al., 1998), even
though it seems that it has to be updated whesitlasy high level athletes (Lounana
et al., 2007).

6.5.3 Limitations to echocardiographic exams

The second limitation concerns diagnostic erro ttan be related to the
overestimation of wall thickness (failure to recagnright ventricular bands or false
tendons). Furthermore, intrinsic to Doppler techthere is angle dependence and the
possible presence of artefacts. However, it sedrasthe same angle incidence of
transmitral Doppler and Doppler Tissue Imagingasdy It is more and more a trend
to check the interobserver variabilities, that veibbhve been welcomed in this study
but was not carried out because of lack of timeA{iairea et al., 2006).

6.5.4 Limitations to FE analyzis

It is not clear whether the LV wall is free of stddial stresses and
deformation at end-diastole. In this study, a sifigadl FE model (isotrop, homogen,
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and did not include the valves and the left atriungs used to show differences
between the MTG and NTG without taking into accaimet possible influence of local
and individual inhomogenities throughout the LV WwgBettendorf-Bakman et al.,
2006).

6.5.5 Limitations to nutrition

Eating behavior was not studied at all becauseag mot the principal goal of
this study, though lately several studies confirntbd positive effects of caloric
restriction. Meyer et al., 2006 even showed inrte&idy that caloric restriction (CR)
has cardiac-specific effects that ameliorate agisgpciated changes in diastolic
function and these beneficial effects on cardiawcfion might be mediated by the

effect of CR on blood pressure, systemic inflamoraind myocardial fibrosis.

6.5.6 Limitations to the number of participants

Last, but not least, the number of participantdadave been higher to be able

to caracterise the generalities on the cardia@bbes of the chosen groups.
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6.6 Suggestions

Since LA volume appears to be a better indicatdrue LA size than M-mode
LA dimension, it would be advised to perform theseasurements (such as LA
passive emptying volume, conduit volume, LA pas®wgptying fraction, LA active
emptying, LA active emptying fraction, LA total etgmg and the contribution of
passive emptying volume, of conduit volume, andctive emptying volume to LV
stroke volume) to have additional information on h&lume changes related to

exercise.

Strain and strain rate echocardiography are emgrgeal time ultrasound
techniques that provide a measure of wall motiomeyToffer an analysis of wall
deformation using the rate of deformation of a nayd@l segment (strain rate) and its
deformation over time (strain). Strain rate andiistrare less affected by passive
myocardial motion and tend to be uniform throughthé left ventricle in normal
subjects. Maybe with the use of this techniquedifferences showed considering the
DTI velocities on the lateral and septal sideslwabetter understood.

Nevertheless, the previously mentioned study linotes would be favourable
to taken into account in the planned future studies
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7. Conclusion — Conclusion

Aging causes many changes in the body. With phygioal (healthy) aging,
the left ventricle undergoes tonic structural andctional changes that include an
increase in wall thickness and chamber diametereased mass and reduced diastolic

function.

Exercise seems to slow down the aging process.

The present study was designed to characterizendh@e of cardiovascular
adaptations to exercise spent more or less 5 hmrrsveek among 45-55 years old

athletic and non-athletic subjects.

Middle aged men with intensive training shows tlypidal adaptation to
training, such as lower heart rate, larger lefiuaty thicker interventricular septum
and posterior wall thickness, larger end-diastdlammeter and higher LVM.The only
difference found between the sedentary group aedeébreationally active group was
a decrease in the resting heart rate, as for ther ohorphologic variables, there were
no significant difference between these two groups.

Systolic function seems to be preserved.

Thanks to pulsed Doppler tissue echocardiograpigy diastolic function can
be measured non-invasively. It seems that reguidumnce exercise spent more or
less 5 hours/week does not improve diastolic famcteven though the MTG showed
a slight increase, while the LTG remained the saaomsidering the E-wave, and there
was a decrease in the A-wave compared to the segegrbup.

Pulsed-wave DTI was used to assess peak myocael@dities at septal and
lateral mitral annulus. Septal Ea and Aa velocitvesre less in all the groups
compared to the lateral side. There was a dectiaabe lateral Aa in the MTG, that

can be related to a compensatory augmentatiomiaf fanction.
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It can be suggested that pulsed DTI is more seasito detect small
improvements in LV diastolic function, unlike stamd echocardiographic techniques
in this age group. Moreover, it seems that endwatnaining can only partially
minimize the age-associated changes of diastolinction and tissue Doppler

measures.

As for the differentiation of physiologic and palbgic hypertrophy, pulsed
Doppler imaging and pulsed Doppler Tissue imagiag be useful methods, since
physiologic hypertrophy, that can be related tolthgaaging and exercise, was not

associated with altered relaxation patterns indges group.
It can be concluded that under normal conditiomsitiluence of stress on the

tissue of the heart should not be disregarded mirieellar mechanics and the finite
element analysis can be a useful method for arnattderstanding of heart mechanics.
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mode Standardization of the American Society of deendiography.
Recommendations regarding quantitation in M-modeoeardiography: results of a
survey of echocardiographic measureme@igulation, 58,1072-1083.
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Schiller, N.B., Shah, P.M. & al. (1989). Recommaeruaies for quantitation of the left

ventricle by two-dimensional echocardiographyam Soc Echocardiog2, 358-367.
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Annexe IlI:

Questionnaire used to obtain personal and echocamjraphic data

Date de naissance:

Weight/Poids:

Sport:

Frequency:

HR/FC:

IVSd:

PWTd:

LVIDs:

“

E/A

IVRT:

LADS:

lateral Aa

septal Aa

septal Ea/Aa
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Left ventricular morphologic parameters, diastolic filling,
pulsed Doppler Tissue Imaging and stress analyzeshang 45-55

years old athletes and highly trained athletes.

Parametres morphologiques, fonction, Doppler Tissalre et
analyse des contraintes du ventricule gauche cheesl sportifs

agés de 45 a 55 ans

KISPETER Zs.

Abstract — Normal aging is associated with the impairmentiit Ventricular diastolic filling.
To test the hypothesis, that endurance trainiregratreational level (less than 5 hrs/week) and at
a high level (more than 5 hrs/week) among 45-55syeéd men, is associated with enhanced
ventricular diastolic filling indices, pulsed Dogp) pulsed Doppler Tissue imaging, and FE
analyzis were carried out. The physiologic increafskV which is manifesting in the thickening
of IVST, dilatation of left ventricular internal @ineter (LVID) and the thickening of posterior
wall thickness (PWT), in response to exercise spearte than 5 hours/week among the MTG
occurs in parallel with an augmentation of the ditan of the left atrium (LA) and with the
decrease in late wave velocity (Aa) on the latside of the heart despite of the missing
significative differences between standard echaocgrdphic indexes. Systolic function seems to
be preserved among the three groups. Additiondllseems that that under normal conditions
the influence of stress on the tissue of the hehduld not be disregarded in ventricular
mechanics and the finite element analysis can bseful method for a better understanding of
heart mechanics. This finding underlines the hypsith that the decline of the LV diastolic
function related to aging is due in part of lifdetyand not only to aging itself and the worsening
of the diastolic indexes can be prevented by a iweltled training. Furthermore, DTI may be
useful for the screening of middle aged athleted &m distinguish pathological form of

hypertrophy from physiologic hypertrophy.

Keywords: LV diastolic filling - aging - Doppler Tissue Imag - echocardiography - athlete’'s

heart
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