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1. UVOD
1.1. PRIZNIVE UCINKY AEROBNIHO TRENINKU

Ptiznivy vliv fyzické aktivity na kardiovaskularni systém je nesporny nejen u
zdravych jedinct, ale i u nemocnych s kardiovaskularnimi chorobami. Jiz desitky let je
znamo, ze pravidelna aerobni zat¢z nemocnym se srdecnimi chorobami zlepsSuje kvalitu
Zivota, omezuje jejich symptomy a zejména snizuje mortalitu [1-9]. Déje se tak ovlivnénim
celé fady dé€ji v organismu. Ziejme nejvyraznéjSim ucinkem je piiznivé ovlivnéni
rizikovych faktort ischemické choroby srde¢ni (ICHS) [10-11]. Je ovlivnén lipidovy
metabolismus sniZzenim LDL (low-density lipoprotein) a zvySenim HDL (high density
lipoprotein) cholesterolu [8, 12-14]. Pravidelnou télesnou aktivitou dochézi téz ke zvyseni
senzitivity k inzulinu, coZ spolu s dietnimi opatfenimi vede k redukci obezity [8, 15].
Dalsim efektem je ovlivnéni humoralni rovnovéahy snizenim klidové sympatikoadrenalni
aktivity [16]. Tento vliv spolu s omezenim agregace krevnich desti¢ek a poklesem
plazmatickych hladin fibrinogenu vede ke sniZeni rizika vzniku akutniho koronarniho
syndromu. Mensi vzestup tepové frekvence (TF) a krevniho tlaku (TK) pfi zatézi
zpuisobuje pokles kyslikovych pozadavkli myokardu [17-20]. V neposledni fad¢ je ptizniveé

ovlivnéna i psychika nemocnych [8].

Vyse popsané Ucinky jsou vice ¢1 méne spolecné pro jakoukoliv skupinu cvicicich,
at’ uz se jedna o primarni prevenci zdravych jedincii nebo sekundéarni prevenci
kardiologicky nemocnych. U nemocnych s ICHS jsou kromé zlepSeni prognozy
nemocnych [21-23] o¢ekéavany i nékteré specifické efekty aerobniho tréninku. Jde
pfedevs§im o zmirnéni angindznich potizi a objektivnich znamek ischemie myokardu pii
zatézovych testech - zvySeni tolerance zatéZze, snizeni incidence depresi ST useku pii
zatézovém testu nebo segmentarni poruchy kontraktility pii zat€zové echokardiografii,
apod. [24-25]. Tyto zmé&ny mohou nastat n€kolika mechanismy. Pravidelny trénink vede
jednak sniZeni srde€ni prace tim, Ze se na jedné stran€ sniZi spotieba kysliku (snizenim TF
a TK) [7, 26-29] a zaroven dochazi 1 ke zlepSeni pifisunu kysliku (rozSitenim epikardidlnich
koronarnich artérii, zvySenim denzity myokardidlnich kapilér a ptipadnym rozvojem
kolateral) [24, 30]. Kombinace pravidelného cviceni s dietou omezujici tuky vede u
nemocnych s ICHS ke zpomaleni progrese koronarnich sten6z a podle né€kterych praci

muze dokonce dojit az k jejich regresi [17, 28, 31-32].



1.2. TRENINKOVE REZIMY

Z vyse uvedeného je zfejmé, ze by kardiovaskularni rehabilitace méla predstavovat
nezbytnou soucast komplexni 1é€by pacientli s ICHS. Je také soucasti mnoha doporucent
odbornych spole¢nosti. Aktualné platna doporu¢eni Ceské kardiologické spoleénosti z roku
2006 [33] popisuji u nemocnych s ICHS rehabilitaci nemocnych po infarktu myokardu
(IM), kterou rozdéluji na 4. faze — nemocnicni, ¢asnou posthospitalizacni, stabiliza¢ni a
udrzovaci. Déle se zaobiraji jinymi kardialnimi diagnézami. Nemocni s chronickou ICHS
zde nejsou blize rozvedeni. Novéjsi doporuceni Evropské kardiologické spolec¢nosti [34]
rozebiraji obecné nemocné se srde€nimi onemocnénimi s diirazem na nemocné po 1M,
aortokoronarnich bypassech (CABG) nebo koronarnich intervencich (PCI). Naproti tomu,
americka doporuceni American Heart Association [35] jsou zamétena cilené na nemocné
s koronarni nemoci. Podle téchto doporuceni by vSichni nemocni méli byt povzbuzovani a
motivovani k 30-60 minutadm stfedné intenzivni aerobni aktivity nejméné 5 (nejlépe 7) dni

v tydnu. Je vhodné tento aerobni trénink podpofit silovym cvi¢enim alesponi 2krat tydné.

Ackoliv je prospésnost kardiovaskularni rehabilitace nezpochybnitelnd, neni zatim
zcela vyjasnéno pfesné optimalni nastaveni tréninku. Struktura a intenzita doporu¢ovanych
a realizovanych tréninkt se lisi nejenom mezi jednotlivymi zemémi, ale i mezi centry.
Odlisnosti jsou prakticky ve vSech parametrech tréninku - intenzité, frekvenci, trvani,
obsahu tréninkové jednotky. Tomuto faktu odpovidé 1 vyrazna nesourodost publikaci ve
svétove védecké literatuie s nemoznosti srovnani dat z riznych center a obtizemi stran
praktickych aplikaci zjisténych vysledka [36-39]. Je jisté spravné, aby nemocny mél
(viceméné jakékoliv) navySeni hlavné aerobni aktivity, ale urcité v soucasné dob¢ existuje

pomérné velky prostor pro snahy hledat optimalni tréninkovy rezim.

Jakkoliv je hledani optimalniho tréninkového modelu diilezité, daleko vétsim
aktualnim problémem je relativné malé procento nemocnych, ktefi se institucionalnich
tréninkovych programt uc¢astni. Pfi¢iny jsou jak na stran¢ medicinskych zatizeni, tak na
stran¢ pacientili. Ne kazdd nemocnice ma k dispozici odd¢€leni kardiovaskularni
rehabilitace. A i v pfipadech, Ze tato moZnost existuje, jen malokde je cely systém natolik
fungujici, aby byli vSichni nemocni osloveni a motivovani k absolvovani tréninkovych
jednotek. A z téch, kterym ucast nabidnuta je, jen mensi ¢ast nemocnych s absolvovanim

ambulantnich cviceni souhlasi a opravdu ho celé absolvuje. Dtivody jsou pestré, od



principialni nechuti nemocného ménit sviij zavedeny Zivotni styl az po diivody ryze
praktické, zahrnujici naptiklad ¢asovou naroc¢nost, problémy s dopravovanim se na trénink,
apod. Pro tyto nemocné jsou ve svéte hledany alternativy. Jednou z moznosti je takzvana
doméci rehabilitace, kdy nemocny neni nucen dojizdét do centra, ale cvici si sém doma.
Domaci rehabilitace miize byt vyhradnim tréninkem nebo mtize navazovat na vstupni
tréninkové jednotky v centru. Miize byt pod ¢aste¢nym dozorem (skrze telefonni kontakt
nebo internet) nebo bez dozoru s naslednym zhodnocenim pii ambulantni kontrole
nemocného [40-43]. Domaci rehabilitace ma fadu vyhod, ale také limitaci. Mezi omezeni
patii zejména horsi kontrola cviceni a omezena moznost pomoci nemocnému pfi
ptipadnych nezédoucich ucincich cvieni — proto nelze tento druh tréninku doporucit
pausalné vS§em nemocnym. K hlavnim vyhodam patii kromé¢ jiz zminéného vytfeSeni
nékterych prekazek absolvovani cviceni i to, Ze pacient, ktery si zvykne na rezim

v domécich podminkach, v tomto rezimu snadnéji setrva v budoucnu. Dosud nejsou

jednoznacéna data srovnavajici efekt fizené¢ho a individualniho aerobniho cviceni.

1.3. EFEKT KARDIOVASKULARNI REHABILITACE NA FUNKCI LEVE
KOMORY (LK) SRDECNI

Jak bylo uvedeno na zacatku, existuje pomérné velké mnozstvi dat potvrzujicich
nejriznéjsi ptiznivé U€inky kardiovaskuldrni rehabilitace. Oproti tomu mame k dispozici
jen omezené mnoZstvi informaci o tom, zda trénink dokéZe ovlivnit funkci LK. Vysledky
dostupnych praci u nemocnych s ICHS jsou rozporuplné. Na jedné strané fada praci [44-
47] nenasla Zadny vyznamny rozdil mezi skupinami cvi¢icimi a kontrolnimi. Na strané
druhé, napiiklad Giannuzzi s kolektivem [48] zjistili zlepSeni ejekéni frakce (EF) LK a
redukci nezadouci remodelace LK u nemocnych po Q IM a absolvovani tréninku ve
srovnani s kontrolami bez tréninku. Podobné Klecha a spol. [49] popsali trend ke zlepSeni
funkénich parametri LK po Sestimési¢nim tréninku nemocnych s ICHS. Podobné vysledky
publikovali 1 dal$i autofi [50-51]. Podle velké metaanalyzy z roku 2011 [52] bylo nalezeno
celkem 12 studii zkoumajici efekt tréninku na EF LK u nemocnych po IM. Metaanalyza

potvrdila pozitivni efekt rehabilitace jak na vyvoj EF LK, tak i na jeji remodelaci.

LK hodnocen pomoci EF LK a endsystolického a enddiastolického rozméru LK.

Vyhodou téchto parametr je jejich snadna dostupnost a také fakt, ze jsou rutinné
4



pouzivany. Naopak nevyhodou je, Ze jsou na sledovani malych zmén (a jiné se jisté pfti
kratkych sledovanich ani ocekavat nedaji) ptili§ hrubymi parametry. Lze spekulovat o tom,
ze v studiich s negativnim vysledkem mohl byt pfiznivy efekt rehabilitace na funkci a
remodelaci LK pfitomny, ale natolik maly, Ze pomoci métenych parametrti prosté nebyl

zachycen.

Nov¢jsi echokardiograficka metoda, tkanova dopplerovska echokardiografie (TDI)
je technika vyuzivajici dopplerovsky princip k méfeni rychlosti pohybu myokardu. Pulsni
TDI umoziuje vyrazné presnéji kvantifikovat systolickou i diastolickou funkci LK [53-
55]. Parametry TDI se tedy nabizi jako potencialné vyhodnéjsi a presnéjsi k sledovani
zejména mensSich zmén funkce LK v €ase [56]. Pomoci pulsni TDI ziskdme kiivku pohybu
myokardu v méfeném misté. Méteni 1ze provadét prakticky v jakémkoliv segmentu LK, ale
pro praxi se nejlépe osveédcilo meteni rychlosti myokardu na bazi jednotlivych stén v tésné
blizkosti mitralniho anulu. Vzhledem k fyziologickym principtim srde¢ni kontrakce je
mefeni v téchto mistech obrazem funkce celé ptislusné stény. Regiondlni systolickd funkce
je pak hodnocena velikosti viny Sa (nov€ oznaované jako S”), kterd ukazuje aktudlni
rychlosti myokardu béhem systoly. V diastole méfime (u pacientd se sinusovym rytmem)
vinu Ea (nové E’ nebo e”), kterd zachycuje rychlosti myokardu béhem faze rychlého
plnéni komory, a vinu Aa (A nebo a") odpovidajici rychlosti myokardu v dobé€ kontrakce
sin€. K vlastnimu hodnoceni diastolické funkce je pak pouzita bud’ velikost viny Ea nebo

pomér vin Ea/Aa.

Do této doby je v pisemnictvi jen velmi malo pract, které vyuZivaji pulsni TDI
k hodnoceni efektu kardiovaskularni rehabilitace na funkci LK. Jedna prace [57] popisuje
zlepseni diastolické funkce hodnocené pomoci TDI u obéznich muzi po osmitydennim
tréninku, dalsi [58] zlepSeni diastolické funkce LK po komplexni intervenci véetné
télesného tréninku u nemocnych s ledvinnym selhdnim. U nemocnych s ICHS po IM,
Deljanin-Ilic a spol. [59] popsali po tréninku zlepSeni celkové i regionalni funkce LK

v misté IM.



1.4. CILE HABILITACNI PRACE

(1) Srovnat parametry opakovaného ergometrického zatézového testu nemocnych s

ICHS s fizenym a nekontrolovanym aerobnim tréninkem.

(2) Zhodnotit vliv aerobniho tréninku na systolickou a diastolickou funkci LK u

nemocnych s ICHS.

(3) Porovnat prognosticky efekt riznych typt tréninku.

Tyto cile vyly feseny v dil¢ich projektech, které jsou uvedeny v nésledujicich
kapitolach 2.1.,2.2., 2.3. a 2.4., a které byly uspésn¢ publikovany v recenzovanych
kardiologickych ¢asopisech.
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2. VYSLEDKY

2.1. SROVNANI RiZENEHO A NEKONTROLOVANEHO AEROBNIiHO
TRENINKU NEMOCNYCH S CHRONICKOU ISCHEMICKOU
CHOROBOU SRDECNI

ABSTRAKT

Cil: Cilem prace bylo srovnat parametry opakovaného ergometrického zatézového testu
nemocnych s chronickou ischemickou chorobou srde¢ni (ICHS) s fizenym a

nekontrolovanym aerobnim tréninkem.

Soubor pacientii a metodika: Sedesat étyfi nemocnych s chronickou ICHS bylo
rozdéleno do 4 skupin podle intenzity a druhu aerobniho tréninku. Do skupiny A bylo
zatazeno 17 pacienti, ktefi se zGCastnili fizeného tfimési¢niho rehabilitaéniho programu a
navazali na n¢j individualnim cvi€enim. Ve skupin€ B bylo 22 pacientd, ktefi absolvovali
jen fizeny program bez nésledného individuélniho tréninku. Ve skupiné C bylo 10
pacientt, ktefi neabsolvovali rehabilitacni program, ale doma intenzivné cvi€ili. Do
skupiny D bylo zatazeno 15 pacientti, ktefi se nezicCastnili rehabilitacniho programu, ani
doma necvicili. Ergometrické testy byly provedeny pied zatazenim do studie a po 1 roce
sledovani. Byly hodnoceny zmény téchto parametri: celkovy cas zatéze, celkoveé vykonana
préce, pracovni kapacita, pracovni tolerance, ¢as do stenokardii, deprese ST tseku ve

svodu V5 pii maximalni zatézi.

Vysledky: Pro nemocné ve skupin€ C byl zjistén trend ke zlepSeni ve vSech hodnocenych
parametrech s vyjimkou prohloubeni deprese useku ST ve svodu V5 pii maximalni zatézi.
Ve skupiné A nemocni dosahli del§iho celkového ¢asu zatéze, vykonali vétsi celkovou
préaci a méli vyssi pracovni toleranci, v ostatnich parametrech doslo ke zhorSeni. Pacienti
ze skupin B a D se zhorsili ve vSech parametrech. VSechny rozdily v jednotlivych

skupinach ani mezi skupinami navzajem nebyly statisticky vyznamné.

Zavéry: Parametry opakovaného ergometrického testu nemocnych podstupujicich

jednotlivé typy rehabilitacnich programii se od sebe statisticky nelisily. Byl nalezen trend
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ke zlepSeni zatézovych parametrti u skupin nemocnych cvicicich intenzivné a trvale doma
a trend ke zhorSeni u skupin individualné necvicicich, a to nezavisle na absolvovani

uvodniho fizeného rehabilitacniho programu.

Klic¢ova slova: T¢€lesny trénink - Ischemicka choroba srde¢ni - Ergometrie
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UvVoD

Ptiznivy vliv fyzické aktivity na kardiovaskularni systém je nesporny nejen u
zdravych jedinci, ale i u nemocnych s kardiovaskuldrnimi chorobami. Pravidelna aerobni
zatéz nemocnym se srde¢nimi chorobami zlepsuje kvalitu zivota, omezuje jejich
symptomy a snizuje mortalitu [1-8]. Déje se tak ptiznivym ovlivnénim rizikovych faktort
vzniku a progrese predevsim ischemické choroby srde¢ni. Dochazi k ovlivnéni lipidového
metabolismu snizenim LDL a zvySenim HDL cholesterolu [5, 9-10]. Zvysuje se také
senzitivita k inzulinu a spolu s dietnimi opatienimi dochézi k redukci obezity [5, 11].
Dochazi ke snizeni klidové sympatikoadrendlni aktivity, coz spolu se omezenim agregace
krevnich desticek a poklesem plazmatickych hladin fibrinogenu vede ke snizZeni rizika

vzniku akutniho koronarniho syndromu.

U nemocnych s ischemickou chorobou srde¢ni mé pravidelné cviceni fadu
ptiznivych G¢inkl vedoucich ke zmirnéni angindznich potizi i objektivnich znamek
ischemie myokardu pfi zatéZovych testech - zvySeni tolerance zatéZe, snizeni depresi ST
useku, atd. Tyto zmény jsou zptusobeny n€kolika mechanismy - pravidelny trénink
zpusobuje jednak snizeni srdecni prace tim, Ze se snizi spotfeba kysliku (sniZzenim tepové
frekvence a krevniho tlaku) [4, 12-16] a z&roven ma vliv 1 na zlepSeni pfisunu kysliku
(rozsifenim epikardialnich korondrnich artérii, zvySenim denzity myokardialnich kapilar a
rozvojem kolateral) [17-18]. Pti dostate¢né intenzivni zatézi, spolu s redukei ostatnich
rizikovych faktorti, mize dojit k zastaveni progrese popiipadée i k mirné regresi

angiografickych zmén na koronarnich artériich [4, 13, 19-20].

Pro pacienty se hledaji optimalni druhy a rezimy tréninku (napf. aerobni trénink s
posilovanim nebo bez néj), rizné frekvence a délky cviceni. Prakticky vSechny prace
hodnotici nejriznéjsi fizené tréninkové programy piinaseji diikazy o jejich ptiznivych
efektech. Existuje ale i dostatek praci, které popisuji zlepSeni pacientd, ktefi se o sviij
pohybovy rezim staraji vice ¢i méné sami Dosud chybi studie srovnavajici fizeny
individualniho nekontrolovaného aerobniho cviceni. Proto bylo cilem této prace srovnat

parametry opakovaného ergometrického zatéZzového testu nemocnych s chronickou

ischemickou chorobou srde¢ni s fizenym a nekontrolovanym aerobnim tréninkem.
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MATERIAL A METODY

Do studie bylo zarazeno 64 nemocnych s chronickou ischemickou chorobou, kteti
splitovali nasledujici kritéria: onemocnéni korondrnich tepen bylo ovéteno koronarografii
(z0Zeni priméru lumina tepny > 50% na alespoii 1 hlavni koronarni tepn¢); bez anamnézy
prodélané ataky nestabilni anginy pectoris nebo infarktu myokardu v poslednich 3
meésicich pred zatfazenim do studie; bez anamnézy revaskularizace myokardu koronarni
angioplastikou nebo aortokoronarnim bypassem v poslednich 3 mésicich pred zarazenim
do studie; nepfitomnost vyznamné chlopenni vady a destabilizované hypertenze. VSem
nemocnym byl opakované a ditkkladné vysvétlen ptiznivy ucinek télesné aerobni aktivity na
jejich zdravotni stav, doporucena pravidelna aerobni aktivita a nabidnut tfimési¢ni fizeny
rehabilita¢ni program. VSichni nemocni podstoupili ergometricky zatézovy test pii

zafazeni do studie a po 1 roce sledovani.

Zpétné€ byli nemocni rozdéleni do ¢ty skupin podle intenzity a druhu jejich
aerobniho tréninku. Do skupiny A bylo zatfazeno 17 pacientd (14 muza a 3 Zeny,
primérného véku 66+11 let), ktefi se zacastnili fizeného rehabilitaéniho programu a doma
na n¢j navazali individualnim cvi¢enim. Ve skupiné B bylo 22 pacientd (14 muzt a 8 zen,
primérného véku 66+8 let), ktefi absolvovali jen fizeny program bez nasledného
individuélniho tréninku. Ve skupiné C bylo 10 pacientd (7 muzi a 3 Zeny, primérného
véku 60+£8 let), kteti neabsolvovali rehabilitani program, ale doma intenzivné cvicili. Do
skupiny D bylo zatazeno 15 pacientti (12 muzt a 3 Zeny, primérného véku 63£8 let), kteti
se nezucastnili rehabilitacniho programu, ani doma necvicili. Dalsi charakteristiky
jednotlivych skupin jsou uvedeny v tabulce 1. Rozdily mezi jednotlivymi skupinami

nebyly statisticky vyznamné. Farmakologickou 1é¢bu nemocnych ukazuje tabulka 2.

Tabulka 1. Charakteristika pacientt

Tab. 1. Charakteristiky pacienti.

skupina pocet vék (roky) nadvaha (%) HT (%) DM (%)  DLP (%) AP IM (%) pocettepen CABG (%) PTCA (%) EF (%)
A 17 66 T 65 24 82 1.2 53 2,3 18 4 48
B 22 66 82 45 23 82 13 86 1,6 14 4 45
C 10 60 80 70 20 90 13 90 1,9 20 70 43
D 16 63 67 73 20 73 1,4 60 2,2 20 27 49

HT = hypertenze, DM = diabetes mellitus, DLP = dyslipoprotienemie, AP = stupef anginy pectoris podle kanadské klasifikace (CCS), IM = poget
nemacnych po infarktu myokardu, pocet tepen = pramérny podet tepen postizenych vyznamnou stenozou, CABG = poé&et nemocnych po aorto-
koronarnim bypassu, PTCA = poéet nemocnych po perkutanni koronarni angioplastice, EF = ejekéni frakce levé komory.
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HT = hypertenze; DM = diabetes mellitus; DLP = dyslipoproteinémie; AP = stupeil anginy
pectoris podle kanadské klasifikace (CCS); IM = pocet nemocnych po infarktu myokardu; Pocet
tepen = prumeérny pocet tepen postizenych vyznamnou sten6zou; CABG = pocet nemocnych po
aorto-koronarnim bypassu; PTCA = pocet nemocnych po perkutanni koronarni angioplastice;

EF = ejekeni frakce levé komory

Tabulka 2. Charakteristika pacient — farmakologicka 1écba nemocnych

Tab. 2. Farmakologicka lecba nemocnych.
Skupina salicylaty (%) BB (%) CaA (%) nitraty (%) ACEI({%) ATH (%) statiny(%)

A 100 04 53 53 53 12 asa
B 85 100 27 68 68 0 a2
C a0 100 10 70 70 10 80
D 100 a3 40 80 33 0 73

BB = betablokatory, CaA = kalciovy antagoniste, ACE| = antagoniste angiotenzin-konvertujiciho
enzymu, ATIl = sartany.

BB = betablokatory; CaA = kalciovy antagonisté; ACEI = antagonisté angiotenzin
konvertujiciho enzymu; AT II = sartany

Rizeny rehabilitaéni program probihal na Klinice funkéni diagnostiky a rehabilitace
Fakultni nemocnice U svaté Anny. Nemocni, ktefi souhlasili s absolvovanim tohoto
programu, m¢li pred jeho zahdjenim provedeno spiroergometrické vysetieni k nastaveni
urovné aerobniho cviceni. VySetieni bylo provedeno v rannich hodinéach pfi ponechané
medikament6zni 1é¢beé. Vlastni vySetieni zacinalo tfiminutovou adaptaci vsedé na
veloergometru. Nasledovaly dvouminutové zatéze od 20 W, zvySované vzdy o 20 W, v
jejichz prabehu byly méfeny ventilaéné-respiracni parametry. Ty byly sledovany
pfistrojem Pulmonary Function System 1070 (Med Graphics, USA). Byl hodnocen
symptomy limitovany minutovy piijem kysliku (VO2) jako kritérium kardiorespira¢ni
funkéni zdatnosti a byla uréena hodnota anaerobniho prahu k nastaveni vhodné intenzity
zatizeni. Hodnota anaerobniho prahu byla pro potieby studie vyjadiena ve W, odpovidajici
hodnot¢ tepové frekvence a stupném Borgovy Skaly subjektivniho vnimani namahavosti
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ptislusného zatizeni. Béhem celého vySetieni vEetné doby restituce byl monitorovan
dvanactisvodovy elektrokardiogram (Schiller CS 100, USA), v klidu a na konci kazdé

zatéze byl méien krevni tlak.

Vlastni rehabilita¢ni program trval 3 mésice, béhem kterych nemocni cvicili 3x
tydné 60 minut. Cvicebni jednotka se skladala z faze zahtivaci (10 minut), vlastniho
aerobniho cviceni na veloergometru na trovni aerobniho prahu doplnéna silovym

tréninkem (40 minut) a ze zavére¢né faze relaxacni (10 minut) (Obr. 1).

Individualni aktivita byla doporucovana jako minimaln¢ 3krat tydn¢ 60 minut
aerobniho cviceni (jizda na kole nebo na rotopedu, béh, plavani). PInéni tohoto doporuceni
bylo zjistovano pouze anamnesticky od pacienta a nebylo ani kontrolovano, ani

provéfovano.

Ergometrické zatézové testy byly provedeny na pfistroji Ergo-line pfed zafazenim
do studie a po jednom roce sledovani, vzdy s vysazenou medikaci. Bylo zapocato zatézi
0,5W/kg, ktera byla schodovité zvySovana po 3 minutach vzdy o 0,5 W/kg. Test byl
ukoncen pii prukazu ischemie (objeveni se nebo prohloubeni depresi ST tseku o alespoii
0,2mV), pii dosaZeni primérné maximalni tepové frekvence vzhledem k veku, pti
vzestupu krevniho tlaku nad 250/130, pti dosaZeni hranice subjektivniho maxima. Rozdil
mezi zatéZovym testem na konci sledovani a na zacatku studie byl hodnocen pomoci
zmény téchto parametri: celkovy Cas zatéZe, celkoveé vykonana prace, pracovni kapacita,
pracovni tolerance, ¢as do stenokardii a deprese ST Useku ve svodu V5 pii maximalni

z4tézi (srovnano dle maximalni zatéze vstupniho testu).

Ejekéni frakce byla pied zafazenim do studie stanovena retrogradni levostrannou

ventrikulografii.

Vysledky srovnani zmény parametrti ergometrickych testit nemocnych jsou
uvedeny jako primeéry + smérodatnd odchylka. Vysledky jednotlivych skupin byly
porovnany parametrickou statistickou metodou ANOVA. Hodnoty p < 0,05 byly
povazovany za vyznamné. Normalni rozlozeni hodnot bylo testovano pomoci

Kolmogorov-Smirnovovym testem s vysledkem p > 0.2.
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Obrazek 1. Rehabilitacni program

a- zahtivaci faze, b- aerobniho cviceni na veloergometru, c- silovy trénink, d- relaxacni

faze
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VYSLEDKY

Vliv riznych typl tréninku na zménu parametrti ergometrického zatézového testu

prehledné znazornuji grafy 1-6.

Graf 1. Srovnani zmén celkového Casu zatézového testu na konci sledovani ve

srovnani se vstupnim testem v jednotlivych skupinach.
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Graf 2. Srovnani zmén celkové prace béhem zatézoveho testu na konci sledovani ve

srovnani se vstupnim testem v jednotlivych skupinach
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Graf 3. Srovnani zmén casu do stenokardii béhem zatézového testu na konci

sledovani ve srovnani se vstupnim testem v jednotlivych skupindch
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Graf 4.

Srovnani zmén depresi ST tseku ve svodu V5 pii maximalni zatézi na konci

sledovani ve srovnani se vstupnim testem v jednotlivych skupindch
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Graf 5.

Srovnani zmén pracovni kapacity na konci sledovani ve srovnani se

vstupnim testem v jednotlivych skupinach
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Graf 6. Srovnani zmén pracovni tolerance na konci sledovani ve srovnani se

vstupnim testem v jednotlivych skupinach
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Nalezené zmény zatézovych testli v jednotlivych skupinach nedosahly statistické
vyznamnosti. Nemocni cvi€ici od zacatku individualné (skupina C) méli trend ke zlepSeni
ve vSech hodnocenych parametrech s vyjimkou prohloubeni deprese tseku ST ve svodu
V5 pii maximalni zat€zi (prohloubeni pii kontrolnim testu o 0,006+0,018mV — p=NS). Pti
kontrolnim testu dosahli o 30+108sec delsi doby zatéze, vykonali o 3,7+15,0 kW vetsi
celkovou praci, doséhli vysSich hodnot pracovni kapacity o 0,01+0,52 W/kg a pracovni
tolerance o 0,16+0,33 W/kg a prodlouZil se u nich ¢as do stenokardii o 72+408 sekund (vSe

p=NS).

Nemocni, ktefi absolvovali fizeny program a nasledné¢ individualné cvi¢ili (skupina
A) dosahli nevyznamné del$iho celkového Casu zatéze (zlepSeni o 26+73sec), vykonali
vetsi celkovou praci (o 4,8+14,2 kW) a méli vyssi pracovni toleranci (o 0,03+0,36 W/kg)
(v8e p =NS). V ostatnich parametrech doSlo k mirnému zhorSeni - pracovni kapacita
poklesla o0 0,06+0,48 W/kg, ST deprese ve svodu V5 pfi maximalni z4tézi se prohloubily o
0,002+0.014 mV a doba do vzniku stenokardii se zkratila o 954269 sec (vSe p= NS).

Pacienti necvici vitbec (skupina D) nebo necvicici po absolvovani RHB programu
(skupina B) se zhors$ili prakticky ve vSech sledovanych parametrech. Pacienti ve skupin¢ B
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vydrzeli kontrolni zatéZzovy test o 28+51 sec kratsi dobu, vykonali o 3,5+5,9 mensi
celkovou praci, zhorsili svoji pracovni kapacitu o 0,06+0,28 W/kg a pracovni toleranci o
0,08+0,20 W/kg a stenokardie popisovali 0 93+219 sec (vSe p= NS). Mensi deprese useku
ST ve svodu V5 0 0,009+0,018mV (p=NS) je dan mensi celkovou praci pfi kontrolnim

testu.

v

praci o 0,8+13,3 kW, mensi pracovni kapacitu o 0,23+0,36 W/kg a pracovni toleranci o
0,07+0,25 W/kg, stenokardie udavali o 1274+320sec diive a deprese useku ST ve svodu V5
se prohloubily 0 0,009+£0,012 mV (vS§e p= NS).

Rozdily mezi jednotlivymi hodnocenymi skupinami nebyly statisticky vyznamné.

Béhem obou sledovanych forem fyzického tréninku nenastala zddna zavazna komplikace.

DISKUSE

V nasi praci se parametry opakovaného ergometrického zatézového testu
nemocnych s chronickou ischemickou chorobou srde¢ni podstupujici jednotlivé typy
rehabilitac¢nich programi od sebe statisticky vyznamné nelisily. Pocty nemocnych a zmény
hodnocenych parametri nebyly dostatecné velké k dosazeni statisticky vyznamnych
rozdild, nicméné byly nalezeny jasné trendy k vétSimu zlepSeni zatéZové kapacity a
tolerance u skupin nemocnych cvicicich intenzivné a trvale doma a to nezavisle na

absolvovani fizeného rehabilitaéniho programu.

Nebylo ptekvapenim, Ze se zlepsili praveé pacienti, kteti se cvi¢eni vénuji intenzivné
sami. Mirné piekvapil fakt, Ze se na vysledcich vice neprojevil vstupni fizeny trénink. Je
tomu tak, pravdépodobné, z diivodi provedeni kontrolnich testii az 9 mésict po ukonceni
fizeného tréninku. Je zndmo, Ze ¢im je trénink vice intenzivni, tim se da ocekdvat
vyraznéjsi efekt na zat€ézovou toleranci [21]. Zatimco u nemocnych, kteti po absolvovani
programu pokracovali ve cviceni, se pii kontrolnich testech projevil hlavné intenzivni
dlouhodoby trénink. Naopak, ti pacienti, ktefi cvi€it pfestali, méli své funkéni parametry na

urovni, jako kdyby necvicili viibec.

I v ostatnich studiich zamétenych na tuto problematiku v minulosti byly nalezeny

vlivy pravidelného cviceni na zatéZzové parametry. Studie European Heart Failure
25



Training Group [22] uvadi statisticky vyznamné 17% zvyseni celkového Casu zatéze u
pravidelné cvicicich pacienti a to bez rozdilu zda Gcastnici cvic¢ili doma nebo v nemocnici.
Také udava vetsi ucinnost u kombinace cvi¢eni na ergometru a rytmiky oproti samotnému

cviceni na ergometru.

Benzer a spol. [23] zjistili vyznamné zlepsSeni stavu (sledované pomoci dotazniku
kvality zivota) po 1-mé&si¢nim cvi€eni oproti nemocnym, kteti necvi€ili. ZlepSeni se sice
tykalo jak nemocnych cvic¢icich pod dozorem v nemocnici, tak i téch, ktefi cvicili
individualné¢ mimo nemocnici, ale individudlné cvicici se zlepsili vice. Autoii doporucu;ji
nemocnym podstupujici nemocniéni trénink, aby nasledné navézali individudlni aktivitou.
Individualni télesnou aktivitou se zabyvali i Adachi a spol. [24], ktefi zkoumali vliv
ruznych intenzit tréninku na funkci levé komory. Jejich pacienti cvi¢ili doma — jejich
ukolem bylo chodit rychlou chiizi 15 minut 2x denné, 5 dni v tydnu, po dobu 2 mésicti.
Intenzitu z4tézi si tidili podle tepové frekvence. U 29 nemocnych po infarktu myokardu
prokazali, ze trénink jakékoliv intenzity zlepSuje pracovni kapacitu, ale pouze trénink o
vysoké intenzité zlepSuje funkci levé komory vyjadienou tepovym objemem a ejekéni
frakei. I jiné studie prokazali, ze ¢im je trénink intenzivngjsi, tim vétsi je jeho

kardioprotektivni G¢inek [25-26].

Na pomérné¢ velkém souboru 113 pacientti s ICHS, ktefi cvicili pravidelné denné
doma na rotopedu a své cviceni si zapisovali do ptidélené¢ho log-booku, Niebauer se
spolupracovniky [13] prokazali po 6 letech sledovani 28% zvySeni pracovni kapacity a
zpomaleni progrese koronarnich stendz. K podobnym vysledktim dospéli i dalsi studie
[27]. Hledaji se také nejriizn€j$i moZznosti, jak zvysit motivaci pacientd ke cviceni a
zaroven umoznit 1ékati presnéjsi sledovani fyzické aktivity — kromé& zminéného log-booku
je mozno vyuzit naptiklad krokomér nebo akcelerometr [28-30]. Pravidelné cviceni
neovliviiuje pouze fyzickou vykonnost, ale 1 celkovou kvalitu zivota. Focht se
spolupracovniky [31] porovnavali 2 druhy télesného tréninku (pouze fizeny versus fizeny
nasledovany individualnim cvic¢enim) u 147 osob starSich 50 let a dle dotaznikt zjistili

zlepSeni kvality zivota (health-related quality of life) pfi obou typech tréninku.

Nase prace, ve shod¢ s vySe uvedenymi studiemi, ukazuje, Ze nejdileZzitéjsi je
pravidelnost a kontinuita cviceni. Rizené rehabilita¢ni programy maji pfesto nékolik

nezastupitelnych tloh. Ukazuji nemocnym styl cviceni, posilovanim jim umoziiuji
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dosahnout lepsi fyzické kondice, ktera je nutna pro dalsi pokra¢ovani ve cviceni na
dostatecné trovni zatéze doma. Velmi vyznamna je u pacientt, u kterych hrozi zdravotni
komplikace uz pii malém stupni zatéze a je u nich velké riziko zdravotnich komplikaci,
které vyzaduji 1ékaisky dohled popiipad¢ intervenci. Jedno z moznych feseni, jak spojit
fizenou a individudlni télesnou aktivitu, naznacuji némecti autoti z Heidelbergu — jejich
pacienti cvicili nejdfive 3 tydny intenzivné v nemocnici (6x denn¢!), nasledné jim byl
zapujcen rotoped a cvicili individudlné doma (2x denn¢ po 30 minutach) s pravidelnymi
spolecnymi cvicenimi v nemocnici (2x tydn¢). Timto velmi intenzivnim tréninkem dosahli
u svych pacientli za 12 mésicli nejenom snizeni zatézi vyvolané ischemie o 54% [32], ale
prokézali i zpomaleni progrese koronérni ateroskler6zy [20]. Rovnéz zastaveni progrese
korondrnich aterosklerotickych 1ézi prokazali Hambrecht a spol. [33] u 29 chronickych
ischemikli pomoci 12-mési¢niho individudlniho tréninkového programu (minimalné 30
minut denné jizdy na ergometru) zahajeného 3 tydny spolecného cviceni v nemocnici (6x

denn¢ 10 minut Slapani na ergometru).

Podobn¢ Hofman-Bang [4] nabidli svym pacientim 12 mési¢ni individualni
tréninkovy program spojeny s pokusem o zménu zivotniho stylu, ktery zahrnoval vstupni
4-tydenni ,,zauceni“. Na 151 nemocnych po PTCA (perkutanni transluminélni koronarni
angioplastice) ukazali zvySeni pracovni kapacity a sniZeni poctu hospitalizaci béhem
nasledujicich 12 mésicti po ukonceni programu. Z hlediska praktického vyuziti maji tyto
rehabilitaéni modely zasadni limitaci ve vstupni tfi-, respektive Ctyitydenni hospitalizaci,
nicméné jist€ by se podobné spojeni fizené a individualni aktivity dalo pfizplisobit redlnym

moznostem a komfortu pacienti.

Hlavnimi limitacemi nasi prace je malé mnozstvi nemocnych v jednotlivych
skupinach a kratka doba sledovani. Spolu s ocekavané nevelkymi zménami jednotlivych
ergometrickych parametrli po 1 roce sledovani se neda piredpokladat statisticka

vyznamnost rozdilli mezi skupinami.

ZAVER
Parametry opakovaného ergometrického zatéZzového testu nemocnych podstupujici

jednotlivé typy rehabilitacnich programt se od sebe statisticky vyznamné neliSily. Byl
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nalezen trend zlepSeni zatézovych parametrti u skupin nemocnych cvi¢icich intenzivné a
trvale doma a trend zhorSeni u skupin individudln€ necviéicich, a to nezavisle na
absolvovani uvodniho fizeného rehabilitacniho programu. Je tfeba dbat zvySeného dirazu
na informovani a edukaci nemocnych s ICHS ve smyslu zintenzivnéni jejich pohybového

rezimu.
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2.2. THE EFFECT OF REGULAR PHYSICAL ACTIVITY ON THE LEFT
VENTRICLE SYSTOLIC FUNCTION IN PATIENTS WITH CHRONIC
CORONARY ARTERY DISEASE

SUMMARY

Objective: The purpose of this study was to assess the influence of aerobic training on the

left ventricular (LV) systolic function.

Methods: Thirty patients with stable coronary artery disease, who had participated in the
conducted 3-month physical training, were retrospectively divided into 2 cohorts. While
patients in the cohort I (n=14) had continued training individually for 12 months, patients

in the cohort Il (n=16) had stopped training after finishing the conducted program.

Rest and stress dobutamine/atropine echocardiography was performed in all patients before
the training program and 1 year later. The peak systolic velocities of mitral annulus (Sa)
were assessed by tissue Doppler imaging for individual LV walls. In addition, to determine
global LV systolic longitudinal function, the four-site mean systolic velocity was

calculated (Sa glob).

According to the blood supply, left ventricular walls were divided into 5 groups: A- walls
supplied by nonstenotic artery; B- walls supplied by coronary artery with stenosis < 50%;
C- walls supplied by coronary artery with stenosis 51-70%; D- walls with stenosis of

supplying artery 71-99%; and E- walls with totally occluded supplying artery.

Results: In global systolic function, the follow-up values of Sa glob in cohort I were
improved by 0.23+0.36 as compared with baseline values at rest, and by 1.26+0.65 cm/s at
the maximal load, while the values of Sa glob in cohort II were diminished by 0.53+0.22
(p=NS), and by 1.25+0.45 cm/s (p<0.05), respectively.

Concerning the resting regional function, the only significant difference between cohorts in
follow-up changes was found in walls E: 0.37+0.60 versus -1.76+0.40 cm/s (p<0.05). At
the maximal load, the significant difference was found only in walls A (0.16+0.84 versus -

2.67£0.87 cm/s; p <0.05).
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Conclusion: Patients with regular 12-month physical activity improved their global left
ventricle systolic function mainly due to improvement of contractility in walls supplied by

a totally occluded coronary artery.

Key words: coronary artery disease — aerobic training - left ventricle systolic function
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ABBREVIATIONS

ACE - angiotensin-converting enzyme

CR - cardiac rehabilitation

EF - ejection fraction

DM - diabetes mellitus

LV — left ventricle

MI - myocardial infarction

TDI — tissue Doppler imaging

2D - two-dimensional

Sa — peak systolic velocity of myocardium adjacent to the mitral annulus

Sa’- peak velocity of myocardium adjacent to the mitral annulus during isovolumic

contraction

Ea — peak velocity of myocardium adjacent to the mitral annulus during early diastolic

phase

Aa — peak velocity of myocardium adjacent to the mitral annulus during atrial contraction
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INTRODUCTION

Beneficial effects of cardiac rehabilitation (CR) on secondary prevention of patients
with coronary artery disease are now well-established. The major objective benefits are an
increased exercise capacity (Hambrecht et al. 2000) and reduced rates of cardiac events
and mortality (Oldridge et al.1988, Hadkell et al. 1994). In addition, beneficial effects on
coronary risk factors — blood pressure, lipid levels, glucose metabolism, body weight, as
well as on the endothelial function and psychological well-being were proved (Shephard

and Balady 1999).

On the other hand, only limited data exists concerning the effect of CR on left
ventricular (LV) function. Some authors suggest improvements in cardiac function (Klecha
et al. 2007, Hambrecht et al. 2000, Belardinelli et al.1996, Giannuzzi et al.1997), whereas
others have not found any significant differences between exercise training groups and
controls (Dubach et al.1997, Giannuzzi et al.2003). The different results may be due to
differences in intensity and duration of training, measurement techniques or patient
populations. However, in majority of the studies, LV function has been evaluated by LV
ejection fraction (EF) measurements. It is well known that LVEF quantification using
standard two-dimensional (2D) echocardiography is strongly dependent on image quality

and endocardial border delineation.

Tissue Doppler imaging (TDI) is an echocardiographic technique employing the
Doppler principle to measure the velocity of myocardium. Using the pulsed TDI we get the
characteristic curve, which consists of three main waves (Figure 1). The positive Sa wave
represents a systolic phase of cardiac cycle. This wave is frequently two-phased with the
first slim peak of isovolumic contraction (Sa”) and second wider wave of ejection of LV.
The first negative wave after the Sa wave is called Ea, it represents fast filling of the
ventricle in diastolic phase of cardiac cycle. The second negative wave (Aa) grows from
atrium contraction at the end of the diastolic phase of cardiac cycle. Pulsed-TDI permits
quantification of regional longitudinal myocardial velocities with high temporal resolution
and is feasible even in poor acoustic windows. Hence, TDI offered a potentially more
accurate quantitative assessment of both regional and global LV function including even
more minor changes in systolic LV function that are not detectable during 2D

echocardiographic evaluation of LVEF.
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The purpose of this study was to assess the influence of aerobic training on the LV

systolic function using TDI measurements.

Figure 1. Characteristic curve of pulse TDI

o
a Sa

Sa’ Sa’

Sa — peak systolic velocity of myocardium adjacent to the mitral annulus

Sa’- peak velocity of myocardium adjacent to the mitral annulus during isovolumic

contraction

Ea — peak velocity of myocardium adjacent to the mitral annulus during early diastolic

phase

Aa — peak velocity of myocardium adjacent to the mitral annulus during atrial contraction

PATIENTS AND METHODS
Patient population and study protocol

The study comprised 30 patients with stable coronary artery disease (proved by the
coronary angiography performed before the study). All of them had participated in the
conducted 3-month physical CR training. The continuation of physical training was

recommended to all patients. After 1 year period, these patients were retrospectively
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divided into 2 cohorts. While patients in the cohort I (n=14) had continued training
individually for 12 months, patients in the cohort II (n=16) had stopped training after

finishing the conducted CR program.

Rest and stress dobutamine/atropine echocardiography was performed in all
patients before the training program and 1 year later. For the evaluation of regional systolic

LV function, the pulsed TDI was used.

According to the blood supply, LV walls were divided into 5 groups: A- walls
supplied by nonstenotic artery; B- walls supplied by coronary artery with stenosis < 50%;
C- walls supplied by artery with stenosis 51-70%; D- walls with stenosis of supplying
coronary artery 71-99%; and E- walls with totally occluded supplying artery.

The study was in accordance with the Declaration of Helsinki (2000) of the World
Medical Association, was approved by the institutional ethics committee and written

consent was obtained from each patient.

Physical training

All patients had participated in the conducted outpatient CR. The program offered 3
months of 3 times per week sessions. Each session lasted for 60 minutes and consisted of 3
different phases: 10 minutes warm-up, period of aerobic exercise on bicycle ergometer
with load intensity at the level of anaerobic threshold (20 minutes), period of resistance
training performed on combined training machine (20 min), and relaxation period (10
min). Aerobic exercise intensity was individually prescribed according to symptom-limited
spiroergometry (Blood Gas Analyser, MedGraphics, USA) that was provided before

training period for the evaluation of anaerobic threshold.

The 9-months individual training of cohort I consisted of regular physical activity
performed for a minimum of one hour at least three times a week. As a regular physical
activity the patients have been asked to choose either cycling, riding a velo-ergometer or

swimming.
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Echocardiography

Using commercially available equipment Philips Sonos 5500 (Andover, USA) with
a 2.5MHz transducer, echocardiographic examinations were performed in one centre by
one experienced echocardiographer. 2D images of standard views and pulsed TDI of apical
4- and 2-chamber views were acquired and recorded on videotape for off-line analyses.
The peak systolic velocities of myocardium adjacent to the mitral annulus (Sa) were
assessed by TDI for individual LV walls: septum, lateral, anterior, and inferior walls. In
addition, to determine global LV systolic longitudinal function, the four-site mean systolic
velocity was calculated (Sa glob). Velocities were evaluated at rest and at the maximal

load.

Dobutamine echocardiography was performed in all patients. Dobutamine was
infused with mechanical pump, starting at a dose of 5 pg/kg/min. At 3-minute intervals, the
dose was increased incrementally to 10, 20, 30, 40 pg/kg/min until a maximal dose was
reached or target heart rate was attained. Intravenous atropine was given in one bolus dose
of 0.5mg if the target heart rate was not reached. After the test has been terminated,

patients were monitored until baseline condition returned.

Statistical analysis

The changes of global and regional systolic function of individual LV wall groups
were compared between cohorts at rest and at the maximal load. To assess normal
distribution of variables, the Kolmogorov-Smirnov test was used. An unpaired t-test and
Mann-Whitney U test were applied to compare the values of parameters between cohorts;

p<0.05 was considered statistically significant.

RESULTS

Baseline characteristics and coronary angiography findings of patients are shown at
Table 1 and 2. The majority of parameters have been similar in the two groups — just

differences between the number of men and women and the difference between patients
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age in both cohorts have been found. No serious adverse events were found in either group

during the follow-up.

Table 1. Characteristics of the study population

Parameter CohortI (n=14) Cohort II (n = 16)
Age (years) 60 (10) 69* (8)
Men 13 (93 %) 8* (50 %)
Diabetes mellitus 4 (29 %) 5 31 %)
Hypertension 14 (100 %) 16 (100 %)
Hyperlipidemia 14 (100 %) 15 (94 %)
Previous myocardial infarction 10 (71%) 9 (57%)
LV EF (%) 50.4 (2.9) 479 (2.7)
No of stenotic arteries (>70%) 2.1 (0.2) 1.6 (0.2)
Medication
Aspirin 14 (100 %) 15 (94 %)
Beta blocker 14 (100 %) 16 (100 %)
ACE inhibitor 10 (71 %) 11 (70 %)
Statin 13 (93 %) 16 (100 %)
Diuretics 4 (29 %) 5 31 %)
Nitrates 8 (57 %) 11 (69%)

The values are expressed as the mean supplied by standard error (in parentheses) or

number (%) of subjects.
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LV = left ventricle; EF = ejection fraction; No = number; ACE = angiotensin-converting

enzyme; * p< 0.05 between cohorts

Table 2. Coronary angiography finding in cohorts

Cohort I(n=14) II (n=16)

LAD LCX RCA LAD LCX RCA
no stenosis 321%) 2(14%) 321%) {3 (19%) 6 (38%) 5 (31%)
stenosis < 50 4(29%) T(050%) 00%) §2(13%) 4 (25%) 4 (25%)

stenosis 51-70% |2 (14%) 2(14%) 3 (21%) |1 (6%) 1 (6%) 2 (13%)
stenosis 71-99% |3 (21%) 1 (7%) 321%) {4 (25%) 3 (19%) 2 (13%)

totally occluded |2 (14%) 2(14%) 5@3B6%) J6(38%) 2(13%) 3 (19%)

The values are expressed as number of arteries (%)

LAD = left anterior descending artery; LCX = left circumflex; RCA = right coronary artery

The changes of Sa value after follow-up in different groups of LV walls are shown
in Table 3. In global systolic function, the values of Sa glob in cohort I were improved by
0.23+0.36 as compared with baseline values at rest, and by 1.26+0.65 cm/s at the maximal
load, while the values of Sa glob in cohort II were diminished by 0.53+0.22 (p=NS), and
by 1.25+0.45 cm/s (p<0.05), respectively.

Concerning the resting regional function, the only significant difference between
cohorts in follow-up changes was found in walls E: 0.37+0.60 versus -1.76+0.40 cm/s
(p<0.05). At the maximal load, the significant difference was found only in walls A

(0.16+0.84 versus -2.67+0.87 cm/s; p <0.05). Sa changes in other walls was not significant.
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Table 3. Changes of Sa value after follow-up in different groups of LV walls at rest and at

the maximal load

At rest At the maximal load
Cohort I(n=14) II (n=16) I(n=14) II (n=16)
Wall group
A -1.56+0.93  -0.86+0.38 0.16+0.84 -2.67+0.87*
B 1.29+0.63 0.62+0.58 3.83+1.13 0.56+1.05
C -0.64+0.69  0.14+0.88 -0.42+1.02 -0.58+1.92
D -0.09£0.86  -0.10+0.30 -2.82+1.19 -2.29+0.86
E 0.37+0.60 -1.76+£0.40*  1.70+1.43 0.02+0.78
All (global
function) 0.23+0.36 -0.53+0.22 1.26+0.65 -1.25+0.45*

The values are expressed as the mean supplied by standard error (in parentheses)
Sa = peak systolic velocity of mitral annulus; LV = left ventricle;

Wall groups : A- walls supplied by nonstenotic artery; B- walls supplied by artery with
coronary stenosis < 50%; C- walls supplied by artery with stenosis 51-70%; D- walls with

stenosis of supplying artery 71-99%; and E- walls with totally occluded supplying artery.

* p< 0.05 between cohorts.
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DISCUSSION
Effect of CR on global LV systolic function

The present investigation suggests that long-term exercise training can improve LV
systolic function in patients with coronary artery disease. Previous works have shown
variable results in relation to influence of CR on the LV function (Klecha et al.2007,
Hambrecht et al.2000, Belardinelli et al.1996, Giannuzzi et al.2003). The failure to assess
changes in LVEF in some studies may have several reasons. It may be the result of
different study populations, kind and intensity of the training programs or the measurement
techniques (Webb-Peploe et al.2000). Only patients with chronic heart failure or after
myocardial infarction with moderate-to-severe LV dysfunction were included in the
majority of studies assessing the influence of CR on LV function. In comparison with
them, our patients had only slight depression of LVEF and not all of them underwent

clinical myocardial infarction.

The intensity and duration of CR necessary for LV function improvement have not
yet been sufficiently evaluated. In the analysis in the work of Piepoli (Piepoli 2004) the
data suggested that only long-term duration over 28 weeks of CR may be required to reach
benefits in mortality and adverse events rates. The antiremodelling effect of training with a
trend towards improvement of LV functional parameters was found after 6-month training
in the work of Klecha et al (Klecha et al.2007). On the other hand, the work of Hambrecht
(Hambrecht 2000) demonstrated that an intense CR program can improve resting LVEF in
2 weeks. In our work, just 1-year CR improved LV systolic function, while the 3-month

training did not provide the sustained long-term functional improvement.

The utilization of LVEF, as an evaluated parameter of LV function, could be one of
the main factor contributing to the failure of some previous studies to shown the effect of
CR. LVEF is a load-dependent parameter and is very rough to assess expected slight
changes of LV function. EF evaluated by 2D echocardiography is strongly dependent on
image quality and endocardial border delineation. In contrast, TDI is robust, reproducible

and may be more sensitive marker of LV longitudinal systolic function and it is feasible
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even in poor echocardiographic windows. Hence, TDI allows evaluation of even minor
changes in LV function that are not detectable by 2D assessment. In several published data,
TDI has been applied to stress echocardiography in order to overcome the limitation of
only visual analysis (Cain et al.2001, Fathi et al.2001, Bougault et al.2008, Duzenli et
al.2008, Garcia et al.2006).

Effect of CR on regional LV systolic function

This present study is the first trial to evaluate the effect of CR on regional LV
systolic function in relation to blood supply of individual LV walls. TDI was chosen for
this purpose, because it permits quantification of regional longitudinal myocardial systolic
velocities with a high temporal resolution and can overcome the limitation in the subjective
echocardiographic evaluation of regional ventricular function (Reuss et al.2005).Our data
showed that the effect of CR on LV systolic function is caused mainly through the
improvement of contractility in walls supplied by a totally occluded coronary artery. The
effect of physical training and LV global and regional function was assessed by TDI also
in the study of Deljanin-Ilic and al (Deljanin-Ilic et al.2007). After 6 months, LV EF
increased significantly as well as the regional systolic myocardial function at the

previously infarcted wall only in the training group.

Mechanisms of this training effect have not yet been established. The most likely
explanation is the combination of beneficial changes in ventricular wall tension and
favorable adaptation in the coronary circulation. The physical training may have beneficial
effect on changes in autonomic balance toward a vagal predominance, which could limit
the deleterious effects of sympathetic hyperactivity on the LV remodeling and function,

analogously to treatment with beta blockers.

In patients with stable coronary artery disease, augmented delivery of blood to
ischemic myocardium has been shown to take place in response to physical training
(Hambrecht 2004). The beneficial effect of CR on morbidity and mortality has been
attributed to the growth of collateral vessels between healthy and underperfused
myocardial regions (Shephard and Balady 1999). This theory was documented for example

by work of Zbinden et al where beneficial dose-response effect of 3-month endurance
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exercise training on collaterals has been found (Zbinden et al.2007). However, other
human studies have failed to document consistently the formation of collaterals. The main
reason for different results may have been the lack of sensitivity of angiography to detect
small coronary collaterals. The collateral growth and other coronary vascular changes may

improve function of chronically hypoperfused myocardium.

Furthermore, CR has been shown to favourably affect blood flow rheology, thereby
possible improving of myocardial perfusion. The improvement in myocardial blood flow to
the infarcted area may lead to recovery of both global and regional LV function (Schuler et

al.1992).

Although our study cannot elucidate the possible mechanism of regional functional
improvement, we speculate, that combination of autonomic system changes and especially
the development of collaterals may have facilitated partial functional recovery of

dysfunctional but viable myocardial regions supplied by a totally occluded coronary artery.

Study limitations

Our study had several limitations. The study was retrospective, not randomized.
The interpretations of results could be limited by a relatively small sample size in both
cohorts. Also our study can be influenced by the difference between the number of men
and women and the difference between patients age in both cohorts, because age and
gender are determining factors for training effects - smaller improvements of women as
well as a negative relation between age and improvement in exercise performance is

known (Vanhees et al.2004).

Another limitation is the fact, that the 9-months training of cohort II have been
performed as an outpatient individual training without any supervision. The information
about frequency and intensity has been obtained only from patient’s anamnesis during their
regular visits in outpatient department. However, very different types of training
programmes are described in literature and in some studies, a home-based CR had no
significant differences in the main outcomes compared with the centre-based programme
(Jolly et al.2009) or an outpatient CR led to further improvement of followed parameters in

comparison to supervised CR in a hospital (Benzer et al.2007).
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Certainly, further research is required, especially in order to optimize the
effectiveness of CR programs and to better understand the mechanisms responsible for the

improvements related to CR training.

CONCLUSION

In our study, patients with regular 12-month physical activity improved their global
left ventricle systolic function mainly due to improvement of contractility in walls supplied

by a totally occluded coronary artery.
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2.3. ASSESSING THE LEFT VENTRICLE DIASTOLIC FUNCTION IN A
GROUP OF PATIENTS WITH CHRONIC ISCHAEMIC HEART DISEASE
AND REGULAR PHYSICAL ACTIVITY

ABSTRACT

Aim: Assessing the left ventricle diastolic function in a group of patients with stable

coronary artery disease and regular physical training.

Methods: The study included thirty patients with stable coronary artery disease. Every
patient had participated in the conducted 3-month physical training in Department of
Functional Diagnostic and Rehabilitation St. Anna Hospital. After one year patients were
retrospectively divided into two cohorts according to their physical activity. The patients in
cohort C (consists of 14 patients) continued in aerobic physical training after the end of
rehabilitation program. The patients in cohort N (consists of 16 patients) had stopped their

training after finishing the conducted program in St. Anna Faculty Hospital.

The peak diastolic velocities of myocardial motion were measured at individual LV
walls: septum, lateral, anterior, and inferior walls. In addition, to determine global LV
diastolic function, the four-site mean diastolic velocity was calculated (Ea glob, Ea/Aa

glob). Velocities were evaluated at rest and at the maximal load.

According to the blood supply, left ventricular walls were divided into five groups:
0- walls supplied by non-stenotic artery; 1- walls supplied by artery with coronary stenosis
< 50%; 2- walls supplied by artery with stenosis 51-70%; 3- walls with stenosis of
supplying artery 71-99%; 4- walls with totally occluded supplying artery. For every patient
the difference between values Ea, Ea/Aa for each wall at the end of the study and the
values at the beginning of the study was assessed. The values of particular walls were
divided into 5 groups according to the blood supply (this 5 groups were create using

coronarography).

The differences of these values at rest and stress between both cohorts of patients
were statistically processed using unpaired t-test, the p<0.05 was considered statistically

significant.
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Results: In global diastolic function, the values of Ea global in cohort C were improved by
0.05+2.94 cm/s at rest, and by o 1.27+3.75 cm/s at maximal load, while the values of Ea
global in cohort N were diminished by -0.89+2.01 cm/s (p<<0.05 versus cohort C), and by -
0.13£3.20 cm/s; (p<0.05 versus cohort C) at maximal load.

The most important benefit at diastolic function was found in group 4 (groups with
totally occluded coronary artery). The values of Ea in cohort C were improved by
4.24+3.65 cm/s, while the values in cohort N were diminished by -0.68+2.74 cm/s; (p<0.05

versus cohort C) at maximal load. The other Ea values results were not significant.

The Ea/Aa values in group 4 in cohort C were improved by 0.29+0.39 cm/s at
maximal load , while values of Ea/Aa in cohort N were diminished by -0.03+0,24 cm/s;
(p<0.05 versus cohort C) at maximal load. The other Ea/Aa values results were not

significant.

Conclusion: Our patients with 12 months training improved their global diastolic function.

The most important benefit was found in walls supplied by occluded artery.

Key words: aerobic training, left ventricle diastolic function, chronic ischemic heart

disease
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INTRODUCTION

The effects of regular physical activity on cardiovascular system and myocardial
function are global. The risk factors are reduced (by changing the way of life, strength of
thews). Heart rate and blood pressure are decreased, peripheral venous tonus is improved

and positive influence on the left ventricle (LV) is probable.

Tissue Doppler imaging (TDI) is echocardiographic method using the Doppler
effect. By this method it is possible to measure the velocity of myocardial motion in both
systolic and diastolic phases of cardiac cycle [1]. The difference between classic Doppler
sonography and TDI is in using special filters, that eliminate signals which are repulsed
back by blood cells, and reversible intensify signals that are repulsed by myocardium

(these signals are marked with high amplitude and low frequency).

There are two types of TDI: pulsed TDI and colour TDI. Using the pulsed TDI we
get the characteristic curve, which consists of three main waves. The positive Sa wave
represents a systolic phase of cardiac cycle. This wave is frequently two-phased with the
first slim peak of isovolumic contraction (Sa”) and second wider wave of ejection of LV.
The first negative wave after the Sa wave is called Ea, it represents fast filling of the
ventricle in diastolic phase of cardiac cycle. The second negative wave (Aa) grows from
atrium contraction at the end of the diastolic phase of cardiac cycle. The Aa wave
is missing in the case of atrial fibrillation [2]. During exercise tests the waves Ea and Aa

are often fusing [3] cause to the faster heart rate.

By measuring the amplitude of these single waves, the maximal velocity of each
myocardial segment during cardiac cycle can be evaluated. In myocardial pathologies
velocity values for each segment and also the overall value of ventricle function are being
changed. The velocity of all 17 myocardial segments can be measured [4]. Physiologically,
the velocities are getting higher in segments from apex towards heart base. TDI can be
used for evaluation of regional and also global function of both ventricles (both systolic
and diastolic ventricle function). We can prove the myocardial ischaemia, and the
reversible and non-reversible myocardial dysfunction [2]. During ischaemia the maximal
Sa and Ea velocities are reduced. The change of Aa is not significant, so the Ea/Aa ratio in

ischaemic area is getting down [1].
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The purpose of this study was to assess the effect of aerobic training on the left

ventricular diastolic function in group of patients with chronic ischemic heart disease.

MATERIALS AND METHODS

The study included thirty patients with stable coronary artery disease. These
patients were retrospectively divided into two cohorts with difference in regular physical
training. The cohort C consists of 14 patients. These patients had participated in the
conducted 3-month physical training in Department of Functional Diagnostic and
Rehabilitation St. Anne’s Faculty Hospital, and after the 3-months they had continued with
individual training for 9 more months. The regular physical training consists of 3 phase in
60 minutes 3 times a week. The first phase of the training is called warming up and lasts
for ten minutes. The second phase is an aerobic period and lasts for 35 minutes. This phase
consists of power training and riding a bicycle ergometer. The third phase is a relaxation
phase and lasts for 15 minutes. The 9-months individual training consists of regular
physical activity performed for one hour at least three times a week. As a regular physical
activity the patients should have chosen riding a bicycle-ergometer, cycling, or swimming.
The cohort N consists of 16 patients. These patients had stopped the training after finishing

the conducted program. Cohort’s characteristics are shown in Table 1.

Table 1. Study population

Cohort C cohort N
Age (years) 6010 60+8 "
MNumber of arteries with stenosis = 70% 1.6+1.1 1.8+1.2
DM 43% 19%
M 50% 63%
Hypertension 100% 100%
HLPP 100% 94%
EF (%) 50.8+10.8 48.6+12.4
Male/female 131 9/7 e

Values are shown as average + standard deviation;

EF-ejection fraction LV; MI-myocardial infarction; DM-diabetes mellitus; HLPP-

hyperlipoproteinemia; * p<0.05 between cohorts
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At the beginning of the study the coronary angiography was performed. According
to the blood supply, left ventricular walls were divided into five groups: 0- walls supplied
by nonstenotic artery; 1- walls supplied by artery with coronary stenosis < 50%; 2- walls
supplied by artery with stenosis 51-70%; 3- walls with stenosis of supplying artery 71-
99%; 4- walls with totally occluded supplying artery.

Rest and stress dobutamine/atropine echocardiography was performed in all
patients before the training program and one year later. Three days before the rest/stress
dobutamine echocardiography the beta blockers were discontinued. Using commercially
available equipment Sonos 5500 (Hewlet-Pacard, US) with transducer 2.5 MHz,
echocardiography was performed in standard views — parasternal long axis, parasternal
short axis (level of papillary muscles), apical 4- and 2- chamber views. The peak diastolic
velocities of myocardial motion were measured at individual LV walls: septum, lateral,
anterior, and inferior walls. In addition, to determine global LV diastolic function, the four-
site average diastolic velocity was calculated (Ea glob, Ea/Aa glob). Velocities were

evaluated at rest and at the maximal load.

For every patient the difference between values Ea, Ea/Aa for each wall at the end
of the study and the values at the beginning of the study was assessed. The values of
particular walls were divided into 5 groups according to the blood supply (this 5 groups
were create using coronary angiography). The differences of these values during rest and
maximal stress between both cohorts of patients were statistically processed using unpaired

t-test, a p<0.05 was considered statistically significant.

RESULTS
The results are shown in Table 2.

In global diastolic function, the values of Ea global in cohort C were improved by
0.05£2.94 cm/s at rest, and by o 1.27+3.75 cm/s at maximal load, while the values of Ea
global in cohort N were diminished by -0.894+2.01 cm/s (p<0.05 versus cohort C), and by -
0.13+3.20 cm/s; (p<0.05 versus cohort C) at maximal load.

The most important benefit to the diastolic function was found in group 4 (groups

with totally occluded coronary artery). The values of Ea in cohort C were improved by
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4.24+3.65 cm/s, while the values in cohort N were diminished by -0.68+2.74 cm/s; (p<0.05

versus cohort C) at maximal load.

Table 2. Changes of value characteristics of diastolic function

rest stress
Ea Ea/Aa Ea Ea/Aa
Cohort C N C N G N c N

0 -0.64£2.08 | -1.44+1.66 -0.02£0.14 | -0.10£0.24 | | -044+2.53 | -1.03x£2,24 -0.14+£0.25 | 0.04£0.27

1 0.27£293 | -0.26x£1.37 -0.05+0.28 | 0.03£0.12 1.25£2.78 | 2.05£3.37 0.01£017 | 0.11£0.20

2 0.59+£262 | -1.64+£3.69 0.13£0.08 | -0.11x£0.38 0.51£2.87 | 0.62+497 0.00£0.20 | 0.13x043

3 0.55+3.68 | -0.66£1.71 0.03£0.34 | 0.14£0.30 —-0.04+4.86 | -0.48+3.00 0.09+£0.57 | 0.25x057

4 048277 | -0.77+£2.28 —0.06+0.22 | 0.03£0.18 4.24+3.65 | -0.68+2.74 | * | 0.29+£0.39 | -0.03+0.24
Global

0.05+2.94 | -0.89+2.01 | # | -0.02+0.26 | 0.02+0.26 1.27+£3.75 | -0.13+£3.20

£

: 0.06+0.36 | 0.09+038
function

Values are shown as average + standard deviation;* p<0.05 between cohorts;
rest=investigation in rest; stress= investigation during maximal load; C= cohort C; N=
cohort N; group 0,1,2,3,4= according to the blood supply; global function= Ea global or
Ea/Aa global as a average of all walls LV

The results of the Ea values from other walls were not significant.

The Ea/Aa values in group 4 in cohort C were improved by 0.29+0.39 cm/s at
maximal load, while values of Ea/Aa in cohort N were diminished by -0.03+0.24 cm/s;

(p<0.05 versus cohort C) at maximal load. The changes of other Ea/Aa values results were

not significant.

In cohort C, as the stress test was performed, 12 of 14 patients have stress-induced
kinetic disorder, 2 patients have negative stress test. In cohort N, 12 of 16 patients have
stress-induced kinetic disorder (4 patients have negative stress test, but 2 of them have

typical stress performed chest pain without objective kinetic disorder).
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DISCUSSION

In our study, using TDI for assessing changes of the diastolic function of LV, the
regular physical activity has positive influence on diastolic function of LV. We found the
improvement of global diastolic function during the rest and also during the maximal load.

The most important benefit was found in walls supplied by occluded artery.

In the literature, there are very few studies using pulsed TDI to evaluate the effect
of cardiac rehabilitation on LV function. Moreover, population cohorts are very different.
Schuster et al. [5] reported improvement of global diastolic function assessed by TDI in
obese men with subclinical cardiac dysfunction after eight weeks of training. In the cohort
of patients with chronic kidney disease, Howden et al. [6] found an improvement of
diastolic LV function after comprehensive intervention including physical training. Arbab-
Zadeh et al [7] has found that prolonged, endurance training preserves ventricular
compliance with aging and may help to prevent heart failure in elderly. In patients with
coronary artery disease after myocardial infarction, Deljanin - Ilic et al. [8] has reported
that continuous physical training induced significant improvement of regional diastolic LV
function. In the study of Yu [9], cardiac rehabilitation and prevention program prevented
the progression of resting LV diastolic dysfunction, without affecting systolic function.

The improvement of diastolic function predicted the gain in exercise capacity.

However, the results of some studies are different. In the study of Nottin et al [10],
master athletes with long-term endurance training were compared with sedentary seniors
and young adult men. The authors concluded that the endurance training does not prevent
the LV diastolic dysfunction. In post myocardial infarction patients, an 8-week cardiac
rehabilitation program led to improved exercise capacity. However, it failed to enhance
diastolic function [11]. A 4.5-month training program in post-myocardial infarction
patients with preserved systolic function and mild diastolic dysfunction did not led to

improve diastolic function in the study of Korzeniowska-Kubacka et al. [12].

We have to be cautious in our conclusion of diastolic function improvement,
because the age average in both cohorts is not the same. It is known that the diastolic
function is getting worse over the age [13], and the patients in cohort N were significantly
older than those in cohort C. And there was also a difference between substitution of men

and women in both cohorts [14].
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Although our study cannot elucidate the possible mechanism of regional functional
improvement, we speculate, that combination of autonomic system changes and especially
the development of collaterals may have facilitated partial functional recovery of
dysfunctional but viable myocardial regions supplied by a totally occluded coronary artery.
Several studies have shown that exercise training programs augment coronary collateral
supply to native vessels. There appears to be a dose-response relation between coronary

collateral flow augmentation and exercise capacity gained [15].

Our study has several limitations. The interpretations of results may be limited by a
relatively small number of patients in both cohorts. Also, our study can be influenced by
the difference between the number of men and women and the difference between patients’

age in both cohorts.

CONCLUSION

In our study, patients with regular 12-month physical activity improved their global
left ventricle diastolic function mainly due to improvement of regional diastolic function in

walls supplied by a totally occluded coronary artery.
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2.4. THE PROGNOSTIC EFFECT OF DIFFERENT TYPES OF CARDIAC
REHABILITATION IN PATIENTS WITH CORONARY ARTERY
DISEASE

ABSTRACT

Aim: The purpose of this study was to access and compare the prognostic effects of
different types of cardiac rehabilitation (CR) in patients with chronic coronary artery
disease.

Methods: One hundred fifty two patients were retrospectively divided into 4 groups
according to their adherence to physical activity recommendations. Patients in groups 1
and 2 participated in the guided 3-month exercise program. Patients in group 1 then
continued with individual exercise training, while patients in the group 2 stopped
exercising after finishing the guide exercise program. Patients in group 3 participated only
in individual exercise training throughout the whole follow-up period, and patients in
group 4 declined all exercise recommendations and did not exercise. The prognostic
outcome of different types of cardiac rehabilitation was compared among groups. In
addition, patients who participated in individual exercise training according to
recommendations (cohort IT+) were compared with patients who declined these activities

(cohort IT-).

Results: During a median follow-up of 94 months, 33 deaths occurred: 17 cardiovascular
and 16 non-cardiac deaths. A Kaplan-Meier survival analysis demonstrated significantly
better survival rates for patients who followed a long-term aerobic exercise training (IT+)
than for those who did not participate or who had only a short-term exercise programs (IT-

) (p=0.009).

Conclusion: In our study, long-term exercise training had a higher impact on patient

survival than short-term guided CR.

Key words: coronary artery disease, cardiac rehabilitation, prognosis, cardiovascular risk
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INTRODUCTION

The beneficial effects of cardiac rehabilitation (CR) on secondary prevention of
coronary artery disease are well-established and regular physical activity, including
exercise, is recommended by many guidelines '~. The major objective benefits are an
increased exercise capacity * and reduced rates of cardiac events and mortality >.In
addition, the beneficial effects on cardiovascular risk factors — blood pressure, lipid levels,
glucose metabolism, body weight, as well as on the endothelial function and psychological

well-being — have also been proven 6

The structure and intensity of CR programs varies widely among different countries
and centers '. However, in spite of their benefits and guideline recommendations, only a
minority of eligible patients participated in and completed these programs. Alternative
home-based CR activities might help to solve the problems of the poor uptake and
adherence of outpatients or inpatients to center-based CR programs. Furthermore, the
physical activity behaviors of patients, especially their participation in walking and
vigorous activities, were found to be inversely associated with the use of antidiabetic,

antihypertensive, and lipid-lowering drugs *°.

The purpose of this study was to assess and compare the prognostic effects of
different types of aerobic exercise programs in patients with chronic stable coronary artery

disease.

PATIENTS AND METHODS
Patient population and study protocol

The study comprised 152 consecutive patients with stable coronary artery disease
with at least one coronary artery stenosis more than 50% in luminal diameter (proved by
the coronary angiography performed before the study). The exclusion criteria were: 1.
coronary artery bypass graft or coronary intervention less than 3 months before inclusion;
2. known need for future coronary revascularization; 3. unstable patients; 4.

hemodynamically important valve disease; 5. non-cardiac disease adversely affecting
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prognosis; and 6. non-cardiac disease seriously limiting the participation in cardiac

exercise programs.

Participation in the supervised outpatient cardiac rehabilitation and individual
aerobic exercise training programs were recommended to all patients. After the follow-up,
the patients were retrospectively divided into 4 groups according to their acceptance of the
exercise recommendation. Patients in groups 1 and 2 participated in the guided 3-month
physical exercise program. Patients in group 1 continued to exercise individually; patients
in the group 2 stopped their exercise after finishing the guided program. Patients in group 3
participated only in an individual exercise training program throughout the follow-up
period, and patients in group 4 declined all exercise recommendations and did not exercise.
For further evaluation of the effect of different types of aerobic exercise, patients who
attended the supervised cardiac rehabilitation (cohort CR+, comprising patients of groups 1
and 2) were compared with patients who did not (cohort CR-, comprising patients of
groups 3 and 4). Similarly, patients who participated in individual training program in
accordance with the recommendation (cohort IT+, comprising patients of groups 1 and 3)
were compared with patients who declined these activities (cohort IT-, comprising patients

of groups 2 and 4).

During follow-up period, all patients were medically treated according to the
evidence-based medicine. Significant effort was spent also on motivating the patients
toward nonpharmacological treatment of risk factors, including not only physical exercise,
but also smoking cessation, dietary and weight recommendations. Mortality and major
adverse cardiac events (MACE) were assessed during follow-up visits. The primary end-
point was all-cause mortality; the secondary end-points were a composite of MACE,
including myocardial infarction, unstable angina pectoris, coronary revascularization, and

hospitalization for heart failure.

The study was in accordance with the Declaration of Helsinki (2000) of the World
Medical Association, and was approved by the institutional ethics committee. Written

consent was obtained from each patient.
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Physical exercise

The guided program offered 3 months of 3 times weekly sessions. Each session
lasted for 60 minutes and consisted of 3 different phases: 10 minutes of warm-up, 20
minutes of aerobic exercise on a bicycle ergometer with a load intensity at the level of
anaerobic threshold, 20 minutes of resistance training on combined training machine, and

10 minutes of relaxation.

Aerobic exercise intensity was individually prescribed according to initially
performed symptom-limited spiroergometry. The protocol with intensified workload up to
the symptom- limited maximum was used starting on 40W, increasing by 20W each 2
minutes. The respiratory gases were analyzed under physical exercise (Blood Gas
Analyser, MedGraphics, USA). The anaerobic threshold value for prescribing suitable load
intensity was determined according to the corresponding value of heart rate and degrees of

the Borg scale of subjective perception of load intensity.

The individual exercise training program consisted of regular physical
activity performed for a minimum of 1 hour at least 3 times per week. As a regular
physical activity, patients were asked to choose cycling, riding a veloergometer or

swimming.

Statistical analysis

For descriptive purposes, basic summary statistics such as mean, median, standard
deviation, minimum and maximum were assessed for continuous data analysis, and
absolute and relative frequencies for binary and categorical data. Groups were compared in
continuous parameters by ANOVA or Kruskal-Wallis ANOVA test if appropriate (the
Kolmogorov-Smirnov test was used to analyze distribution of data). Distribution of binary

and categorical data between groups was tested by a chi-square test.

Survival analysis (overall survival and cardiovascular survival) was performed
using the Kaplan-Meier method, and groups were compared by log-rank test or by chi-
square test. Cox proportional hazard regression model was used for multivariate analysis.

All data were analyzed at the significance level of a=0.05, and all the tests were two-tailed.
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RESULTS

Baseline patient characteristics are presented in Tables 1 and 2. Most parameters
were similar in all four groups, but there were significant differences among the groups in
age, sex, and in the number of diabetic and dyslipidemic patients. Medical treatment before
the study and after follow-up is shown in Tables 3 and 4. No statistically significant

differences were found among the 4 groups.

During a median follow-up of 94 months (range 2-158) after inclusion, there were
33 deaths (17 cardiovascular and 16 non-cardiac deaths). The Kaplan-Meier survival curve
for all four groups is shown in Figure 1. Patients in group 3 had statistically better survival
than group 2 (p=0.042) and group 4 (p=0.041). The survival between other groups did not
differ statistically. The result of an overall test comparing all patient groups bordered on
statistical significance (p=0.067). No significant differences in survival were found
between cohorts CR+ and CR- (p=0.948). However, patients in cohort I'T+ had longer
survival rates than cohort IT- (p=0.009) (Figure 2). Multivariate Cox regression analysis
including baseline covariates (sex, age, diabetes mellitus, and dyslipidemia) revealed group

as an independent factor for survival on the borderline of statistical significance (p=0.057).

The secondary end-points are shown in Table 5. The incidence of each of unstable
angina pectoris, coronary revascularization, and hospitalization for heart failure
significantly differs among the groups and was higher in cohort IT- than cohort IT+. The
composite secondary end-point differed significantly among groups and between cohorts

IT+ and IT-, but no difference was found between cohorts CR+ and CR-.

65



Table 1. Study groups characteristics: medical history (groups 1-4)

Parameter Group 1 Group 2 Group 3 Group 4 Pvalue
(n=32) (n=60) n=22) (n=38)
Age (years) 7152100 718188 63.8+103 739+87 0.002*
Men 32 (100.0%) 43 (71.7%) 20 (90.9%) 27 (71.0%) <0.001*
BMI 273133 283+30 283130 276+38 0.622
LVEF (%) 486+8.8 469+ 10.1 495+76 01+116 0276
No of stenotic arteries (= 70%) 1507 15107 14106 1406 0.526
Coronary revascularization 19 (59.4%) 20 (48.3%) 15 (68.2%) 17 (44.7%) 0243
DM 5(15.6%) 19 (31.7%) 2(9.1%) 14(36.8%) 0.028*
Hypertension 31 (96.9%) 58 (96.7%) 22 (100.0%) 37 (97.4%) 0727
Dyslipidaemia 25 (78.1%) 53 (88.3%) 22 (100.0%) 38 (100.0%) <0.001*
Smoking 8(25.0%) B(13.3%) 7(31.8%) 6(15.8%) 0223

Values are expressed as the mean + standard deviation or the number of subjects with the

percentage in parentheses.

BMI = body mass index; LV EF = left ventricular ejection fraction; DM = diabetes

mellitus; * p< 0.05 between groups.

Table 2. Study cohort characteristics: medical history (groups CR+, CR-, IT+, IT-)

Age (years) 7.7+9. 702+104 0392 684+10.7 726+87 0.007*
Men 75 (81.5%) 47 (78.3%) 0.679 52 {96.3%) 70 (71.4%) <0.001*
BMI 27.9+32 279+35 0.867 277+32 280+33 0.585
LVEF (%) 47.5+9.7 499+10.2 0.091 489+83 48.1+108 0519
No of stenotic arteries (= 70%) 1507 14+06 0.148 1407 1507 0.868
Coronary revascularization 48 (52.2%) 32(53.3%) 0.999 34 (63.0%) 46 (47.0%) 0.064
DM 24(26.1%) 16(26.7%) 0.999 7(13.0%) 33 (33.7%) 0.007*
Hypertension 89(96.7%) 59(98.3%) 0.999 53 (98.1%) 95 (96.9%) 0.999
Dyslipidaemia 78 (84.8%) 60(100.0%) <0.001* 47 (87.0%) 91 (92.6%) 0253
Smoking 16 (17.4%) 13(21.7%) 0.532 15(27.8%) 14(14.3%) 0.053

Values are expressed as the mean =+ standard deviation or the number of subjects with the

percentage in parentheses.

CR+ = patients who participated in the guided exercise program (comprising patients of
groups 1 and 2); CR- = patients who declined to participate in the guided exercise program
(comprising patients of groups 3 and 4); I'T+ = patients who exercised individually training
(comprising patients of groups 1 and 3); IT- = patients who declined individual exercise
(comprising patients of groups 2 and 4); BMI = body mass index; LV EF = left ventricular

ejection fraction; DM = diabetes mellitus; * p< 0.05 between cohorts
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Table 3. Study population characteristics: medical treatment before the study

Parameter Group 1 Group 2 Group 3 Group 4 Pvalue
(n=32) (n=60) (n=22) (n=38)
ASA 31 (96.9%) 57 (95.0%) 20 (90.9%) 35(92.1%) 0.748
Beta-blockers 29(90.6%) 58 (96.7%) 22 (100.0%) 35(92.1%) 0.236
ACEI 28(87.5%) 50 (83.3%) 21 (95.5%) 28 (73.7%) 0123
Sartans 0(0.0%) 1(1.7%) 1(4.6%) 0(0.0%) 0393
Statins 23(71.9%) 40 (81.7%) 19(86.4%) 35(92.1%) 0.146
Nitrates 24(75.0%) 41 (68.3%) 13 (59.1%) 29 (76.3%) 0.495

Values are expressed as the number of subjects with the percentage in parentheses.

ASA = acetylsalicylic acid; ACEI = angiotensin-converting-enzyme inhibitor

Table 4. Study population characteristics: medical treatment at the end of the follow up

Parameter Group 1 Group 2 Group 3 Group 4 Pvalue
(n=32) (n=60) (n=22) (n=38)
ASA 31 (96.9%) 58 (96.7%) 20 (90.9%) 36 (94.7%) 0.740
Beta-blockers 30(93.8%) 58 (96.7%) 22(100.0%) 35(92.1%) 0.351
ACEl 21 (65.6%) 45 (75.0%) 19 (86.4%) 25 (65.8%) 0.243
Sartans 2(63%) 8(13.3%) 4(18.2%) 5(13.2%) 0.572
Statins 28 (87.5%) 54(90.0%) 20 (90.9%) 35(92.1%) 0.935
Nitrates 18 (56.3%) 39 (65.0%) 13(59.1%) 30 (79.0%) 0.182

Values are expressed as the number of subjects with the percentage in parentheses.

ASA = acetylsalicylic acid; ACEI = angiotensin-converting-enzyme inhibitors.



Figure 1. Kaplan-Meier curve for patient survival according to the physical activity — a

comparison of 4 groups of patients

10 B s
Rt S P Group 3
i
Ii """
0.8 —"L_l --------- Group |
S I }
s | & Cnoupa
‘= 0.6
-
5 Group 2
o\ eEdeeseaad
L
2
= N=152; p=0.067
2 04
=
o
02
0.0

0 20 40 60 80 100 120 140 160 180 200

Time [months]

Group 1 = patients participated in the supervised 3-month physical exercise program and
continued to exercise individually; Group 2 = patients participated in the supervised 3-
month physical training and stopped exercise after that; Group 3 = patients only exercised
individually throughout the whole follow-up period; Group 4 = patients declined all

exercise recommendations and did not perform any exercise activities.
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Figure 2. Kaplan-Meier curve for patient survival according to the physical activity — a

comparison of cohorts IT+ and IT-.
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Cohort IT+ = patients who exercised individually; Cohort IT- = patients who declined

individual exercise.
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Table 5. Secondary end-points in groups and cohorts

Group 3 Pvalue

=20 Among groups R+vs(R-
Mi 2(6%) 5 (8%) 1(5%) 7(18%) 0.249 0.275 0.149
UAP 6(19%) 22(37%) 1(5%) 8(21%) 0.008* 0.034* 0.018*
Revascularization 4(13%) 22(37%) 3(14%) 13 (34%) 0.020% 0.855 0.002*
HF 0 (0%) 10(17%) 11(5%) 4(11%) 0.017* 0.783 0.020*
MI + UAP + revascularization + HF 8 (25%) 36 (60%) 4(18%) 21 (55%) <0.001* 0.368 <0.001*

Values are expressed as the number of subjects with the percentage in parentheses.

CR+ = patients who participated in the guided exercise program (comprising patients of
groups 1 and 2); CR- = patients who declined to participate in the supervised training
(comprising patients of groups 3 and 4); IT+ = patients who exercised individually
(comprising patients of groups 1 and 3); IT- = patients who declined individual exercise
(comprising patients of groups 2 and 4); MI = myocardial infarction; UAP = unstable
angina pectoris; HF = hospitalization for heart failure; * p< 0.05 among groups or between

cohorts.
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DISCUSSION

The present study showed that an individual, long-term exercise program has a
higher impact on patient survival and rate of MACE than a short-term hospital-based CR
program. The potential beneficial effect of supervised exercise training is probably lost
when the increased physical activity does not continue also after the guided program is

finished.

Physical activities clearly reduce the mortality of coronary artery disease patients 10
While this is encouraging, the success of CR is largely dependent on patient adherence to
exercise recommendations during both supervised exercise and self- managed exercise
programs. Unfortunately, the data show poor attendance and high dropout rates in guided
CR. For example, Hansen et al " followed 119 patients with coronary artery disease 18
months after inpatient rehabilitation. They found very poor adherence (27%) to the
recommended minimal physical activity level during the follow-up, low habitual physical
activity in the total group, and progressively worsened cardiovascular disease risk profile
of the patients. Similarly, Reid et al 12 found a significant decrease in habitual physical
activity during long-term follow-up after hospital discharge in patients with coronary
artery disease. The PIN study '* showed that the benefit of CR therapy following
myocardial infarction or coronary revascularization is only partially maintained during the
following year. The cardiac risk factors improved initially during CR, but deteriorated over

the next 12 months.

The beneficial effect of cardiac rehabilitation is nowadays well recognized.
However, it remains largely obscure, which characteristics of physical activity and exercise
training are the most effective. In general, recommendations of exercise training
programmes need to be tailored to the individual’s exercise capacity and risk profile, with
the aim to reach and maintain the individually highest fitness level possibleM. A center-
based CR has several advantages, including better exercise supervision with possibilities
for correcting the intensity and type of exercise as well as addressing safety issues. On the
other hand, supervised CR could be more difficult for some patients to attend. Older age
and high co-morbidity are strong predictors for non-attendance 1. A valid alternative is
home-based CR. These programs are as effective as center-based CR, but seem hopeful in

targeting higher number of patients '*°. Our study confirmed that long-term individual CR
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is a very good alterative and could be even more effective than short-time guided exercise

program.

In several studies, such as the HF-ACTION study 21, 22, exercise led only to a non-
significant reduction in all-cause mortality or hospitalization. These studies failed to meet
the previous expectations most probably due to non-uniform adherence to scheduled
physical activity levels and a high percentage of exercise cross-over from training group.
In the HF-ACTION study, only approximately 40% of the patients in the exercise group
reported weekly exercise volumes at or above the recommended level. Reasons for non-
attendance usually varied- patients being “uninterested”, illness, work scheduling, and
transportation issues >. Patients are not easily convinced to permanently change their
lifestyle habits. From the results of our study, it can be deduced that the initial patient
enthusiasm for physical exercise and lifestyle changes and their resulting compliance with
the exercise recommendations are the most important factors which influencing the effect

of exercise programs.

The results of the present study are certainly influenced by the fact that it is non-
randomized study and patients were divided into groups retrospectively according to their
acceptance of the exercise recommendations. Patient motivation and willingness to
exercise played an important role in the study, and most probably also in their lifestyle
behavior. Other potential prognostic factors, such as dietary behavior, weight maintenance
or loss, and medication compliance, were not assessed in this study. Nevertheless, all
patients were treated according to the evidence-based medicine, and a significant effort
was spent on motivating the patients toward nonpharmacological treatment of risk factors,
including not only physical exercise, but also dietary and weight recommendations and

smoking cessation.

The interpretations of results could be limited by the relatively small sample size of
the groups. The study could also be influenced by the differences in age, gender, and
diabetic and dyslipidemic patients among the groups. Younger men showed the best
compliance to individual aerobic exercise, and this certainly may have influenced the
results of our study. However, multivariate Cox regression analysis including baseline
covariates (sex, age, diabetes mellitus, and dyslipidaemia - where significant differences
were found among groups) revealed group as an independent factor for survival on the

borderline of statistical significance.
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In this study, no other outcomes than mortality and mortality was assessed. It has
been reported previously that the change in aerobic capacity after CR was related to
mortality. Accorging to the study of Vanhees et al, a 1% greater increase in peak oxygen
uptake (VO,) after training was associated with a decrease in cardiovascular mortality of
2%. Peak VO2, evaluated after a physical training program, and its change in response to
training were independent predictors for cardiovascular mortality in patients with coronary
artery disease >*. Physical training generally increases exercise capacity. The effect of our
conducted 3 month training on functional capacity improvement is known and was
published previously by our group *°. However, patients in our trial had no aerobic
capacity evaluation at the end of the follow-up. So that no direct comparison of the impact

different training programmes on aerobic capacity is possible.

Another limitation is the fact, that the outpatient individual exercise was performed
without any supervision. The information about frequency and intensity was obtained only
from patient anamnesis during regular visits to the outpatient department. And finally, the
cut off of individual exercise training at minimum duration of 1 hour at least 3 times per
week was defined for the group categorization. However, very different types of exercise
programs are described in the literature and in some studies a home-based CR had no
significant differences from a guided center-based CR programs in the main outcomes 8,
or an outpatient CR led to further improvements than an in-hospital supervised CR ’.
Certainly, further research is required, especially in order to optimize the effectiveness of

CR programs and to better understand the mechanisms responsible for the improvements

related to CR exercise.

CONCLUSION

In our study, individual long-term exercise program had higher impact on patient

survival and rate of MACE than short-term hospital-based guided CR.
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2.5. SOUHRN

V praci byl zkouman vliv riznych druhti tréninku na zménu parametrt zatézového
ergometrického testu, na systolickou a diastolickou funkci LK a na prognézu nemocnych
s chronickou ICHS. Byl srovnavan predevsim fizeny rehabilitaéni program s individualni

pohybovou aktivitou a jejich rizné kombinace.

V souboru 64 pacientli nebyly po 1 roce sledovani zmény hodnocenych parametra
ergometrického zatézového testu dostatecné velké k dosazeni statisticky vyznamnych
rozdilt. Ale i tak bylo mozno pozorovat trendy k vétSimu zlepSeni zatézové kapacity a
tolerance, jakozto i zlepSeni dalSich parametrt u skupin nemocnych cvicicich intenzivné a
trvale doma a to nezévisle na absolvovani fizeného rehabilitacniho programu. Naopak
trend ke zhorSeni téchto parametrt byl pozorovan u skupin individualné po dobu sledovani
necvicicich, a to nezavisle na tom, zda absolvovali ivodni 3-mésicni fizeny rehabilitacni

program.

V echokardiografické ¢asti studie bylo v souboru 30 nemocnych pomoci TDI
zjisténo zlepSeni celkové systolické funkce LK po 1 roce pouze u té ¢asti nemocnych, kteti
po uvodnim 3-mési¢nim fizeném tréninku dokazali navéazat vlastni tréninkovou aktivitou.
Tato studie byla vibec prvni, kterd provadéla i analyzu vlivu tréninku na regionalni funkci
LK dle povodi véncitych tepen. V ramci této analyzy bylo zjiSténo, ze ptiznivy efekt

cviCeni byl dan zlepSenim regiondlni kontraktility v povodi uzavienych tepen.

Velmi podobné vysledky byly dosazeny pii hodnoceni diastolické funkce LK. U 30
nemocnych doslo po 1 roce opét ke statisticky vyznamnému zlepSeni celkové diastolické
funkce pouze u téch nemocnych, ktefi po fizeném programu trénovali individudlné. Izde
byl efekt dan ptfedevsim zlepSeni stén v povodi uzavienych tepen. Je pravdépodobné, Ze
mechanismem zlepSeni regionélni funkce LK v povodi uzaviené tepny by mohl byt
pravidelnou télesnou aktivitou zplisobeny rozvoj kolateral. Proto tento predpoklad vSak

nasSe studie nebyly designovany a tudiZ nemohly pfinést jeho jednoznacny dikaz.

V prognostické ¢asti studie se 152 nemocnymi bylo v rdmci 94-mési¢niho
sledovani zjisténo, Ze dlouhodoby individualni trénink zlepSuje preziti nemocnych a
snizuje mnozstvi zdvaznych kardidlnich nezddoucich tc¢inkl (nestabilni anginy pectoris,

nutnosti koronarni revaskularizace, hospitalizace pro srde¢ni selhani). Vysledky se liSily
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jen na zaklad¢ dlouhodobé¢ individudlni télesné aktivity. Naproti tomu piipadny positivni

efekt fizeného programu se béhem c¢asu ztratil.

Vsechny studie z riznych uhli pohledu a dle rozdilnych hodnocenych parametrti
prokazaly zasadni vliv dlouhodobé télesné aktivity nemocnych s chronickou ICHS. Pouze
dlouhodobym pravidelnym tréninkem lze dosdhnout zlepSeni zatézové tolerance, zlepSeni
systolické a diastolické funkce LK a ptedevsim zlepSeni Zivotni prognézy. Prace nem¢la
v umyslu nikterak zpochybnit dilezitost fizenych rehabilita¢nich programi, které maji jisté
nesporné vyhody, jako je pfizptisobeni télesné aktivity na miru individualnim pacientim,
nastartovani pohybového rezimu u nemocnych, kteti ho dosud neméli a potencialné vétsi
bezpecnost télesné aktivity u rizikovych jedincti. Pokud ale chceme nemocnym zlepsit
jejich prognoézu, nebo alespon jejich srdecni funkci, je tfeba je motivovat k, pokud mozno

trvalé, zméné jejich zivotniho stylu, a to pfedev§im smérem k pravidelné télesné aktivité.
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2.6. ZAVER

Rehabilitacni program je dalezitou slozkou 1é€by nemocnych s chronickou ICHS.
Dlouhodobé individudlni pohybova aktivita ptinds$i nemocnym vyznamné vétsi prospéch
nez kratkodoby fizeny rehabilitacni program, a to jak ve smyslu zlepSeni systolické a
diastolické funkce LK, tak i zlepSeni prognozy. Pravidelna aerobni télesna aktivita by se

méla stat trvalou soucasti zivotniho stylu nemocnych s chronickou ICHS.
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2.7. PRILOHY — ORIGINALY PUBLIKOVANYCH PRACI
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Srovnani rizeneho a nekontrolovaneho
aerobniho treninku nemocnych
s chronickou ischemickou
chorobou srdecni

R. Panovsky, R. Jancar, J. Meluzin, J. Jandik, L. Kozantova, L. Mifkova, J. Siegelova, V. Kincl

MUDr. Roman Panovsky, Ph.D.

Narodil se v roce 1970. Po promoci na LF MU v Brné (1994) nastoupil na I. interni kardioangiologickou kliniku FN U sv. Anny v Brné, kde
pusobi dosud. Zde pracuje pfedevsim na standardnim kardiologickém oddéleni, v ambulanci pro konzervativni terapii ischemické chorby
srdeéni a v echokardiografické laboratofi. Atestaci z vnitiniho Iékafstvi |. stupné slozil v roce 1997, atestaci z kardiologie v roce 2002.
V roce 2003 obhajil doktorandskou disertacni praci na téma Perspektivy ultrazvukové charakteristiky tkani v kardiologii (Vyuziti v hodno-
ceni viability myokardu). Je autorem nebo spoluautorem 60 publikaci. Mezi hlavni odborné zajmy patfi neinvazivni kardiologie, echokar-
diografie, rehabilitace pacientli s ischemickou chorobou srdec¢ni a bunééna lécba kardiologickych pacientu.

Klicova slova

télesny trénink - ischemicka choroba srdeéni — ergometrie

Souhrn

Cil: Cilem prace bylo srovnat parametry opakovaného ergometrického zatéZzového testu nemocnych s chronickou ischemickou chorobou srdeéni (ICHS) s fizenym a ne-
kontrolovanym aerobnim tréninkem. Soubor a metodologie: 64 nemocnych s chronickou ICHS bylo rozdéleno do 4 skupin podle intenzity a druhu aerobniho tréninku.
Do skupiny A bylo zafazeno 17 pacientl, ktefi se zucastnili fizeného 3mésicniho rehabilitacniho programu a navazali na néj individualnim cvi¢enim. Ve skupiné B bylo
22 pacientd, ktefi absolvovali jen Fizeny program bez nasledného individualniho tréninku. Ve skupiné C bylo 10 pacientt, ktefi neabsolvovali rehabilita¢ni program, ale
doma intenzivné cvidili. Do skupiny D bylo zafazeno 15 pacientt, ktefi se neztcastnili rehabilitaéniho programu, ani doma necvidili. Ergometrické testy byly provedeny
pred zafazenim do studie a po 1 roce sledovani. Byly hodnoceny zmény téchto parametr(i: celkovy ¢as zatéze, celkové vykonana prace, pracovni kapacita, pracovni to-
lerance, ¢as do stenokardii, deprese ST-Useku ve svodu V5 pfi maximalni zatézi. Vysledky: Pro nemocné ve skupiné C byl zjistén trend ke zlepSeni ve véech hodnoce-
nych parametrech s vyjimkou prohloubeni deprese useku ST ve svodu V5 pii maximalni zatézi. Ve skupiné A nemocni dosahli del$iho celkového Casu zatéze, vykonali
vétsi celkovou praci a méli vy8si pracovni toleranci, v ostatnich parametrech doslo ke zhor8eni. Pacienti ze skupin B a D se zhorsili ve v8ech parametrech. VSechny roz-
dily v jednotlivych skupinach ani mezi skupinami navzajem nebyly statisticky vyznamné. Zavéry: Parametry opakovaného ergometrického testu nemocnych podstupujicich
jednotlivé typy rehabilitaénich programii se od sebe statisticky nelisily. Byl konstatovan trend ke zlepSeni zatéZzovych parametr(i u skupin nemocnych cvicicich intenzivné
a trvale doma a trend ke zhor$eni u skupin individualné necvicicich, a to nezavisle na absolvovani tvodniho fizeného rehabilitaniho programu.

Keywords

physical training — coronary heart disease — ergometry

Summary

Comparison of controlled and uncoltrolled aerobic physical training of patients with chronic coronary heart disease. Purpose: The purpose of this study was to com-
pare the effect of the controlled or uncontrolled aerobic physical training in patients with stable coronary artery disease (CAD). Methogology and group: 64 patients with
stable CAD were divided into 4 groups according to the intensity and form of aerobic training. The group A comprised 17 patients, who had taken part in a conducted trai-
ning program for 3 months and have continued with individual training. 22 patients (group B) had participated in the training program without follow-up individual exercise.
Patients in groups C and D had not taken part in the controlled training program. 10 group C patients had intensively exercised at home (cycling, running, etc.), whereas
15 group D patients had not exercised at all. ECG (electrocardiogram) stress tests on a bicycle ergometer were performed before the training and 1 year later. The changes
of following parameters were assessed: the total exercise duration, total work load, exercise capacity, exercise tolerance, the time to onset of angina and ST-segment depres-
sions at the lead V5 in the maximal load. Results: Patients in the group C exhibited trends to improve in all parameters, with the exception of ST-segment depression at the
lead V5 in the maximal exercise load. Patients in the group A exhibited trends to reach longer exercise duration, higher total work load and higher exercise capacity compa-
ring with the basal stress test. Patients in the group B and D exhibited trends to worsen all parameters. Differences in groups and between groups were not statistically signi-
ficant. Conclusion: In patients with stable CAD and different types of aerobic physical training, exercise parameters did not statistically differ. The trend toward improving
stress parameters was identified only in patients, who had intensively exercised at home, independently of participating in the conducted training program.
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Srovnani fizeného a nekontrolovaného aerobniho tréninku nemocnych s chronickou ischemickou chorobou srdecni

Uvod

Ptiznivy vliv fyzické aktivity na kardiovasku-
larn{ systém je nesporny nejen u zdravych je-
dinct, ale i u nemocnych s kardiovaskularni
chorobami. Pravidelnd aerobni zdtéZ nemoc-
nych se srde¢nimi chorobami zlepsuje kvalitu
Zivota, omezuje jejich symptomy a sniZuje
mortalitu [1-8]. Déje se tak pfiznivym ovlivné-
nim rizikovych faktori vzniku a progrese pre-
devs§im ischemické choroby srde¢ni. Dochéz{
k ovlivnéni lipidového metabolizmu sniZzenim
LDL- a zvy$enim HDL-cholesterolu [5,9-10].
Zvysuje se také senzitivita k inzulinu a spolu
s dietnimi opatfenimi dochdzi k redukci obe-
zity [5,11]. Dochdzi ke sniZeni klidové sym-
patikoadrendlni aktivity, coZ spolu s omeze-
nim agregace krevnich desticek a poklesem
plazmatickych hladin fibrinogenu vede ke
snizeni rizika vzniku akutniho korondrniho
syndromu.

U nemocnych s ischemickou chorobou srde¢n{
ma pravidelné cviceni fadu pfiznivych ucinkt
vedoucich ke zmirnéni angindznich potiZi
i objektivnich zndmek ischemie myokardu pfi
zatézovych testech — zvyseni tolerance zatéze,
snizeni depresi ST-useku atd. Tyto zmény
jsou zpusobeny nékolika mechanizmy — pravi-
delny trénink zptsobuje jednak sniZeni srde¢ni
préce tim, Ze se sniZi spotieba kysliku (sniZe-
nim tepové frekvence a krevniho tlaku)
[4,12-16] a zdrovent ma vliv i na zlepSeni pii-
sunu kysliku (rozsitenim epikardidlnich koro-
narnich arterii, zvySenim denzity myokardiél-
nich kapildr a rozvojem kolaterdl) [17-18]. Pri
dostatecné intenzivni z4té€Zi (spolu s redukci
ostatnich rizikovych faktort) mize dojit k za-
staveni progrese, piip. i k mirné regresi angio-
grafickych zmén na korondrnich arteriich
[4,13,19-20].

Hledaji se optimdlni druhy a reZimy tréninku
(napf. aerobnfi trénink s posilovanim nebo bez
n&j), rizné frekvence a délky cviceni. Prakticky

AN te

tréninkové programy piinaseji dikazy o jejich
ptfiznivych efektech. Existuje ale i dostatek
praci, popisujicich zlepSeni stavu pacientd,
ktefi se o svij pohybovy rezim staraji vice ¢i
méné sami. Dosud chybi studie srovnavajici
fizené a individudlni nekontrolované aerobni
cviCeni. Proto bylo cilem této prace srovnat
parametry opakovaného ergometrického zaté-

Zového testu nemocnych s chronickou ische-
mickou chorobou srde¢ni s fizenym a nekon-
trolovanym aerobnim tréninkem.

Material a metodologie

Do studie bylo zarfazeno 64 nemocnych s chro-
nickou ischemickou chorobou, ktefi spliiovali
nasledujici kritéria: onemocnéni korondrnich
tepen bylo ovéfeno koronarografii (zdZeni pra-
méru lumina tepny > 50 % na alesponl jedné
hlavni koronérni tepné); bez anamnézy prodé-
lané ataky nestabilni anginy pectoris nebo in-
farktu myokardu v poslednich 3 mésicich pred

zafazenim do studie; bez anamnézy revaskula-
rizace myokardu korondrni angioplastikou
nebo aortokorondrnim bypassem v poslednich
3 mésicich pred zafazenim do studie; nepfi-
tomnost vyznamné chlopenni vady a destabili-
zované hypertenze. VSem nemocnym byl opa-
kované a dikladné vysvétlen piiznivy tcinek
télesné aerobni aktivity na jejich zdravotn{ stav,
byla jim doporucena pravidelna aerobni aktivi-
ta a nabidnut 3mésicni fizeny rehabilita¢ni
program. VSichni nemocni podstoupili ergo-
metricky zatézovy test pii zafazeni do studie
a po 1 roce sledovani.
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Graf 1. Srovnani zmén celkového casu zatézového testu na konci sledovani ve srovnani

se vstupnim testem v jednotlivych skupinach.
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Graf 2. Srovnani zmén celkové prace béhem zatézového testu na konci sledovani ve
srovnani se vstupnim testem v jednotlivych skupinach.

Tab. 1. Charakteristiky pacienti.

skupina pocet vék (roky) nadvaha (%) HT (%) DM (%)  DLP (%) AP IM (%) pocettepen CABG (%) PTCA (%) EF (%)
A 17 66 71 65 24 82 1,2 53 2,3 18 41 48
B 22 66 82 45 23 82 1,3 86 1,6 14 41 45
C 10 60 80 70 20 90 1,3 90 1,9 20 70 43
D 15 63 67 73 20 73 1,4 60 2,2 20 27 49

HT = hypertenze, DM = diabetes mellitus, DLP = dyslipoprotienemie, AP = stupen anginy pectoris podle kanadské klasifikace (CCS), IM = pocet
nemocnych po infarktu myokardu, pocet tepen = priimérny pocet tepen postizenych vyznamnou stenozou, CABG = pocet nemocnych po aorto-
koronarnim bypassu, PTCA = po&et nemocnych po perkutanni koronarni angioplastice, EF = ejekéni frakce levé komory.
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Srovnani fizeného a nekontrolovaného aerobniho tréninku nemocnych s chronickou ischemickou chorobou srdecni

Zpétné byly nemocni rozdéleni do 4 skupin
podle intenzity a druhu jejich aerobniho trénin-
ku. Do skupiny A bylo zafazeno 17 pacientl
(14 muzid a 3 Zeny, primérny vék 66 + 11 let),
ktefi se zucastnili fizeného rehabilitacniho
programu a doma na néj navazali individudl-
nim cvicenim. Ve skupiné B bylo 22 pacienti
(14 muzd a 8 Zen, primérny veék 66 + 8 let),
ktef{ absolvovali jen fizeny program bez na-
sledného individudlniho tréninku. Ve skupiné C
bylo 10 pacientl (7 muzi a 3 Zeny, primérny vek
60 + 8 let), ktefi neabsolvovali rehabilitacni
program, ale doma intenzivné cvicili. Do sku-
piny D bylo zafazeno 15 pacientd (12 muzua
a 3 Zeny, prumérny vék 63 + 8 let), ktefi se
nezicastnili rehabilitacniho programu, ani
doma necvicili. Dal${ charakteristiky jednotli-
vych skupin jsou uvedeny v tab. 1. Rozdily
mezi jednotlivymi skupinami nebyly statisticky
vyznamné. Farmakologickou lé¢bu nemoc-
nych ukazuje tab. 2.

Rizeny rehabilitaéni program probihal na Kli-
nice funk¢ni diagnostiky a rehabilitace Fakultn{
nemocnice U svaté Anny v Brné. Nemocni, ktef{
souhlasili s absolvovanim tohoto programu, pod-
stoupili pfed jeho zahdjenim spiroergomet-
rické vySetfeni k nastaveni urovné aerobniho
cviCeni. Vysetfeni bylo provedeno v rannich
hodindch, pfi ponechané medikament6zni
1é¢be. Vlastni vySetfeni za¢inalo 3minutovou
adaptaci vsedé na veloergometru. Nasledovaly
2minutové zatéZze od 20 W, zvySované vzdy
020 W, v jejichZ priibéhu byly méfeny venti-
la¢né respiracni parametry. Ty byly sledovany
piistrojem Pulmonary Function System 1070
(Med Graphics, USA). Byl hodnocen sympto-
my limitovany minutovy pifjem kysliku (VO,)
jako kritérium kardiorespira¢ni funkéni zdat-
nosti a také byla urcena hodnota anaerobniho
prahu k nastaveni vhodné intenzity zatiZeni.
Hodnota anaerobniho prahu byla pro potieby
studie vyjadfena ve W, odpovidajici hodnoté
tepové frekvence a stupném Borgovy Skély
subjektivnitho vnimdni namdhavosti ptislus-
ného zatiZeni. Béhem celého vysetfeni véetné
doby restituce byl monitorovan 12svodovy elek-
trokardiogram (Schiller CS 100, USA), v klidu
a na konci kazdé zatéZe byl méfen krevni tlak.

Vlastni rehabilita¢ni program trval 3 mésice,
béhem kterych nemocni cvicili 3krdt tydné
60 minut. Cvicebni jednotka se sklddala ze za-
hiivaci faze (10 minut), vlastniho aerobniho
cviceni na veloergometru, na urovni aerobniho
prahu doplnénd silovym tréninkem (40 minut)
a ze zavére¢né faze relaxacni (10 minut).

Individudlni aktivita byla doporucovéna jako
minimdlné 3krit tydné 60 minut aerobniho
cvieni (jizda na kole nebo na rotopedu, béh,
plavani). Plnéni tohoto doporuceni bylo zjis-
fovdno pouze anamnesticky od pacienta a ne-
bylo ani kontrolovéano, ani provéfovano.

ZeXN

Ergometrické zatéZové testy byly provedeny
na piistroji Ergo-line pfed zafazenim do stu-

die a po 1 roce sledovani, vzdy s vysazenou
medikaci. Bylo zapocato zatézi 0,5 W/kg, kterd
byla schodovité zvySovana po 3 minutdch vZdy
o 0,5 W/kg. Test byl ukonCen pfi prikazu
ischemie (objeveni nebo prohloubeni depresi
ST-tuseku o alesponn 0,2 mV), pfi dosaZzeni
prumérné maximalni tepové frekvence vzhle-
dem k véku, pfi vzestupu krevniho tlaku nad
250/130 mmHg, pfi dosazeni hranice subjek-
tivniho maxima. Rozdil mezi zatéZovym tes-
tem na konci sledovani a na zaCatku studie byl
hodnocen pomoci zmény téchto parametrii:
celkovy Cas zdtéze, celkové vykonand price,
pracovni kapacita, pracovni tolerance, ¢as do
stenokardii a deprese ST-useku ve svodu V5

pfi maximalni zatéZi (srovnano dle maximaln{

2o

zatéZe vstupniho testu).

Ejekent frakee byla pfed zatazenim do studie
stanovena retrogradni levostrannou ventriku-
lografii.

Vysledky srovnani zmény parametrli ergomet-
rickych testi nemocnych jsou uvedeny jako
pruméry smérodatna odchylka. Vysledky jed-
notlivych skupin byly porovndny parametric-
kou statistickou metodou ANOVA. Hodnoty
p < 0,05 byly povazovany za vyznamné. Nor-
malni rozlozeni hodnot bylo testovano pomoci
Kolmogorov-Smirnovovym testem s vysled-
kem p > 0,2.

Tab. 2. Farmakologicka Iécba nemocnych.

Skupina salicylaty (%) BB (%)

CaA (%) nitraty (%) ACEI (%)

ATII (%) statiny (%)

A 100 94 53
B 95 100 27
C 90 100 10
D 100 93 40

53 53 12 88
68 68 0 82
70 70 10 80
80 33 0 73

BB = betablokatory, CaA = kalciovy antagonisté, ACEI = antagonisté angiotenzin-konvertujiciho

enzymu, ATIl = sartany.
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Graf 3. Srovnani zmén casu po stenokardii béhem zatézového testu na konci sledovani
ve srovnani se vstupnim testem v jednotlivych skupinach.
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Graf 4. Srovnani zmén depresi ST useku ve svodu V5 pii maximalni zatézi na konci sledovani
ve srovnani se vstupnim testem v jednotlivych skupinach.
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Vysledky

Vliv riznych typl tréninku na zménu para-
metrt ergometrického zatéZového testu pre-
hledné zndzornuji grafy 1-6. Nalezené zmény
zatézovych testl v jednotlivych skupindch ne-
dosédhly statistické vyznamnosti. Nemocni
cvicici od zacatku individudlné (skupina C)
vykazovali trend ke zlepSeni ve vSech hodno-
cenych parametrech s vyjimkou prohlouben{
deprese tseku ST ve svodu V5 pifi maximdlni
zatézi (prohloubeni pfi kontrolnim testu
0 0,006 = 0,018 mV, p = NS). Pfi kontrolnim
testu dosahli o 30 £ 108 s delsi doby zatéze,
vykonali o 3,7 £+ 15,0 kW vétsi celkovou pra-
ci, dosdhli vyssich hodnot pracovni kapacity
o 0,01 £ 0,52 W/kg a pracovni tolerance
00,16 = 0,33 W/kg a prodlouZil se u nich ¢as
do stenokardii o 72 + 408 sekund (vse p = NS).

Nemocni, ktefi absolvovali fizeny program
a ndsledné individudlné cvidili (skupina A),
dosdhli nevyznamné delstho celkového Casu
zatéze (zlepSeni o 26 + 73 s), vykonali vétsi
celkovou praci (0 4,8 £ 1 4,2 kW) a méli vyssi
pracovni toleranci (o 0,03 + 0,36 W/kg) (vse
p =NS). V ostatnich parametrech doslo k mir-
nému zhorSeni — pracovni kapacita poklesla
0 0,06 £ 0,48 W/kg, ST deprese ve svodu V5
pfi maximaln{ zatéZi se prohloubily o 0,002 +
0,014 mV a doba do vzniku stenokardii se
zkratila 0 95 + 269 s (vSe p = NS).

Pacienti necvicici viibec (skupina D) nebo ne-
cvicici po absolvovani RHB programu (sku-
pina B) se zhorsili prakticky ve vSech sledova-
nych parametrech. Pacienti ve skupiné B vy-
drzeli kontrolni zat€Zovy test o 28 £ 51 s krats{
dobu, vykonali 0 3,5 £ 5,9 kW mensi celko-
vou préci, zhorSili svoji pracovni kapacitu
o 0,06 £ 0,28 W/kg a pracovni toleranci
0 0,08 £ 0,20 W/kg a stenokardie popisovali
093 + 219 s dfive (vSe p = NS). Mensi deprese
useku ST ve svodu V5 o 0,009 + 0,018 mV
(p = NS) je ddn mensi celkovou pracfi pii kon-
trolnim testu.

Nemocni ze skupiny D méli nizsi ¢as zatéze
0 8 = 95 s, mensi celkové vykonanou préci
0 0,8 + 13,3 kW, mensi pracovni kapacitu
00,23 + 0,36 W/kg a pracovni toleranci o 0,07
+ 0,25 W/kg, stenokardie uddvali o 127 + 320
s dfive a deprese tseku ST ve svodu V5 se
prohloubily 0 0,009 + 0,012 mV (vSe p = NS).

Rozdily mezi jednotlivymi hodnocenymi sku-
pinami nebyly statisticky vyznamné. Béhem
obou sledovanych forem fyzického tréninku
nenastala Zddnd zdvazna komplikace.

Diskuse

V nasi préci se parametry opakovaného ergo-
metrického zatéZového testu nemocnych s chro-
nickou ischemickou chorobou srde¢ni podstu-
pujici jednotlivé typy rehabilitacnich programti
od sebe statisticky vyznamné nelisily. Pocty
nemocnych a zmény hodnocenych parametra

nebyly dostatecné velké k dosazenf statisticky
vyznamnych rozdild, nicméné byly nalezeny
jasné trendy k vétSimu zlepSeni zatéZové kapa-
city a tolerance u skupin nemocnych cvi¢icich
intenzivné a trvale doma a to nezdvisle na ab-
solvovéni fizeného rehabilita¢niho programu.

Nebylo pfekvapenim, Ze se zlepsili pravé pa-
cienti, ktefi se cvieni vénuji intenzivné sami.
Mirné prekvapil fakt, Ze se na vysledcich vice
neprojevil vstupni fizeny trénink. Pravdépo-
dobné je tomu tak z divodu provedeni kon-
trolnich testi az 9 mésicti po ukonceni fize-
ného tréninku. Je zndmo, Ze ¢im je trénink in-
na zatézovou toleranci [21]. Zatimco se u ne-
mocnych, pokracujicich po absolvovani pro-
gramu ve cviceni, projevil pfi kontrolnich tes-
tech hlavné intenzivni dlouhodoby trénink,
u téch pacientd, ktefi cvicit prestali, byly na-
opak funkénf parametry na trovni, jako kdyby
necvicili vabec.

I v ostatnich studiich zaméfenych v minulosti
na tuto problematiku byly nalezeny vlivy pra-
videlného cviceni na zatézové parametry. Stu-
die European Heart Failure Training Group,

Srovnani fizeného a nekontrolovaného aerobniho tréninku nemocnych s chronickou ischemickou chorobou srdecni

publikovana v roce 1998 [22], uvadi statisticky
vyznamné 17% zvyseni celkového Casu zatéze
u pravidelné cvicicich pacientd, a to bez roz-
liSeni, zda ucastnici cvicili doma, nebo v ne-
mocnici. Také uddvd vétsi tcinnost u kombi-
nace cviCeni na ergometru a rytmiky oproti

samotnému cviceni na ergometru.

Individudlni télesnou aktivitou se zabyvali
i Adachi et al [23], ktef{ zkoumali vliv riz-
nych intenzit tréninku na funkci levé komory.
Jejich pacienti cvicili doma — méli za tkol
chodit rychlou chiizi 15 minut 2krdt denné,
5 dni v tydnu, po dobu 2 mésicd. Intenzitu za-
téZe si fidili podle tepové frekvence. U 29 ne-
mocnych po infarktu myokardu prokazali, Ze
trénink jakékoliv intenzity zlepSuje pracovni
kapacitu, ale pouze trénink o vysoké intenzité
zlepSuje funkci levé komory vyjddfenou tepo-
vym objemem a ejekéni frakei.

Na pomérné velkém souboru 113 pacienttl
s ICHS, ktef{ cvicili pravidelné denné doma
na rotopedu a své cvicent si zapisovali do pridé-
leného log booku, prokazali Niebauer et al [13]
po 6 letech sledovani 28% zvySeni pracovni
kapacity a zpomaleni progrese korondrnich
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Graf 5. Srovnani zmén pracovni kapacity na konci sledovani ve srovnani se vstupnim testem

v jednotlivych skupinach.
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sten6z. K podobnym vysledkiim dospély i dalsi
studie [24]. Pravidelné cviceni neovliviiuje
pouze fyzickou vykonnost, ale i celkovou kva-
litu Zivota. Focht et al [25] porovnévali 2 druhy
télesného tréninku (pouze fizeny versus fizeny
nasledovany individudlnim cvicenim) u 147
osob starSich 50 let a dle dotaznikd zjistili
zlepSeni kvality Zivota (health-related quality
of life) pfi obou typech tréninku.

Nase prace, ve shodé¢ s vyse uvedenymi studie-
mi, ukazuje, Ze nejduleZitéjsi je pravidelnost
a kontinuita cvi¢eni. Rizené rehabilitaéni pro-
gramy maji presto nékolik nezastupitelnych
uloh. Ukazuji nemocnym styl cviceni, posilo-
vanim jim umoZiiuji dosdhnout lepsi fyzické
kondice, kterd je nutnd pro dalsi pokracovan{
ve cviCeni na dostatecné trovni zdtéZe doma.
Velmi vyznamnd je u pacientt, u kterych hrozi
zdravotni komplikace uz pfi malém stupni za-
téZe a je u nich velké riziko zdravotnich kom-
plikaci, které vyzaduji 1ékarsky dohled, piip.
intervenci. Jedno z moznych feseni, jak spojit
fizenou a individudlni télesnou aktivitu, na-
znacuji némecti autoti z Heidelbergu — jejich
pacienti cvicili nejdfive 3 tydny intenzivné
v nemocnici (6krdt denné!), nasledné jim byl
zapujcen rotoped a cvic¢ili individudlné doma
(2kréat denné po 30 minutdch) s pravidelnymi
spolenymi cvicenimi v nemocnici (2krat
tydné). Timto velmi intenzivnim tréninkem
dosahli u svych pacientd za 12 mésicl neje-
nom sniZeni zatéZ{ vyvolané ischemie o 54 %
[26], ale prokazali i zpomaleni progrese koro-
ndrni aterosklerézy [20]. RovnéZ zastaveni
progrese korondrnich aterosklerotickych 1éz{
prokazali Hambrecht et al [27] u 29 chronic-
kych ischemikti pomoci 12mési¢niho indivi-
dudlniho tréninkového programu (minimdlné
30 minut denné jizdy na ergometru) zahdjeného
3 tydny spole¢ného cviceni v nemocnici
(6krat denné 10 minut $lapani na ergometru).

Podobné Hofman-Bang [4] nabidli svym paci-
entim 12mési¢ni individudlni tréninkovy pro-
gram spojeny s pokusem o zménu Zivotniho sty-
Iu, ktery zahrnoval vstupni 4tydenni ,,zauceni*.
Na 151 nemocnych po PTCA (perkutdnni
translumindln{ korondrni angioplastice) ukdzali
zvySeni pracovni kapacity a sniZeni poctu
hospitalizaci béhem nasledujicich 12 mésicl po
ukonceni programu. Z hlediska praktického vy-
uziti maji tyto rehabilitani modely zasadni li-
mitaci ve vstupni 3tydenni, respektive 4tydenn{
hospitalizaci, nicméné jisté by se podobné spo-
jeni fizené a individudlni{ aktivity dalo pfizpa-
sobit redlnym moznostem a komfortu pacientd.

Hlavnimi limitacemi nasi prace je malé mnoz-
stvi nemocnych v jednotlivych skupinidch
a kratka doba sledovani. Spolu s ocekdvané
nevelkymi zménami jednotlivych ergometric-
kych parametri po 1 roce sledovéni se nedd
predpokladat statistickd vyznamnost rozdilt
mezi skupinami. Vzhledem k jasnym trendim

je planovano pokracovani studie s vétSim poc-
tem nemocnych a s del$i dobou sledovani.

Zaver

Parametry opakovaného ergometrického z4té-
Zového testu nemocnych podstupujici jednot-
livé typy rehabilitacnich programu se od sebe
statisticky vyznamné neli§ily. Byl nalezen trend
zlepSeni zat€zovych parametrii u skupin ne-
mocnych cvi¢icich intenzivné a trvale doma
a trend zhorSen{ u skupin individudlné necvi-
¢icich, a to nezavisle na absolvovani ivodniho
fizeného rehabilitacntho programu. Je tfeba
dbat zvyseného dirazu na informovani a edu-
kaci nemocnych s ICHS ve smyslu zintenziv-
néni jejich pohybového rezimu.
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Summary

The purpose of this study was to assess the influence of aerobic
training on the left ventricular (LV) systolic function. Thirty
who had
participated in the conducted 3-month physical training, were

patients with stable coronary artery disease,
retrospectively divided into 2 cohorts. While patients in the
cohort I (n=14) had continued training individually for
12 months, patients in the cohort II (n=16) had stopped training
after finishing the conducted program. Rest and stress
dobutamine/atropine echocardiography was performed in all
patients before the training program and 1 year later. The peak
systolic velocities of mitral annulus (Sa) were assessed by tissue
Doppler imaging for individual LV walls. In addition, to determine
global LV systolic longitudinal function, the four-site mean
systolic velocity was calculated (Sa glob). According to the blood
supply, left ventricular walls were divided into 5 groups: A- walls
supplied by nonstenotic artery; B- walls supplied by coronary
artery with stenosis < 50 %; C- walls supplied by coronary artery
with stenosis 51-70 %; D- walls with stenosis of supplying artery
71-99 %; and E- walls with totally occluded supplying artery. In
global systolic function, the follow-up values of Sa glob in cohort
I were improved by 0.23%+0.36 as compared with baseline values
at rest, and by 1.26+0.65 cm/s at the maximal load, while the
values of Sa glob in cohort II were diminished by 0.53+0.22
(p=NS), and by 1.25+0.45 cm/s (p<0.05),
Concerning the resting regional function, the only significant

respectively.

difference between cohorts in follow-up changes was found in
walls E: 0.37£0.60 versus —1.76+0.40 cm/s (p<0.05). At the
maximal load, the significant difference was found only in walls A
(0.16£0.84 versus —2.67+0.87 cm/s; p<0.05). Patients with

regular 12-month physical activity improved their global left
ventricle systolic function mainly due to improvement of
contractility in walls supplied by a totally occluded coronary
artery.

Key words
Coronary artery disease ¢ Aerobic training e Left ventricle systolic
function
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Introduction

Beneficial effects of cardiac rehabilitation (CR)
on secondary prevention of patients with coronary artery
disease are now well-established. The major objective
benefits are an increased exercise capacity (Hambrecht et
al. 2000) and reduced rates of cardiac events and
mortality (Oldridge et al. 1988, Hadkell et al. 1994). In
addition, beneficial effects on coronary risk factors —
blood pressure, lipid levels, glucose metabolism, body
weight, as well as on the endothelial function and
psychological well-being were proved (Shephard and
Balady 1999).

On the other hand, only limited data exists
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concerning the effect of CR on left ventricular (LV)
function. Some authors suggest improvements in cardiac
function (Belardinelli et al. 1996, Giannuzzi et al. 1997,
Hambrecht er al. 2000, Klecha et al. 2007), whereas
others have not found any significant differences between
exercise training groups and controls (Dubach et al. 1997,
Giannuzzi et al. 2003). The different results may be due
to differences in intensity and duration of training,
measurement techniques or patient populations. However,
in majority of the studies, LV function has been evaluated
by LV e¢jection fraction (EF) measurements. It is well
known that LVEF quantification using standard two-
dimensional (2D) echocardiography is strongly dependent
on image quality and endocardial border delineation.

(TDI) is an
echocardiographic technique employing the Doppler

Tissue Doppler imaging
principle to measure the velocity of myocardium. Pulsed-
TDI permits quantification of regional longitudinal
myocardial velocities with high temporal resolution and
is feasible even in poor acoustic windows. Hence, TDI
offered

assessment of both regional and global LV function

a potentially more accurate quantitative
including even more minor changes in systolic LV
detectable during 2D

echocardiographic evaluation of LVEF.

function that are not

The purpose of this study was to assess the
influence of aerobic training on the LV systolic function
using TDI measurements.

Methods

Patient population and study protocol

The study comprised 30 patients with stable
coronary artery disease (proved by the coronary
angiography performed before the study). All of them had
participated in the conducted 3-month physical CR
training. The continuation of physical training was
recommended to all patients. After 1 year period, these
patients were retrospectively divided into 2 cohorts.
While patients in the cohort I (n=14) had continued
training individually for 12 months, patients in the cohort
II (n=16) had stopped training after finishing the
conducted CR program.

Rest and
echocardiography was performed in all patients before

stress dobutamine/atropine
the training program and 1 year later. For the evaluation
of regional systolic LV function, the pulsed TDI was
used.

According to the blood supply, LV walls were

divided into 5 groups: A- walls supplied by nonstenotic
artery; B- walls supplied by coronary artery with stenosis
<50 %; C- walls supplied by artery with stenosis
51-70 %; D- walls with stenosis of supplying coronary
artery 71-99 %; and E- walls with totally occluded
supplying artery.

The study was in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association, was approved by the institutional ethics
committee and written consent was obtained from each
patient.

Physical training

All patients had participated in the conducted
outpatient CR. The program offered 3 months of 3 times
per week sessions. Each session lasted for 60 minutes and
consisted of 3 different phases: 10 minutes warm-up,
period of aerobic exercise on bicycle ergometer with load
intensity at the level of anaerobic threshold (20 min),
period of resistance training performed on combined
training machine (20 min), and relaxation period
(10 min). Aerobic exercise intensity was individually
prescribed according to symptom-limited spiroergometry
(Blood Gas Analyser, MedGraphics, USA) that was
provided before training period for the evaluation of
anaerobic threshold.

The 9-months individual training of cohort I
consisted of regular physical activity performed for a
minimum of one hour at least three times a week. As a
regular physical activity the patients have been asked to
choose either cycling, riding a velo-ergometer or

swimming.

Echocardiography

Using commercially available equipment Philips
Sonos 5500 (Andover, USA) with a 2.5 MHz transducer,
echocardiographic examinations were performed in one
centre by one experienced echocardiographer. 2D images
of standard views and pulsed TDI of apical 4- and
2-chamber views were acquired and recorded on
videotape for off-line analyses. The peak systolic
velocities of myocardium adjacent to the mitral annulus
(Sa) were assessed by TDI for individual LV walls:
septum, lateral, anterior, and inferior walls. In addition, to
determine global LV systolic longitudinal function, the
four-site mean systolic velocity was calculated (Sa glob).
Velocities were evaluated at rest and at the maximal load.

Dobutamine echocardiography was performed in

all patients. Dobutamine was infused with mechanical
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pump, starting at a dose of 5 pg/kg/min. At 3-minute
intervals, the dose was increased incrementally to 10, 20,
30, 40 pg/kg/min until a maximal dose was reached or
target heart rate was attained. Intravenous atropine was
given in one bolus dose of 0.5 mg if the target heart rate
was not reached. After the test has been terminated,
patients were monitored until baseline condition returned.

Statistical analysis

The changes of global and regional systolic
function of individual LV wall groups were compared
between cohorts at rest and at the maximal load. To
assess normal distribution of variables, the Kolmogorov-
Smirnov test was used. An unpaired t-test and Mann-

Table 1. Characteristics of the study population.

Whitney U test were applied to compare the values of
parameters between cohorts; p<0.05 was considered
statistically significant.

Results

Baseline characteristics and coronary
angiography findings of patients are shown at Table 1
and 2. The majority of parameters have been similar in
the two groups — just differences between the number of
men and women and the difference between patients age
in both cohorts have been found. No serious adverse

events were found in either group during the follow-up.

Parameter CohortI (n=14) CohortII (n =16)
Age (vears) 60 (10) 69* ()
Men 13 (93 %) 8* (50 %)
Diabetes mellitus 4 (29 %) 5 (31 %)
Hypertension 14 (100 %) 16 (100 %)
Hyperlipidemia 14 (100 %) 15 (94 %)
Previous myocardial infarction 10 (71 %) 9 (57 %)
LV EF (%) 50.4 (2.9) 479 2.7)
No of stenotic arteries (=70 %) 2.1 (0.2) 1.6 (0.2)
Medication
Aspirin 14 (100 %) 15 (94 %)
Beta blocker 14 (100 %) 16 (100 %)
ACE inhibitor 10 (71 %) 11 (70 %)
Statin 13 (93 %) 16 (100 %)
Diuretics 4 (29 %) 5 (31 %)
Nitrates 8 (57 %) 11 (69 %)

The values are expressed as the mean supplied by standard error (in parentheses) or number (%) of subjects. LV = left ventricle; EF =
ejection fraction; No = number; ACE = angiotensin-converting enzyme; * p<0.05 between cohorts.

Table 2. Coronary angiography finding in cohorts.

Cohort I(n=14) II (n=16)

LAD LCX RCA LAD LCX RCA
no stenosis 321 %) 2 (14 %) 321 %) 3 (19 %) 6 (38 %) 531 %)
stenosis < 50 4 (29 %) 7 (50 %) 0 (0 %) 2 (13 %) 4 (25 %) 4 (25 %)
stenosis 51-70 % 2 (14 %) 2 (14 %) 3 (21 %) 1 (6 %) 1 (6 %) 2 (13 %)
stenosis 71-99 % 321 %) 1 (7 %) 321 %) 4 (25 %) 3 (19 %) 2 (13 %)
totally occluded 2 (14 %) 2 (14 %) 5 (36 %) 6 (38 %) 2 (13 %) 3(19 %)

The values are expressed as number of arteries (%). LAD = left anterior descending artery; LCX = left circumflex; RCA = right coronary

artery.
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Table 3. Changes of Sa value after follow-up in different groups of LV walls at rest and at the maximal load.
At rest At the maximal load
Cohort I(n=14) II (n=16) I(n=14) II (n=16)
Wall group
A -1.56+0.93 -0.86+0.38 0.16+0.84 -2.67£0.87*
B 1.29+0.63 0.62+0.58 3.83+1.13 0.56+1.05
C -0.64+0.69 0.14+0.88 -0.42+1.02 -0.58+1.92
D -0.09+0.86 -0.10+0.30 -2.82+1.19 -2.29+0.86
E 0.37+0.60 -1.76+0.40* 1.70+1.43 0.02+0.78
All (global function) 0.23+0.36 -0.53+0.22 1.26+0.65 -1.254+0.45%

The values are expressed as the mean supplied by standard error (in parentheses). Sa = peak systolic velocity of mitral annulus; LV =
left ventricle. Wall groups: A- walls supplied by nonstenotic artery; B- walls supplied by artery with coronary stenosis < 50 %; C- walls
supplied by artery with stenosis 51-70 %; D- walls with stenosis of supplying artery 71-99 %; and E- walls with totally occluded

supplying artery. * p<0.05 between cohorts.

The changes of Sa value after follow-up in
different groups of LV walls are shown in Table 3. In
global systolic function, the values of Sa glob in cohort I
were improved by 0.23+0.36 as compared with baseline
values at rest, and by 1.26+0.65 cm/s at the maximal
load, while the values of Sa glob in cohort II were
diminished by 0.53+£0.22 (p=NS), and by 1.25+0.45 cm/s
(p<0.05), respectively.

Concerning the resting regional function, the
only significant difference between cohorts in follow-up
changes was found in walls E: 0.37+£0.60 versus
—1.76+0.40 cm/s (p<0.05). At the maximal load, the
significant difference was found only in walls A
(0.16+0.84 versus —2.67+0.87 cm/s; p <0.05). Sa changes
in other walls was not significant.

Discussion

Effect of CR on global LV systolic function

The present investigation suggests that long-term
exercise training can improve LV systolic function in
patients with coronary artery disease. Previous works
have shown variable results in relation to influence of CR
on the LV function (Belardinelli ef al. 1996, Hambrecht
et al. 2000, Giannuzzi et al. 2003, Klecha et al. 2007).
The failure to assess changes in LVEF in some studies
may have several reasons. It may be the result of different
study populations, kind and intensity of the training
programs or the measurement techniques (Webb-Peploe
et al. 2000). Only patients with chronic heart failure or
after myocardial infarction with moderate-to-severe LV
dysfunction were included in the majority of studies
assessing the influence of CR on LV function. In

comparison with them, our patients had only slight
depression of LVEF and not all of them underwent
clinical myocardial infarction.

The intensity and duration of CR necessary for
LV function improvement have not yet been sufficiently
evaluated. In the analysis in the work of Piepoli (2004)
the data suggested that only long-term duration over 28
weeks of CR may be required to reach benefits in
mortality and adverse events rates. The antiremodelling
effect of training with a trend towards improvement of
LV functional parameters was found after 6-month
training in the work of Klecha et al. (2007). On the other
hand, the work of Hambrecht (2000) demonstrated that an
intense CR program can improve resting LVEF in
2 weeks. In our work, just l-year CR improved LV
systolic function, while the 3-month training did not
provide the sustained long-term functional improvement.

The utilization of LVEF,
parameter of LV function, could be one of the main factor

as an evaluated

contributing to the failure of some previous studies to
shown the effect of CR. LVEF is a load-dependent
parameter and is very rough to assess expected slight
of LV function. EF evaluated by 2D
echocardiography is strongly dependent on image quality

changes

and endocardial border delineation. In contrast, TDI is
robust, reproducible and may be more sensitive marker of
LV longitudinal systolic function and it is feasible even
in poor echocardiographic windows. Hence, TDI allows
evaluation of even minor changes in LV function that are
not detectable by 2D assessment. In several published
data, TDI has been applied to stress echocardiography in
order to overcome the limitation of only visual analysis
(Cain et al. 2001, Fathi et al. 2001, Garcia et al. 2006,
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Bougault ef al. 2008, Duzenli et al. 2008).

Effect of CR on regional LV systolic function

This present study is the first trial to evaluate the
effect of CR on regional LV systolic function in relation
to blood supply of individual LV walls. TDI was chosen
for this purpose, because it permits quantification of
regional longitudinal myocardial systolic velocities with a
high temporal resolution and can overcome the limitation
in the subjective echocardiographic evaluation of regional
ventricular function (Reuss et al. 2005). Our data showed
that the effect of CR on LV systolic function is caused
mainly through the improvement of contractility in walls
supplied by a totally occluded coronary artery. The effect
of physical training and LV global and regional function
was assessed by TDI also in the study of Deljanin-Ilic et
al. (2007). After 6 months, LV EF increased significantly
as well as the regional systolic myocardial function at the
previously infarcted wall only in the training group.

Mechanisms of this training effect have not yet
been established. The most likely explanation is the
combination of beneficial changes in ventricular wall
tension and favorable adaptation in the coronary
circulation. The physical training may have beneficial
effect on changes in autonomic balance toward a vagal
predominance, which could limit the deleterious effects
of sympathetic hyperactivity on the LV remodeling and
function, analogously to treatment with beta blockers.

In patients with stable coronary artery disease,
augmented delivery of blood to ischemic myocardium has
been shown to take place in response to physical training
(Hambrecht 2004). The beneficial effect of CR on
morbidity and mortality has been attributed to the growth
of collateral vessels between healthy and under-perfused
myocardial regions (Shephard and Balady 1999). This
theory was documented for example by work of Zbinden
et al. (2007) where beneficial dose-response effect of
3-month endurance exercise training on collaterals has
been found. However, other human studies have failed to
document consistently the formation of collaterals. The
main reason for different results may have been the lack
of sensitivity of angiography to detect small coronary
collaterals. The collateral growth and other coronary
vascular changes may improve function of chronically
hypoperfused myocardium.

Furthermore, CR has been shown to favourably
affect blood flow rheology, thereby possible improving of
myocardial perfusion. The improvement in myocardial
blood flow to the infarcted area may lead to recovery of

both global and regional LV function (Schuler et al
1992). Although our study cannot elucidate the possible
mechanism of regional functional improvement, we
speculate, that combination of autonomic system changes
and especially the development of collaterals may have
facilitated partial functional recovery of dysfunctional but
viable myocardial regions supplied by a totally occluded
coronary artery.

Study limitations

Our study had several limitations. The study was
retrospective, not randomized. The interpretations of
results could be limited by a relatively small sample size
in both cohorts. Also our study can be influenced by the
difference between the number of men and women and
the difference between patients age in both cohorts,
because age and gender are determining factors for
training effects - smaller improvements of women as well
as a negative relation between age and improvement in
exercise performance is known (Vanhees ef al. 2004).

Another limitation is the fact, that the 9-months
training of cohort II have been performed as an outpatient
individual training without any supervision. The
information about frequency and intensity has been
obtained only from patient’s anamnesis during their
regular visits in outpatient department. However, very
different types of training programmes are described in
literature and in some studies, a home-based CR had no
significant differences in the main outcomes compared
with the centre-based programme (Jolly et al. 2009) or an
outpatient CR led to further improvement of followed
parameters in comparison to supervised CR in a hospital
(Benzer et al. 2007).

Certainly, further research is required, especially
in order to optimize the effectiveness of CR programs and
to better understand the mechanisms responsible for the
improvements related to CR training.

Conclusion

In our study, patients with regular 12-month
physical activity improved their global left ventricle
systolic function mainly due to improvement of
contractility in walls supplied by a totally occluded

coronary artery.
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ABSTRACT

Alm

Assessment of the left ventricle diastolic function in a group
of patients with stable coronary artery disease and regular
physiczal training.

Methods

The study included thirty patients with stable coronary ar-
tery disease. Every patient had participated in the conducted
3-moth physical training in Department of Functional Diag-
nostic and Rehabilitation 52 Anna Hospital. After one year
the patients were retrospectively divided into two cohorts
according to their physical activity. The patients in cohort
C {consisting of 14 patients) continued in asrobic physical
training after the end of the rehabilitation programme. The
patients in cohort N (consisting of 16 patients) had stopped
their training after finishing the conducted programme in 5¢
Anne's Faculty Hospital.

The peak diastolic velocities of myocardial motion were mea-
sured at individual LV walls: septum, lateral, anterior, and infie-
rior walls. In addition, to determine global LV diastolic function,
the four-site mean diastolic velocity was caloulated (Ea glob,
Ea/Aa glob). The velocities were evaluated at rest and at the
maximal load.

According to blood supply, left ventricular walls were divided
into five groups: ¢ - walls supplied by non-stenotic artery;
1 —wialls supplied by arbery with coronary stenosis < 50 %; 2 -
walls supplied by artery with stenosis 51-70%; 3 - walls with
stenosis of supplying artery 71-99%; 4 — walls with totally
occuded supplying artery. For every patient the difference
between the values Ea and Ea'Aa for each wall at the and of
the study and the values at the beginning of the study was
assessed. The values of the particular walls were divided into

SCRIPTA MEDICA /Volume B3/ Ma. 27 20010 | 137
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Tabde 1
Population under study
Cohaort C cohort M
Age Iyears) (=i 1] 59+8 .
Mumber of arteries with stenosis = 70% 16411 1.E£1.2
DM 430 19%
M 505 63 %
Hypertension 100 % 100 %
HLPE D00 % Oed Oy
EF () S08+10.8 48.6£124
Malefamale 131 a7 b

Explanatory notes: values are shown as average + standard deviation; EF: LV ejection fraction; ME myocardial infarction; Db:
diabetes mellitus; HLPP: hyperlipoproteinaemiz; * p<0.05 between cohorts

Table 2
Changes of the value characteristics of diastolic function
rast stress
Ea Ea'fa Ea Ea'Aa

Cohort C N C ] C ] C ]
L] —0.641 206 | -1.4411.66 0024004 (-0 104024 0441253 | 1031224 -0.1440.25 | OUM02T
1 0271253 | 02614137 —00540.28 | 0.03+0.12 1251276 | 2051337 GO1H,17 | 012020
F 05912.62 | -1.6443.69 013008 |-0.1140.38 0.51£2.87 | 0524457 GO0H0.20 | 015320043
3 05513.68 | -0u6611.T1 0.03:034 | 0.1420.30 -0.04+4.86 | 0.4813.00 DOSH057 | 0254057
4 —0A48+277 | 0774236 | |-00640.22 | 0.03+0.18 4.24+3.65 | -0.68+2.74 | ¥ | 0.25:0.39 | -0.03+0.24 |*

Global

FEp 0.05+2.94 (—0.B9:2.01 | * | -00240.26 | 0.02+0.26 1.27£3.75 | -0.1313.20 | ¥ | 0061036 | Q094036

Explanatory notes: values are shown as average + standard deviation;® p<0.05 between cohorts; rest = investigation at rest;
strass = investigation during maximal load; C = cohort C; N = cohort N; groups 0,1,2,3,4 = according to blood supply; global
function = Ea global or EafAa global as the average of all LV walls

5 groups according to blood supply (these 5 groups were cre-
ated using coronarographyl.

The differences of these values at rest and stress between both
cohorts of patients were statistically processed wsing an un-
paired t-test; p-o0.05 was considered statistically significant.
Results: In global dizstolic function, the values of Ea global
in cohort C were improved by 0.05+2.94 cm/'s at rest, and by
1.2743.75 om/s at maximal load, while the values of Ea global

128 | SCRIPTA MEDICA ./ Wolume B3/Mo. 2/ 2010

incohort N were diminished by —0.83+2.01 cm's (p<0.05 ver-
sus oohort C), and by -0.1313 20 cm/'s; (p<0.05 versus cohort
] at maximal load.

The meost important benefit with diastolic function was found
ingroup 4 (groups with totally cccuded coronary artery). The
values of Ea in cohort C were improved by 4241365 cms,
while the values in cohort N were diminished by -0.6842.74
Crm's; (p-=0.05 versus cohort C) at maximal load.

hitpfwraresmed muni.cy'biomedioumal’
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Results

The results of the other Ea values were not significant.

The Ea'fa values in group 4 in cohort C were improved by
0.2940.3% cm/s at maximal load, while the values of Ea/Aa in
cohort N were diminished by -0.030.24 cmy's; (p<0.05 versus
cohort C) at maximal load. The results of the other EafAa val-
ues were not significant.

Conclusien

Owr patients with 12 months’ training improved their global
diastalic function. The most important benefit was found in
walls supplied by occluded artery.

ABBREVIATIONS USED

T - tissue Doppler imaging

LV - left ventricle

5a - systolic phase of candiac cyde

5a’— peak of isowolumic contraction

Ea - fast filling diastolic phase

Aa - atrium contraction end of diastolic phase
EF LV-LV gjection fraction

MI - myecardial infarction

DM - dizbetes mellitus

INTRODUCTION

The effacts of regular physical activity on the cardiovascular
system and myocardial function are global. The risk factors
are reduced (by changing the way of life, strength of thews).
Heart rate and blood pressure are decreased, the peripheral
venous tone is improved, and a positive influence on the left
ventricle (LV) is probabile.

Tissue Doppler imaging (TD) is an echocardiographic meth-
od using the Doppler effect. Using this method it is pos-
sible to measure the welocity of myocardial motion in both
systolic and diastolic phases of cardiac cycle [1]. The differ-
ence between the classic Doppler sonography and T is in
using spedial filters that eliminate signals which are repulsed
back by blood cells, and reversibly intensify signals that are
repulsed by the myocardium (these signals are marked with
high ampditude and low fraquencyl.

There are two types of TDI: pulsed TDI and colour TDL Us-
ing the pulsed TDI we get the characteristic curve, which
consists of three main waves (Figure 1), The positive 5a wave
reprasents the systolic phase of the cardiac cycle. This wave
is frequently two-phased with a first shim peak of iscvolumic
contraction {52} and a second, wider wave of LV ejection. The
first negative wave after the 5a wave is called Ea; it represents
fast filing of the ventricle in the diastolic phase of the car-
diac cycle. The second negative wave (Aal grows from atrial
contraction at the end of the diastolic phase of the cardiac

hitpu'fwnana med muni cobiomedjournal’

Figure 1. Charscteristic curve of pulsad TDT.
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Figura 1

The characteristic curve of pulse TDH

5a - systolic phase of cardiac cyde

5a"-peak of isovolumic contraction

Ea - fast filling diastolic phase

Aa - atrium contraction end of diastolic phase

cycle. The Aa wave is missing in the case of atrial fibrillation
|2]. During exercise tests the waves Ea and Aa are often fusing
|3] caused to the faster heart rate.

By measuring the amplitude of these single waves, the maxi-
mal velocity of each myocardial segment during the cardiac
cycle can be evaluzted. In myocardial pathologies the veloc-
ity values for each segment and also the owerall value of the
ventricle function are changed. The velocty of all 17 myocar-
dial segments can be measured [4]. Physiologically, the we-
locities are getting higher in sagments from the apex toward
the heart base. TDI can be used for the evaluation of both
regional and global function of both ventricles (both systolic
and diastolic ventride function). We can prowe myocardial
ischaemia, and reversible and non-reversible myocardial dys-
function [2]. During ischaemia the maximial 52 and Ea velod-
ties are reduced. The change of Aa is not significant, so the
[Ea/Aa ratio in the ischaemic area is getting down [1].

The purpose of this study was to assess the effect of aercbic
training on the left ventricular diastolic function in a group of
patients with chronic ischaemic heart disease.

MATERIALS AND METHODS

The study included thirty patients with stable coronary artery
disease. These patients were retrospectively divided into two
cohorts with different regular physical training. The cohort C
consisted of 14 patients. These patients had participated in
a conducted 3-month physical training at the Department of
Functional Diagnastics and Rehabilitation of 5t. Annes’ Facul-
ty Hospital, and after the 3 months they continued with indi-
vidual training for 9 more months. The regular physical train-
ing consisted of 3 phases in 60 minutes 3 times a week. The

SCRIPTA MEDICA /Volume B3/ Mo, 27 2010 | 139
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first phase of the training is called warming-up and lasts for
‘ten minutes. The second phase is an aerobic period and lasts
for 35 minutes. This phase consists of power training and rid-
ing a bicycle ergometer. The third phase is a relaxation phase
and lasts for 15 minutes. The @-month individual training
consists of regular physical activity performed for cne hour
at least three times a week As a regular physical activity the
patients chose one of the following sports: riding a bicyde
ergometer, cyding, or swimming. The cohort N consisted of
16 patients. These patients stopped the training after having
finished with the conducted progrrmme. The cohort’s char-
acteristics are shown in Tabile 1.

Atthebeginning of the study coronarography was performed.
According to blood supply, the left ventricular walls were
divided into five groups: 0 — walls supplied by mon-stenotic
artery; 1 - walls supplied by artery with coronary stenosis =
50%; 2 - walls supplied by artery with stenosis 51-70%; 3 -
walls with stenosis of supplying artery 71-99%; 4 - walls with
totally coduded supplying artery.

Rest and stress dobutamine/atropine echocardiography was
performed in all patients before the training programme and
one year later. Three days before the rest/stress dobutamine
echocardiography the beta blockers were discontinued. Us-
ing the commerdially available equipment Sonos 5500 (Hewl-
ett-Packard, US) with a 2.5 MHz transducer, echocardiog-
raphy was performed in standard views - parasternal long
auxis, parasternal short axis (level of papillary muscles), apical
4-and 2-chamber views. The peak diastolic velodties of myo-
cardial motion were measured at individual LV walls: septum,
lateral, anterior, and inferior walls. In addition, to determine
the ghobal LY diastolic function, the four-site average diastolic
velocity was caloulated (Ea glob, EafAa glob). The velodities
were evaluated at rest and at the maximal load.

For every patient the difference between the values Ea, Ea/
Aa for each wall at the end of the study and the values at the
beginning of the study was assessed. The valuas of the par-
ticular walls were divided into 5 groups according to blood
supply (these 5 groups were created wsing coronarographiyl.
The differences of these values durning rest and maximal stress
between both cohorts of patients were statistically processed
using an unpaired t-test, p<0.05 was considered statistically
significant.

RESULTS

The results are shown in Toblz 2.

In the global diastolic function, the values of Ea global in
cohort C were improved by 0.05+2.94 cm's at rest, and by

1.27+3.7% om/s at maxamal load, while the values of Ea global
in cohort M were diminished by -0.8942.01 om's (p<0.05

140 | SCRIPTA MEDICA / Wolume E3/Mo. 2/ 2070

versus cohort CJ, and by —0.13£3.20 omi's; (p-c0.05 versus o~
hort C) at maximal load.

Themostimportant benefitto the diastolic function was found
ingroup 4 (groups with totally ccduded coronary artery). The
values of Ea in cohort C were improved by 4.2413.65 cmis,
while the values in cohort N were diminished by -0.6842.74
crus; (pe0u05 versus cohort C) at maximal load.

The results of the Ea values from other walls were not
significanit.

The EafAa values in group 4 in cohort C were improved by
0.29+0.39 crv's at masximal boad, while the values of Ea’Aa in
cohort N were diminished by -0.03£0.24 cm/'s; (p<0.05 versus
cohort ) at maximal load.

The changes of the results of the other Ea/Aa values were not
significant.

Incohort C, as the stress test was performed, 12 of 14 patients
had a stress-induced kinetic disorder (2 patients had negative
strass tests). In cohort N, as the stress test was performed, 12
of 16 patients had a stress-induced kinetic disorder (4 patients
had negative stress tests, but 2 of them had the typical stress-
performed chest pain without objective kinetic disorders).

DISCUSSION

In our work we used TDH to assess changes of the LV diastolic
function. In patients with chronic ischaemic heart disease we
performed the maximal stress test.

The regular physical activity has a positive influence on the
diastolic function of the laft ventricle. In our study we found
an improvement of the global diastolic function during the
rest and also during the maximal load. Howeser, our results
are not the same as the results in the Yu CM study [5], which
proved no progression of diastolic dysfunction in a group of
physically active patients.

We have to be cautious in our conclusion of diastolic func-
tion improvement, because the age average in both cohorts
is mot the same. The diastolic function is known to worsen
over the age [6]. and the patients in cohort N were sig-
nificantly older than those in cohort C. And there was also
a differemce between the substitution of men and women
in both cohorts. Nowadays the influence of regular physi-
cal training on the progression of age-caused diastolic dys-
function is not clear. Some studies proved the influence of
regular physical training [7]; similarly in the study of Arbab-
Zzdeh et al. [8], in which sedentary seniors versus master
athletes were compared. The conclusion drawn there was
that prolonged endurance training preserves ventricular
comphiance with aging and may help to prevent heart fail-
ure in the elderly.

Howeawer, the results of some studies are different; thus, in the
study of Nottin et al. [9], in which master athlates with long-
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term endurance trining were compared with sedentary
seniors and young adult men. The authors concluded that
endurance training does not prevent from the LV diastolic

dysfunction.
STUDY LIMITATIONS

Our study has several limitations. The interpretations of the
results may be limited by a relatively small number of pa-
tients in both oohorts. Also, our study can be influenced by
the differenca batween the number of man and women and
the difference betwesn the patients’ age in both cohaorts.
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The prognostic effect of different types of cardiac
rehabilitation in patients with coronary artery disease
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Aim  The purpose of this study was to access and compare the prognostic effects of different types of cardiac rehabilitation (CR) in patients with chronic
coronary artery disease.

Methods One hundred fifty-two patients were retrospectively divided into 4 groups according to their adherence to physical activity recommen-
dations. Patients in groups 1 and 2 participated in the guided 3-month exercise programme. Patients in group 1 then continued with individual exercise
training, while patients in the group 2 stopped exercising after finishing the guide exercise programme. Patients in group 3 participated only in individual
exercise training throughout the whole follow-up period, and patients in group 4 declined all exercise recommendations and did not exercise. The prog-
nostic outcome of different types of cardiac rehabilitation was compared among the groups. In addition, patients who participated in individual exercise
training according to recommendations (cohort IT+) were compared with patients who declined these activities (cohort IT-).

Results During a median follow-up of 94 months, 33 deaths occurred: 17 cardiovascular and 16 non-cardiac deaths. A Kaplan-Meier survival analy-
sis demonstrated significantly better survival rates for patients who followed a long-term aerobic exercise training (IT+) than for those who did not par-
ticipate or who had only a short-term exercise programme (IT-) (P=0.009).

Conclusion Inour study, long-term exercise training had a higher impact on patient survival than short-term quided CR.

Key words coronary artery disease - cardiac rehabilitation - prognosis - cardiovascular risk

INTRODUCTION

The beneficial effects of cardiac rehabilitation (CR)
on secondary prevention of coronary artery disease are
well-established and regular physical activity, including
exercise, is recommended by many guidelines'?. The
major objective benefits are an increased exercise
capacity* and reduced rates of cardiac events and
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mortality®. In addition, the beneficial effects on car-
diovascular risk factors — blood pressure, lipid levels,
glucose metabolism, body weight, as well as on the
endothelial function and psychological well-being —
have also been proven®.

The structure and intensity of CR programmes vary
widely among different countries and centres’. How-
ever, in spite of their benefits and guideline recom-
mendations, only a minority of eligible patients par-
ticipated in and completed these programmes.
Alternative home-based CR activities might help to
solve the problems of the poor uptake and adherence
of outpatients or inpatients to centre-based CR pro-
grammes. Furthermore, the physical activity behaviour
of patients, especially their participation in walking
and vigorous activities, was found to be inversely asso-
ciated with the use of antidiabetic, antihypertensive,
and lipid-lowering drugs®’.
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The purpose of this study was to assess and compare
the prognostic effects of different types of aerobic
exercise programmes in patients with chronic stable
coronary artery disease.

PATIENTS AND METHODS

Patient population and study protocol

The study comprised 152 consecutive patients with
stable coronary artery disease with at least one coronary
artery stenosis of more than 50% in the luminal diam-
eter (proved by the coronary angiogram performed
before the study). The exclusion criteria were: (1) coro-
nary artery bypass graft or coronary intervention less
than 3 months before inclusion; (2) known need for
future coronary revascularization; (3) unstable patients;
(4) haemodynamically important valve disease; (5) non-
cardiac disease adversely affecting prognosis; and (6)
non-cardiac disease seriously limiting the participation
in cardiac exercise programmes.

Participation in the supervised outpatient cardiac
rehabilitation and individual aerobic exercise training
programmes were recommended to all patients. After
the follow-up, the patients were retrospectively divided
into 4 groups according to their acceptance of the exer-
cise recommendation. Patients in groups 1 and 2 par-
ticipated in the guided 3-month physical exercise pro-
gramme. Patients in group 1 continued to exercise
individually; patients in the group 2 stopped their exer-
cise after finishing the guided programme. Patients in
group 3 participated only in an individual exercise train-
ing programme throughout the follow-up period, and
patients in group 4 declined all exercise recommenda-
tions and did not exercise. For further evaluation of the
effect of different types of aerobic exercise, patients who
attended the supervised cardiac rehabilitation (cohort
CR+, comprising patients of groups 1 and 2) were com-
pared with patients who did not (cohort CR-, compris-
ing patients of groups 3 and 4). Similarly, patients who
participated in the individual training programme in
accordance with the recommendation (cohort IT+, com-
prising patients of groups 1 and 3) were compared with
patients who declined these activities (cohort IT-, com-
prising patients of groups 2 and 4).

During the follow-up period, all patients were med-
ically treated according to the evidence-based medi-
cine. Significant effort was spent also on motivating
the patients toward non-pharmacological treatment of
risk factors, including not only physical exercise, but
also smoking cessation, dietary and weight recom-
mendations. Mortality and major adverse cardiac
events (MACE) were assessed during follow-up visits.
The primary end point was all-cause mortality; the

secondary end points were a composite of MACE,
including myocardial infarction, unstable angina pec-
toris, coronary revascularization, and hospitalization
for heart failure.

The study was in accordance with the Declaration of
Helsinki (2000) of the World Medical Association, and
was approved by the institutional ethics committee.
Written consent was obtained from each patient.

Physical exercise

The guided programme offered 3 months of 3 times
weekly sessions. Each session lasted for 60 minutes and
consisted of 3 different phases: 10 minutes of warm-up,
20 minutes of aerobic exercise on a bicycle ergometer
with a load intensity at the level of the anaerobic thresh-
old, 20 minutes of resistance training on the combined
training machine, and 10 minutes of relaxation.

Aerobic exercise intensity was individually prescribed
according to initially performed symptom-limited spiro-
ergometry. The protocol with intensified workload up
to the symptom- limited maximum was used starting
on 40W, increasing by 20W each 2 minutes. The res-
piratory gases were analysed under physical exercise
(Blood Gas Analyser, MedGraphics, USA). The anaero-
bic threshold value for prescribing suitable load intensity
was determined according to the corresponding value
of heart rate and degrees of the Borg scale of subjective
perception of load intensity.

The individual exercise training programme con-
sisted of regular physical activity performed for a mini-
mum of 1 hour at least 3 times per week. As a regular
physical activity, patients were asked to choose cycling,
riding a bicycle-ergometer or swimming.

Statistical analysis

For descriptive purposes, basic summary statistics
such as mean, median, standard deviation, minimum
and maximum were assessed for continuous data anal-
ysis, and absolute and relative frequencies for binary and
categorical data. Groups were compared in continuous
parameters by the ANOVA or Kruskal-Wallis ANOVA
test if appropriate (the Kolmogorov-Smirnov test was
used to analyse distribution of the data). Distribution of
binary and categorical data between the groups was
tested by a chi-square test.

Survival analysis (overall survival and cardiovascular
survival) was performed using the Kaplan-Meier
method, and groups were compared by log-rank test or
by chi-square test. Cox proportional hazard regres-
sion model was used for multivariate analysis. All data
were analysed at the significance level of a=0.05, and
all the tests were two-tailed.



RESULTS

Baseline patient characteristics are presented in
tables 1 and 2. Most parameters were similar in all four
groups, but there were significant differences among the
groups in age, sex, and in the number of diabetic and
dyslipidaemic patients. Medical treatment before the
study and after follow-up is shown in tables 3 and 4. No
statistically significant differences were found among
the 4 groups.

During a median follow-up of 94 months (range
2-158) after inclusion, there were 33 deaths (17 cardio-
vascular and 16 non-cardiac deaths). The Kaplan-Meier
survival curve for all four groups is shown in figure 1.
Patients in group 3 had a statistically better survival than

The prognostic effect of cardiac rehabilitation

group 2 (P=0.042) and group 4 (P=0.041). The survival
between other groups did not differ statistically. The
result of an overall test comparing all patient groups
bordered on statistical significance (P=0.067). No sig-
nificant differences in survival were found between
cohorts CR +and CR- (P=0.948). However, patients in
cohort IT +had longer survival rates than cohort IT-
(P=0.009) (figure 2). Multivariate Cox regression anal-
ysis including baseline covariates (sex, age, diabetes
mellitus, and dyslipidaemia) revealed group as an inde-
pendent factor for survival on the borderline of statisti-
cal significance (P=0.057).

The secondary end points are shown in table 5. The
incidence of each of unstable angina pectoris, coronary
revascularization, and hospitalization for heart failure

Table 1 Study groups characteristics: medical history
Parameter Group 1 Group 2 Group 3 Group 4 Pvalue
(n=32) (n=60) (n=22) (n=38)
Age (years) 71.5£10.0 71.8+£8.8 63.8+10.3 73.9+87 0.002*
Men 32(100.0%) 43 (71.7%) 20 (90.9%) 27 (71.0%) <0.001*
BMI 273%33 283+3.0 283+3.0 276+3.8 0.622
LVEF (%) 486+8.8 46.9+10.1 495+7.6 50.1£11.6 0.276
No of stenotic arteries (= 70%) 1.5+£0.7 1507 14+£06 14+£06 0.526
Coronary revascularization 19 (59.4%) 29 (48.3%) 15 (68.2%) 17 (44.7%) 0.243
DM 5(15.6%) 19 (31.7%) 2(9.1%) 14 (36.8%) 0.028*
Hypertension 31(96.9%) 58 (96.7%) 22(100.0%) 37(97.4%) 0.727
Dyslipidaemia 25 (78.1%) 53(88.3%) 22 (100.0%) 38(100.0%) <0.001*
Smoking 8(25.0%) 8(13.3%) 7(31.8%) 6(15.8%) 0.223

Values are expressed as the mean =+ standard deviation or the number of subjects with the percentage in parentheses.
BMI: body mass index, LVEF: left ventricular ejection fraction, DM: diabetes mellitus, *P < 0.05 between groups.

Table 2 Study cohort characteristics: medical history

Parameter Group (R+ Group (R- Pvalue Group IT+ Group IT- Pvalue
(n=92) (n=460) (n=54) (n=98)
Age (years) 71.7+£9. 702+£104 0.392 68.4+10.7 726+87 0.007*
Men 75 (81.5%) 47 (78.3%) 0.679 52(96.3%) 70(71.4%) <0.001*
BMI 279+£32 279+£35 0.867 27.7+£32 280+£33 0.585
LVEF (%) 47.5+9.7 49.9+10.2 0.091 489+83 48.1+108 0.519
No of stenotic arteries (= 70%) 15+0.7 14+06 0.148 14+0.7 15+0.7 0.868
Coronary revascularization 48 (52.2%) 32(53.3%) 0.999 34 (63.0%) 46 (47.0%) 0.064
DM 24.(26.1%) 16 (26.7%) 0.999 7(13.0%) 33(33.7%) 0.007*
Hypertension 89(96.7%) 59(98.3%) 0.999 53(98.1%) 95 (96.9%) 0.999
Dyslipidaemia 78 (84.8%) 60 (100.0%) <0.001* 47 (87.0%) 91(92.6%) 0.253
Smoking 16 (17.4%) 13(21.7%) 0.532 15 (27.8%) 14 (14.3%) 0.053

Values are expressed as the mean + standard deviation or the number of subjects with the percentage in parentheses.

CR+: patients who participated in the guided exercise programme (comprising patients of groups 1 and 2), CR- = patients who declined to participate in the guided
exercise programme (comprising patients of groups 3 and 4), IT+: patients who exercised individually (comprising patients of groups 1 and 3), IT: patients who declined
individual exercise (comprising patients of groups 2 and 4), BMI: body mass index, LVEF: left ventricular ejection fraction, DM: diabetes mellitus, *P < 0.05 between
cohorts.
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Table 3 Study population characteristics: medical treatment before the study

Parameter Group 1 Group 2
(n=32) (n=60)
ASA 31(96.9%) 57 (95.0%)
Beta-blockers 29 (90.6%) 58 (96.7%)
ACEI 28 (87.5%) 50 (83.3%)
Sartans 0(0.0%) 1(1.7%)
Statins 23 (71.9%) 49 (81.7%)
Nitrates 24 (75.0%) 41 (68.3%)

Values are expressed as the number of subjects with the percentage in parentheses.

ASA: acetylsalicylic acid, ACEl: angiotensin-converting enzyme inhibitors..

Table 4 Study population characteristics: medical treatment at the end of the follow-up

Parameter Group 1 Group 2
(n=32) (n=60)

ASA 31(96.9%) 58(96.7%)
Beta-blockers 30(93.8%) 58 (96.7%)
ACEI 21 (65.6%) 45 (75.0%)
Sartans 2(6.3%) 8(13.3%)
Statins 28 (87.5%) 54 (90.0%)
Nitrates 18 (56.3%) 39 (65.0%)

Values are expressed as the number of subjects with the percentage in parentheses.

ASA: acetylsalicylic acid, ACEI: angiotensin-converting enzyme inhibitors.
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Fig. 1 Kaplan-Meier curve for patient survival according to the

physical activity — a comparison of 4 groups of patients

Group 1: patients participated in the supervised 3-month physical
exercise programme and continued to exercise individually, group 2:
patients participated in the supervised 3-month physical training and
stopped exercise after that, group 3: patients only exercised individu-
ally throughout the whole follow-up period, group 4: patients declined
all exercise recommendations and did not perform any exercise
activities.

Group 3 Group 4 Pvalue
(n=22) (n=38)
20 (90.9%) 35(92.1%) 0.748
22(100.0%) 35(92.1%) 0.236
21(95.5%) 28 (73.7%) 0.123
1(4.6%) 0(0.0%) 0.393
19 (86.4%) 35(92.1%) 0.146
13 (59.1%) 29 (76.3%) 0.495
Group 3 Group 4 Pvalue
(n=22) (n=38)
20 (90.9%) 36 (94.7%) 0.740
22(100.0%) 35(92.1%) 0.351
19 (86.4%) 25 (65.8%) 0.243
4(18.2%) 5(13.2%) 0.572
20 (90.9%) 35(92.1%) 0.935
13 (59.1%) 30(79.0%) 0.182
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Fig.2 Kaplan-Meier curve for patient survival according to the
physical activity — a comparison of cohorts IT+and IT-.

Cohort IT+: patients who exercised individually, cohort IT: patients
who declined individual exercise.



Table 5 Secondary end-points in groups and cohorts

MI 2 (6%) 5 (8%) 1(5%)
UAP 6(19%) 22 (37%) 1(5%)
Revascularization 4(13%) 22 (37%) 3 (14%)
HF 0(0%) 10 (17%) 1(5%)
MI + UAP + revascularization + HF 8 (25%) 36 (60%) 4(18%)

Values are expressed as the number of subjects with the percentage in parentheses.

The prognostic effect of cardiac rehabilitation

Pvalue
Among groups (R +vs(R- IT+vsIT-
7(18%) 0.249 0.275 0.149
8(21%) 0.008* 0.034* 0.018*
13 (34%) 0.020* 0.855 0.002*
4(11%) 0.017* 0.783 0.020*
21 (55%) <0.001* 0.368 <0.001*

CR+: patients who participated in the guided exercise programme (comprising patients of groups 1 and 2), CR-: patients who declined to participate in the super-
vised training (comprising patients of groups 3 and 4), IT+: patients who exercised individually (comprising patients of groups 1 and 3), IT—: patients who declined
individual exercise (comprising patients of groups 2 and 4), MI: myocardial infarction, UAP: unstable angina pectoris, HF: hospitalization for heart failure, *P < 0.05

among groups or between cohorts.

significantly differs among the groups and was higher
in cohort IT + than cohort IT-. The composite secondary
end point differed significantly among groups and
between cohorts IT+and IT-, but no difference was
found between cohorts CR +and CR-.

DISCUSSION

The present study showed that an individual, long-
term exercise programme has a higher impact on patient
survival and rate of MACE than a short-term hospital-
based CR programme. The potential beneficial effect of
supervised exercise training is probably lost when the
increased physical activity does not continue also after
the guided programme is finished.

Physical activities clearly reduce the mortality of
coronary artery disease patients'’. While this is encour-
aging, the success of CR is largely dependent on patient
adherence to exercise recommendations during both
supervised exercise and self-managed exercise pro-
grammes. Unfortunately, the data show poor attendance
and high dropout rates in guided CR. For example,
Hansen et al."! followed 119 patients with coronary
artery disease 18 months after inpatient rehabilitation.
They found very poor adherence (27%) to the recom-
mended minimal physical activity level during the fol-
low-up, low habitual physical activity in the total group,
and progressively worsened cardiovascular disease risk
profile of the patients. Similarly, Reid et al."* found a
significant decrease in habitual physical activity during
long-term follow-up after hospital discharge in patients
with coronary artery disease. The PIN study'® showed
that the benefit of CR therapy following myocardial
infarction or coronary revascularization is only partially
maintained during the following year. The cardiac risk
factors improved initially during CR, but deteriorated
over the next 12 months.

The beneficial effect of cardiac rehabilitation is now-
adays well recognized. However, it remains largely
obscure, which characteristics of physical activity and
exercise training are the most effective. In general, rec-
ommendations of exercise training programmes need
to be tailored to the individual’s exercise capacity and
risk profile, with the aim to reach and maintain the
individually highest fitness level possible'*. A centre-
based CR has several advantages, including better exer-
cise supervision with possibilities for correcting the
intensity and type of exercise as well as addressing safety
issues. On the other hand, supervised CR could be more
difficult for some patients to attend. Older age and high
co-morbidity are strong predictors for non-attendance'.
A valid alternative is home-based CR. These pro-
grammes are as effective as centre-based CR, but seem
hopeful in targeting higher number of patients'**’. Qur
study confirmed that long-term individual CR is a very
good alterative and could be even more effective than
short-time guided exercise programmes.

In several studies, such as the HF-ACTION study?*"*,
exercise led only to a non-significant reduction in all-
cause mortality or hospitalization. These studies failed
to meet the previous expectations most probably due to
non-uniform adherence to scheduled physical activity
levels and a high percentage of exercise cross-over from
the training group. In the HF-ACTION study, only
approximately 40% of the patients in the exercise group
reported weekly exercise volumes at or above the recom-
mended level. Reasons for non-attendance usually var-
ied - patients being “uninterested”, illness, work schedul-
ing, and transportation issues®. Patients are not easily
convinced to permanently change their lifestyle habits.
From the results of our study, it can be deduced that the
initial patient enthusiasm for physical exercise and life-
style changes and their resulting compliance with the
exercise recommendations are the most important fac-
tors influencing the effect of exercise programmes.
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The results of the present study are certainly influ-
enced by the fact that it is a non-randomized study and
patients were divided into groups retrospectively accord-
ing to their acceptance of the exercise recommendations.
Patient motivation and willingness to exercise played an
important role in the study, and most probably also in
their lifestyle behaviour. Other potential prognostic fac-
tors, such as dietary behaviour, weight maintenance or
loss, and medication compliance, were not assessed in
this study. Nevertheless, all patients were treated accord-
ing to the evidence-based medicine, and a significant
effort was spent on motivating the patients toward non-
pharmacological treatment of risk factors, including not
only physical exercise, but also dietary and weight rec-
ommendations and smoking cessation.

The interpretations of results could be limited by the
relatively small sample size of the groups. The study
could also be influenced by the differences in age, gen-
der, and diabetic and dyslipidaemic patients among the
groups. Younger men showed the best compliance to
individual aerobic exercise, and this certainly may have
influenced the results of our study.

In this study, no other outcomes than mortality and
mortality were assessed. It has been reported previously
that the change in aerobic capacity after CR was related
to mortality. According to the study of Vanhees et al., a
1% greater increase in peak oxygen uptake (VO,) after
training was associated with a decrease in cardiovascu-
lar mortality of 2%. Peak VO,, evaluated after a physical
training programme, and its change in response to train-
ing were independent predictors for cardiovascular
mortality in patients with coronary artery disease®.
Physical training generally increases exercise capacity.
The effect of our conducted 3-month training on func-
tional capacity improvement is known and was pub-
lished previously by our group®. However, patients in
our trial had no aerobic capacity evaluation at the end
of the follow-up. So that no direct comparison of the
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