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1. IVADAS

Lietuvoje sergamumas ir mirtingumas nuo Sirdies ir kraujagysliy ligy
yra vienas i§ didziausiy tarp Europos Sajungos valstybiy [1]. Lietuvoje
2015 m. hospitalizuota 3100 pacienty, kuriems nustatytas timinis miokardo
infarktas su S-T segmento pakilimu ir gydymui taikyta vainikiniy arterijy
angioplastika ir stentavimas. Nors taikomi Siuolaikiniai gydymo metodai,
2015 m. Sis rodiklis padidéjo 4,7 proc. palyginti su 2014 m. MirStamumas
Siy pacienty, atliekant pirmin¢ vainikiniy arterijy angioplastika, 2015 m.
padidéjo ir sieké 8,1 proc. (Informacinés sistemos ,,Sveidra“ duomenys).

Miokardo infarktas sukelia miokardo kontrakcijos sutrikimus, nule-
miancius Sirdies ertmiy iSsiplétimg, kairiojo skilvelio formos ir funkcijos
pasikeitimg, tai yra kairiojo skilvelio remodeliavimasi [2, 3]. Kairysis
skilvelis remodeliuojasi 13—49 proc. pacienty, kuriems nustatomas miokar-
do infarktas su S-T segmento pakilimu ir gydymui taikoma vainikiniy ar-
terijy angioplastika [4—6]. Kairiojo skilvelio remodeliavimasis susijgs su
Sirdies nepakankamumo atsiradimu, pavojingy Sirdies aritmijy ir mirties
rizika [78, 110]. Kairiojo skilvelio remodeliavimasis prognozuojamas pagal
kraujo zymenis ir echokardiografinius parametrus — troponino I kiekj,
leukocity skaiciy, C reaktyviojo baltymo koncentracija, kairiojo skilvelio
iSstimio frakcija, i$ilging jtampa [51, 67, 87, 115]. Taciau minéti rodikliai
néra pakankamai jautris, tod¢l tebeieSkoma naujy Zymeny, kurie padéty
tiksliai prognozuoti kairiojo skilvelio remodeliavimasi pacientams po
miokardo infarkto su S-T segmento pakilimu.

Pastaraisiais metais atlikty tyrimy duomenimis nustatyta neuroendokri-
ninio modelio reik§me¢, galinti paaiSkinti Sirdies ir kraujagysliy ligy pato-
fiziologiniy mechanizmy rysj su hormonine ir uzdegimo sistema [7, 11, 17].
Sirdies ir kraujagysliy jvykiai lemia pogumburio, posmegeninés liaukos ir
skydliaukés hormony grandinés veikla ir sukelia laisvojo trijodtironino
sumaz¢jimg ir neveikliojo trijodtironino padidé¢jimg kraujo serume [8].
Sutrikes skydliaukés hormony metabolizmas — sumazéjusi laisvojo trijodti-
ronino koncentracija — atspindi timinio miokardo infarkto eigos sunkumg ir
yra blogos miokardo infarktu serganciy pacienty prognozés veiksnys, jei
atsiranda Sirdies nepakankamumas ir iStinka staigi mirtis [31, 43, 45].

Atlikdami §j tyrimg tikrinome hipoteze, ar skydliaukés hormonai susije¢
su miokardo funkcijos poky¢iais, lemianciais kairiojo skilvelio remodeliavi-
masi persirgus iminiu miokardo infarktu su



S—T segmento pakilimu. Taip pat vertinome, ar laisvojo trijodtironino,
didelio jautrumo C reaktyviojo baltymo koncentracija, miokardo deformavi-
masis ir pasisukimas yra svarbiis prognozuojant kairiojo skilvelio remode-
liavimasi persirgus miokardo infarktu.
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2. DARBO TIKSLAS IR UZDAVINIAI

Darbo tikslas

Ivertinti sumazéjusios laisvojo trijodtironino koncentracijos sgsajas su
kairiojo skilvelio funkcija ir biocheminiy Zymeny pokyc¢iais, prognozuojant
kairiojo skilvelio remodeliavimasi persirgus timiniu miokardo infarktu.

Darbo uzdaviniai

1. Jvertinti sumazéjusios laisvojo trijodtironino koncentracijos sasajas
su iSeminés Sirdies ligos rizikos veiksniais, miokardo Zzymeny,
klinikiniy duomeny poky¢iais iminiu miokardo infarkto periodu.

2. Ivertinti sumazéjusios laisvojo trijodtironino koncentracijos sgsajas
su miokardo funkcijos pokyciais, vertintais echokardiografiniu
tyrimu @iminiu miokardo infarkto periodu ir praéjus 6 steb&jimo
ménesiams.

3. [vertinti tiriamyjy, kuriems jvyko kairiojo skilvelio remodeliavi-
masis, ir tiriamyjy, kuriems nejvyko kairiojo skilvelio remodeliavi-
masis, klinikinius, echokardiografijos ir skydliaukés hormony
tyrimy duomenis.

4. Jvertinti endokrininiy, klinikiniy ir echokardiografijos duomeny
tikimybines reik§mes, prognozuojant kairiojo skilvelio remodelia-
vimasi po miokardo infarkto.
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3. DARBO MOKSLINIS NAUJUMAS

Tai pirmas Lietuvoje mokslinis darbas, kuriame analizuojami skydliau-
kés asies hormony funkcijos sutrikimai, jvykstantys tminio miokardo
infarkto metu. Nustatyta jy reikSmé miokardo funkcijos pokyciams, jver-
tintiems echokardiografiniu tyrimu, taikant tasSkeliy Zyméjimo (,,speckle
tracking*) metodika.

Sis tyrimas padéjo iSsiaiskinti, kokia jtaka turi sumaZéjusi laisvojo
trijodtironino koncentracija kairiojo skilvelio mechaninei funkcijai. Pasaulio
literattiroje aprasomi tik pavieniai darbai, kuriuose nagrin¢jama skydliaukés
funkcijos jtaka jprastiniams echokordiografiniams ir kairiojo skilvelio
deformavimosi parametrams. Taiau sumazéjusio laisvojo trijodtironino
jitaka kairiojo skilvelio mechaninei funkcijai — pasisukimui, susisukimui,
sgsiikai — nebuvo nustatyta pacientams, po iminio miokardo infarkto su S-T
segmento pakilimu. Laisvojo trijodtironino tyrimas wminio miokardo
infarkto metu galéty buti prognostinis zymuo vertinant kairiojo skilvelio
struktiros, funkcijos ir mechanikos parametrus vélesniu miokardo infarkto
laikotarpiu.
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4. LITERATUROS APZVALGA

4.1. Naujieji iSeminés Sirdies ligos rizikos veiksniai

liaukés hormonai) didina S$irdies ir kraujagysliy ligy atsiradimo rizika.
Sutrikgs SH metabolizmas gali sukelti tam tikras Sirdies ligas, pagreitinti
vainikiniy arterijy aterosklerozés plitima [6, 10, 11].

Aterosklerozé yra patofiziologinis procesas, nulemiantis iminiy i§eminiy
sindromy atsiradimg. Aterosklerozés procesa salygoja rizikos veiksniai:
padidéjes cholesterolio kiekis kraujyje, arteriné hipertenzija, cukrinis diabetas,
antsvoris, nejudra, rukymas, sutrikdantys kraujagyslés endotelio vientisuma,
didinantys trombocity agregacija ir skatinantys lygiyjy raumeny lasteliy
proliferacija [12].

Néra lengva rizikos veiksnius nustatyti, kontroliuoti ir modifikuoti, nes
be jprasty rizikos veiksniy, vis daugiau démesio sulaukia ir, manoma, dar
didesn¢ jtaka turi naujieji rizikos veiksniai — neurohumoralinés sistemos
aktyvacija, padidéjes lipoproteino A kiekis, plazmos fibrinogeno Kkiekis,
padidéjusi trombocity agregacija, uzdegiminés lastelés, genetiniai veiksniai
[13].

SH reguliuoja baltymy ir SH receptoriy dalyvaujanciy lipidy metaboliz-
mo procese, raiska [14]. Didindami fosfolipazés A2 kiekj, mazina didelio
tankio lipoproteiny (DTL-C) cholesterolio kiekj. Skydliaukés hormony asies
poky¢iai sukelia vazokonstrikcijg ir mazina azoto oksido gamyba, kuris yra
geros endotelio funkcijos, Zymuo [15]. SH aktyvina uzdegimo atsaka, kuris
svarbus aterosklerozés procesui. Uzdegimo veiksniai lemia ne tik atero-
sklerozinés plokstelés ateromos susidaryma, bet ir Sios plokstelés plySima
[28].

Ivertinus analizuoty tyrimy duomenis stebima skydliaukés hormony
svarba iSeminei Sirdies ligai atsirasti, kairiojo skilvelio remodeliavimuisi po
miokardo infarkto bei tolesnei prognozei [10, 16, 17].

4.2. Fiziologiniai skydliaukés hormony mechanizmai

Skydliaukés hormony (SH) jtaka Sirdies funkcijai pirmg kartg 1785
metais aprasé brity gydytojas C. H. Parry’as. Jis pastebéjo, kad skydliau-
kés padidéjimas yra susijgs su tachikardija ir Sirdies ertmiy iSsiplétimu.
1918 metais gydytojas H. Zondecas Miunchene apras¢ hipotireoze sergan-
¢iy pacienty Sirdies funkcijos sutrikimus [18]. Vélesniu laikotarpiu paste-
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bétas rySkus SH poveikis kontraktilinei ir relaksacinei Sirdies funkcijai
[19, 20].

Laisvojo trijodtironino (fT3) koncentracijos serume sumazg¢jimas ir
kartu atsirandantis neveikliojo trijodtironino (rT3) koncentracijos padidé-
jimas, iSliekant normaliai tiroksino (T4) ir skydliauke¢ stimuliuojamojo
hormono koncentracijai (TSH), daZnai nustatomi rodmenys sergant daugeliu
ligy. Sie pogumburio, posmegeninés liaukos ir skydliaukés grandies
poky¢iai vadinami mazos — T3 koncentracijos sindromu.

Skydliaukés hormony iSsiskyrima kontroliuoja skydliauke stimuliuo-
jamasis posmegeninés liaukos hormonas (TSH), kurj savo ruoztu aktyvina
tirotroping atpalaiduojantis pogumburio hormonas (TRH) [6, 21]. Pagrin-
dinis skydliaukés produktas yra tiroksinas (T4), véliau paver¢iamas trijodti-
roninu (T3), kuris prisijungia prie skydliaukés hormony receptoriy ir
regulivoja nuo hormony priklausomg lasteliy veiklag [22]. Skydliauké
i§skiria ne daugiau kaip 20 proc. biologiskai aktyvaus hormono T3. Kitas T3
kiekis pagaminamas kituose audiniuose, kai dejodinazés, kurios biina keliy
formy, pasalina joda i§ T4 molekulés. Pirmojo tipo dejodinazé (D1) yra
daugiausia susitelkusi kepenyse ir inkstuose, ji katalizuoja T4 virtimg T3 ir
atsakinga net uz 80 proc. T3 gamyba. Antrojo tipo dejodinazé (D2) yra
priekinéje posmegeninés liaukos dalyje, raumenyse (jskaitant ir miokarda) ir
yra svarbi vietinei T3 gamybai. Treciojo tipo dejodinazé (D3) deaktyvina T4
ir T3, pavercia T4 i rT3, kuris yra neveiklus, ir sukelia T3 irimg. T3
jsiskverbia | Igsteliy membranas ir yra atsakingas uz daugelj genominiy ir
negenominiy skydliaukés hormony poveikiy [23].

4.3. Patofiziologiné skydliaukés hormony raiska UMI metu

Pagrindiniai mechanizmai, sukeliantys laisvojo trijodtironino (fT3)
sumaz¢jimg UMI metu, aiSkinami keliomis hipotezémis.

Hipoksija, katecholaminy padidéjimas kraujo plazmoje ir / ar audi-
niuose, uzdegimo veiksniai, pvz., interleukinas (IL-6), naviko nekrozés
veiksnys (TNF), sutrikdo tiroksino (T4) virtimg trijodtironinu (T3). Uzdegi-
mo citokinai, iSsiskiriantys UMI metu, skatindami oksidacinj stresg
periferiniuose audiniuose, slopina pirmojo tipo (D1) ir antrojo tipo (D2)
dejodinaziy aktyvuma. Sio proceso padarinys — mazéja fT3 kiekis. Sunki
klinikiné miokardo infarkto (MI) eiga siejama su mazesniu fT3 kiekiu
serume ir / arba didesniu neveikliojo trijodtironino (rT3) Kiekiu, tai yra
mazos — T3 koncentracijos sindromu (angl. low — T3 syndrome) [24].
Mazos — T3 koncentracijos sindromas daznai susijes su sutrikusia miokardo

14



funkcija — tai yra priblokstu miokardu. Si biklé kliniskai gali pasireiksti nuo
mazy hemodinamikos sutrikimy iki kardiogeninio Soko [25].

Skydliaukés hormonai (SH) reguliuoja Sirdies funkcijg per genus, kurie
koduoja svarbius struktiirinius ir funkcinius miokardo baltymus. Sumazéjus
T3 kiekiui serume, stebimi Sirdies geny raiskos ir funkcijos poky¢iai.
Dauguma Sirdies geny, nustatomy patologisko skilveliy remodeliavimosi
metu, reguliuojami skydliaukés hormony [26].

Skydliaukés hormony poveikis lastelei, geny transkripcijos regulia-
vimas yra vykdomi per skydliaukés hormony receptorius (TR), uzkoduotus
dviem genais — TR alfa 1 ir TR beta 1. T3 turi tieck genominj, tick negeno-
minj poveikj Sirdies miocitui. Genominiai mechanizmai apima T3 jungimasi
su skydliaukés hormony receptoriais (TR), kurie reguliuoja tam tikry Sirdies
geny transkripcijg. Negenominiai mechanizmai apima tiesioginj membranos
jony kanaly moduliavimg. Skydliaukés hormony ir skydliaukés hormony
receptoriy (SH-TR alfa 1, beta 1) poky¢iai pasireiskia vykstant poinfarkti-
niam Sirdies remodeliavimuisi [9, 27].

Lasteliy kultliry tyrimai nustaté veiksnius, skatinanCius treciojo tipo
dejodinazés (D3) aktyvuma, transkripcijos budu aktyvinant DIO3 gena
tiesiogiai arba su kitais veiksniais: TGFf (angl. transforming growth factor-
£), p38MAPK (angl. mitogen-activated protein kinase), HIF-1 (angl.
hypoxia-inducible factor).

Transkripcijos budu skatinama DIO3 geno TGFp signaliné seka, kuri
aktyvina smad veiksnius. Smad veiksniai sinergistiSkai aktyvina D103 gena,
kuris aktyvina D3. Visi minéti veiksniai sinergistiskai skatina DIO3 geno
transkripcija. Aktyvi treciojo tipo dejodinazé pavercia T3 neveikliu rT3,
todel mazéja fT3 kiekis [18, 28, 29].

TGFp turi didele jtaka fibrozés ir apoptozés procesui. p38MAPK trans-
kripcijos biidu reguliuoja uzdegimo veiksniy (TNF, IL-1, IL-6, IL-8) veikla
bei, aktyvindamas uzdegimo atsakg, mazina azoto oksido kiekj ir sukelia
endotelio disfunkcijg [30]. HIF-1 reguliuoja treciojo tipo dejodinazés raiska
hipoksijos metu, sukelia oksidacinj stresa. Visi Sie veiksniai dalyvauja
atsirandant KS hipertrofijai ir remodeliavimuisi (4.3.1 pav.) [31-33].
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4.3.1 pav. Treciojo tipo dejodinazés raiska. Normalaus kardiomiocito
(virsuje) ir patologisko kardiomiocito (apacioje) [18]
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4.4. Patofiziologiniai KS remodeliavimosi mechanizmai

KS remodeliavimgsi galima apibrézti kaip sudétinga patologiska
mechanizma, kurj sukelia miokardo pazaida, iStikus miokardo infarktui.
Miokardo infarkto metu vyksta lasteliniai, tarpaudininiai, molekuliniai ir
genetiniai poky¢iai, kliniskai nulemiantys KS dydzio, formos ir funkcijos
pasikeitimg [3, 34]. KS remodeliavimosi procesas lemia hemodinamikos
poky¢ius, neurohormonalinés sistemos aktyvumg ir kitus veiksnius, kurie
Siuo metu aktyviai tyrinéjami. Miocitai vadinami didZiosiomis lgstelémis,
kurios labiausiai jtraukiamos j remodeliavimosi procesa [3].

Struktiiriné ir funkciné KS pertvarka, lemianti KS ertmés padidéjima,
KS geometrijos persitvarkymg bei KS susitraukimo sumazéjima yra vienas
sunkiausiy persirgto MI padariniy, sukelian¢iy Sirdies nepakankamuma,
Sirdies aritmijas ir staigigjg mirtj [35].

KS remodeliavimosi procesas prasideda pirmosiomis valandomis po
miokardo infarkto. Labai ankstyvoje KS remodeliavimosi stadijoje infarkto
srityje vyksta miocity nekroze ir toje vietoje atsiranda edema ir uzdegimas
[36]. Ankstyvoji KS remodeliavimosi stadija apibréziama kaip infarkto
srities plétimasis (ekspansija) — tai yra infarkto srities plonéjimas ir
ilgéjimas, sukeliantis miocity maz¢jima infarkto vietoje. Tai lemia makro-
skopiskai matomas akinezes, aneurizmos susidarymg ir miokardo plySima.
Infarkto sritis dazniausiai pleciasi transmuralinio infarkto metu. Vélyvoje
KS remodeliavimosi stadijoje daugéja fibroblasty, jvyksta fibroze, susidaro
randas. Infarkto nepazeistame miokarde hipertrofuoja miocitai (netinkama
hipertrofija — angl. maladaptive hypertrophy), kaupiasi intersticinis kolo-
genas. Vélyvoji KS remodeliavimosi stadija prasideda anksciausiai — pra-
¢jus dviem savaitéms po MI ir tesiasi iki rando susidarymo. Sioje stadijoje
atsiranda miokardo pazeidimas, kuris nulemia KS geometrijos, dydzio ir
funkcijos pokycius.

IStikus miokardo infarktui, kardiomiocity plonéjimas ir ilgéjimas,
padidéjes norepinefrino, angiotenzino, endotelino aktyvumas zidinio vietoje,
skatina pakitusiy baltymy raiSka ir miocity hipertrofija, nekroze, apoptoze,
fibroze, didina intersticinio kologeno ir fibroblasty daugéjima [37, 38]. Dél
Siy pokyciy blogéja Sirdies funkcija ir did¢ja neurohormonalinés sistemos
aktyvacija [39, 40].

Sie procesai lemia makroskopiskai matomg KS sienelés idplonéjima,
KS i8siplétimg ir formos pasikeitimg (4.4.1 pav.) [41, 42].
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INFARKTO SRITIES PROGRESUOJANTIS

PLETIMASIS (ekspansija) KS REMODELIAVIMASIS
* Nekroze * Uzdegimas * Rando susidarymas
» Apoptoze * Granuliacinio audinio » Reaktyvi fibroze
susidarymas * Miocity hipertrofija
* Neo-angiogenezé » KS issiplétimas
* Intersticinio kolageno (sferiné forma)
susidarymas
Labai ankstyva Ankstyvoji stadija Vélyvoji stadija
stadija (valandos) (valandos—dienos) (savaités—meénesiai)

4.4.1 pav. KS remodeliavimosi proceso plitimas jvykus miokardo infarktui

4.5. Skydliaukés hormonu, uZdegimo Zymeny klinikiné verteé,
prognozuojant KS remodeliavimasi po MI su S-T segmento pakilimu

Remiantis iki $iol atliktais tyrimais, skydliaukés hormony jtaka KS
remodeliavimuisi turi svarbig ne tik klinikine, bet ir prognozing reikSme.
Atlikta bandomoji dvylikos savai¢iy analizé po UMI. Nustatyta sumaZzéjusi
trijodtironino (T3) koncentracija, stebéta sumazeéjusi KS isstimio frakcija
(IF) ir padidéjes KS galinis diastolinis skersmuo. Sumazéjes T3 kiekis buvo
susijes su echokardiografiniais parametrais, atspindinciais KS remodeliavi-
masi. Sis tyrimas parodé, kad sumazéjes T3 kiekis yra blogos miokardo
infarktu serganciy pacienty prognozés veiksnys, jei atsiranda Sirdies nepa-
kankamumas ir iStinka staigi mirtis [43]. Polas su bendraautoriais analizavo
peliy modelius po MI. Treciojo tipo dejodinazé (D3) nustatyta iStyrus hiper-
trofuota nepaZzeistg infarkto miokardg. Tuo paiu metu nustatyta sumazéjusi
KS funkcija, padidéjes KS galinis sistolinis ir diastolinis skersmuo ir
sumazéjes frakcinis trumpéjimas [44]. Kitame tyrime buvo stebéta reiks-
minga s3saja tarp KS IF ir T3 koncentracijos (P=0,0004; P=10-6), taciau
tarp KS IF ir tiroksino (T4) arba skydliauke stimuliuojamojo hormono
(TSH) nestebéta. Sie poky¢iai stebéti pragjus 48 val po MI [45].

Coceanas ir bendraautoriai istyré 1047 ISL serganéius pacientus ir
nustaté, kad mazas fT3 (laisvojo trijodtironino) kiekis serume randamas
VAL (vainikiniy arterijy liga) metu, nors pirminés skydliaukés ligos néra.
VAL paplitimas reikSmingai didesnis pacienty, turin¢iy sumazéjusia f13
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koncentracija, palyginti su bendrgja populiacija (67 proc. ir 56 proc.,
p=0,04). Sumazéjes fT3 kiekis buvo reikSmingas VAL rizikos veiksnys kaip
ir tradiciniai rizikos veiksniai: vyriSkoji lytis, amzius, genetiné anamneze,
dislipidemija, arterin¢ hipertenzija. To paties tyrimo metu buvo nustatyta,
kad fT3 kiekis buvo mazesnis pacienty, kurie miré nuo VAL, palyginti su
tais, kurie iSgyveno (2,15+0,46 pg/ml ir 2,37+£0,42 pg/ml, p<0,001) [46].
Kitame tyrime lervasis ir bendraautoriai iStyré 573 Sirdies liga (iSemine
dilatacine kardiomiopatija, UMI) serganius pacientus. SumaZéjes fT3
kiekis buvo didziausias nepriklausomas mirc¢iy nuo Sirdies ir kraujagysliy
ligy rizikos veiksnys (SS 3,582, P<0,0001) [16]. lymvaiosas ir bendra-
autoriai iStyré pacientus, serganc¢ius MI su STP, ir pateiké skydliaukés
hormony poky¢ius Gminiu ligos laikotarpiu (po 48 val.) ir po 6 mén.
Miokardo pazeidimas buvo vertinamas atlikus laboratorinj Sirdies Zymens
CKMB (kreatininkinazés MB frakcija) tyrima, skydliaukés hormony ir
echokardiografinj tyrimus. Pastebéta reikSminga sgsaja tarp KS IF ir fT3
ankstyvuoju (P=0,0004) ir vélyvuoju (P=10") laikotarpiu, tadiau tarp
CKMB ir T3 (P=0,81) reik§mingy poky¢iy nenustatyta. fT3 kiekis UMI
turi reikSmingg jtaka miokardo funkcijai tiek ankstyvuoju, tiek vélyvuoju
MI laikotarpiais [45].

ir kraujagysliy ligoms gydyti. Trumpalaikis gydymas skydliaukés hormo-
nais galéty apsaugoti nuo KS remodeliavimosi, sumazinti miocity apoptoze
ir pribloksto miokardo biikle [2, 47]. Kiti bandomieji tyrimai pateiké, kad po
miokardo infarkto skydliaukés hormony ir jy analogy skyrimas gyviinams
pagerino metabolinius miokardo procesus, miokardo funkcija, kapiliaring
kraujotaka ir angiogenezg¢ [48]. Klinikiniy tyrimy duomenimis, pakaiting
trijodtironino terapija miokardo infarkto metu pagerino sistoling ir diastoling
Sirdies funkcija, sumazino sisteminj kraujagysliy pasiprieSinimg bei lémée
prognoze [6, 49].

Uzdegimo atsako aktyvacija yra svarbi patogeneziné KS remodelia-
vimosi grandis.

Uzdegimo zymuo — didelio jautrumo C reaktyvusis baltymas (dj CRB) —
susijes su iiminiu iSeminiu sindromu ir pacienty prognoze. Atlikus tyrimus
stebétos dj CRB sgsajos su KS galinio diastolinio ttrio indeksu (r=+0,78,
p<0,0001), KS galinio sistolinio ttrio indeksu (r=+0,36, p=0,0405), KS IF
(r=—0,45, p=0,0052). Siy tyrimy duomenimis padidéjes dj CRB buvo
nepriklausomas rizikos veiksnys prognozuojant KS remodeliavimasi (Sansy
santykis 1,79, p=0,002) [30, 50].

Nustatyta, kad C reaktyviojo baltymo (CRB) koncentracijos padidéji-
mas buvo reikSmingas Zymuo prognozuojant KS remodeliavimasi po pirmg
kartg jvykusio MI su S—T segmento pakilimu (Sansy santykis 3,48, 95 proc.,
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PI=1,76-6,88). Sio tyrimo metu, taikant ROC analize, jvertinta diagnostiné
CRB verté KS remodeliavimosi prognozavimui (14,2 mg/l, plotas po kreive
0,61; p<0,05, jautrumas 54,5 proc., specifiSkumas 72,7 proc.) [51]. Kity
tyrimy duomenimis, padidéjes CRB kiekis buvo susijgs su KS diastoline
disfunkcija — tai yra padidéjusiu KS prisipildymo spaudimu (E/E°) ir
netur¢jo itakos KS remodeliavimuisi [52].

Padidéjes leukocity skaicius, dél neutrofily, gali prognozuoti Sirdies
nepakankamumo (SN) atsiradima (p<0,008) ir ankstyva mir§tamuma (3ansy
santykis 1,71, 95 proc. PI=1,14-2,58) po MI su S-T segmento pakilimu,
taciau prognozuojant KS remodeliavimasi jtakos neturéjo [53]. Neutrofilai
vadinami pirmaisiais leukocitais, infiltruojanciais iSeminj miokarda.
Aktyvinti neutrofilai i$skiria proteolizinius fermentus, sukelian¢ius audinio
irima [54].

NT-pro-BNP (N — galinis BNP prohormonas) yra SN diagnostikos ir
prognozés zZymuo, taciau taip pat gali prognozuoti KS remodeliavimasi
persirgus MI. Skydliaukés hormonai tiesiogiai aktyvina B — tipo natriurezinj
peptida (BNP). Sio peptido padidéjimas nustatomas pacientams, sergan-
tiems tireotoksikoze [55]. Nustatyta, kad sumazéjes fT3 kiekis reikSmingai
susijes su NT-pro-BNP sergant Sirdies ir kraujagysliy ligomis ir gali biiti KS
remodeliavimosi ir SN blogos prognozés zymuo [56, 57].

Apibendrinant galima pasakyti, kad trijodtironinas yra ne tik KS
remodeliavimosi prognozinis Zymuo, bet ir svarbus ISL rizikos veiksnys bei
nepalankios Sirdies nepakankamumu serganciy pacienty prognozes veiksnys.

4.6. Nauju echokardiografiniy KS remodeliavimosi
parametry vertinimas ir apZvalga

KS remodeliavimasis echokardiografiskai apibudinamas kaip ryskéjan-
tis KS ertmés iSsiplétimas, sieneliy ploné¢jimas, did¢jant galiniam sistoli-
niam KS tiiriui (KS GST) ir galiniam diastoliniam KS ttriui (KS GDT) bei
mazejant KS i§stimio frakcijai (IF). KS GDT padidéjimas 15-20 proc. 4-6
ménesiy laikotarpiu po UMI vertinamas kaip jvykes KS remodeliavimasis
[6, 58-60, 63].

Po miokardo infarkto KS remodeliavimosi pradzioje did¢jant KS
tiriams, didé¢ja KS iSstimio (sistolinis) turis, iSlieka normalus minutinis
Sirdies tiris. Véliau infarkto nepaZzeistoje srityje ilgéjant hipertrofuotiems
miocitams, pleciasi KS ertme¢, elipsinés formos KS tampa sferinés formos,
tai sukelia rySkéjant] KS turiy didéjima, susitraukimo sutrikima [61].

KS tiiriai, jy indeksai, KS IF buvo nagrinéjami per klinikinius tyrimus.
KS GDT atspindi KS remodeliavimasi ir diastolinj prisipildymg (galinj —
diastolinj miocity skaiduly ilgéjima), o KS GST lemia miocity skaiduly
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trumpéjima ir yra svarbus iSgyvenamumo po MI prognozinis veiksnys.
Regioninés kontrakcijos sutrikimai infarkto srityje, gretimy miokardo
segmenty hiperkinez¢é gali lemti netiksly KS i§stimio frakcijos vertinima [3,
61, 62]. KS prisipildymo spaudimg atspindintis E/E® santykis ir kairiojo
priesirdzio turis jautresni KS remodeliavimosi vertinimo rodikliai vélesniu
Ml laikotarpiu negu KS IF. Taciau E/E‘ santykis yra maziau tikslus
pacientams po MI su normalia KS IF (> 50 proc.) [63].

Dvimate echokardiografija, taikant tradicinius matavimo metodus,
jvertina anatoming¢ miokardo bukle (KS geometrija, hipertrofija, sieneliy
stor¢jimg) ir hemodinamikos parametrus. Miokardo sienelés mechaninés
funkcijos jvertinimas arba spaudimo ir tirio analizé — svarbiis parametrai,
atspindintys bendrajg (angl. global) Sirdies funkcija. Naujas taskeliy zymé-
jimo echokardiografijos metodas (TZM) leidzia jvertinti bendraja (angl.
global) arba regioning (angl. regional) KS funkcija, tai yra miokardo
judéjimo ir deformavimosi parametrus.

TZM - tai echokardiografijos metodas, leidZiantis jvertinti miokardo
pavieniy tasky judéjimg jvairiomis kryptimis skirtinguose miokardo skaidu-
ly pluostuose. Sis metodas pagrjstas ultragarsinio vaizdo akustiniy atspin-
dziy (taskeliy) miokarde judéjimo per laiko vienetg uzraSymu. Taskeliy Zy-
meéjimo poslinkis Sirdies ciklo metu leidzia pusiau automatiskai detalizuoti
miokardo deformavimagsi trimis kryptimis: iSilgine (angl. longitudinal),
spinduline (angl. radial), apsukine (angl. circumferential) [64, 65].

Atlikus analize galima jvertinti pasirinkto miokardo segmento taskeliy
jtampa (angl. strain), jtampos greitj (angl. strain rate) ir KS pasisukimg
(angl. rotation).

Jtampa — jvertina matuojamo segmento ilgio pasikeitimo (deformavimosi)
laipsnj pradinio ilgio atzvilgiu. Jtampa iSreiSkiama procentais (4.6.1 pav).
Teigiamoji jtampa reiSkia matuojamo objekto pailgéjimg ir iSsitempima,
neigiamoji jtampa reiskia — sutrumpé¢jima ir suspaudima.

Itampos sgvoka gali biiti iSreiksta formule:

e=L - Lo/ Lo

€ — jtampa; Lo — pradinis ilgis; L — momentinis ilgis matavimo metu.

0

L
L 1

4.6.1. pav. [tampos sheminis vaizdavimas
Itampos greitis — jvertina momenting jtampa per laiko vienetg. Bando-

mieji tyrimai parodé, kad jtampos greitis maziau priklauso nuo KS pries-
kriivio ir pokriivio nei jtampa, todél dazniau matuojama jtampa [66, 67].
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Isilginé jtampa (angl. longitudinal strain) — sistolés metu skilvelio mio-
kardo skaidulos trumpé¢ja, judédamos nuo pamatinés dalies virSinés link.
Diastolés metu pamatiné dalis grizta j prading padétj. Sistolés metu skilvelis
trumpgja, todél iSilginés itampos sistolinés reikSmés yra neigiamos. Diastolés
metu skilvelis ilgéja, todél diastolinés iSilginés jtampos reikSmés yra
teigiamos. Spinduliné jtampa (angl. radial strain) jvertina miokardo judéjima
KS ertmés link ir tai atspindi KS sienelés plonéjimg ir storéjimg Sirdies ciklo
metu. Todél sistolés metu spindulinés jtampos reikSmés yra neigiamos, o
diastoléje — teigiamos. Apsukiné jtampa (angl. circumferential strain) jvertina
KS miokardo skaiduly trumpéjima per visg apsuking asj (perimetrg), kuri
matoma priekritinkauliniame trumposios asies vaizde (4.6.2 pav.) [68].

Apsukiné
‘(trumpéjimas
‘@
28| L
Spinduliné E ol " e

jtampa

Spinduliné
(storéjimas)

I8ilgine
jtampa

AVU DVA AVU DVA

Virs§uné

a

|
[ 5]
(=]

g
Jtampa (proc.)
(=]

Jtampa (proc.)

|
[}
(=4

(=]

(=]

ANIN

|
3
=}

Jtampa (proc.)

Jtampos greitis (1/s) Jtampos greitis (1/s) Jtampos greitis (1/s)
(=]

]
|
I
1
1
I
1
1
1
1
1
]
1
1

Pamatas

Jtampos greitis —» Jtampa

4.6.2 pav. KS isilginés, spindulinés, apsukinés jtampos judéjimo kryptys
sistolés metu ir jy scheminis vaizdavimas

AVU - aortos voztuvo uzsidarymas; DVA — dviburio voztuvo atsidarymas.
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KS funkcijos sutrikimo metu miocitai jgauna ypatingg ypatybe susi-
traukti ir trumpéti, tai lemia deformavimosi parametry pablogéjima. Kairia-
jame skilvelyje didéja vidinis spaudimas. Kai jis pasidaro gana didelis, atsi-
daro aortos voztuvas ir kraujas i§stumiamas i§ KS ertmés. Cia reikéty pa-
brézti du aspektus: jégos atsiradimas (miocity susitraukimas, sukeliantis
spaudima, kad atsidaryty voZztuvai) ir deformavimasis (miocity trump¢jimas,
sukeliantis kraujo tiirio i$stimimg) (4.6.3 pav.) [69].

Veiksniai, lemiantys miokardo deformavimosi pokycius:

— miocito susitraukimo jégos padidéjimas (stiprus susitraukimas) —
audiniy perfuzijos sutrikimas, elektrinés ir mechaninés funkcijos
aktyvacija;

— KS ertmés spaudimai — prieskriivio, pokriivio poky¢iai, susij¢ su KS
geometrija (KS iSsiplétimas);

— segmenty sgveika — sveiky segmenty hiperkinezg;

— audinio elastingumas — fibroz¢, parodanti, kad miokardas jsitempgs
[70].

bt
1l

Padidintas miocito susitraukimas T

!

KS ertmés spaudimo padidéjimas

!

AV atsidarymas

Geometrija
Skaiduly i8sidéstymas
Fibrozé

l Pokriivis

Kraujo i$stimimas
Sienelés deformavimasis

4.6.3 pav. Mechanineé sirdies funkcija
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Norint jvertinti Sirdies funkcija, reikia suprasti miokardo sliuoksniy
skaiduly susitraukimo (kontrakcijos) mechanizmg, kurio metu vyksta mio-
kardo skaiduly siaur¢jimas, trumpé¢jimas, pailgéjimas, stor¢jimas ir pasisu-
kimas. KS sienelé sudaryta i$ trijy sluoksniy — endokardo, miokardo (viduri-
nio sluoksnio) ir epikardo. Epikardo skaidulos iSsidésciusios jstrizine (,,kai-
rés rankos — left handed“) kryptimi, miokardo (vidurinio sluoksnio)
skaidulos i$sidésciusios apsukine kryptimi ir endokardo skaidulos — jstrizine
(,,desinés rankos — right handed) kryptimi. Siy trijy sluoksniy miokardo
skaiduly susitraukimas sukeliamas ne tik iSilginés, apsukinés, spindulinés
Sirdies judesio krypties, bet ir miokardo pasisukimo (angl. rotation)
(4.6.4 pav.) [71].

Apsukinés (vid. miokardo) Pamato
skaidulos D-rankos jstrizinés pasm}kﬁrllgas
(endokardo) skaidulos (paga 7

Pamatas

~

K-rankos jstrizinés
(epikardo) skaidulos
Virsiiné

Virsunés

A
60—8()0‘\ pasisukimas
(prie§ LR)

4.6.4 pav. Miokardo skaiduly sheminis issidéstymas

DS — deSinysis skilvelis; TSP — tarpskilveliné pertvara; KS — Kairysis skilvelis;
K —kairé; D — desiné, LR — laikrodzio rodyklé.

KS pasisukimas (angl. rotation) — KS sukamasis judesys, trumposios
aSies vaizde. Zitrint i§ vir§iinés, pasisukimas prie§ laikrodZio rodykle
iSreiSkiamas teigiamosiomis reikSmémis, pasisukimas pagal laikrodZio
rodykle — neigiamosiomis reikSmémis. KS pasisukimas isSreiskiamas
laipsniais (°). KS susisukimas (angl. twist) yra skirtumas tarp pamatinés ir
vir§tninés KS daliy pasisukimo, iSreiskiamas laipsniais (°). KS sastika (angl.
torsion) yra didziausias pamatinés ir vir§tninés KS dalies pasisukimo
skirtumas, tenkantis vienam KS ilgio centimetrui (°/cm). KS susisukimas ir
sasiika daznai vartojami kaip sinonimai [72].

Epikarde miokardo skaidulos juda kairés rankos kryptimi. Siy skaiduly
susitraukimas sukeliamas KS pamatinei daliai pasisukus pagal laikrodzio
rodykle, o virStinei — pries laikrodzio rodykle. Endokarde miokardo skaidu-
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los juda desinés rankos kryptimi ir pamatiné KS dalis pasisuka pries
laikrodzio rodykle, o vir§iné — pagal laikrodzio rodykle. Vadinasi, pasisuki-
mas sukeliamas epikardo ir endokardo judéjimo prieSinga kryptimi, atlie-

kant greziamajj judesj (4.6.5 pav.).
Pries laikrodzio
rogzlgf"_ -

Pagal laikrodzio
w rot}zkle;

Miokardo
skaidulos

s e s el
Pries laikrodZio Pagal laikrodzio
rodykle rodykle
Epikardas Endokardas

4.6.5. pav. Miokardo susitraukimas ir pasisukimas epikardo
ir endokardo sluoksnyje

Kodél pasisukimas epikardo sluoksnyje yra reikSmingas? Pasisukimo
spindulys epikardo ir endokardo sluoksniuose skiriasi ir jis yra didesnis
epikarde. Todé¢l epikardo sluoksnis gali atlikti didesnj sukamaji judesj negu
endokardo sluoksnis. Tai labai svarbu iSemijos atveju [73].

Pasisukimas, susisukimas ir sgsiika — svarbiausi Sirdies mechaninés
funkcijos parametrai. Susisukimas ypa¢ svarbus KS i$stimio frakcijai.
Trumpéjant miokardo skaiduloms isstimio frakcija (IF) siekia 15-20 proc.
Miokardo skaidulos i$sidésCiusios sferine forma: kai jos susitraukia, susisu-
kimas (angl. twist) sukelia gr¢ziamajj judesi, todél sveiko zmogaus IF yra
60-70 proc. Susisukimas jvyksta sistolés metu KS iSstumiant kraujo turj,
atsisukimas (angl. untwist) jvyksta izovoliumetrinés relaksacijos fazéje (po
dviburio voztuvo atsidarymo) prisipildant KS [74]. Atsisukimas reikSmingas
prognozés zymuo, atspindintis KS atsipalaidavimo funkcija, keiciantis KS
formai — tai yra jvykus KS remodeliavimuisi [75, 76].

Kokig jtaka pasisukimui, susisukimui turi KS remodeliavimasis?
Pasisukimo, susisukimo poky¢iai iSeminiame miokarde priklauso: nuo susi-
traukimo, atsipalaidavimo ir endokardo, epikardo skaiduly i§sidéstymo [71].

Pasisukimg didina katecholaminy fizinio ir emocinio kriivio metu,
iSsiskyrimas. Pasisukimo, susisukimo pokyc¢iams didele jtaka turi perkrovos
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tariu buklés. Pasisukimas ir susisukimas didéja, did¢jant prieskriiviui ir
maz¢ja, did¢jant pokriviui. KS remodeliavimosi metu i$siplétus KS, atsi-
randa perkrovos tiriu poZymiai.

Pasisukimo metu endokardo ir epikardo susitraukimas vyksta prieSinga
kryptimi ir epikardas gali atlikti didesnj sukamajj judesj. Endokardo dis-
funkcijos metu, epikardo kontrakcija bina didesné ir tuo metu padidéja pasi-
sukimas (angl. hyper-rotation). Epikardo disfunkcijos metu pasisukimas
epikardo sluoksnyje mazéja, taip sukeliamas pasisukimo mazéjimas (angl.
hypo-rotation) [77, 78]. Endokardo disfunkcija atsiranda miokardo iSemijos,
hipertenzijos metu arba gali biiti nustatoma dar nesant Sirdies ligos.
Pasisukimo matavimas galéty biiti ankstyvosios Sirdies ligos diagnozavimo
parametras [79].

Miokardo infarkto metu atsiradus miokardo fibrozei, susidarant randui
pasisukimo, susisukimo laipsnis mazéja. KS sastikos sumazéjimas lemia
vir§tinés pasisukimo pries laikrodzio rodykle mazéjimg. Tuo metu susidaro
per mazas virStinés pasisukimo judesys, kuris yra KS sistolinio susisukimo
(angl. twist) lemiamasis veiksnys [80]. Sumazéjes KS virStnés pasisukimas
gali buti Zymuo, atspindintis bendraja (angl. global) KS funkcija [81].

Atlikus bandomuosius ir klinkinius tyrimus nustatyta, kad endokardo
sluoksnis yra jautresnis iSemijai miokardo infarkto metu. Endokardo
sluoksnyje skaiduly trumpé¢jimas yra ryskesnis nei epikardo sluoksnyje.
IStikus miokardo infarktui sutrinka miokardo Igsteliy miocity trumpéjimo
funkcija. Susiaur¢jus arba uzsidarius vainikinei arterijai, jvyksta tiesioginis
miokardo pazeidimas arba grjZztamas miokardo funkcijos sutrikimas — tai yra
priblokstas (angl. stunning) arba ziemojantis (angl. hibernation) miokardas.
[82-84]. Siy biikliy metu pabrinksta miofibrilés, mazéja miocity susitrau-
kimas, kartu ir — KS funkcija [85].

Endokardo skaidulos iSsidésCiusios 60° kampu prieSinga kryptimi.
Pleciantis KS, jam apvaléjant, miokardo skaidulos jgauna daugiau skersing
krypti. Kai KS tampa sferinés formos, pasisukimas, ypa¢ susisukimas
mazéja. Sie KS poky¢iai susije su sistolinés funkcijos sutrikimu miokardo
infarkto metu. KS forma reik§mingai susijusi su miokardo skaiduly iSsidés-
tymu [71]. Tanokas nustaté, pasisukimo ir susisukimo mazéjimg pacien-
tams, kuriems nustatytas jgimtas perikardo defektas ir néra miokardo pazei-
dimo. Autorius pastebéjo, kad perikardo pokyciai turi didelg jtaka susisu-
kimo mazéjimo mechanizmui. Sumazéjes pasisukimas ir susisukimas galéty
biti aiSkinamas KS formos ir perikardo poky¢iais [86].

Toumanidis atlikto bandomojo tyrimo duomenimis, sumazéjes KS
vir§iinés pasisukimas gali buti ankstyvas KS disfunkcijos nepriklausomas
prognozinis Zymuo iStikus miokardo infarktui [74].
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Ankstyvas KS sistolinés funkcijos nustatymas svarbus tolesnei pacienty
po UMI prognozei. I3ilginé jtampa turi prognozine verte po MI numatant
KS remodeliavimosi atsiradima [87]. Hungas nustaté, kad KS GST
padidéjimas susijes su iSilginés KS funkcijos pablogéjimu [88]. ISilgine KS
jtampa, pamatuota Giminiu MI periodu, gali rodyti miokardo pazeidimo
gyli — transmuralinj ar subendokardinj MI, atspindéti nekrozés ploto dyd;
[89]. Pagal Bonios, sastikos ir iSilginés jtampos parametrai buvo sumazéje
UMI istiktiems pacientams, kuriems véliau jvyko KS remodeliavimasis
[90]. Isilginés jtampos sumazéjimas, prognozuojant KS remodeliavimasi,
ypa¢ reikSmingas jvykus priekinés sieneles MI [91]. Taciau apsukine
vir§tinés jtampa buvo didesnis prognozinis Zymuo nei iilginé jtampa [90].
Priekinés arba apatinés sienelés MI turi jtaka KS pasisukimo parametrams
ankstyvuoju MI laikotarpiu [92]. Kito autoriaus duomenimis KS pasisuki-
mui didesne jtaka turéjo priekinés sienelés MI. Sis parametras buvo KS
remodeliavimosi prognozés zymuo [93].

Literatiiroje aprasomi pavieniai darbai, analizuojantys sumazéjusio fT3
kiekio sgsajas su KS remodeliavimosi parametrais, jvertintais nauju echo-
kardiografiniu metodu taikant TZM po persirgto MI su S-T segmento
pakilimu. Dauguma autoriy pateikia duomenis apie hipotireozés jtakg KS
mechaninei funkcijai arba sumazéjusio — T3 sindromo jtaka tolesnei progno-
zei po persirgto infarkto, vertinant jprastinius echokardiografinius paramet-
rus. Tiryakioglas nustaté hipotireozés jtaka KS isilginei funkcijai, jtampa ir
itampos daznis buvo susij¢ su skydliaukés stimuliuojamuoju hormonu
(TSH) [94]. Hlicas nustaté hipotireozés sasajas su sumazéjusia KS bendraja
iSilgine jtampa ir KS Soninés sienelés ir tarpskilvelinés pertvaros jtampa
[95]. Tadic nustaté hipotireozés jtaka KS remodeliavimuisi taikant 3D
(trimatis) echokardiografijos TZM. I§ilgin¢ ir spindulin¢ jtampa buvo suma-
z€jusi pacienty, turinciy sutrikusig, taciau nereikalingg gydyti skydliaukés
funkcija. Po vieny mety gydymo levotiroksinu nustatytas KS mechaning
funkcijg atspindziy parametry pageréjimas [96]. Bandomaisiais tyrimais
nustatyta skydliaukés hormony pakaitinés terapijos nauda KS funkcijai,
jvertintai jprastiniu echokardiografijos metodu po MI esant sumazéjusiai
fT3 koncentracijai [97, 98].

Apibendrinant — nauju TZM jvertinti KS pasisukimo rodikliai gali biti
naudingi, vertinant KS funkcijag po MI. Sumazéjusios fT3 koncentracijos
verté, prognozuojant KS remodeliavimasi, dar neistirta ir néra klinikiniy
tyrimy, vertinanc¢iy mechaning KS funkcija po MI su S-T segmento pakili-
mu esant sumaze¢jusiai T3 koncentracijai.
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5. TYRIMO METODIKA IR KONTINGENTAS

5.1. Tirtas kontingentas

Klinikinis perspektyvusis tyrimas atliktas Lietuvos sveikatos moksly
universiteto ligoninés Kauno kliniky (LSMUL Kauno klinikose) Kardiologi-
jos klinikos Kardiologijos intensyviosios terapijos skyriuje, gavus Kauno
regioninio biomedicininiy tyrimy etikos komiteto leidimag (Nr. P3-38/2007).
Tiriamieji i§samiai supazindinti su tyrimu. Jiems pateikta parengta ,,Infor-
macijos pacientui forma“ ir ,,Informuoto asmens sutikimo forma*“ (priede).
Tyrimas pradétas 2011 m. vasario 1 d., baigtas — 2014 m. vasario 20 d.
Misy tyrime dalyvavo 140 ligoniy.

Uminio miokardo infarkto su S—-T segmento pakilimu (Ml su STP)
diagnoz¢é nustatyta pagal Europos kardiology draugijos 2012 m. rekomen-
dacijas. MI su STP diagnozé patvirtinama, jei troponino | koncentracija yra
didesné uz virSuting normos ribg ir yra dar vienas pozymis: 1) miokardo
iSemijos klinikiniai pozymiai; 2) elektrokardiogramos pokyciai (S-T
segmento pakilimas bent dviejy derivacijy >0,25 mV vyry iki 40 mety,
>0,2 mV vyry vyresniy kaip 40 mety, arba >0,15 mV moterims V2-V3
derivacijose ir / arba >0,1 mV kitose derivacijose; 3) echokardiografiniai
miokardo iSemijos pozymiai, KS susitraukimo sutrikimas; 4) vainikiniy
arterijy angiografijos (VAA) metodu patvirtintas vainikiniy arterijy sisiauré-
jimas arba trombozé. Pagal indikacijas buvo atlikta infarkta sukélusios VA
perkutaniné transliuminaliné vainikiniy arterijy angioplastika. Visiems
pacientams buvo skirtas jprastas medikamentinis MI su STP gydymas pagal
2012 m. Europos kardiology draugijos rekomendacijas [99].

Vertinant kontingenta buvo atlikta apklausa, vartojant klausimynag
(priede). Jvertinti ISL rizikos veiksniai: rikymas, cukrinis diabetas (CD),
arterin¢ hipertenzija (AH), dislipidemija, nutukimas. Prie riikaliy priskirti
tiriamieji, kurie ruko arba anks¢iau riiké. Serganciais CD ligoniais buvo
laikomi visi, kuriems CD diagnozuotas iki stacionarizavimo. Prie serganciy
AH ligoniy priskirti tiriamieji, kuriems nustatytas arterinis kraujospudis
>140/90 mm Hg arba vartojo antihipertenzinius vaistus. Dislipidemija
nustatyta, jeigu bendrojo cholesterolio koncentracija >5,2 mmo/l, MTL
cholesterolio koncentracija >3,4 mmol/l, trigliceridy koncentracija >1,7
mmol/l, arba tiriamieji iki stacionarizavimo vartojo statinus. Nutukimas
vertintas, jeigu KMI >30 kg/m?. Diagnostikos kriterijai nustatyti remiantis
Europos kardiology 2012 m. dokumentu [100].

Visy pacienty jvertintas Sirdies susitraukimy daZnis (SSD), arterinis
kraujospiidis (AKS), nigis, svoris. I ligos istorijos surinkti duomenys apie
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atliktus standartinius kraujo tyrimus (bendrasis kraujo tyrimas, kalis, kreati-
ninas, glikemija, CRB, troponinas I, lipidograma). Pirmaja para tyréme
didelio jautrumo C reaktyvyji baltyma, kurio padidéjimg vertinome, jei kon-
centracija kraujo serume >5 mg/I.

Skydliaukés hormony koncentracija kraujo serume buvo tiriama per
pirmasias 24 val ir 4 para nuo MI su STP simptomy pradZzios. Pirmaja para
buvo tiriamos $iy skydliaukés hormony koncentracijos: skydliauke stimu-
liuojamojo hormono (TSH), laisvojo trijodtironino (fT3), neveikliojo
(reversinio) trijodtironino (rT3), bendrojo trijodtironino (TT3), laisvojo
tiroksino (fT4), antitiroidiniai miksominiai antiktinai (anti-TPO). Ketvirtaja
para buvo tiriamos $iy skydliaukés hormony koncentracijos: skydliauke
stimuliuojamojo hormono (TSH), laisvojo trijodtironino (fT3), laisvojo
tiroksino (fT4). Kraujo méginiai buvo imami atlieckant venos punkcijg |
vakuminius mégintuvelius (5 ml). Kraujo meéginiai laikomi 18°-25°C
temperatiiroje, kol susidaro kresulys (15-45 min). Tuomet kraujo serumas
atskiriamas centrifuguojant (1200 x g, 15 min.). Tyrimai buvo analizuojami
taikant automatinj imunofermentinj metoda AIA-2000 analizatoriumi (Tosoh
corporation, Japonija). Skydliaukés hormony tyrimy poky¢iai vertinti pagal
laboratorijos pateiktas normas: fT3 — 3,2-5,9 pmol/l, T3 - 24,5-269,3
pg/ml, TT3 - 0,89-2,44 nmol/l, fT4 — 9-21,07 pmol/l, TSH - 0,38-4,31
mU/l, anti-TPO < 3,2 kU/L.

Nustatyti Sie ligoniy jtraukimo j tyrimg Kkriterijai:

1. Pacientai, kuriems diagnozuotas miokardo infarktas su S-T seg-
mento pakilimu per pirmasias 24 valandas nuo skausmo pradzios ir
buvo atlikta , kaltosios* vainikinés arterijos angioplastika.
Anamnezéje nenustatyta skydliaukés patologija.

Nevartoja skydliaukés funkcijg veikianciy vaisty.

18-80 mety pacientai.

Geb¢jimas suprasti ir pasiraSyti informuoto paciento sutikimo
forma.

s »N

Ligoniy nejtraukimo j tyrimg Kriterijai:

1. Skydliaukés liga (hipotireozé arba hipertireozé anamnezéje).

2. Anti-TPO > 3,2 kU/L

3. Gydymas skydliaukés hormonais, antitiroidiniais vaistais, amioda-
ronu, gliukokortikoidais per pastaruosius 3 ménesius pries staciona-
rizavima.

4. Taikyta radioterapija arba / ir atlikta tiroidektomija (dalin¢ arba
visi§ka), anamnezeje.
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Pastarajj ménesj atliktas radiokontrastinis tyrimas.

Anamnezéje — buves miokardo infarktas.

Elektrokardiogramoje — nesinusinis ritmas.

Sirdies voztuvy patologija (vidutinio arba sunkaus laipsnio aortos

voztuvo regurgitacija ir / ar stenozé¢; sunkaus laipsnio dviburio voz-

tuvo regurgitacija ir / ar stenozé, reumatinis voztuvy pazeidimas,

protezuoti voZtuvai).

. Bloga 2D echokardiografiniy vaizdy kokybé.

10. Vainikiniy arterijy jungciy operacija (VAJO) anamnezgje ir / ar
numatoma per pastaruosius 6 meénesius.

11. Sunkios kity ligy buklés: inksty funkcijos nepakankamumas,
létinés kepeny ligos, vézys; iminé infekcija.

12. Nesutikimas dalyvauti tyrime.

N O

Tyrimo metu sudarytos tiriamoji ir kontroliné grupés ir du pogrupiai.

KS remodeliavimasis apibréZiamas KS GDT padidéjimu >20 proc. per
6 ménesiy stebéjimo laikotarpj [56—-59].

Tiriamoji grupé (sumazéjusi fT3 koncentracija) — sudaryta atsizvel-
giant j laisvojo trijodtironino (fT3) koncentracija kraujo serume. | $ig grupe
itraukti pacientai, kuriy fT3 <3,2 pmol/l (n=44; 31,4 proc.).

Kontroliné grupé (normali fT3 koncentracija) — sudaryta atsizvel-
giant ] laisvojo trijodtironino (fT3) koncentracija kraujo serume. | $ig grupe
jtraukti pacientai, kuriy fT3 >3,2 pmol/l (n=96; 68,6 proc.).

Pogrupiai:

KS remodeliavosi — sudaryta pagal echokardiografinj tyrima, atlikta po
6 meénesiy. KS remodeliacija vertinta, jeigu kairiojo skilvelio galinis
diastolinis tiiris (KS GDT) padidéjo >20 proc. (n=33; 27,3 proc.).

KS nesiremodeliavo — sudaryta pagal echokardiografinj tyrima, atlikta
po 6 ménesiy. KS nesiremodeliavo, jeigu kairiojo skilvelio galinis diasto-
linis tiiris (KS GDT) buvo <20 proc. (n=87; 72,7 proc.).

Tyrimo planas pateikiamas 5.1.1 paveiksle.
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Pacientai, stacionarizuoti KITS 2D echo — TZM

A J

MI su STP (n = 140) Po 6 mén. (n=120)
¢ v
Anamnez¢, EKG, VAJO per 6 meén. o KSremodeliavosi
Troponinas I, VAA (n=20) (n=33; 27,3 proc.)

} KS nesiremodeliavo
v L] KS ¢

T3, TT3, 1T3, {T4, (n=87:721 proe.)
TSH, dj CRB, T3, T4, TSH
rutininiai tyrimai 4 para
1 para

vy

Tiriamoji grupé
—> fT3 < 3,2 pmol/l <
(n=44;31.4 proc.)

2D echo — TZM
Per 48-72 val.

Kontrolin¢ grup¢
> fT3 = 3,2 pmol/l
(n=196; 68,6 proc.)

A

5.1.1 pav. Tyrimo planas

5.2. Echokardiografinio tyrimo metodika

Dvimatis (2D) echokardiografinis tyrimas atliktas visiems j tyrimg
jtrauktiems pacientams per 48-72 val. nuo stacionarizavimo pradZios
(n=140). Po 6 ménesiy 2D echokardiografija pakartota 120 pacienty. 20
ligoniy tyrimas neatliktas, nes Siems pacientams deél pakartotinio iSeminio
ivykio atlikta VAJO.

Echokardiografinis tyrimas atliktas LSMUL Kauno kliniky Kardiolo-
gijos klinikoje, naudojant Vivid7 (GE VingMed Ultrasound AS; Horten,
Norvegija) ultragarsinj aparata ir M3S 4.0 MHz daviklj. Standartiniai vaiz-
dai gauti pacientui gulint ant kairiojo Sono, taikant priekritinkauling (ilgo-
sios ir trumposios asiy vaizdai) ir virStning (dviejy, trijy ir keturiy kamery
vaizdai) padéti. Tyrimo metu tolesnei echokardiografinio vaizdo analizei
iSsaugoti  skaitmeniniai echokardiografiniai vaizdai, kiekvienam i§ jy
parinkta 3 ir daugiau Sirdies cikly. 2D vaizdas i$saugotas uzrasant 40-90
kadry per sekunde¢ (FPS) greiciu.
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Analizuojant echokardiografinius vaizdus, atlikti tokie matavimai:

1.
2.

3.

Standartiniy echokardiografiniy parametry matavimai.

Kraujotakos pro dviburj voztuva ir dviburio voztuvo ziedo judesio
analizé.

Miokardo deformavimosi parametry matavimas, taikant taskeliy
zyméjimo echokardiografijos (TZE) metoda.

5.3. Standartiniuy echokardiografiniy parametry matavimo metodika

Iprastiniai echokardiografiniai matavimai: atlikti pagal 2005 mety
Amerikos echokardiografijos asociacijos parengtas Sirdies ertmiy matavimo
rekomendacijas [101]. Morfometriniai parametrai indeksuojami pagal kiino
pavirSiaus plotg (KPP).

Analizuojant priekriitinkaulinés ilgosios KS asies echokardiografinius
vaizdus, pamatuoti Sie parametrai: KS GDD ir KS GDD indeksas, KS GSD
ir KS GSD indeksas, KP dydis.

Analizuojant virSiininius KS keturiy ir dviejy ertmiy vaizdus, pamatuoti
Sie parametrai:

KS ilgosios aSies matmuo diastolés metu (cm) — pamatuota i$
keturiy ertmiy vaizdo, nuotolis nuo KS virSiinés endokardo iki
dviburio voztuvo ziedo plokStumos.

KS GDT ir KS GST - pamatuota i§ keturiy ir dviejy ertmiy vaizdy,
taikant Simpsono disky sumos metoda.

KS isstumio frakcija (IF) (proc.) — apskaiciuota taikant Simpsono
disky sumos metoda pagal formule:

[F=(GDT - GST)/ GDT x 100

KP turis (ml) — pamatuotas, taikant Simpsono disky sumos metoda,
vertinant KP tur] sistolés pabaigoje i§ keturiy ir dviejy ertmiy
vaizdy (5.3.1 pav.).
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A. 4 kameros B. 2 kameros

5.3.1 pav. KP tirio matavimas, taikant Simpsono disky sumos metodg
is keturiy (A) ir dviejy (B) ertmiy vaizdy

5.4. Kraujotakos pro dviburj voZtuvg ir
audiniy grei¢iy matavimas dopleriu

Kraujotaka pro dviburj voztuvg matuota impulsiniu dopleriu i§ keturiy
ertmiy vaizdy (5.4.1 pav.):
— didziausias ankstyvojo KS diastolinio prisipildymo tékmés greitis
(E), (cmis),
— didziausias vélyvojo KS diastolinio prisipildymo greitis (A), (cm/s).
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5.4.1 pav. Kraujotakos pro dviburj voztuvg matavimo impulsiniu dopleriu
metodika: E — didziausias ankstyvojo KS diastolinio prisipildymo tékmés
greitis; A — didziausias vélyvojo KS diastolinio prisipildymo greitis

Impulsiniu audiniy dopleriu KS sienelés dviburio voztuvo Ziedo judesys
pamatuotas ties priekine, Sonine, apatine sienelémis ir tarpskilveline
pertvara. Matavimai atlikti i§ keturiy ir dviejy ertmiy vaizdy (5.4.2 pav.):

— sistolinis (S°) greitis, (cm/s);

— ankstyvojo KS diastolinio prisipildymo (E®) greitis, (cm/s);

— vélyvojo KS diastolinio prisipildymo (A*) greitis, (cm/s).

Matavimai atlikti pagal 2009 mety Europos kardiology rekomendacijas
[102].

5.4.2 pav. Audiniy impulsiniu dopleriu uzrasyty dviburio voztuvo
ziedo judesio kreiviy matavimo metodika: S* — sistolinis greitis,
E‘ — ankstyvojo KS diastolinio prisipildymo greitis,

A* —vélyvojo KS diastolinio prisipildymo greitis
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5.5. Miokardo deformavimosi parametry matavimas,
taikant taskeliy Zyméjimo echokardiografijos metoda

Vaizdy analiz¢ ir miokardo deformavimosi parametry matavimai atlikti
vartojant EchoPac 6.1 (GE, Horten, Norvegija) kompiutering programa.
Buvo analizuojami priekriitinkaulinés trumposios aSies ir keturiy, trijy,
dviejy ertmiy virStuniniai 2D echokardiografiniai vaizdai.

Parinkus ,,2D strain“ nuorodg atsidariusiame lange, kokybiskame vieno
Sirdies ciklo 2D echokardiografiniame vaizde rankiniu budu apibréziamas
kairiojo skilvelio endokardo kontiiras, véliau programa automatiskai
apibrézia KS miokarda (nuo paZymétojo endokardo iki epikardo). Tuomet
koreguojamas programos apibréztojo miokardo plotis. Esant gerai miokardo
taskeliy jud¢jimo atpazinimo kokybei, atliekamas patvirtinimas, po kurio
programa nubraizo kreives, atspindincias KS kiekvieno segmento judéjima
ir jo greit] skirtingy Sirdies ciklo faziy metu — tai yra sistolés (S), anksty-
vosios diastolés, prisipildant KS (E), ir vélyvosios diastolés, susitraukiant
prieSirdziams (A).

IS priekritinkaulinés trumposios KS asSies echokardiografiniy vaizdy
matuojami pamatinés (ties dviburiu voztuvu), vidurinés (ties speniniais
raumenimis) ir vir§tininés KS daliy pasisukimo ir deformavimosi paramet-
rai. Vertinant KS pagal 16 segmenty echokardiografijos modelj, virStininiai
segmentai buvo modifikuojami iki keturiy segmenty (pertvarinis, priekinis,
Soninis ir apatinis). I§ priekriitinkaulinés padéties trumposios asies vaizdy
pamatuoti Sie miokardo pasisukimo ir deformavimosi parametrai: KS
vir§tininés ir KS pamatinés dalies pasisukimas ir jy pasisukimo greiciai
(sistolinis S, ankstyvasis diastolinis E ir vélyvasis diastolinis A), KS
susisukimas ir KS sastika, spindulin¢ ir apsukin¢ KS jtampos ir jy greiciai
(5.5.1 pav.).

35



{SEGMENTAL:

ATTENTION |

5.5.1 pav. Kairiojo skilvelio virsinés pasisukimas (priekinis, Soninis,
apatinis, pertvarinis segmentai), pamatuotas is trumposios asies
priekritinkaulinio vaizdo

ISilginés miokardo jtampos ir jos grei¢io matavimai atlikti i§ vir§tninés
padéties keturiy, trijy, dviejy ertmiy echokardiografiniy vaizdy. Keturiy
ertmiy vaizde pamatuojami Soninés KS sienelés ir apatinés tarpskilvelinés
pertvaros miokardo deformavimosi rodikliai; trijy ertmiy vaizde — uzpaka-
linés KS sienelés ir priekinés tarpskilvelinés pertvaros miokardo deformavi-
mosi rodikliai, ir dviejy ertmiy vaizde — apatinés KS ir priekinés KS sienelés
miokardo deformavimosi rodikliai. Visi parametrai programoje pateikiami
kreiviy forma ir skaitinémis vertémis. Tyréjas patikrina, ar Sios reikSmeés
atitinka tikruosius ieSkomus rodiklius (5.5.2, 5.5.3 pav.).

KS deformavimosi parametry duomenys pateikiami atitinkamy KS seg-
menty vidurkiu.

5.5.4 lenteléje pateikti visi KS deformavimosi parametrai, kurie buvo
analizuojami taikant TZE metodika.
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5.5.2 pav. Kairiojo skilvelio Soninés sienelés ir apatinés tarpskilvelinés
pertvaros isilginés miokardo jtampos matavimai is keturiy ertmiy vaizdo

5.5.3 pav. Kairiojo skilvelio apatinés ir priekinés sienelés isilginés
miokardo jtampos matavimai is dviejy ertmiy vaizdo

37



5.5.4 lentelé. Miokardo pasisukimo ir deformavimosi parametrai, pamatuoti
is priekrutinkaulinés ir virsuninés padéties

Priekriutinkaulinés padéties Virsininés padéties echokardiografiniy
echokardiografiniy vaizdy miokardo vaizdy miokardo deformavimosi
pasisukimo ir deformavimosi parametrai parametrai
KS pamato pasisukimas (°) ISilginé jtampa (proc.)

KS virstunés pasisukimas (°)

KS pasisukimo greitis (°/s): Isilginés jtampos greitis (-1/s):
Sistolinis S Sistolinis S

Diastolinis E Diastolinis E

Diastolinis A Diastolinis A

KS susisukimas (°) *
KS sastika (°/cm) &
Apsukiné jtampa (proc.)

Apsukinés jtampos greitis (-1/s):
Sistolinis S

Diastolinis E

Diastolinis A

Spinduliné jtampa (proc.)

Spindulinés jtampos greitis (-1/s):
Sistolinis S

Diastolinis E

Diastolinis A

Pastaba: KS - kairysis skilvelis; S — miokardo deformavimosi greitis sistolés metu; E —
miokardo deformavimosi greitis ankstyvosios diastolés metu; A — miokardo deformavimosi
greitis vélyvosios diastolés metu; * KS susisukimas (angl. twist) — KS vir§iinés ir pamato
pasisukimo skirtumas; 2 KS sastka (angl. torsion) — KS vir§iinés ir pamato pasisukimo
skirtumas, padalytas i§ KS isilginio matmens diastolés metu.

5.6. Statistiné duomeny analizé

Statistiné analiz¢ atlikta vartojant statistinj programinj paketa SPSS
20.0. Nurodyti kiekybiniy kintamyjy vidurkiai, standartinis nuokrypis (SN),
95 proc. pasikliautinasis intervalas (PI), kokybiniy kintamyjy — reikSmiy
dazniai ir santykiniai dazniai procentais.

Vidurkiy lygybés hipotezei tikrinti vartotas Stjudento (t) kriterijus, jeigu
duomeny skirstinys atitiko normalyji, Manno Whitney‘ o testas, jeigu
duomenys neatitiko normaliojo skirstinio. Tarp keliy skirtingy grupiy
(ANOVA) - FiSerio ir Kruskl‘ o ir Wallio testas. Daugkartiniams poriniams
palyginimams taikytas Bonferoni testas.
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Poky¢iy laiko pozitiriu neparametrinis porinis t testas, t. y. Wilcoxono
(Wilcoxon match paired).

Kiekybiniy kintamyjy nepriklausomumo hipotezei tikrinti skai¢iuotas
Sperman‘o koreliacijos koficientas. Kokybiniy kintamyjy nepriklausomumo
hipotez¢ tikrinta naudojantis chi kvadrato (¥?) kriterijumi, o jeigu stebéjimy
skaiCius buvo mazas, taikytas tikslusis FiSerio kriterijus.

Nepriklausomy veiksniy jtakos priklausomam (fT3 <3,2 pmol/l grupé)
kintamojo vertinimui — (loginis ,,1°) reikSméms prognozuoti vartotos regre-
sinés analizés: vienaveiksné (SS) ir daugiaveiksné binariné logistiné regre-
siné analizé. Tam tikry pozymiy reikSmingumas nustatytas pagal galimybiy
santykio dydj, exp (B). Vertinta pagal daugiaveiksnés binarinés logistinés
regresijos (Forward Condition) modelj. Logistinés regresijos lygties koefi-
cientai tikrinti pagal pirmosios paklaidos (0=0,05) hipotezes.

Skaic¢iuoti plotai po ROC (angl. Receiver Operating Characteristics)
kreivémis. Plotas po ROC kreive apibudina tyrimo prognozines savybes: juo
plotas po ROC kreive artimesnis vienetui, juo geresnés prognozinés tyrimo
savybés. Tyrimas neturi prognoziniy savybiy, jei plotas po ROC kreive
lygus 0,5 arba mazesnis. Vertintos galimos priklausomojo kintamojo vertés
ir jy jautrumas bei specifiSkumas. Nurodytos paklaidos ir jy jautrumas
(Likelihood ratios — true vs false).

ReikSmingumo lygmuo <0,05 buvo pasirinktas tikrinant statistines hi-
potezes.

Tyrimo imtis

Pasirinkta tyrimo jéga =0,8, pasikliautinasis intervalas — a=0,05.
Generalinés aibés pasikliautinasis vidurkio intervalas yra:
= S _ S
X—t—=<m<X+t—
Jn Jn’
Tenkina vidurkio jvertinimo tikslumas A — 0,05, t. y.
X—A<m<X+A,
Siuo atveju galima pritaikyti tokia formule:
z%s?

n= A2

n — atvejy skaicius atrankinéje grupe¢je;

z — koeficientas, surandamas i§ vadinamyjy Studento (t) skirstinio
lenteliy. Jis pasirenkamas atsizvelgiant j patikimuma, kurj norime gauti.

Pavyzdziui, jei patikimumas 95 proc. (p=0,05), z=1,96; jei patikimumas
99 proc. (p=0,01), z=2,6

s — imties vidutinis kvadratinis nuokrypis.
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Jis gali biiti nustatomas: 1) remiantis anksciau atliktais tyrimais arba
literattiros Saltiniais; 2) pagal bandomojo tyrimo rezultatus.

A (delta) — leidziamoji paklaida, t. y. skirtumas tarp atrankinés grupés ir
bendrosios visumos vidurkio, laisvai pasirenkamas, atsizvelgiant j ankstes-
niy tyrimy duomenis bei duomeny tikslumui keliamus reikalavimus.

Siame darbe pasirinkti bandomojo tyrimo (n=20) rezultatai rodo, kad
imties turis galéty bati:

Grupés: sumazéjes T3 ir normalus fT3

PozZymis Vidurkiy ir paklaidy skirtumas Imties tiiris
Isilginé jtampa (proc.) -12,343,8 vs -13,1+3,5 142
KS virstinés pasisukimas (°) 10,1£1,3 vs 6,3+0,7 13
KS GDT (ml) 114,1+21 9 vs 110,6+17,5 146

Grupés.: KS remodeliavosi ir KS nesiremodeliavo

PozZymis Vidurkiy ir paklaidy skirtumas Imties tiiris
I$ilginé jtampa (proc.) - 11,8+3,5 vs -13,243,5 98
KS virsiinés pasisukimas (°) 6,1+2,4 vs 7,1£3,1 137
KS GDT (ml) 119,3+27,4 vs 107,9+15,3 55
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6. REZULTATAI

6.1. Tiriamuju, sirgusiu MI su S-T segmento pakilimu,
klinikiniy duomeny palyginimas tarp sumaZzéjusio
fT3 grupés ir normalaus fT3 grupés

Tiriamaja grupe sudaré 140 pacienty, kuriems pirmg kartg buvo diagno-
zuotas MI su S-T segmento pakilimu. 44 pacientams (31,4 proc.) buvo
nustatytas sumazéjes fT3 kiekis, 96 pacientai (68,6 proc.) turé¢jo normaly
fT3 kiekj. Pacientai, jtraukti | sumazéjusio fT3 grupe, buvo vyresni nei
normaly fT3 turingios grupés pacientai. Sistolinis ir diastolinis AKS, SSD,
kiino masés indeksas tarp grupiy nesiskyré.

Palyginus laboratoriniy kraujo tyrimy duomenis, sumazéjusio fT3
grupés tirlamyjy reikSmingai skyrési didelio jautrumo C reaktyviojo
baltymo kiekis. Iverting lipidograma, nustatéme sumazéjusio fT3 grupés
tiriamyjy didesn¢ bendrojo cholesterolio, MTL cholesterolio koncentracija,
mazesn¢ DTL cholesterolio koncentracija.
palyginimas pateiktas 6.1.1 lenteléje.

Analizuojant VAA duomenis, nustatyti reikSmingi priekinés ir apsuki-
nés VA pokyciai pacienty, turéjusiy sumazejusi fT3 kiekj. 44,74 proc.
tirlamyjy nustatytas vieno segmento ir 18,42 proc. — trijy segmenty pazei-
dimas priekinés vainikinés arterijos (6.1.2 pav.). 50 proc. pacienty stebétas
apsukingés vainikinés arterijos vieno segmento pazeidimas (6.1.3 pav.). DesSi-
nés vainikinés arterijos statistiSkai reikSmingo skirtumo tarp grupiy neste-
béta (6.1.4 pav.).

Pacientai, kuriy fT3 kiekis buvo sumazejes, dazniau sirgo apatinés
sienelés MI, palyginus su pacientais, kuriy fT3 kiekis buvo normalus (65,79
proc. ir 49,02 proc., p<0,001). Pacientams, turintiems sumazejusi fT3, paly-
ginti su normaly fT3 turinéiais pacientais, refiau nustatytas priekinés
sienelés MI (34,21 proc. ir 50,98 proc., p<0,001).

Prognozuojant skydliaukés hormony poky¢ius timinio miokardo infark-
to metu, taikyta ROC analizé bendrojo trijodtironino (TT3) ir neveikliojo
trijodtironino (rT3) kritiniams taskams nustatyti. Esant fT3 <3,2 pmol/l,
galima prognozuoti, kad bus sumazejes TT3 0,85 nmol/l (plotas po kreive —
0,58, p=0,04, 95 proc. PI 0,368-0,698; jautrumas 96,9 proc., specifiskumas
98,8 proc.) ir padidéjes rT3 427,4 pg/ml (plotas po kreive — 0,68, p=0,02, 95
proc. Pl 0,464-0,690; jautrumas 96,9 proc., specifiSkumas 97,6 proc.)
(6.1.5 pav.).
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6.1.1 lentelé. Pacienty, kuriems nustatytas sumazéjes 13 kiekis ir normalus
T3 kiekis, klinikiniy ir laboratoriniy duomeny palyginimas

Rodiklis Vidurkis+SN p
Sumazéjes fT3 | Normalus fT3

Amzius (metais) 62,7+9,9 56,3+£12,3 0,008
AKS sistolinis (mm Hg) 139,7+£23,9 138,8+22.6 0,85
AKS diastolinis (mm Hg) 84,1+11,6 81,9119 0,38
SSD (k/min) 72,6+12,8 75,8+12,9 0,22
KMI (kg/m?) 27,945,5 27,9448 0,96
Laboratoriniai duomenys:

Kalis (mmol/l) 4,1+0,4 4,1+0,4 0,91
Kreatininas (pmol/l) 88,9+29,9 83,5£15,9 0,22
Glikemija (mmol/l) 7,9+1,1 7,6+1,2 0,55
Troponinas I (ug/ml) 7,417 12,9423 0,35
Leukocitai (x10%/1) 11,2412 12,1411 0,12
C reaktyvusis baltymas (mg/l) 13,3+2,8 11,5+2,6 0,77
Didelio jautrumo C reaktyvusis baltymas (mg/l) |  23,4+6,9* 18,8+3,7* 0,03
Bendrasis cholesterolis (mmol/l) 5,7£0,5 5,5+0,6 0,02
MTL-C (mmol/l) 3,8+0,2 3,6+£0,3 0,03
DTL-C (mmol/l) 1,03£0,2 1,2+0,4 0,02
Trigliceridai (mmol/l) 1,5+0,7 1,5+0,9 0,86

Pastaba: AKS - arterinis kraujosptidis; SSD — $irdies susitraukimy daznis; KMI — kiino
masés indeksas; MTL-C — mazo tankio lipoproteiny cholesterolis; DTL-C — didelio tankio
lipoproteiny cholesterolis; vidurkiststandartinis nuokrypis, * vidurkist+standartiné paklaida.

50
44,74* OfT3>3,2
0 2553 BfT3 <32
304
g 23,53 23,53 o
& ; 18,42%
20 1 15,79
10 -
. 098
0 1 2 3 4

Priekiné vainikiné arterija (segmenty skaifius)

6.1.2 pav. Priekinés vainikinés arterijos pazaidos skirtumas sumazéjusio
fT3 kiekio ir normalaus fT3 kiekio grupéje, *p <0,05.
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Proc.

OfT3=3,2

51,96 50* BfT3<32
50 A
40 -

31,37
30
20 A
10
2.63
0,98 =
0 | . el 098 0

0 1 2 3 4
Apsukiné vainikiné arterija (segmenty skaidius)

6.1.3 pav. Apsukinés vainikinés arterijos pazaidos skirtumas sumazéjusio
fT3 kiekio ir normalaus fT3 kiekio grupéje, *p <0,05.

50 1

Proc.

OfT3 > 3.2
39,22 42,1645 B T3 <32
40 1 36,84
30 -
20 1 16,67 15,79
10 1 5.26
0 T T T
0 1 2 3

Desiné vainikiné arterija (segmenty skaicius)

6.1.4 pav. Desinés vainikinés arterijos pazaidos skirtumas
sumazéjusio T3 kiekio ir normalaus fT3 kiekio grupéje
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6.1.5 pav. ROC kreivé: prognoziniy bendrojo trijodtironino ir neveikliojo
trijodtironino verciy nustatymas esant sumazéjusiai fT3 koncentracijai

6.2. Sumazéjusj fT3 ir normaly fT3 turindiy tiriamyjuy, sirgusiy MI su
S-T pakilimu, jprastiniy echokardiografiniy duomeny palyginimas

Atlikome tiriamyjy, kuriems nustatytas sumazéjes fT3 kiekis ir nor-
malus fT3 kiekis, echokardiografiniy duomeny pokyc¢iy per 6 ménesiy ste-
béjimo laikotarpj palyginima.

Stebéjimo laikotarpiu KS galinis diastolinis dydis ir KS galinio diasto-
linio dydzio indeksas padidéjo abiejy grupiy — fT3 sumazéjusj ir normaly —
turin¢iy asmeny. Taciau Sie dydziai po 6 ménesiy reikSmingai buvo didesni
tiriamyjy, kuriems nustatytas sumazéjes fT3 kiekis (p=0,028 ir p=0,041),
nors normos ribos nevirsytos.

Per 6 ménesiy laikotarpj KS galinis sistolinis dydis ir KS galinio sisto-
linio dydzio indeksas padidéjo abiejy grupiy asmeny. Taciau po 6 meénesiy
fT3 sumazgjusioje grupéje, palyginti su pacientais, turéjusiais normaly fT3
buvo didesni (KS GSD 44,33+5,6 mm, palyginti su 41,954+5,01 mm, p<0,001
ir KS GSD indeksas 22,7243,03 mm/m?, palyginti su 20,94+2,71, p=0,001 ).

KS galinis diastolinis tiris ir KS galinio diastolinio tario indeksas ste-
béjimo laikotarpiu padidéjo fT3 sumazéjusio grupés ir nesiskyré normalaus
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fT3 grupés. Po 6 ménesiy KS galinis diastolinis turis reikSmingai buvo di-
desnis fT3 sumazgjusio grupes, palyginti su normalaus fT3 grupe (KS GDT
114,14+21,86 ml, palyginti 110,62+17,45 ml, p=0,011).

KS galinis sistolinis tiiris ir KS galinio sistolinio tiirio indeksas padid¢jo
abiejy grupiy asmeny, palyginti su pradiniais duomenimis, tac¢iau po 6
ménesiy abu Sie rodikliai statistikai reikSmingai nesiskyré tarp grupiy.

Tiriamiesiems, kurie turéjo sumazéjusj T3 kiekj, palyginti su tiriamai-
siais, kuriy fT3 kiekis buvo normalus, po 6 ménesiy KS iSstimio frakcija
sumazgjo (38,4248,45 proc., palyginti 40,25+8,89 proc., p=0,042). N¢ vie-
nos grupés tiriamiesiems KS isstimio frakcija, palyginti su pradiniais
matavimais, ryskiau nekito.

Analizuodami kairiojo prieSirdzio parametrus, nustatéme, kad Gminiu
miokardo infarkto periodu KP dydis, KP tiiris, KP tiirio indeksas buvo didesni
fT3 sumazéjusios grupés tiriamyjy, palyginti su normaly fT3 turincia grupe
(p=0,04; p<0,001; p=0,034). Steb¢jimo laikotarpiu KP dydis, KP turis ir KP
turio indeksas padidéjo abiejy grupiy tiriamyjy. Po 6 meénesiy KP turis, KP
turio indeksas buvo didesni fT3 sumazéjusios grupés, palyginti su normaly
fT3 turinéiy pacienty grupe (KP turis 58,73+£20,81 ml ir 49,95+17,92 ml,
p<0,002; KP turio indeksas 29,74+9,56 ml/m? ir 24,62+7,78 ml/m?, p=0,012).

Diastoling KS fukcija atspindin¢io kraujotakos pro dvibur; voztuva
ankstyvojo KS prisipildymo greicio ir ankstyvosios diastolinés bangos grei-
¢io, uzrasyto audiniy impulsiniu dopleriu, santykis (E/E*) Giminiu laikotarpiu
buvo mazesnis fT3 sumazéjusios grupés, palyginti su normaly fT3 turinciy
pacienty grupe (p=0,002). Po 6 ménesiy nustatéme E/E‘ santykio padidé-
jimg sumazgéjusj fT3 turinéiy pacienty grupéje, palyginti su pacienty grupe,
kurioje fT3 buvo normalus (10,84+4,16, palyginti 8,16+3,84, p=0,028).

Dviburio voztuvo ziedo (DVZ) judesio sistolinio grei¢io S¢ rodikliai
tarp grupiy nesiskyre, palyginti su pradiniais matavimais. Taciau vertindami
duomenis po 6 ménesiy, nustatéme, kad fT3 sumzéjusio grupés tiriamie-
siems, S* ties Sonine KS sienele, pertvara, apatine ir priekine KS sienele
buvo mazesni, palyginti su normalaus fT3 grupe (7,28+2,0 m/s, palyginti su
7,88+£1,99 m/s, p=0,041; 7,09+1,81 m/s, palyginti su 8,02+1,85 m/s,
p=0,018; 7,71£1,82 m/s, palyginti su 8,48+1,7 m/s, p=0,018; 7,38+1,71 m/s,
palyginti su 7,78+2,0 m/s, p=0,026). Pacienty duomenys ir jy palyginimas
pateiktas 6.2.1 lenteléje.
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6.2.1 lentelé. Pacienty, kuriems nustatytas sumazéjes fI3 kiekis ir normalus fT3 kiekis, echokardiografiniy duomeny

uminiu MI laikotarpiu ir po 6 ménesiy palyginimas

Pozymiai _ Sumazéjes fT3, vidurkis+=SN _ Normalus fT3, vidurkis£SN
Uminé fazé Po 6 mén. p Uminé fazé Po 6 mén. p
KS GDD (mm) 48,07+5,52 53,66+6,37 0,004 48,64+5,57 50,8545,21 0,02
KS GDD indeksas (mm/m?) 24,11+2,48 26,97+3,21 0,005 24,2943,05 25,39+2.93 <0,001
KS GSD (mm) 41,37+5,52 44,334+5,6 0,01 38,86+4,93 41,95+5,01 <0,001
KSGSD indeksas (mm/m?) 21,16+2,60 22,7243,03 0,009 19,4+2,65 20,94+2,71 <0,001
KS GDT (ml) 101,81+16,62 | 114,14+21,86 0,001 109,12+ 14,91 | 110,62+17,45 0,24
KS GDT indeksas (ml/m?) 50,64+7,23 56,32+10,41 0,009 54,31+6,62 55,1+7,51 0,26
KS GST (ml) 39,19+9,45 45,81+13,21 0,002 42,73+12,75 47,08+14,06 0,0006
KS GST indeksas (ml/m?) 19,87+3,91 23,26+6,09 0,001 21,21+5,87 23,33+6,28 0,0005
KS IF (proc.) 41,33+7,83 38,42+8.45 0,14 41,17+9,29 40,25%8,89 0,26
KP (mm) 40,3+3,08* 42,14+2,64 0,0003 39,84+4,16 41,84+4,56 <0,001
KP tiiris (ml) 40,1148,76* 58,73+£20,81 0,0002 35,54+10,06 49,95+17,92 <0,001
KP tiirio indeksas (ml/m?) 20,4443,94* 29,74+9,56 0,0002 18,06+4,5 24,62+7,78 <0,001
E/E’ santykis 7,2+1,42% 10,84+4,16 <0,001 8,2+2,13 8,16+3,84 0,91
E’ Soninis (m/s) 10,12+2,32 9,42+3,0 0,55 9,15+3,14 10,73+£2,77 0,08
E’ pertvarinis (m/s) 8,61+£2.83 7,52+2.35 0,52 7,61+1,27 8,68+2,65 0,48
S’ Soninis (m/s) 7,71+1,97 7,28+2,0 0,15 7,74+2,37 7,88+1,99 0,61
S’ pertvarinis (m/s) 7,57+1,93 7,09+1,81 0,28 7,88+1,65 8,02+1,85 0,53
S’ apatinis (m/s) 8,52+2,08 7,71+1,82 0,14 8,69+1,87 8,48+1,7 0,39
S’ priekinis (m/s) 7,47x1,77 7,38+1,71 0,74 7,48+1,51 7,78x2,0 0,18

Pastaba: KS — kairysis skilvelis; GDD — galinis diastolinis dydis; GSD — galinis sistolinis dydis; GDT —galinis diastolinis taris; GST — galinis
sistolinis tiiris; IF — i§stamio frakcija; KP — kairysis prieSirdis; E/E’ — kraujotakos pro dviburj voztuva ankstyvojo KS prisipildymo grei¢io ir
ankstyvosios diastolinés bangos grei¢io, uzrasyto audiniy impulsiniu dopleriu, santykis; E’ — dviburio voztuvo ziedo judesio ankstyvasis
diastolinis greitis, uzrasytas audiniy impulsiniu dopleriu; S’ — didziausias sistolinis greitis, pamatuotas impulsiniu audiniy dopleriu; SN —
vidurkiststandartinis nuokrypis, * — skirtumas tarp sumazéjusj ir normaly fT3 turinCiy tiriamyjy grupiy tGminiu periodu p<0,05.
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6.3. KS pasisukimo ir jtampos rodikliy palyginimas
tarp sumazéjusj ir normaly fT3 turinéiy tiriamyjuy grupiy

Analizavome pamatinés ir vir§tninés KS daliy pasisukima, pasisukimo
greit], KS susisukimg ir KS sasiika (sukamaji KS judesj).

Uminiu miokardo infarkto laikotarpiu tiriamosios grupés, palyginti su
kontroline grupe (fT3 <3,2 pmol/l — tiriamoji ir fT3 >3,2 pmol/l — kontro-
liné), sumazéjo KS pamato pasisukimas ir sistolinis KS pamato pasisukimo
greitis (p<0,001; p=0,003). Po 6 ménesiy Sie rodikliai buvo reikSmingai
mazesni tiriamosios grupés, palyginti su kontroline grupe (-0,74+0,33°,
palyginti —1,93+0,23°, p=0,031 ir -59,62+21,25°, palyginti -62,08+16,79°,
p=0,021). Nustatéme, kad Giminiu MI laikotarpiu KS virsiinés pasisukimas
buvo mazesnis tiriamosios grupés, palyginti su kontroline grupe (p<0,001),
taCiau po 6 ménesiy tiriamosios grupés padidéjo ir statistiSkai reikSmingai
skyrési, palyginti su kontroline grupe (10,11+£1,25° ir 6,28+0,65°, p<0,004).

Uminiu miokardo infarkto laikotarpiu KS susisukimas buvo mazesnis
grupes, kurios fT3 <3,2 pmol/l, palyginti su grupe, kurios fT3 >3,2 pmol/l
(p<0,001). Po 6 ménesiy KS susisukimas padidéjo sumazejusj fT3 turinéiy
pacienty, palyginti su normaly fT3 turinéiy pacienty grupe (10,85+0,18° ir
7,1940,46°, p=0,011). Tiriamosios grupés KS sasiika sumazéjo tminiu
laikotarpiu (p=0,024), taciau po 6 ménesiy nesiskyré tarp grupiy.

Uminiu laikotarpiu ankstyvasis (E) diastolinis KS pasisukimo greitis
pamato srityje buvo mazesnis tiriamosios grupés, palyginti su kontroline
grupe (p<0,001). Ankstyvasis (E) ir vélyvasis (A) diastolinis KS pasisukimo
greiciai virSiings srityje stebéjimo laikotarpiu sumazéjo abiejy tiriamyjy gru-
piy, po 6 ménesiy ankstyvasis (E) diastolinis KS pasisukimo greitis virstinés
srityje buvo didesnis sumazéjusj fT3 turinciy pacienty grupés (p=0,038).

Tiriamyjy duomenys pateikiami 6.3.1 lentel¢je.

Vertinome KS iSilginés, spindulinés, apsukinés jtampy ir jy greiciy skir-
tumus tarp tiriamyjy grupiy. Nustatéme, kad per 6 ménesiy laikotarpj iSilgine
jtampa, sistolinis jtampos greitis statistiSkai reikSmingai sumazéjo abiejose
grupése. Vertinat duomenis po 6 ménesiy, sumazejusj fT3 turinciy pacienty
grupéje nustatytas isilginés jtampos sumazéjimas, palyginti su kontroline
grupe (-12,31+3,79 proc., palyginti su —13,1143,49 proc., p=0,041). Stebé-
jimo laikotarpiu sistolinis spindulinés jtampos greitis sumazéjo kontrolinés
grupés tiriamiesiems ir po 6 ménesiy nesiskyré tarp grupiy. Apsukiné jtampa
padidéjo per 6 ménesiy laikotarpj abiejy grupiy tiriamyjy, o po 6 ménesiy tarp
grupiy skirtumo nestebéta.

Duomenys pateikiami 6.3.2 lenteléje.
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6.3.1 lentelé. KS pasisukimo, pasisukimo greicio, susisukimo ir sqsitkos rodikliy palyginimas tarp tiriamyjy grupiy
(sumazéjes fT3 kiekis ir normalus fT3 kiekis)

Poymiai i} Sumazéjes T3, vidurkis=SN _ Normalus fT3, vidurkis=SN
Uminé fazé Po 6 mén. | p Uminé fazé ‘ Po 6 mén. p

KS pasisukimas °
KS pamato pasisukimas (°) —1,75+0,44* —0,74+0,33 0,03 -3,18+0,54 —-1,93+0,23 0,03
KS vir§linés pasisukimas (°) 5,77+0,22* 10,11+1,25 0,002 6,09+0,85 6,28+0,65 0,79
KS susisukimas (°) 8,07+0,47* 10,85+0,18 0,03 9,01+0,26 7,19+0,46 <0,001
KS sastika (°/cm) 1,7240,22%* 1,18+0,12 <0,001 1,61+0,24 1,14+0,36 <0,001
Sistolinis KS pasisukimo greitis S (°/s)
KS pamatas —63,91£18,49* | -59,62+21,25 0,21 —77,25+15,92 | —62,08+16,79 <0,001
KS virstné 67,06+19,26 63,834+25,95 0,71 67,06+12,92 62,37+14,74 0,051
Diastolinis KS pasisukimo greitis E (°/s)
KS pamatas 60,43+22,67* 68,86+21,23 0,18 69,84+22,89 67,04+25,65 0,51
KS virstné —-78,37£26,89 | —66,01+22,21 0,03 —79,92 +27,16 | —62,034£24,83 0,006
Diastolinis KS pasisukimo greitis A (°/s)
KS pamatas 52,57+25,79 50,21+25,92 0,73 52,51+24,16 52,08+26,51 0,91
KS virstné -52,87£12,38 | -45,5+12,17 0,008 —50,41 £12,46 | —43,07£12,91 0,009

Pastaba: KS — kairysis skilvelis; S — sistolinis pasisukimas; E — ankstyvasis diastolinis pasisukimas; A — diastolinis pasisukimas susitraukiant
priesirdziams; SN — vidurkiststandartinis nuokrypis; * — skirtumas tarp sumazéjusj ir normaly fT3 turinéiy tiriamyjy grupiy Gminiu periodu
p<0,05.
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6.3.2. lentelé. KS isilginés, spindulinés, apsukinés jtampos ir jy greiciy skirtumai tarp tiriamyjy grupiy (sumazéjus
fT3 kiekiui ir esant normaliam fT3 kiekiui)

PoZymiai Sumazéjes T3, vidurkis+SN Normalus fT3, vidurkis+SN
Uminé fazé ‘ Po 6 mén. p Uminé fazeé Po 6 mén. p

ISilginés jtampos matavimai
I8ilginé jtampa (proc.) -13,99+4,61* | -12,31+3,79 0,01 —-14,52+3,56 —-13,11+3,49 <0,001
Sistolinis jtampos greitis S (I/s) -1,09+0,24 -0,97+0,18 0,02 -1,09+0,24 -1,0+0,2 <0,001
Diastolinis jtampos greitis E (1/s) 1,11+0,51 1,18+0,38 0,43 1,21+£0,36 1,26+0,32 0,31
Diastolinis jtampos greitis A (I/s) 1,43+1,61 1,04+0,37 0,29 1,01+0,25 1,02+0,27 0,82
Spindulinés jtampos matavimai
Spinduliné jtampa (proc.) 30,08+0,65 26,74+1,45 0,31 30,11+14,38 27,38+11,64 0,11
Sistolinis jtampos greitis S (I/s) 2,07+0,52 1,98+0,43 0,43 2,37+0,69 2,07+0,68 0,002
Diastolinis jtampos greitis E (I/s) —-1,98+0,73 -2,06+0,61 0,55 -2,14+0,78 -1,98+0,61 0,11
Diastolinis jtampos greitis A (1/s) -1,55+0,68 -1,32+0,41 0,21 -1,41+0,63 -1,35+0,42 0,44
Apsukinés jtampos matavimai
Apsukiné jtampa (proc.) —13,4745,2 -16,34+4,81 0,02 -12,6143,79 -15,79+4,4 <0,001
Sistolinis jtampos greitis S (I/s) -1,51+0,35 -1,71+0,39 0,06 -1,71+0,42 -1,71+0,36 0,87
Diastolinis jtampos greitis E (1/s) 1,45+0,53 1,71+0,42 0,11 1,61+0,51 1,79+0,46 0,02
Diastolinis jtampos greitis A (I/s) 0,96+0,33 1,13+£0,36 0,15 1,15+0,51 1,12+0,42 0,71

Pastaba: KS — kairysis skilvelis; S — sistolinis pasisukimas; E — ankstyvasis diastolinis pasisukimas; A —diastolinis pasisukimas susitraukiant
priesirdziams; SN — vidurkiststandartinis nuokrypis; * — skirtumas tarp sumazéjusj ir normaly fT3 turin¢iy tiriamyjy grupiy Giminiu periodu
p<0,05.



6.4. Laisvojo trijodtironino sasajos su KS deformavimosi parametrais

Norint jvertinti sumaZzéjusio laisvojo trijodtironino (fT3) sasajas su KS
deformavimosi ir pasisukimo parametrais iminio miokardo infarkto perio-
du, taikyta koreliacijos koeficienty analizé.

Nustatéme teigiamajj rysj tarp KS pamato pasisukimo ir T3 4 parg (r=0,4;
p<0,001) (6.4.1 pav.). Tarp KS virSiinés pasisukimo ir fT3 1 para nustatytas
neigiamasis koreliacinis rySys (r=—0,2; p<0,05) (6.4.2 pav.). Tarp KS susisu-
kimo ir fT3 4 parg nustatytas neigiamasis koreliacinis rysys (r=- 0,3; p<0,001)
(6.4.3 pav.).

IeSkodami sasajy su KS jtampos echoskardiografiniais parametrais, nu-
statéme sumazéjusio fT3 1 parg ir KS vélyvojo diastolinio iSilginés jtampos
greicio teigiamajj koreliacinj rysj (r=0,32; p<0,001) (6.4.4 pav.).

Ivertinus $ig analizg, reikSmingiausia sgsaja iminio MI periodu buvo
nustatyta tarp fT3 ir KS pamato pasisukimo.

R’ Linear = 0,148

KS pamato pasisukimas (°)

20 T T T T T T T
2,5 3,0 3.5 4,0 4,5 5,0 5,5

fT3 (pmol/l) 4 para

6.4.1 pav. Sumazéjusios fT3 koncentracijos ir KS pamato pasisukimo
uminio miokardo infarkto periodu koreliacinis rysys

50



R’ Linear = 0,056
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6.4.2 pav. Sumazéjusios fT3 koncentracijos ir KS virsunés pasisukimo
uminio miokardo infarkto periodu koreliacinis rysys

R’ Linear = 0,057
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6.4.3 pav. Sumazéjusios fT3 koncentracijos ir KS susisukimo uminio
miokardo infarkto periodu koreliacinis rysys
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R’ Linear = 0,089

1,754

1,50

1,254

Diastolinis jtampos greitis A (1/s)

2,0 4,0 6,0 8,0
fT3 (pmol/l) 1 para

6.4.4 pav. Sumazéjusios f13 koncentracijos ir KS vélyvojo
diastolinio isilginés jtampos greicio uminio miokardo infarkto
periodu koreliacinis rysys

6.5. Pacienty, kuriems jvyko ir kuriems nejvyko KS remodeliavimasis,
klinikiniy ir laboratoriniy duomeny palyginimas

KS remodeliavimasis po iminio miokardo infarkto su S-T segmento
pakilimu nustatytas 27,3 proc. pacienty.

ISL rizikos veiksniai neturéjo jtakos KS remodeliavimuisi atsirasti.
Pacientai, kuriems nustatytas KS remodeliavimasis, buvo jaunesni, nevar-
tojo aspirino, beta adrenoblokatoriy, re¢iau vartojo AKFI/ARB. KS remode-
liavimosi grupés pacientai dazniau sirgo priekinés sienelés Q bangos MI, o
apatinés KS sienelés MI dazniau sirgo pacientai, kuriems KS nesiremode-
liavo (6.5.1 lentelé).

Palygine laboratorinius duomenis timinio miokardo infarkto periodu, nu-
statéme: pacientams, kuriems KS remodeliavosi, buvo didesni troponino I,
leukocity, didelio jautrumo C reaktyviojo baltymo kiekiai. [verting lipidogra-
ma nustatéme, kad pacienty, kuriems KS remodeliavosi, bendrojo choleste-
rolio, MTL cholesterolio koncentracijos buvo didesnés. Kalio, kreatinino,
gliukozes, C reaktyviojo baltymo, trigliceridy, DTL cholesterolio kiekiai Gimi-
nio MI periodu tarp grupiy nesiskyré (6.5.2 lentele).
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Palyginus skydliaukés hormony tyrimy rezultatus, pirmaja parg laisvojo
trijodtironino (fT3) kiekis buvo mazesnis, o neveikliojo trijodtironino (rT3)
turéjo daugiau pacientai, kuriy KS remodeliavosi. Bendrojo trijodtironino
(TT3), laisvojo tiroksino (fT4) koncentracijos tarp grupiy nesiskyré. Skyd-
liauke¢ stimuliuojamojo hormono (TSH) kiekis buvo mazesnis 1 para pacien-
ty, kuriy KS remodeliavosi, taciau statistiSkai reikSmingo skirtumo neste-
béta (6.5.3 lentelé).

Analizuojant VAA duomenis, didZiausia priekinés VA pazaida nusta-
tyta pacienty, kuriy KS remodeliavosi. 55,56 proc. pacienty, kuriy KS remo-
deliavosi, turéjo statistiSkai reik§mingg priekinés vainikinés arterijos vieno
segmento pazaidg (6.5.4 pav.) ir 22,22 proc. pacienty — deSiniosios vainiki-
nés arterijos dviejy segmenty pazaida (6.5.6 pav.). Apsukinés vainikinés
arterijos pazaida statistiSkai reik§Smingai tarp grupiy nesiskyré (6.5.5 pav.).

6.5.1 lentelé. Pacienty, kuriems nustatytas ir kuriems nenustatytas KS remo-
deliavimasis, rizikos veiksniy ir klinikiniy duomeny palyginimas timiniu Ml
periodu

... Daznis (proc.)
PoZymiai - - - - p
KS remodeliavosi KS nesiremodeliavo

AmzZius (metais) 55,6+11,41 58,6+11,81 0,33
KMI (kg/m?) 29,4541 27,8+4,91 0,21
Arteriné hipertenzija 50,00 59,49 0,46
Cukrinis diabetas 5,56 6,33 0,91
Rikymas 50,00 54,43 0,71
Vaistai
Aspirinas 0,00 3,83 -
Beta adrenoblokatoriai 0,00 7,59 -
AKFI/ARB 11,11 15,19 0,66
Statinai 0,00 1,27 0,63
Q bangos MI 32,91 27,78 0,03
Priekinés KS sienelés MI 72,22 44,30 0,02
Apatinés KS sienclés MI 27,78 55,70 0,05

Pastaba: KMI — kiino masés indeksas; AKFI — angiotenzing konvertuojan¢io fermento
slopiklis; ARB — angiotenzino receptoriaus blokatoriai; MI — miokardo infarktas, KS -
kairysis skilvelis.
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6.5.2 lentelé. Pacienty, kuriems nustatytas ir kuriems nenustatytas KS remo-
deliavimasis, laboratoriniy duomeny palyginimas timiniu MI periodu

. e Vidurkis+SN
PoZymiai . : : : P
KS remodeliavosi ‘ KS nesiremodeliavo

Laboratoriniai duomenys:

Kalis (mmaol/l) 3,8+0,4 4,1+0,4 0,07
Kreatininas (umol/l) 84,4+21,6 84,2+20,9 0,97
Glikemija (mmol/l) 7,7+2,1 7,7£25 0,91
Troponinas I (pg/ml) 12,4+1,2 8,2+2,3 0,03
Leukocitai (x10%1) 11,9+1,3 10,7+1,4 0,02
C reaktyvusis baltymas (mg/I) 10,5+3,6 8,2+1,3 0,07
Didelio jautrumo C reaktyvusis 19,8+4,1* 9,242 9% 0,04
baltymas (mg/l)

Bendrasis cholesterolis (mmol/l) 5,9+0,8 5,4+0,3 0,01
MTL-C (mmol/l) 4,1+0,9 3,5+1,1 0,03
DTL-C (mmol/l) 1,1+0,2 1,1£0,3 0,51
Trigliceridai (mmol/l) 1,5+0,6 1,6+1,1 0,91

Pastaba: MTL-C — mazo tankio lipoproteiny cholesterolis; DTL-C — didelio tankio lipopro-
teiny cholesterolis; SN — vidurkiststandartinis nuokrypis; * — vidurkiststandartiné pa-
klaida.

6.5.3 lentele. Pacienty, kuriems nustatytas ir nenustatytas KS remodeliavi-
masis, skydliaukés hormony palyginimas aminiu MI periodu

oL Vidurkis+SN
Pozymiai : : : : p
KS remodeliavosi KS nesiremodeliavo

fT3 (pmol/)1 para 3,12+0,21 4,05+0,13 0,029
fT3 (pmol/l) 4 para 3,67+0,13 3,68+0,07 0,91
rlTsaEgevelkh‘SlS) pe/ml | 105371 [512,02-1827.40] | 690,51 [214,72-3862,21] | %033
TT3 (bendrasis) nmol/l 1,58 [1,01-1,86] 1,49 [0,511,82] 0,42
1 para

fT4 (pmol/l) 1 para 13,26+0,69 14,56+0,38 0,11
fT4 (pmol/l) 4 para 13,79+0,72 14,42+0,33 0,32
TSH (mU/I) 1 para 0,86 [0,56—4,67] 1,17 [0,42-4,48] 0,25
TSH (mU/I) 4 para 1,86 [0,82-3,48] 1,67 [1,23-8,78] 0,51

Pastaba: T3 — trijodtironinas; fT3 — laisvasis trijodtironinas; fT4 — laisvasis tiroksinas;
TSH - skydliauke stimuliuojamasis hormonas; vidurkis=SN; mediana [medianos kvartiliai].
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Priekiné vainikiné arterija (segmenty skaidius)

6.5.4 pav. Pacienty, kuriems nustatytas ir kuriems nenustatytas
KS remodeliavimasis, priekinés vainikinés arterijos pazaidos

palyginimas tarp grupiy, * p<0,05
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6.5.5 pav. Pacienty, kuriems nustatytas ir kuriems nenustatytas
KS remodeliavimasis, apsukinés vainikinés arterijos pazaidos

palyginimas tarp grupiy
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6.5.6 pav. Pacienty, kuriems nustatytas ir Kuriems nenustatytas
KS remodeliavimasis, desSiniosios vainikinés arterijos pazaidos
palyginimas tarp grupiy, * p<0,05

6.6. Pacienty, kuriems jvyko ir kuriems nejvyko KS remodeliavimasis,
jprastiniy echokardiografiniy duomeny palyginimas

Atliktas tiriamyjy, kuriy KS remodeliavosi ir nesiremodeliavo, echokar-
diografiniy parametry pokyc¢iy per 6 ménesiy laikotarpj palyginimas.

Uminio miokardo infarkto periodu KS galinis diastolinis dydis ir KS
galinis sistolinis dydis buvo didesni KS remodeliavimosi grupés tiriamyjy
(p<0,001; p<0,001). Po 6 ménesiy Sie dydziai buvo dar didesni tiriamyjy,
kuriy KS remodeliavosi, nei tiriamyjy, kuriy KS nesiremodeliavo (KS GDD
56,32+6,78 mm, palyginti su 50,36+4,79 mm, p<0,001 ir KS GSD 45,48+
5,67 mm, palyginti su 41,71+4,88 mm, p=0,041).

KS i8ilginis diastolinis ilgis Giminiu periodu (p<0,001) ir po 6 ménesiy
reik§mingai buvo didesnis KS remodeliavimosi grupés, palyginti su grupe,
kurios KS nesiremodeliavo (8,11+1,16 cm, palyginti su 7,19+0,86 cm,
p<0,001).

KS galinis diastolinis taris ir KS galinio diastolinio trio indeksas labai
padidéjo KS remodeliavimosi grupés, palyginti su pradiniais duomenimis, ir
iSliko didesni Sios grupés tiriamyjy po 6 ménesiy (KS GDT 119,33+27,39
m, palyginti su 107,92+15,32 ml, p<0,001 ir KS GDT indeksas 57,63+13,03
ml/m?, palyginti su 54,274+6,43 ml/m?, p=0,024).

KS galinis sistolinis tiiris ir KS galinio sistolinio tiirio indeksas Giminiu
periodu (p<0,001; p<0,001) buvo didesni pacienty, kuriems véliau jvyko KS
remodeliavimasis. Taciau po 6 meénesiy Sie rodikliai daug buvo didesni KS
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remodeliavimosi grupés, palyginti su tiriamaisiais, kuriy KS nesiremode-
liavo (KS GST 61,77+20,02 ml, palyginti su 44,03+9,39 ml, p<0,001 ir KS
GST indeksas 29,73+8,99 ml/m?, palyginti su 22,11+4,33 ml/m?, p<0,001).

Tiriamiesiems, kuriems KS remodeliavosi iiminiu periodu (p<0,001) ir po
6 ménesiy buvo mazesné KS iSstimio frakcija, palyginti su tais, kuriems KS
nesiremodeliavo (34,16+7,94 proc., palyginti su 41,32+8,55 proc., p<0,001).

Uminiu periodu KP dydis ir KP tiiris padidéjo KS remodeliavimosi
grupes (p=0,023; p=0,002). Iverting KP dydzio, KP tiirio ir KP tiirio indekso
parametrus, nustatéme KS remodeliavosi grupés tiriamyjy rySky Siy dydziy
padidéjima steb¢jimo periodu ir reikSmingus pokycius po 6 ménesiy (p=0,042,
p<0,001, p<0,001).

Vertinant diastolinge funkcija, stebéjimo periodu duomenys tarp grupiy
statistiSkai reikSmingai nesiskyré. Taciau galimi relaksacinio tipo pokyciai
Uminiu periodu ir pseudonormaliis pokyc¢iai po 6 ménesiy.

Vertinant KS ilgosios asies funkcija, DVZ judesio sistoliniai grei¢iai S°,
pamatuoti impulsiniu audiniy dopleriu, stebéjimo periodu nesiskyré tarp
grupiy. Taciau po 6 ménesiy S° ties priekine KS sienele reik§mingai buvo
mazesnis KS remodeliavimosi grupés, palyginti su grupe, kurios tiriamyjy
KS nesiremodeliavo (6,98+1,78 m/s ir 7,66+1,99 m/s, p=0,01). Tiriamyjy
duomenys pateikti 6.6.1 lenteléje.

6.6.1 lentelé. Pacienty echokardiografiniy parametry uminiu MI periodu ir
po 6 ménesiy palyginimas

KS remodeliavosi, KS nesiremodeliavo,
... vidurkis+=SN vidurkis£=SN

PozZymiai P P

Uminé Po Uminé Po

fazé 6 mén. P fazé 6 mén. P
E(rr?m(?DD 53,13+5,25*% | 56,32+6,78 |<0,001| 47,87+£5,09 | 50,36+4,79 |<0,001
KS isilginis
matmuo 7,56+0.8% | 811+¢116 | 0,03 | 6,62¢149 | 7,19+0,86 |0,0004
diastolés
metu (cm)
E(rr?m(?SD 42,47£5,02* | 45,4845,67 |<0,001| 38,75+4,86 | 41,71+4,88 |<0,001
E(mSI)GDT 107,44+14,41|119,33+£27,39|<0,001 | 106,89+15,83 | 107,92+15,32| 0,08
KS GDT
indeksas 51,87+6,86 | 57,63+13,03 [<0,001| 53,75+6,61 | 54,27+6,43 | 0,07
(ml/m?)
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6.6.1 lentelés tesinys

KS remodeliavosi, KS nesiremodeliavo,
Y . vidurkis+SN vidurkis+SN
PoZymiai —— ——

Uminé Po Uminé Po

fazé 6 mén. P fazé 6 mén. P
KSGST (ml) |53,94%16,64* | 61,77+20,02] <0,001 | 39,67+9,32 | 44,03+9,39 |<0,001
KS GST
indeksas 26,0247,79% | 29,7348,99 | <0,001 | 19,92+4,26 | 22,11+4,33 |<0,001
(ml/m?)
KSIF (proc.) | 36,27+8,05% | 34,16+7,94 | 031 | 42,37+£9,02 | 41,32+8,55 | 0,16
KP (mm) 41,9143,64% | 44,013,84 |<0,001 | 39,54+3,98 | 41,36=4,01 |<0,001
KP taris (ml) | 41,41=7,29% | 68,75+5,93 | 0,0002 | 36,24+10,05 |47,82+14,78 | <0,001
KP tario
indeksas 19,88+2,78 | 32,97+3,82 |0,0001 | 18,13%4,53 | 23,89+6,49 |<0,001
(ml/m?)
E/E’ 831+3,53 | 8914532 | 034 | 8,53+3,37 | 8,78+6,04 | 0,65
E’ Soninis (m/s) | 8,22+3,13 9,77+2,73 | 0,11 | 9,72+3,17 | 10,55+2,91 | 0,02
(Emlzg’m’a””'s 755172 | 8164225 | 027 | 7,96+2,32 | 8,46+2,74 | 0,15
S’ Soninis (m/s) | 7,75+2,26 7,56+1,75 | 0,66 | 7,74+2,33 7,82+2,0 0,77
(Smf’srt"a”“'s 8,0+167 | 7,93+1,91 | 0,91 | 7,74+1,75 | 7,73+1,89 | 0,95
(Smf‘s'[)’a“”'s 8,86+1,41 | 824152 | 0,12 | 855+1,99 | 8,29+1,81 | 0,33
(Smf’sr)'e"'“'s 7,03£1,68 | 6,98+1,78 | 0,02 | 7,43+1,55 | 7,66£1,99 | 031

Pastaba: KS - kairysis skilvelis; GDD - galinis diastolinis dydis; GSD - galinis sistolinis
dydis; GDT - galinis diastolinis taris; GST — galinis sistolinis taris; IF — i$stimio frakcija;
KP — Kkairysis prieSirdis; E/E’ — kraujotakos pro dviburj voztuva ankstyvojo KS
prisipildymo greicio ir ankstyvosios diastolinés bangos grei¢io, uzrasyto impulsiniu audiniy
dopleriu, santykis; E’ — dviburio voztuvo ziedo judesio ankstyvasis diastolinis greitis,
uzraSytas impulsiniu audiniy dopleriu; S° — didZiausias sistolinis greitis, pamatuotas
impulsiniu audiniy dopleriu; SN — vidurkiststandartinis nuokrypis; * — skirtumas tarp
tirilamyjy grupiy, kuriems jvyko ir nejvyko KS remodeliavimasis iminiu periodu p<0,05.

6.7. KS pasisukimo ir jtampos rodikliy palyginimas tarp
KS remodeliavimosi ir KS nesiremodeliavimo grupiy

Analizavome pamatinés ir virStininés KS daliy pasisukima, KS pasisu-
kimo greitj, KS susisukimg ir KS sasiikg (sukamaji KS judesj). Nustatéme,
kad reikSmingi poky¢iai stebéti remodeliuojantis KS. Tyrimas parode¢, kad
iminiu periodu KS pamato pasisukimas sumazéjo gupés, kurios tiriamyjy
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KS remodeliavosi (p<0,001). Taciau po 6 ménesiy Sis rodiklis buvo dar
mazesnis KS remodeliavimosi grupés, palyginti su grupe, kurios KS nesire-
modeliavo (-1,12+0,48° ir —1,77+0,81°, p=0,042). Tiriamyjy, kuriy KS re-
modeliavosi, tminiu MI periodu nustatytas mazesnis vir§tinés pasisukimas
(p<0,001). Remodeliuojantis KS, vir§iinés pasisukimas padidéjo abiejose
grupése, taiau i$liko mazesnis KS remodeliavimosi grupéje, palyginti su
grupe, kurioje KS nesiremodeliavo (6,11+£2,37° ir 7,13£3,11°, p=0,043).
Uminiu miokardo infarkto periodu KS susisukimas buvo mazesnis KS re-
modeliavimosi grupés tiriamyjy (p<0,001). Stebéjimo laikotarpiu Sis rodik-
lis sumazéjo abiejy grupiy tiriamyjy, taiau po 6 ménesiy stebétas ryskus su-
mazéjimas KS remodeliavimosi grupés tiriamyjy (5,06£1,99° ir 7,63+2,13°,
p<0,001), palyginti su grupe, kurios tiriamyjy KS nesiremodeliavo. KS
sgstika sumazéjo abiejy grupiy tiriamyjy, palyginti su pradiniais matavimais.
Po 6 ménesiy KS remodeliavimosi grupés $is rodiklis buvo maZesnis,
palyginti su grupe, kurios tiriamyjy KS nesiremodeliavo (0,89+0,51 %cm ir
1,21+0,65 °/cm, p=0,026).

Sistolinis KS pasisukimo greitis pamato srityje stebéjimo laikotarpiu
sumazg¢jo abiejy grupiy tiriamyjy ir po 6 ménesiy buvo statistiskai reikSmin-
gai mazesnis KS remodeliavimosi grupéje, palyginti su grupe, kurios KS
nesiremodeliavo (-53,99+21,33 °/s ir —63,92+16,46 °/s, p=0,028). Sistolinio
KS pasisukimo greicio vir§iinés srityje mazé¢jimas per 6 ménesiy laikotarpj
nustatytas KS remodeliavimosi grupés tiriamiesiems ir reikSmingai skyrési
Sios grupés tiriamyjy po 6 ménesiy, palyginti su grupe, kurioje KS nesire-
modeliavo (52,93+38,43 /s, palyginti su 64,16+24,29 °/s, p=0,035). Anksty-
vasis diastolinis (E) KS pasisukimo greitis vir§tinés srityje daug buvo ma-
zesnis KS remodeliavimosi grupés po 6 ménesiy, palyginti su grupe, kurios
tirlamyjy KS nesiremodeliavo (-52,77£26,28 /s ir—63,56+24,71 °/s, p<0,001).
Stebéjimo laikotarpiu vélyvasis diastolinis (A) KS pasisukimo greitis
pamato srityje labai sumazéjo KS remodeliavimosi grupés, o vir$tings srity-
je — abiejy grupiy tiriamyjy. Remodeliuojantis KS po 6 ménesiy vélyvasis
diastolinis (A) KS pasisukimo greitis virSinés srityje buvo mazesnis,
palyginti su grupe, kurios tiriamyjy KS nesiremodeliavo (-36,91+19,19 ir
—44,88+23,68, p<0,004). Tiriamyjy duomenys pateikti 6.7.1 lentel¢je.

Vertinome KS i$ilginés, spindulinés, apsukinés jtampy ir jy greiciy skir-
tumus tarp tiriamyjy grupiy. Nustatéme, kad stebéjimo laikotarpiu iSilginé
jtampa reikSmingai sumazéjo ir po 6 ménesiy daug mazesné buvo grupes,
kurios tiriamyjy KS remodeliavosi, palyginti su grupe, kurios KS nesiremo-
deliavo (-11,81£3,53 proc. ir —13,24+3,18 proc., p=0,011).

Stebéjimo laikotarpiu nustatéme iSilginés jtampos diastolinio jtampos
grei¢io A maz¢jimg KS remodeliavimosi grupés tiriamiesiems. Po 6 ménesiy
Sis rodiklis buvo mazesnis grupés, kurios tiriamiesiems KS remodeliavosi,
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palyginti su grupe, kurios KS nesiremodeliavo (0,91+0,29 I/s ir 1,04+0,29 I/s,
p=0,041). Iverting KS spindulinés jtampos matavimus nustatéme — stebéji-
mo laikotarpiu abiejy tiriamyjy grupiy ji mazgjo, taCiau statistiSkai reiks-
mingo skirtumo nestebéta. Apsukinés jtampos reik§mingy poky¢iy KS
remodeliavimosi grupéje nestebéta. Duomenys pateikti 6.7.2 lenteléje.

6.7.1 lentelé. KS pasisukimo ir pasisukimo greicio skirtumai tarp tiriamyjy
grupiy, kuriy KS remodeliavosi ir nesiremodeliavo iminiu MI periodu ir po
6 ménesiy

PoZymiai KS remodeliavosi, KS nesiremodeliavo,
vidurkis=SN vidurkis=SN

Uminé . Uminé .

fazé Po 6 mén. p fazé Po 6 mén. p
KS pasisukimas °
KS pamato
pasisu- ~1,47+0,79% | -1,1240,48 | 0,71 | -3,35+1,93 | —1,77+0,81 | 0,01
kimas (°)
KS
;g;‘;ﬁes 5,75£1,94% | 6112237 | 0,02 | 6,13£2,48 | 7,13:3,11 | 0,28
kimas (°)
KSSUSISU- | 7 ¢11n 35 | 50641,99 |0,007| 9114298 | 7.63:2.13 | 0,003
kimas (°)
ﬁ;gsaka 106:065 | 089051 |002| 1640,15 | 1,214065 |<0,001
Sistolinis KS pasisukimo greitis S (°/s)
KS -68,61 +16,42 | —53,99+21,33 [0,008 | —68,75+16,31 | —63,92+16,46 (0,009
pamatas

KS vir§ing| 64,34+27,42 | 52,93£22.43 |0,001| 67,75+21,31 | 64,16x£24,29 (0,22
Diastolinis KS pasisukimo greitis E (°/s)
KS
pamatas
KS vir§iné| —66,15+£35,16 | -52,77+26,28 | 0,21 | —74,49+30,07 | -63,56+24,71 | 0,003
Diastolinis KS pasisukimo greitis A (°/s)
KS
pamatas
KS virsing| -53,71£16,61 | =36,91+19,19 | 0,004 | -50,39+23,46 | —44,88+23,68 | 0,04
Pastaba: KS - kairysis skilvelis; S — sistolinis pasisukimas; E — ankstyvasis diastolinis pa-
sisukimas; A - diastolinis pasisukimas susitraukiant prieSirdziams; SN — vidurkist
standartinis nuokrypis; * — skirtumas tarp tiriamyjy grupiy, kuriems jvyko ir nejvyko KS
remodeliavimasis timiniu periodu p<0,05.

68,35+29,21 | 69,12+£30,76 | 0,92 | 68,59+29,24 | 67,28+25,68 | 0,75

53,65+22,65 | 35,81+£20,05 | 0,01 | 52,41+25,43 | 54,74+2591 | 0,55
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6.7.2 lentelé. KS isilginés, spindulinés, apsukinés jtampy ir jy greiciy skirtu-
mai tarp tiriamyjy grupiy (KS remodeliavosi ir KS nesiremodeliavo) uminiu

MI periodu ir po 6 ménesiy

KS remodeliavosi,

KS nesiremodeliavo,

Pozymiai vidurkis+SN vidurkis+SN

Uminé fazé | Po 6 mén. p | Uminé fazé | Po 6 mén. p
ISilginés jtampos matavimai
%;‘rlfé“)e”ampa ~13,1943,55 | —11,81%3,53 |0,004 | —13,67+0,42 | —13,24+3,18 |<0,001
Sistolinis tam- | 4 054026 | —0,93£021 | 0,14 | ~1,112023 | -1,0:0,19 [<0,001
pos greitis S (I/s)
Diastolinis
itampos greitis 1,15+0,37 1,18+0,24 0,66 | 1,21+0,38 1,22+0,33 | 0,76
E (I/s)
Diastolinis
itampos greitis 1,06+0,32 0,91+0,29 | 0,03 | 1,11+0,85 1,04+0,29 | 0,51
A (Ifs)
Spindulinés jtampos matavimai
Spinduliné 30,56+14,28 | 26,87+12,55 | 0,06 | 30,22+15,36 |27,23+11,59| 0,07
jtampa (proc.)
Sistolinis fam- | » 13,091 | 1824045 | 0,13 | 2,38:0,65 | 2,09+0,67 | 0,08
pos greitis S (I/s)
Diastolinis
jtampos greitis | -1,97+0,72 | -1,91+0,57 | 0,68 | -2,14+0,79 | -2,02+0,61 | 0,22
E (I/s)
Diastolinis
itampos greitis | -1,41+0,66 | -1,26£0,46 | 0,31 | —-1,43+0,61 | —-1,37+0,41 | 0,45
A (Ifs)
Apsukinés itampos matavimai
Apsukine ~13,15+4,08 | —14,754,19 | 0,14 | -12,7123,91 | ~15,87+4,32 |<0,001
jtampa (proc.)
Sistolinis [ | 3 764042 | 1624018 | 0,26 | ~1,64£0,41 | ~1,712039 | 0,29
pos greitis S (I/s)
Diastolinis
itampos greitis 1,77+0,51 1,68+0,38 | 0,54 | 1,56+0,51 1,76+£0,45 | 0,007
E (I/s)
Diastolinis
itampos greitis 1,18+0,38 1,01+0,35 0,21 1,1+0,51 1,13+0,41 0,61
A (I/s)

Pastaba: KS — Kairysis skilvelis; S — sistolinis pasisukimas; E — ankstyvasis diastolinis
pasisukimas; A — diastolinis pasisukimas susitraukiant priesirdziams; SN — vidurkist
standartinis nuokrypis.
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6.8. Klinikiniu rodikliy verté, prognozuojant KS remodeliavimasi, esant
sumazéjusiai fT3 koncentracijai sergant MI su S-T segmento pakilimu

Prognozuojant KS remodeliavimuisi atsirasti reikSmingus pozymius, buvo
atlickama vienaveiksné logistinés regresijos analizé. Nustatyta, kad didZiausia
prognozing verte turé¢jo Q bangos miokardo infarktas (p=0,013), priekinés KS
sienelés miokardo infarktas (p=0,012), didelio jautrumo CRB (p<0,001), fT3
sumazejimas ir didelio jautrumo CRB (p=0,009) (6.8.1 lentelé).

Taikant daugiaveiksne¢ binaring logisting regresing analize, nustatyti
prognoziniai KS remodeliavimosi parametrai. KS vir§tinés pasisukimas, KS
susisukimas, KS galinis diastolinis tiiris, kairiojo priesirdZio turis, iSilginé
jtampa — buvo reikSmingiausi KS remodeliavimosi pozymiai pacienty po MI
su S-T segmento pakilimu ir turin¢iy sumaz¢jusia fT3 koncentracija (6.8.2
lentelé). Klinikiniai ir laboratoriniai parametrai, jtraukti j daugiaveiksnés lo-
gistinés regresinés analizés modelj, KS remodeliavimuisi reik§més netur¢jo.

6.8.1 lentelé. Vienaveiksnés logistinés regresijos analizés duomenys, prog-
nozuojant klinikinius KS remodeliavimosi pozymius

Rodiklis _ Vienaveiksné logistiné regresija
SS +95 proc. PI p
Q bangos MI 3,12 2,41-3.91 0,013
Priekinés sienelés MI 2,91 1,68-3,63 0,012
dj CRB > 5 mg/l 1,83 1,23-2,87 <0,001
dj CRB > 5 mg/I fT3<3,2 pmol/l 1,42 1,09-3,28 0,009

Pastaba: MI — miokardo infarktas; dj CRB — didelio jautrumo C reaktyvusis baltymas; fT3—
laisvasis trijodtironinas; SS — Sansy santykis; PI — pasikliautinasis intervalas.
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6.8.2 lentelé. Daugiaveiksnés binarinés logistinés regresijos analizés duo-
menys, prognozuojant KS remodeliavimgsi

PoZymis Exp (B) 95 proc. PI p
KS virsiinés pasisukimas (°) 1,639 1,066-2,520 0,024
KS susisukimas (°) 1,250 1,012-1,077 0,036
;Seiﬁzn;a(tsgswhms pasisukimo 1118 1,066-1,073 0,048
I8ilginé jtampa (proc.) 1,192 1,001-1,420 0,048
KS GDD indeksas (mm/m?) 1,143 1,098-1,322 0,042
KS GSD (mm) 1,119 1,096-1,763 0,038
KS GDT (ml) 1,203 1,097-1,332 0,041
KP tiiris (ml) 1,238 1,093-1,485 0,036

Pastaba: KS — kairysis skilvelis; GDD - galinis diastolinis dydis; GSD — galinis sistolinis
dydis; GST —galinis sistolinis ttris; GDT — galinis diastolinis tiris; KP — kairysis prieSirdis;
Pl — pasikliautinasis intervalas.

Siekiant nustatyti sumazéjusio T3 kiekio ir echokardiografiniy rodikliy
jtaka KS remodeliavimuisi atsirasti, buvo taikyta ROC analiz¢ kritiniams
pozymiy taSkams nustatyti. Nustatyta, kad didZiausio jautrumo ir specifis-
kumo KS remodeliavimosi prognozés rodikliai yra KS GSD indeksas >32,2
(mm/m?) (plotas po kreive 0,709; p<0,007; jautrumas — 98,71 proc., speci-
fiSkumas — 83,92 proc.) (6.8.3. pav.). KP tiirio indeksas >32,0 ml/m? (plotas
po kreive 0,691; p=0,012; jautrumas — 87,64 proc., specifiSkumas — 82,01
proc.) (6.8.4 pav.), KS vir§tunés pasisukimas < 7,31° (plotas po kreive 0,627,
p=0,011; jautrumas — 88,95 proc., specifiSkumas — 76,72 proc.) (6.8.5 pav.),
KSGDD indeksas >26,7 mm/m? (plotas po kreive 0,669; p=0,023; jautru-
mas — 94,12 proc., specifiSkumas — 37,93 proc.), KSGDT >119 ml (plotas
po kreive 0,601; p=0,032; jautrumas — 76,84 proc., specifiSkumas — 87,61
proc.). Specifiskiausi rodikliai yra KS isilginé jtampa < -13,37 proc. (plotas
po kreive 0,599; p=0,031; jautrumas — 57,37 proc., specifiSkumas — 77,16
proc.) ir KS pamato pasisukimas < -1,8° (plotas po kreive 0,593; p=0,033;
jautrumas — 64,84 proc., specifiSkumas — 76,12 proc.).

Sie ir papildomi duomenys pateikti 6.8.6 ir 6.8.7 lentelése.
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6.8.3 pav. Prognozinés kairiojo skilvelio galinio sistolinio dydzio
indekso vertés nustatymas
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6.8.4 pav. Prognozinés kairiojo priesSirdzio tirio indekso vertés nustatymas
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6.8.5 pav. Prognozinés kairiojo skilvelio virsinés pasisukimo
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6.8.6 lentelé. Echokardiografiniy parametry ROC testo prognozuojamy reiks-
miy ir jy charakteristiky skirstinys, jvertinant KS remodeliavimgsi esant

sumazéjusiam fT3 kiekiui

Rodikliai Plotas po ROC Kkreive +95 proc. PI p
KSGDD indeksas (mm/m?) 0,669 0,54-0,81 0,023
KSGSD indeksas (mm/m?) 0,709 0,57-0,85 0,007
KSGDT (ml) 0,601 0,49-0,71 0,032
KP tiirio indeksas (ml/m?) 0,691 0,56-0,82 0,012
KS isilginé jtampa (proc.) 0,599 0,43-0,64 0,031
KS pamato pasisukimas (°) 0,593 0,38-0,60 0,033
KS virstnés pasisukimas (°) 0,627 0,47-0,78 0,011

Pastaba: KS — kairysis skilvelis; GDD - galinis diastolinis dydis; GSD — galinis sistolinis
dydis; GDT - galinis diastolinis ttris; KP — kairysis priesirdis; Pl — pasikliautinasis

intervalas.
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6.8.7 lentelé. Echokardiografiniy parametry ROC testo prognozuojamy
reiksmiy ir jy charakteristiky skirstinys, jvertinant KS remodeliavimgsi

esant sumazéjusiam f13 kiekiui

Parametro 195 . +95 Tikimybiy santykis
S ... | Jautru- Specifis-
Rodikliai | optimali proc. | proc. . L.
reik¥meé mas PI umas PI Teigiama | Neigiama
KS GDD >26,7 94,12 71,3— 37,93 25,5- 1,52 0,16
indeksas 99,9 51,6
(mm/m?)
KS GSD >32.2 98,71 28,6— 83,92 28,6— 1,23 0,18
indeksas 78,8 48,6
(mm/m?)
KS GDT >119 76,84 16,3— 87,61 65,8— 1,65 0,81
(ml) 61,6 86,9
KP tiirio >32 87,64 74,1- 82,01 71,2— 1,19 0,19
indeksas 92,0 86,4
(ml/m?)
KS isilginé <-13,37 57,37 24,4~ 77,16 54,6- 1,44 0,78
jtampa 71,1 78,2
(proc.)
KS pamato <-1,87 64,84 16,3— 76,12 64,1- 1,54 0,83
pasisukimas 61,6 85,7
©
KS virsiinés <731 88,95 54,4— 76,72 44,0- 1,82 0,37
pasisukimas 93,9 68,8
©)

Pastaba: KS — kairysis skilvelis; GDD - galinis diastolinis dydis; GSD - galinis sistolinis
dydis; GDT - galinis diastolinis turis; KP — kairysis prieSirdis; Pl — pasikliautinasis

intervalas.
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7. REZULTATU APTARIMAS

7.1. Sumazéjusio fT3 sasajy su ISL rizikos veiksniais

Literatiiros duomenimis, sumazéjusi T3 koncentracija susijusi su dides-
ne vainikiniy arterijy ligy atsiradimo rizika [46, 103, 104]. Sumaz¢éjes T3
kiekis, arba dar vadinamas mazos — T3 koncentracijos sindromas, nustato-
mas apie 30 proc. UMI serganéiy pacienty [16, 31].

Misy duomenimis, 31,4 proc. pacienty, kurie sirgo MI su S—T segmen-
to pakilimu (MI su STP), turéjo sumazéjusig fT3 koncentracijg (fT3 <3,2
pmol/l). ROC analizé parodé bendrojo trijodtironino (TT3) (jautrumas 96,9
proc., specifiSkumas 98,8 proc.) ir neveikliojo trijodtironino (rT3)
(Jautrumas 96,9 proc., specifiSkumas 97,6 proc.) ribines vertes, esant
sumazéjusiam fT3 kiekiui. Sie duomenys leidzia manyti, kad pacientai,
sergantys Ml su STP, turé¢jo mazos — T3 koncentracijos sindromg.

Uzdegimas, hipoksija — svarbiausi veiksniai, lemiantys sumazéjusia T3
koncentracija UMI metu [105]. Mes nustatéme padidéjusj didelio jautrumo
C reaktyviojo baltymo (dj CRB) kiekj pacientams, kurie turé¢jo sumazéjusia
fT3 koncentracija. Dj CRB — aterosklerozinio proceso atsiradimo rizikos
veiksnys ir yra susijes su padidéjusia iSeminiy jvykiy rizika, tai yra galimu
aterosklerozinés plokstelés plySimu [106, 107]. Dj CRB padidéjimas timiniu
MI periodu yra nepriklausomas KS remodeliavimosi, Sirdies nepakankamu-
mo atsiradimo prognozinis zymuo [51].

Misy tyrimo duomenimis, didesnés bendrojo ir MTL cholesteroliy kon-
centracijos stebétos pacientams, turintiems sutrikusig skydliaukés hormony
funkcija, ir pacientams, kuriems po 6 ménesiy nustatétme KS remodelia-
vimasi. Skydliaukés hormonai lemia lipidy metabolinius procesus ir didina
cholesterolio esterius perneSanciy baltymy aktyvumg. Pastaryjy mety tyri-
mais nustatyta, kad dislipidemija yra svarbus rizikos veiksnys, nustatomas
pacientams, turintiems sutrikusig skydliaukés funkcija, lemiantis serga-
mumg ir mirStamumga nuo Sirdies ir kraujagysliy ligy [108, 109].

B. Zhang‘o ir bendraautoriy duomenimis, UMI sirgusiems ir turé&ju-
siems sumazejusj fT3 kiekj pacientams nustatytos didesnés vainikiniy arte-
rijy pazaidos. Sie duomenys leido daryti prielaida, kad sumazéjes fT3
atspindi UMI eigos sunkuma [31]. Miisy duomenimis, priekinés ir apsukinés
vainikiniy arterijy pokyciai dazniau nustatyti pacientams, turintiems suma-
z¢jusiag fT3 koncentracijg.

Apibendrinant duomenis galima teigti — ne vien jprastiniai rizikos
veiksniai lemia ISL atsiradima. Pastaryjy mety tyrimy duomenimis, tobulé-
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jant diagnostikos metodams, galima iSsamiau nustatyti sudétingus patogene-
zinius ligy mechanizmus. Sumazéjes fT3 kiekis — vainikiniy arterijy ligy
atsiradimo rizikos veiksnys ir diagnostikos Zymuo, lemiantis MI su STP
tolesng eigg ir prognozg.

7.2. EndoKkrininiy, klinikiniy veiksniy, lemian¢iy KS remodeliavimasi
po persirgto MI su S-T segmento pakilimu aptarimas

27,3 proc. timiniu MI su STP sirgusiy tiriamyjy KS remodeliavosi po 6
meénesiy stebéjimo laikotarpio. Literatiiros duomenimis, KS remodeliuojasi
13-49 proc. MI su STP sirgusiy pacienty [4—6]. KS remodeliavimosi nusta-
tymas yra labai svarbus, nes susijes su Sirdies nepakankamumo atsiradimu,
pavojingy Sirdies aritmijy ir mirties rizika [78, 110].

Analizavome tiriamyjy, kuriy KS remodeliavosi ir kuriy KS nesiremo-
deliavo, skydliaukés hormony duomenis. Nustatéme, kad pacientai, kuriy KS
remodeliavosi, fT3 koncentracija pirmaja MI para buvo sumazejusi, o rT3
koncentracija padidéjusi, nors kity skydliaukés hormony — TT3, fT4, TSH —
koncentracijos nei pirmaja, nei ketvirtaja paromis nesiskyré. Uzdegimas,
hipoksija, treciojo tipo dejodinazés aktyvumas lemia skydliaukés hormony
pusiausvyros sutrikimg UMI metu. Kai kuriy autoriy duomenimis, sunkios MI
eigos metu nustatytas sumazéjes fT3 ir padidéjes rT3. [24, 25, 111, 112].
Lymvaios‘as nustaté, kad sumazéjes T3 UMI metu yra susijes su sumazéjusia
KS funkcija praéjus 6 ménesiams [45]. Jverting Siuos duomenis, galime teigti,
kad sumazéjes fT3 kiekis UMI laikotarpiu (pirmaja parg) susijes su tolesne
blogesne prognoze, nes po 6 ménesiy Siems pacientams nustatéme echokar-
diografinius KS remodeliavimosi pozymius. Pacientai, kuriy KS nesiremo-
deliavo, fT3 koncentracija pirmajg parg buvo visiSkai normali (4,05 pmol/l),
palyginti su tais, kuriy KS remodeliavosi (3,12 pmol/l).

Misy duomenimis, tiriamieji, kuriy KS remodeliavosi, dazniau sirgo
priekinés sienelés MI. Siy pacienty dazniau buvo paZeistas vienas priekinés
vainikinés arterijos segmentas. Priekinés sienelés MI su Q banga yra svar-
bus prognozinis KS remodeliavimosi pozymis (priekinés sienelés MI SS
2,9; p=0,012 ir Q banga SS 3.1; p=0,013). Ivertinus Siuos duomenis, galima
teigti, kad priekinés sienelés MI apima didelg priekinés KS sienelés sritj,
jtraukiami ir virSiinininiai KS segmentai, o Q banga atspindi miokardo
nekroze. Kai kuriy tyréjy duomenimis, infarkto ploto dydis ir Q banga yra
nepriklausomi KS remodeliavimosi prognoziniai pozymiai [113, 114].
Wang‘as ir bendraautoriai nustaté pacienty serganc¢iy MI su STP sgsajas tarp
skydliaukés funkcijos, miokardo pazaidos ir KS funkcijos. Jie pasteb¢jo
sumazéjusio fT3 kiekio koreliacijas su troponinu I, CRB ir KS IF [115].
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Kimura nustaté, sumazéjusios fT3 koncentracijos koreliacijas su IL-6, CRB
ir echokardiografiniais KS remodeliavimosi parametrais (KS IF, KS GDT)
[116].

Misy duomenimis, troponinas I, miocity mirties ir miokardo nekrozés
zymuo, buvo padidéjes pacienty, kuriems KS remodeliavosi po 6 ménesiy.
Padidéjes troponino I kiekis atspindi ne tik miokardo nekrozés ploto dydj,
bet yra susijes su blogesne MI su STP serganciy pacienty prognoze, tai yra
KS remodeliavimosi, Sirdies nepankamumo atsiradimu [117, 118, 119].

Didele jtakag KS remodeliavimosi patogenezei turi uzdegimo sistemos
komponentai. Analizuodami MI su STP sirgusiy pacienty duomenis nustateé-
me leukocity ir dj CRB padidéjima tiriamiesiems, kuriems po 6 ménesiy KS
remodeliavosi. Leukocity padidéjimas iminiu MI periodu daugiau nei 11,3
101 didino KS remodeliavimosi tikimybe po 4 ménesiy (SS 3,0; p=0,027)
[67]. Nustatéme, kad dj CRB, didesnis nei 5 mg/l, didino tikimybe¢ jvykti
KS remodeliavimuisi (SS 1,83; p<0,001) po 6 ménesiy. Padidéjes dj CRB ir
sumazejes I3 buvo reikSmingi KS remodeliavimosi prognozés veiksniai
(SS 1,42; p<0,009). Misy ir kity tyréjy duomenys patvirtina leukocitozes, dj
CRB verte, prognozuojant KS remodeliavimasi persirgus MI [120]. Winter‘is
nustaté, kad dj CRB, didesnis nei 5 mg/1 buvo susijes su KS remodeliavimo-
si ir Sirdies nepakankamumo atsiradimu po 6 ménesiy persirgus MI [121].

Apibendrinat duomenis — skydliaukés hormony funkcijos sutrikimas,
miokardo infarkto vieta, uzdegimo Zymeny, miokardo nekrozés Zymeny pa-
did¢jimas yra svarbiis KS remodeliavimosi prognoziniai veiksniai. Miisy
duomenys parodé, kad sumzéjes T3 kiekis, priekinés sienelés Q bangos MI,
leukocity, dj CRB ir troponino I padidéjimas yra reikSmingi KS remodelia-
vimosi rodikliai. Miisy tyrimo metu padidéjusig rT3 koncentracija nustaté-
me KS remodeliavimosi grupés pacientams, taciau sasajy su KS echokardio-
grafiniais parametrais neradome.

7.3. Sumazéjusios fT3 koncentracijos jtaka echokardiografiniams
KS remodeliavimasi atspindintiems rodikliams, persirgus MI su S—T
segmento pakilimu

Echokardiografinis tyrimas turi diagnosting ir prognozing verte verti-
nant KS funkcija persirgus UMI. TZM echokardiografija vertingesnis tyri-
mas, leidziantis nustatyti daug jautresnius parametrus, atspindincius KS
funkcija tiek tminiu MI periodu, tiek po 6 ménesiy.

Vertindami KS morfometrijos echokardiografinius rodiklius nustatéme,
kad KS galinis diastolinis dydis Giminiu MI periodu buvo daug didesnis KS
remodeliavimosi grupés tiriamyjy. Taciau stebé¢jimo laikotarpiu padidéjo ir

69



pacientams, kuriems nustatytas fT3 koncentracijos sumaz¢jimas. KS galinis
sistolinis dydis vienodai padidéjo abiejose minétose grupése. KS galinio
diastolinio dydZzio indeksas >26,7 mm/m? (jautrumas 94,12 proc. ir specifis-
kumas 37,93 proc.) ir ypa¢ KS galinio sistolinio dydzio indeksas >32,2
mm/m? (jautrumas 98,71 proc. ir specifiSkumas 83,92 proc.) buvo svarbiis
prognoziniai KS remodeliavimosi poZymiai.

KS galinis diastolinis tiiris ir jo indeksas buvo didesni KS remodelia-
vimosi ir sumaz¢jusio fT3 tiriamyjy. KS galinis sistolinis tiiris ir jo indeksas
buvo didesni tik tiriamyjy, kuriems remodeliavosi KS. Lyginant KS tiiriy
duomenis, galima teigti — fT3 sumazéjusioje grupéje padidéjo tik KS galinis
diastolinis ttris, o KS remodeliavimosi grupéje padidéjo KS diastolinis ir
sistolinis turiai. Aptariant tolesnius tyrimo duomenis, tiriy pokyc¢iai padés
pagristi KS mechaning funkcijg atspindin€iy rodikliy pakitimus.

KS galinis diastolinis tiiris yra vertingas echokardiografinis parametras,
kuriam budingas 76,84 proc. jautrumas ir 87,61 proc. specifiskumas, prog-
nozuojant KS remodeliavimasi esant sumaz¢jusiam fT3 kiekiui. Pacienty,
kurie sirgo MI su S-T segmento pakilimu ir turéjo sumazéjusj fT3 kiekj, KS
galinis diastolinis tiris 1,2 karto didino galimybe atsirasti KS remodeliavi-
muisi po 6 ménesiy.

KS i$stiimio frakcija pablogéjo KS remodeliavimosi ir sumazéjusio fT3
grupése. Abiejy grupiy tiriamiesiems Gminiu MI periodu nustatyta sutrikusi
KS sistoline funkcija, taciau blogesné KS IF buvo véliau jvykusio KS remo-
deliavimosi grupés. KS galinis sistolinis tiiris ir KS i$stimio frakcija nebuvo
reik§mingi parametrai, prognozuojant KS remodeliavimasi po 6 ménesiy
pacientams sirgusiems MI su S-T segmento pakilimu ir turéjusiems suma-
z¢jusj T3 kiekj.

Apibendrinant §iuos miisy tyrimo duomenis, galima teigti — UMI perio-
du pacientams, kuriy sumazéjes fT3 kiekis ir véliau jvykes KS remodeliavi-
masis, nustatomi blogesni KS dyd; ir funkcija atspindintys echokardiogra-
finiai rodikliai. Kai kuriy autoriy duomenimis, pacientams, kuriems diagno-
zuotas MI, sumaz¢jusi fT3 koncentracija buvo susijusi su KS galiniu diasto-
liniu, KS galiniu sistoliniu dydziais, KS galiniu diastoliniu tiriu, nustatytos
reik§mingos koreliacijos su KS i$stimio frakcija. Sie echokardiografiniai
rodikliai, galintys nusakyti KS dydzio ir funkcijos sutrikimg, yra svarbis
anktyvuoju ir vélyvuoju MI laikotarpiais bei tolesnei prognozei [43-45].

Bendraja KS funkcija gali atspindéti DVZ judesio sistolinis greitis, pa-
matuotas impulsiniu audiniy dopleriu. DVZ judesio sistolinis greitis Gmi-
niu MI periodu buvo sumazéjes visiems pacientams jvykus MI su STP.
Taciau prognozuojant KS remodeliavimasi, $is parametras vertés neturéjo.
Literatiiros duomenimis, DVZ judesio sistolinis greitis gali biiti vertingas
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KS ilgosios asies funkcija atspindintis rodiklis, susijes su KS isstimio
frakcija [122].

Tiek KS remodeliacijos, tiek fT3 sumazéjusio grupése nustatéme kai-
riojo priesirdzio (KP) i$siplétimo echokardiografinius pozymius. KP issiplé-
timas — vienas i$ sutrikusios KS diastolinés funkcijos pozymiy, E/E* santy-
kis buvo didesnis sumaz¢jusj fT3 turin€iy pacienty grupéje. Tai parodo
sutrikusig diastoling KS funkcijg, pseudonormalaus tipo ir padidéjusj KS
prisipildymo spaudimg. KP tiirio indeksas >32 ml/m? (jautrumas 87,64 proc.
ir specifiSkumas 82,01 proc.) buvo svarbus prognozinis KS remodeliavimosi
pozymis, esant sumazéjusiai fT3 koncentracijai. Pacientams, kurie sirgo Ml
su S-T segmento pakilimu ir turéjo sumazéjusj T3 kiekj, KP tiris 1,2 karto
didino galimybe atsirasti KS remodeliavimuisi po 6 ménesiy. Literattiros
duomenimis, sumazéjusi fT3 koncentracija susijusi su KP ttrio padidéjimu,
kuris yra Sirdies ertmiy geometrijos pokyc¢iy prognozés zymuo [123, 124].
KS spaudimg atspindintis E/E* santykis yra jautresnis KS remodeliavimosi
prognozinis rodiklis nei KS iSsttimio frakcija [63].

Analizavome pamatinés ir virStninés KS daliy pasisukimg, sistolinj ir
diastolinj KS pasisukimo greicius, KS susisukimg ir KS sasiikg.

UMI metu atsiranda tiesioginis miokardo funkcijos sutrikimas, tai yra
pribloksto, arba ziemojané¢io, miokardo biklé. Jvykus miocity nekrozei, su-
trinka epikardo ir endokardo (jstriziniy) skaiduly judéjimas priesinga kryp-
timi ir per silpnai atlieckamas gre¢Ziamasis judesys. Tai atspindi KS vir§tinés
pasisukimo ir susisukimo sumazéjimas [125, 126].

Mazos — T3 koncentracijos sindromas susijes su pribloksto miokardo
bukle: skatindamas uzdegimo atsaka, laisvyjy radikaly susidaryma, sukelia
KS susitraukimo sutrikimag [25].

Miisy duomenimis, timiniu MI periodu sumazéjo KS vir§iinés pasisuki-
mas, o KS pamato pasisukimas iSliko didesnis fT3 sumazéjusioje ir KS re-
modeliavimosi grupése, palyginti su vélesnio periodo rezultatais. Atlikda-
mas kompensacing funkcijg, KS pamatas gali pradéti intensyviai judéti,
nejudant KS vir§tinei. Jdomius duomenis gavome nagrinédami KS vir§tinés
pasisukima ir KS susisukimg vélesniu laikotarpiu. KS remodeliavimasis, KS
iSsiplétimas susij¢ su perkrovos biikle. KS pasisukimg didina didéjantis
prieskrivis, o mazina — did¢jantis pokruvis. Didéjantis KS GDT susijes su
KS virsiinés pasisukimo ir KS susisukimo padidéjimu (angl. hyper — rota-
tion), o did¢jantis KS GST susije su KS virStnés pasisukimo ir KS susisu-
kimo mazéjimu (angl. hypo-rotation) [127]. Miisy duomenimis, po 6 méne-
siy KS virStinés pasisukimas ir KS susisukimas padidéjo sumazéjusio T3
grupés, KS GDT taip pat buvo didesnis. KS remodeliavimosi grupéje KS
virSiinés pasisukimas ir KS susisukimas sumazéjo, iy pacienty KS GST ir
KS GDT buvo padidéje. Vystantis KS dilatacijai, sieneliy jtampos didéjimas
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pirmiausia pastebimas pamatinéje KS dalyje. Vélesné¢je ligos stadijoje,
progresuojant Sirdies ertmiy iSsiplétimui, kei¢iantis KS geometrijai, mazé-
jant KS pamato ir virSlinés pasisukimui, sukeliamas KS susisukimo
mazéjimas. Priekinés sienelés MI be regioninés sienelés pazeidimo daugiau-
sia lemia KS vir§tinés susitraukimo sumazg¢jimg ir hiperkontrakcija KS pa-
matinéje dalyje, o apatinés sienelés MI daugiausia sukelia KS pamato kont-
rakcijos sumazgjimg ir virSunés hiperkontrakcija [128]. Miisy duomenimis,
KS pamato pasisukimas po 6 ménesiy sumaz¢jo pacientams, kurie turéjo
sumazéjusj T3 kiekj, o jy KS vir§tinés pasisukimo parametrai padidéjo. KS
remodeliavimosi grupés tiriamiesiems KS virStinés pasisukimas po 6 méne-
siy padidéjo, palyginti su Gminiu periodu, tac¢iau ne tiek kaip sumazéjusio
fT3 grupés. Taciau KS susisukimas daug buvo mazZesnis KS remodelia-
vimosi grupés po 6 ménesiy, tai parodo blogg sistoling KS funkcijg ir maza
sistolinj tirj.

Misy duomenimis, KS vir§iinés pasisukimas, mazesnis nei 7,31°, yra
vertingiausias prognozinis KS remodeliavimosi poZymis po 6 ménesiy
persirgus MI su STP ir sumazéjus fT3 koncentracijai (jautrumas 88,95 proc.,
specifiskumas 76,72 proc.). Siek tiek maZiau, ta¢iau buvo reikimingas KS
pamato pasisukimas (jautrumas 64,84 proc., specifiSkumas 76,12 proc.).

Nustatéme, kad KS virStnés pasisukimas 1,6 karto (p=0,024), KS susi-
sukimas 1,2 karto (p=0,036) didino galimybg¢ KS remodeliuotis po 6 méne-
siy pacientams, turintiems sutrikusig skydliaukés funkcijg. Literatiiros duo-
menimis, KS vir§iinés pasisukimas ir susisukimas KS mechaning funkcija
daugiausia atspindintys parametrai [74, 81, 129, 130].

KS virSiinés pasisukimas vertingesnis KS funkcija atspindintis para-
metras nei KS iSstimio frakcija persirgus MI [131]. KS susisukimo sumazé-
jimas (5,6+2,6° ir 9,8+4,0°, p<0,005), nustatytas pacienty, turin¢iy sutrikusia
KS iSstimio frakcijg ir serganciy priekinés sienelés MI, grupéje [132]. KS
virstinés pasisukimas 7,5° (p<0,001) buvo KS remodeliavimosi prognozés
poZymis, pacientams po MI [133].

Nustatéme didesng KS sasiikg sumazéjusio fT3 grupéje, taciau KS re-
modeliavimosi grupéje Sis dydis buvo mazesnis. KS sgsiika mazéja, suma-
z¢&jus KS pasisukimui pries laikrodzio rodykle. Pablogéjusi virSiinés jtampa
negali sukelti pakankamg virSiinés pasisukimo judesj, lemiantj ir KS susisu-
kimo mazéjima. KS sasiikos padidéjimas susijes su E/E¢ santykio pokyciais
[134].

Misy tyrimo duomenys parodé, kad E/E* santykis buvo didesnis suma-
zejusio fT3 grupéje. KS sgsiika, E/E® santykis, kairiojo prieSirdzio dydis
susije su didesnio laipsnio diastolinés funkcijos sutrikimu.

Iverting miokardo deformavimosi parametrus @iminiu miokardo laiko-
tarpiu ir po 6 ménesiy nustatéme iSilginés jtampos sumaz¢jima KS remode-
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liavimosi ir sumazéjusio fT3 grupése. Diastolinis jtampos greitis sumazéjo
KS remodeliavimosi grupéje. Apsukiné jtampa stebéjimo laikotarpiu padi-
déjo fT3 sumazéjusioje grupéje. Spinduliné jtampa sumazéjo KS remodelia-
vimosi grupéje, bet nereik§mingai. Masy duomenimis, KS isilginé jtampa,
mazesné nei —13,37 proc., yra vertingas echokardiografinis parametras,
prognozuojant KS remodeliavimasi po persirgto MI. Pacientams, kurie sirgo
MI su S-T segmento pakilimu ir tur¢jo sumazéjusj fT3 kiekj bei iSilgine
jtampa, nustatéme 1,2 karto didesn¢ galimybe remodeliuotis KS po 6 mé-
nesiy. Sumazéjusi fT3 koncentracija jau tminiu MI laikotarpiu buvo susijusi
su KS vélyvuoju diastoliniu i$ilginés jtampos grei¢iu (1=0,32; p<0,001).

Endokardo skaidulos iSsidés¢iusios iSilgai KS ir tvirtinasi prie dviburio
voztuvo ziedo. ISemija ir perkrovos biuklés gali lemti deformavimosi rodik-
liy pokycius [135]. Kity autoriy duomenimis, KS isilginé jtampa ir KS sast-
ka Gminiu MI periodu buvo sumazéjusi pacientams, kuriems véliau KS
remodeliavosi [90]. ISilginé jtampa — vertingas KS remodeliavimosi para-
metras, ypa¢ persirgus priekinés sienelés MI [136]. Kity autoriy duomeni-
mis, KS geometrijos ir KS GST poky¢iai susije su iSilginés jtampos pablo-
géjimu, esant normaliai apsukinei KS funkcijai [137]. ISilginé jtampa,
mazesné nei —12 proc. (jautrumas 84,8 proc. ir specifiSkumas 87,8 proc.),
didino KS remodeliavimosi galimybe po MI [138]. Kito autoriaus duomeni-
mis, KS iSilginé jtampa buvo sumazéjusi metaboliniu sindromu sergantiems
pacientams, taciau nepakitusiai KS apsukinei jtampai ir KS pasisukimo
rodikliams. I$ilginé jtampa buvo susijusi su TNF (r=0,46; p<0,001) ir dj
CRB (r=0,45; p<0,001). Manoma, kad uzdegimo veiksnys ir nutukimas gali
buti susij¢ su KS remodeliavimusi [139]. Metabolinio sindromo metu vyksta
tie patys patafioziologiniai mechanizmai kaip ir mazos — T3 koncentracijos
sindromo metu. Vadinasi, KS remodeliavimasi lemia daug veiksniy, kuriy
vienas — sumazéjusi fT3 koncentracija.

Literatiiroje néra duomeny, vertinan¢iy KS pasisukimo ir deformavimo-
si parametrus pacientams po MI ir turintiems sumazéjusig fT3 koncentra-
cija. Sie rodikliai tirti pacienty, turindiy sutrikusia negydoma skydliaukeés
funkcija — hipotireoze, bet nesirgusiy MI. Siuos duomenis pateikiame litera-
tiros apzvalgoje. Atlikti klinikiniai ir bandomieji tyrimai pacienty, persirgu-
siy miokardo infarktu, vertinantys fT3 koncentracijg ir KS funkcijg jprasti-
niais echokardiografiniais parametrais bei $iy parametry prognozing verte.

Apibendrinant duomenis, galima teigti, kad sumazéjes laisvojo trijodti-
ronino kiekis lemia KS funkcijg atspindin¢ius echokardiografinius paramet-
rus pacientams, sergantiems Ml su STP. KS pasisukimo ir deformavimosi
parametry pokyciai stebéti tiek sumazejusio fT3, tiek KS remodeliavimosi
grupése, kurie buvo panasas tminiu MI periodu ir skyrési Siems tiriamie-
siems po 6 ménesiy. KS remodeliavimosi grupés pacientai dazniau sirgo
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priekinés sienelés MI, tai lémé didesnius jprastinius ir KS mechaning
funkcija atspindindiyjy echokardiografiniy parametry pokycius. TZM
echokardiografija pamatuoti KS pasisukimo parametrai tiksliau atspindi KS
disfunkcijg pacientams po MI su S-T segmento pakilimu ir turintiems
sutrikusig skydliaukés funkcijg. KS vir§iinés pasisukimas, susisukimas yra
reikSmingiausi KS remodeliavimosi echokardiografiniai parametrai, pama-
tuoti TZE. Maziau jautriis ir specifiski, ta¢iau informatyviis KS funkcija
atspindintys parametrai yra KS pamato pasisukimas ir isilginé jtampa.
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1.

8. ISVADOS

Tiriamieji, kuriems nustatyta sumazéjusi laisvojo trijodtironino
koncentracija, turéjo didesnes bendrojo cholesterolio (p=0,02), mazo
tankio cholesterolio (p=0,03) ir didelio jautrumo C reaktyviojo baltymo
(p=0,03) koncentracijas iiminiu miokardo infarkto periodu ir daZniau
sirgo apatinés sienelés miokardo infarktu (p<0,001).

Sumazejusi laisvojo trijodtironino koncentracija susijusi su kairiojo
skilvelio sistoling ir diastoling funkcijas atspindinéiais echokardiogra-
finiais parametrais iminiu miokardo infarkto periodu ir po 6 ménesiy:

a) Uminiu miokardo infarkto periodu nustatytos sgsajas tarp sumazéju-
sios laisvojo trijodtironino koncentracijos ir kairiojo skilvelio
pamato pasisukimo (r=0,4, p<0,001), kairiojo skilvelio susisukimo
(r=— 0,3, p<0,001) ir kairiojo skilvelio vélyvojo diastolinio iSilginés
jtampos greicio (r=0,32, p<0,001);

b) tiriamiesiems, kuriems tminiu miokardo infarkto periodu buvo
sumazgjusi laisvojo trijodtironino koncentracija, po 6 ménesiy
nustatyti blogesni jprastiniai, miokardo deformavimosi ir pasisukimo
parametrai: padidéjo kairiojo skilvelio galinis sistolinis ir diastolinis
dydziai (p<0,001; p=0,028), kairiojo skilvelio galinis diastolinis tiiris
(p=0,011), kairiojo priesirdzio tiris (p<0,002), E/E‘ santykis
(p=0,028), sumazejo kairiojo skilvelio iSstiimio frakcija (p=0,042),
padidéjo kairiojo skilvelio vir§iinés pasisukimas (p<0,004), kairiojo
skilvelio susisukimas (p=0,011), ankstyvasis diastolinis kairiojo
skilvelio pasisukimo greitis virSiinés srityje (p=0,038), sumazgjo
kairiojo skilvelio pamato pasisukimas (p=0,031) ir kairiojo skilvelio
i8ilginé jtampa (p=0,041).

Kairiojo skilvelio remodeliavimasis daZniau nustatytas pacientams,
kuriems @iminiu miokardo infarkto periodu buvo sumazéjusi laisvojo
trijodtironino koncentracija (p=0,029), padidéjusios neveikliojo trijodti-
ronino (p=0,033), didelio jautrumo C reaktyviojo baltymo (p=0,04),
troponino I (p=0,03) koncentracijos ir dazniau diagnozuotas priekinés
sienelés miokardo infarktas (p=0,02). Tiriamiesiems, kuriems jvyko
kairiojo skilvelio remodeliavimasis, nustatyti sumaz¢je kairiojo skilve-
lio pasisukimo ir deformavimosi echokardiografiniai parametrai: kairio-
jo skilvelio virSunes pasisukimas (p=0,043), kairiojo skilvelio susisu-
kimas (p<0,001), kairiojo skilvelio sagsiika (p=0,026), ankstyvasis ir
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vélyvasis diastoliniai kairiojo skilvelio pasisukimo greiciai vir§iinés
srityje (p<0,001; p<0,004), kairiojo skilvelio iSilgin¢ jtampa (p=0,011).

Kai yra sumazéjusi laisvojo trijodtironino koncentracija, echokardiogra-
finiai parametrai — kairiojo skilvelio vir§tnés pasisukimas (p=0,024),
kairiojo skilvelio susisukimas (p=0,036), kairiojo skilvelio isilginé jtam-
Q banga (p=0,013), priekinés kairiojo skilvelio sienelés miokardo
infarktas (p=0,012), didelio jautrumo C reaktyvusis baltymas (p<0,001)
yra prognoziniai kairiojo skilvelio remodeliavimosi veiksniai.
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9. PRAKTINES REKOMENDACIJOS

Laisvojo trijodtironino koncentracijos tyrimas galéty bati jtrauktas j
iSeminés Sirdies ligos profilaktikos programg ir nustatomas kaip kiti rizikos
veiksniai (lipidograma, glikemija).

Laisvojo trijodtironino koncentracijos tyrimas rekomenduotinas atlikti
pacientams, sergantiems uUminiu miokardo infarktu su S-T segmento
pakilimu. Sis tyrimas galéty padéti atrinkti didelés rizikos pacientus, turin-
¢ius nepalankig tolesng prognoze ir rekomenduoti intensyvesn¢ kardiology
stebéseng taikant visavert] medikamentinj gydyma.

Ankstyvuoju tGminio miokardo infarkto su S-T segmento pakilimu
periodu rekomenduotina atlikti echokardiografinj tyrimg. Kairiojo skilvelio
vir§iinés pasisukimas, kairiojo skilvelio susisukimas turéty biiti naudojami
kaip prognoziniai kairiojo skilvelio remodeliavimosi echokardiografiniai
paramentrai.

Laisvojo trijodtironino sumaz¢jimas timiniu miokardo infarkto periodu
ir gauti rezultatai vélesniu periodu rodo, kad buty tikslinga atlikti vaisty
tyrimg — miokardo infarkto patogenezinj gydyma papildyti pakaitine trijod-
tironino terapija.
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Abstract: (e Recent clinical studies h i incidents are sufficient triggers to affect HPA hypothalamic-pituitary-
thyroid axis and cause a decrease in the serum levels of tri ing (T3). This p is 50 called ‘Low - triipdothyroning

(T3) syndrome’ and is related to changes in heart defing. However, the p gy of Low-T3 synd remains unclear.
The present systemic literature review was designed to organize the latest scientific papers and is seeking fo draw evidence-based
conclusions regarding clinical aspects of the topic. Methods: Accessible scientific databases were analyzed using key words to
obtain scientific papers regarding the field of interest. Research findings were assessed and compared between studies in order to
find out clinical impact of thyroid hormone and heart function following acute myocardial injury. Results: Different studies indicate that
the presence of Low-T3 after ion is a strong tactor of patient morbidity and mortality. Some
researchers believe that the d inT3 might be a y reaction of the body in order to suppress cellular
metabolism during tissue damage. On the other hand, a limited number of recent i and clinical i igations have shown
positive response to treatment with thyroid hormone. Conclusion: Deeper analysis is needed to understand the pathophysiology of

Low-T3 syndrome and possibilities of its use for treatment,

v Low — T3 sy = Trii .
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1. Introduction

Acute myocardial infarction (AMI) results in cardiac dys-
function due to myocardial loss and series of changes
in the non-ischemic myocardium, which include altera-
tion in the chamber size and shape as well as interstitial
structure. This process is known as cardiac remodeling
and involves several cellular and molecular mecha-
nisms, including other factors still under investigation,
which begins only a few hours after AMI and persists
for weeks or months following an initial incident [1,2].
The early stage of ventricular remodeling is defined as
acute dilatation and thinning of the infarction area. In-
farct expansion may lead to development of aneurysm
and rupture of the myocardium [3,4]. The late stage of
ventricular remodeling involves progressive ventricular
chamber dilation and eccentric hypertrophy of non-in-
farcted area, as a compensatory response. Long-term
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dilation increases diastolic and systolic wall stress and
stimulates further ventricular enlargement [5]. Left ven-
tricle (LV) remodeling may occur in about 49% of ST-
elevation acute myocardial infarction (STEMI) patients
treated with primary percutaneous coronary intervention
(P-PCI) [8]. The changes taking place during remodel-
ing comprise heart becoming less elliptical and more
spherical [7]. Changes in ventricular mass, composition
and volume are also present [2]. LV volume is a power-
ful functional predictor of survival in patients with coro-
nary heart disease (CHD) [9].

LV remodeling is associated with unfavorable he-
modynamic performance and adverse outcomes at
long—~term follow-up, including symptomatic heart fail-
ure, death due to pump failure, and sudden cardiac
death [10].

The thyroid and cardiovascular system are closely
related. Experimental and clinical analyses have shown,
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that thyroid hormone (TH) has a fundamental role in car-
diovascular homeostasis, influencing cardiac contractil-
ity, heart rate, diastolic function and systemic vascular
resistance [11]. Abnormal metabolism of TH may lead
to various heart diseases, like accelerated coronary ath-
erosclerosis [12]. Coceani et al. have demonstrated that
free triiodothyronine (T3) levels are inversely correlated
with the presence of coronary artery disease (CAD),
whereas Low - triiodothyronine (T3) syndrome causes
an adverse prognosis for CAD [13]. Few studies have
shown possible beneficial effects of thyroid hormone re-
placement in patients with ischemic heart disease [14].

2. Thyroid hormone and its mecha-
nisms of action

Secretion of thyroid hormone is controlled by pituitary
gland and its secretion of thyroid-stimulating-hormone
(TSH), which is stimulated by hypothalamic thyrotropin-
releasing hormaone (TRH) [15]. Thyroid gland secretes
several hormones, including thyroxine (T4}, triiodothyro-
nine (T3), and reverse triiodothyronine (rT3). The main
product of thyroid gland is T4, which is converted into
T3 that can bind to TH receptors and further modulates
harmone dependent cellular actions [14]. Conversion of
T4 toT3 is catalyzed by selencenzymes called iodothyro-
nine deiodinases, which exist in several forms. Type | de-
iodinase (D1) is located in the liver and kidneys and is re-
sponsible for production of as much as 80% of T3. Type
Il deiodinase (D2) is located in the brain and muscles
including the heart muscle in humans, and contributes
to the total tissue T3 concentration. Type Il deiodinase
(D3) converts T4 into inactive rT3 and degrades T3, T3 is
able to pass through the cell membranes and is respon-
sible for genomic and non-genomic effects of TH [16].

A typical pattern of altered TH metabolism is char-
acterized by the low circulating levels of T3 and has
already been described in patients with AMI [17]. This
phenomenon is known as Low triiodothyronine (T3)
syndrome and involves decreased serum levels of T3,
increased levels of rT3 but unchanged TSH or T4 lev-
els [14]. Although the mechanisms underlying low se-
rum T3 are not yet understoed, some investigators have
elucidated that low hepatic D1 activity could result from
an increased serum interleukins level (particularly inter-
leukin-6}), which occurs after the AMI [14,15].

It is revealed that following pathological ventricular
remadeling, many cardiac genes that are involved in
contractile dysfunction are transcriptionally regulated
by the TH and TH receptors (TRs). Cell culture studies
have identified a number of factors, which can stimulate

D3 activity through the transcriptional activation of DIO3
gene, directly or in combination with other factors [18].
These factors include: - transforming growth factor
(TGFp), mitogen-activated protein kinase (MAPK) sys-
tem, p38 MAPK, as well as the extracellular responsive
kinase (ERK) and hypoxia-inducible factor 1 (HIF-1).
The present contributors result in synergistic stimulation
of transcription of DIO3 gene. Increased D3 activity con-
verts T3 to inactive metabolite rT3, resulting in reduced
T3 level, which in turn effects contractile activity and en-
ergy metabolism [19].

3. Clinical implications

High levels of D3 activity in the infarcted LV are associ-
ated with an apparent heart failure. Olivares et al. con-
ducted a 12-week analysis of LV remodeling, using a
rat model of myocardial infarction (MI). They observed a
chranic heart failure, with reduced ejection fraction and
increased LV end-diastolic diameters and D3 activity
was observed in the infarcted LV at 1-week post MI [20].
This activity was identical to that of increased D3 mea-
sured in another study by Wassen et al. in the RV fol-
lowing AMI [21]. The authors suggested that increased
D3 activity is responsible for the transient decrease in
plasma T3 levels, within first 3 weeks following AMI.
Pol et al. analyzed post — AMI LV remodeling and D3
expression in mouse model. The induction of D3 was
found in hypertrophic, noninfarcted area of LV at first
week after the incident. At the same time the LV function
was severely reduced from week 1 after Ml onwards.,
with increased LV end—diastolic and end-systolic diam-
eters and reduced fractional shortening. Moreover, D3
activity remained high at 4-8 week following AMI [22].
Changes in plasma T3 levels are closely correlated
with the early and late recovery of cardiac function post
AMI. Lymvaios et al. observed a significant correlation
between left ventricular ejection fraction (LVEF, %) and
T3 plasma levels (P=0,0004; P=10-6). The changes in
T3 plasma levels were cbserved early after AMI (48 h)
and at 6 month after AMI. There was not a significant
correlation between LVEF % and T4 or TSH [23]. In a
cohort study of 1047 patients who underwent coronary
angicgraphy, FT3 plasma levels were linked with the
presence of CAD (p<0,001). After 31 months follow-up,
cardiac mortality was greater among patients with Low-
T3 syndrome [13]. From unselected sample of 573 pa-
tients with cardiac disease, cumulative and cardiovas-
cular mortalities were significantly higher in patients with
low T3, compared with those without it (14,4 vs 3%, and
7.5 vs 1,5%) [24]. In a group of 281 patients with post-
ischemic and non-ischemic dilated cardiomyopathy,
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T3 levels and LVEF% were the only independent predic-
tors of cardiovascular and total mortality. Patients with
combination of reduced LVEF% and T3 showed signifi-
cantly higher mortality in comparison with patients who
showed similar LVEF% but normal T3 [25]. Forty-seven
euthyroid patients with AMI| were studied prospectively
during the first 5 days and again 6 and 12 weeks later.
It was noticed that thyroid hormone system is down-
regulated after AMI. The changes in hormone levels
were rapid during the first 24 - 37 hours after onset of
ischemic symptoms. The mean level of T3 decreased
by 19%, the inactive metabolite rT3 levels increased by
22%, whereas thyrotropin levels have declined by 51%.
Patients who died within the first year of AMI had lower
mean levels of T3 and higher levels of rT3 during the
hospital period [26].

AMI results in the loss of cardiac function due to tis-
sue necrosis, reperfusion injury and cardiac remodeling,
causing significant morbidity and mortality (with a high
risk 30-75%) [26,27].

Researches have revealed previously undetected
actions of TH on the heart. The beneficial effects of TH
administration at early or late stage of myocardial infarc-
tion have documented the role of this hormone in the
process of cardiac remodeling post MI. TH can control
contractile function via regulation of contractile proteins,
calcium handling, and ion channels [29]. It is possibly
implicated in post-ischemic functional recovery. Treat-
ment with T3 improves post-ischemic recovery of car-
diac function while limiting apoptosis in experimental
models of ischemia-reperfusion injury [30]. In addition,
TH administration after the MI changes the LV geometry.
TH is able to normalize stress of the cardiac wall by in-
creasing cardiac mass. It is noticed, that at later stages,
TH induces changes in cardiac geometry by preventing
the spherical shape of LV chamber. This effect is modu-
lated by TH reshaping LV chamber toward a more el-
lipsoidal shape. The above mentioned responses seem
to involve distinct signaling pathways, comprising: low
TH levels, increased D3 activity, increased expression
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longitudinal strain rate was lower in group 1 (P=0.011). The systolic basal LV rotation
positively correlated with the level of fT3 r = 0.4; P < 0.001), while a negative correlation was
detected between myocardial rotational parameters - systolic apical rotation (r=-0.2;
P < 0.05), torsion (r = ~0.3; P < 0,001}, and diastolic apical rotation rate (r = -0.3; P < 0.01) -

and fT3 levels.

Conelusions: The late diastolic longitudinal LV strain rate and LV rotation evaluated by
speckle-tracking echocardiography were impaired in patients with low-T3 syndrome after

AMIL

i 2015 Lithuanian University of Health Sciences. Production and hosting by Elsevier
Sp. z o.0. This is an open access article under the CC BY-NC-ND license (http:/creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

There is a close relationship between thyroid hormone levels
and cardiovascular diseases [1]. Thyroid hormones (TH)
regulate cardiac function through the genes encoding impor-
tant structural and functional proteins in the myocardium [2].
Low triiodothyronine (T3) level is common in patients with
acute myocardial infarction (AMI) and is a strong predictor of
poor short-term and long-term prognosis [3-5]. Low-T3
syndrome can be described as low serum levels of free T3
(fT3) and elevated reverse T3 (rT3) levels, while thyroid-
stimulating hormone (TSH) and free thyroxine (fT4) could also
be affected in variable degrees based on the severity and
duration of the non-thyroidal illness [6]. Recent experimental
and clinical data have suggested a potential negative impact of
low-T3 syndrome on myecardial function in patients with
AMI, causing a significant decrease in left ventricle (LV)
ejection fraction (EF) [7,8]. A new echocardiography technique
- 2D speckle-tracking echocardiography (STE) - has been
introduced to evaluate myocardial mechanics; this technique
provides subtle information about global and regional LV
myocardial function. The aim of this study was to evaluate the
relationship between low fT3 levels and subtle LV function
parameters such as strain and strain rate, rotation, and
twisting motion.

2 Materials and methods
2.1.  Study population

The study included 130 patients (106 [82%] men and 24 [18%)]
women) admitted to the emergency cardiac care unit with
first-onset ST-segment elevation acute myocardial infarction
(STEMI); the patients were recruited between November 2012
and September 2013. The diagnosis of STEMI was made on the
basis of typical ECG changes and/or chest pain that was
suggestive of myocardial ischemia and associated with the
elevation of cardiac biomarkers. All patients with STEMI
underwent coronary angiography and primary percutaneous
coronary intervention (PCI). The infarct-related artery was
identified during coronary angiography.

The exclusion criteria were as follows: thyroid dysfunction
(based on medical history and treatment), amiodarone

treatment; prior myocardial infarction; arrhythmias; valvular
heart diseases (moderate and severe aortic stenosis, moderate
and severe aortic regurgitation, prior known mitral valvular
disease, or rheumatic affections); 2-dimensional (2D} echocar-
diography images that were inadequate for analysis; and
coronary artery bypass grafting (CABG) undergone within the
last 6 months.

Atotal of 25 patients were excluded from this study because
of thyroiditis (anti-TPO > 3.2kU/L; n=13), and inadequate
quality of echocardiography images (n = 12).

Written informed consent was obtained from all patients,
and the study protocol was approved by the ethics committee
of the hospital.

2.2, Clinical data

The patients' clinical records were reviewed for cardiac risk
factors, including cigarette smoking, hyperlipidemia, hyper-
tension, and obesity, A patient was deemed to be a current
smoker when he or she had smoked any number of cigarettes
on a regular basis within 3 weeks before cardiac catheteriza-
tion, or was a past smoker. Hyperlipidemia was defined as total
serum cholesterol level of more than 5.0 mmol/L; low density
chelesterol, more than 3.0 mmol/L, and triglyceride level, more
than 1.7 mmol/L; or the use of statin medications. Hyperten-
sion was defined as systolic pressure =140 mm Hg and/or
diastolic pressure 230 mm Hg, or the use of antihypertensive
medication; obesity was defined as BMI = 30 kg/m? [9].

2.3, Echocardiography

All patients with STEMI were examined using 2D echocardi-
ography within 48-72 h after hospitalization. Both conven-
tional echocardiography and STE were performed using the
Vivid 7 ultrasound line (GE VingMed Ultrasound AS; Horten,
Norway) in the left lateral decubitus position. Standard images
were obtained using a 3.5-MHz transducer, in the parasternal
(long- and short-axis images) and apical (2- and 4-chamber
images) views. Standard 2D and Doppler data, triggered to the
QRS complex, were saved in a sine-loop format. Measurements
were averaged from at least three consecutive beats. The mean
frame rate of the obtained images was 80-90 fps.

At baseline, 2D echocardiography was used to assess
conventional parameters: LV end-systolic diameters (LVESD),
LV end-diastolic diameter (LVEDD), LV end-systolic volume
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(LVESV), LV end-diastolic volume (LVEDV), LV ejection fraction
(EF), left atrial (LA) diameter, LA volume, and the ratio of peak
early mitral inflow velocity (E) and peak early mitral annular
velocity (E'), or E/E' ratio. The LV volumes and LVEF were
calculated from the conventional apical two-and four-cham-
ber images, using the biplane Simpson's technique. The LA
di ion was ed at end- ole. LA volume was
measured using Simpson's method from the apical two-and
four-chamber images. All morphometric parameters were
indexed by body surface area.

Myocardial tissue deformation (strain) was calculated
using STE. LV strain and strain rate analysis was performed
using the available software (EchoPac 6.1, GE Medical Systems,
Horten, Norway).

Before speckle-tracking analysis, the timings of aortic and
mitral valve opening and closure were assessed using pulsed-
wave Doppler recordings of aortic and transmitral flows. The
interval between two subsequent closures of the mitral valve
was used for regional strain and rotation analysis.

Apical 4-chamber and 2-chamber views were used for the
longitudinal strain (Ls) and strain rate analysis. Parasternal
short-axis views at the base (at the tips of the mitral valve
leaflets), at the level of papillary muscles, and at the apex (with
the minimal circular LV cavity at the end-systole) were used
for radial strain (Rs), circumnferential strain (Cs), and rotation
(R) analysis.

Endocardial borders were manually traced in the end-
systole, The myocardium was automatically divided into six
segments. The apical-axis view was manually divided into
four segments. The deformation and rotation values of each
segment were collected from the result window. Peak systolic
strain, strain rate, early and late diastolic strain rate, and
rotation were used for the analysis. All global deformation
indices were calculated as an average of the observed
segmental values.

The LV twist was calculated as the absclute apex-to-base
difference in LV rotation, LV torsion was calculated as the LV
twist normalized with respect to ventricular diastolic longi-
tudinal length between the LV apex and the mitral plane
([apical LV rotation — basal LV rotation)/LV diastolic longitu-
dinal length).

2.4.  Thyroid hormone analysis

Within 24 h and on the fourth day after the onset of STEMI
symptoms, concentration of the thyroid hormones (TH) in
serum was measured. Blood samples for TSH, fT4, fT3, and anti-
TPO were collected by venipuncture in vacuum tubes for serum
with gel separator (S mL). Blood samples were stored at 18-25 °C
until a clot formed (after about 15-45 min), and serums were
separated by centrifugation (1200 x g, for 15 min), and were
analyzed using the automated enzyme immunoassay analyzer
AlA-2000 (Tosoh corporation, Japan). The reference intervals
were as follows: 3.2-5.9 pmol/L for T3, 9-21.07 pmol/L for T4,
0.38-4.31 mU/L for TSH, and <3.2 kU/L for anti-TPO.

2.5.  Statistical analysis

Continuous data are presented as mean =+ standard error of
mean or median and quartiles (Q1; Q3). Dichotomous variables

are presented as percentages. The normality assumption of
continuous variables was tested using the Kolmogorov-
Smirnov test. The Mann-Whitney U test was used in samples
less than 20 and the exact Fisher test, for differences between
proportions.

The correlation between strain, strain rate, diastolic strain
rate or rotation and TH (fI'3, fT4, TSH) was evaluated using
Spearman correlation. A two-sided P value of less than 0.05
was considered to indicate statistical significance. All analyses
were performed using SPSS 22 software.

Interobserver variability was assessed for the measure-
ments of systolic Ls in the septal and lateral walls; systolic Rs
and Cs, at the basal and apical levels; and systolic rotation, at
the basal and apical levels in 10 randomly selected subjects
using the Bland-Altman method.

3. Results
3.1, Clinical characteristics of the study population

A total of 130 patients with STEMI were enrolled in our study
(mean age, 58.7 +10.2 years). The study population was
divided into two groups according to their serum fT3 level:
group 1 with low fT3 (<3.2 pmol/L) (n = 34; 26%), and group 2
with normal £T3 (>3.2 pmol/L) (n = 96; 74%). In group 1, the fT3
value was lower. We found that in the low fT3 group, the fT3
value on day 4 was lower (P < 0.001) than on day 1 (P < 0.01),
while TSH levels were higher on day 1 (P<0.002). No
significant differences in TSH and fT4 levels were found
between the groups on day 4 (Table 1).

The comparison of fT2 levels in the study population
showed that fT3 levels were lower on day 4 than on day 1 (3.64
+ 0.05 pmol/L and 3.96 + 0.08 pmol/L, respectively; P < 0.001)
(Fig. 1). TSH levels on day 4 were significantly higher (2.3
4+0.25mU/L) than on day 1 (1.13:0.08 mU/L) (P < 0.001)
(Fig. 2). FT4 values were similar on day 1 and day 4 (14.4
40,29 pmol/L vs. 14.5 + 0,26 pmol/L; P > 0.05) (Fig. 3).

There were a higher percentage of patients with obesity
(P < 0.03) and hyperlipidemia (P < 0.014) in the group with low
T3 levels, There were no significant differences in age, sex,
serum troponin I, white blood cells, hemoglobin, creatinine,
CRP levels, blood pressure on admission, a history of

4.2
41 4
40 1

39

pmalfL

38

FT3 1 day FT3 4 day

Fig. 1 - fT3 levels on days 1 and 4. Values are means and
error bars represent 95% confidence intervals.
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Characteristics Group 1 Group 2 P value
(low fT3) (normal fT3)
Gender, n (%) 28 (82.4) 78 (81.3) 0.85
Age (years) 593 +22 585+ 12 0.09
History of hypertension, n (%) 21 (61.8) 58 (60.4) 0.87
History of smoking, n (%) 22 (64.7) 51 (53.1) 0.06
Obesity, n (%) 26 (76.5) 53 (55.2) <0.03
Hyperlipidemia, n (%) 21 (61.8) 36 (37.5) <0.014
Troponin 1, median (Q1; Q3) (ug/L) 6.4 (0.3; 56) 12.7 (4.6, 80.4) 0.07
WBC, =10°%/L 104 = 0.6 10.8+04 0.87
Hemoglobin (g/L) 141115 0.75
Creatinine (umol/L) 845+31 855+ 23 0.98
CRP, median (Q1;Q3) (mg/L) 1.9 (1; 54) 3.4 (1.6; 84) 012
Systolic pressure (mm Hg) 021
Diastolic pressure (mm Hg) 0.09
Heart rate, beats per min 0.087
Killip class on admission, n (%)
1 8 (23.5) 0.08
n 22 (64.7) 027
il 0 (0) =
v 4(11.8) =
Single vessel, n (%) 11 (32.4) 0.87
Multivessel, n (%) 23 (67.6) 0.12
Anterior Ml location, n (3) 16 (47.1) 0.89
Inferior MI location, n (%) 18 (52.9) 0.068
Q-wave Ml 26 (76.5) 0.06
T3 on day 1 (pmol/L) 32401 <0.01
T3 on day 4 (pmol/L) 31401 <0.001
T4 on day 1 (pmol/L) 139+ 06 0.08
fT4 on day 4 (pmol/L) 13905 14803 0.09
TSH on day 1, median (Q1; Q3) (mU/L) 1.0 {0.5; 1.6) 0.9 {0.5; 1.5) <0.002
TSH on day 4, median {Q1; Q3) (mU/L) 17(13 28 17 (1.1; 2.6) -

Values are mean = standard error unless otherwise indicated.

T3, free T3; T4, free T4; TSH, thyroid-stimulating hormone; WBC, white blood cell; CRP, C-reactive protein.

35
30
25

20

mu/fL

0,5

0.0

TSH 1 day TSH 4 day

Fig. 2 - TSH levels on days 1 and 4. Values are means and
error bars represent 95% confidence intervals.

hypertension, Killip class, or the location of myocardial
infarction between the two groups.

3.2.  Assessment of echocardiography data
Left ventricular diameters, volume and volume indices were

similar between the groups, except the LVESD index was
higher in group 2, compared to group 1. LVEF had a tendency

pmol/L

13,0

FT4 1 day FT4 4 day

Fig. 3 - fT4 levels on days 1 and 4. Values are means and
error bars represent 95% confidence intervals.

to be lower in group 1. The LA diameter was significantly
higher in group 1 than in group 2 (P = 0.04). We also found a
negative correlation between LA and fT3 on day 4 (r = -0.24;
P=0.011).

Doppler mitral E- and A-waves had a tendency to be lower
and deceleration time (DT) to be longer in the low fT3 group.
The E/E' ratic was lower, and the diastolic mitral annular
velocity of the septum was higher in group 1 than group 2
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Parameter Group 1 Group 2 P value
(low fT3) (normal fT3)

LVEDD (mm) 484+09 486+05 048
LVEDD index (mm/m?) 240405 24.6+0.3 0.87
LVESD (mm) 381409 398405 0.27
LVESD index (mm/m?) 189 405 0.01
LVEDV (mL) 148+26 0.12
LVEDV index (mL/m?) 517 +1.1 0.09
LVESV (mL) 392410 0.06
LVESV index (mL/m?) 194 £ 05 0.78
LVEF (2) 0.57
LA (mm) 39.9 4 0.4 0.04
LA volume (mL) 3824+ 1.0 0.89
LA volume index (mL/m?) 19.2:£05 031
E/A ratio 095+ 0.1 0.06
E peak rate (m/s) 0.53
A peak rate {m/s) 0.10
E' lateral (m/s) 0.87
E' septal (m/s) 0.04
E/E 0.006
DT {ms) 268.0+198 23754107 0.46
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Table 3 - Differences of left ventricular rotation and
systolic and diastolic longitudinal, radial, and circumfer-
ential strain and strain rate between low fT3 and normal
fT3 groups.

Values are mean + standard error.

LVEDD, left ventricular end-diastolic diameter; LVESD, left ven-
tricular end-systolic diameter; LVEDV, left ventricular end-diasto-
lic volume; LVESV, left ventricular end-systolic volume; LVEF, left
ventricular ejection fraction; LA, left atrium; E/A, early diastolic
transmitral flow velocity (E) and atrial systolic velocity (A) ratio; E,
early diastolic transmitral flow velocity; A, atrial systolic velocity;
E, early diastolic mitral annular velocity; E/E, early diastolic
transmitral flow velocity and early diastolic mitral annular
velocity; DT, deceleration time.

Parameter Group 1 Group 2 P value
(low fT3) (normal fT3)

Rotation

Systolic basal R () 3.2+ 0.8 26405 0.04

Systolic basal -771+46 —772x34 0.781
R rate ( /s)

Early diastolic 623+43 712+38 0.02
basal R rate (/s)

Systolic apical R (') 8.51+0.97 5.97 £ 0,53 0.018

Systolic apical 780 +6.8 770=38 054
R rate (/s)

Early diastolic ~741+95 —799%42 0.21
apical R rate (/s)

LV twist () 1.7 £11 8607 0,002

LV tersion (“/cm) 1.7 £0.2 13401 0.002

Longitudinal strain

Systolic Ls (%) -13.3 + 0.82 -13.0 = 0.4 0.07

Systolic Ls rate (1/s) =1.08 £ 0.05 ~1.03 = 0.04 0.127

Late di li 0.84 + 0.05 1.01 = 0.03 0.011
Ls rate (1/s)

Radial strain

Systolic Rs (%) 251411 0.09

Early diastolic -19=05 0.09
Rs rate (1/s)

Circumferential strain

Systolic Cs (%) 14.8+08 138205 0.06

Early diastolic 18+01 1701 0.432
Cs rate (1/s)

(P=0.006 and P=0.04, respectively) (Table 2). A positive
correlation was observed between the E/E' ratio and T3 levels
on day 4 (r=0.22; P=0.02).

Regarding the strain analysis, the systolic apical rotation
was higher in group 1 than in group 2 (P =0.018). Significant
differences between the groups were found in the systolic
basal rotation and early diastolic rotation rate. LV twist and
torsion were higher (P=0.002), while the late diastolic
longitudinal strain rate - lower in group 1 than in group 2
(P = 0.011). There were no significant differences in the systolic
longitudinal, radial, or circurnferential strain or strain rate
between the groups (Table 3).

A positive correlation was detected between the systolic
basal rotation and the level of fT3 on day 4 (r=0.4; P < 0.001),
while the correlation between LV rotation parameters such as
systolic apical rotation on day 1 {r=-0.2; P <0.05), twist,
torsion (r=-0.3; P < 0.001), and diastolic apical rotation rate
(r=-0.3; P<0.01) on day 4 and fT3 was negative. The late
diastolic longitudinal strain rate indices showed significant
correlations with fT2 onday 1 (r = 0.32; P < 0.001) and on day 4
(r =0.35; P < 0.001) (Fig. 4).

3.3.  Reproducibility

The Bland-Altran analysis showed 95% limits of interobsery-
er agreement. The mean differences in Ls measurements were
~0.24% (-4.14% to 3.66%); in Rs, 1.88% (-5.74% to 9.5%); in Cs,
—0.87% (—7.8% to 6.06%); in basal rotation, —0.71% (-3.87% to
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Values are mean = standard error.
LV, left ventricular; R, rotation; Ls, longitudinal strain; Rs, radial
strain; Cs, circumferential strain.

2.44%); and in apical rotation measurements, —0.04% (-5.12%
to 5.04%).

4, Discussion

The aim of our study was to evaluate the prevalence of low-T3
syndrome among patients with AMI, and its relationship with
LV rotation and deformation parameters assessed by STE. The
mechanisms underlying the low-T3 syndrome observed in
AMI are not fully understood. The secretion of the thyreid
hormone is controlled by the pituitary gland and its secretion
of TSH, which is stimulated by the hypothalamic thyrotropin-
releasing hormone (TRH). The main product of the thyroid
gland is T4, which is converted into T3. The conversion of T4 to
T3 is catalyzed by deiodinases. Some investigators explained
that low deiodinase type 1 (D1) activity could result from an
increase in serum interleukin level (particularly, interleukin &),
which occurs after AMI [10]. The TH-degrading enzyme
deiodinase type 3 (D3) converts T3 into the inactive metabolite
rT3.1t has also been found that many cardiac genes involved in
the contractile dysfunction following pathological ventricular
remodeling are transcriptionally regulated by TH and TH
receptors (TRs). A number of factors stimulate D3 activity
through transcriptional activation of the DIO3 gene directly or
in combination with other factors. These factors include the
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transforming growth factor (TGFg), the mitogen-activated
protein kinase (MAPK) system, and the hypoxia-inducible
factor 1 (HIF-1). The increased D3 activity converts fT3 into the
inactive metabolite rT3, resulting in reduced T3 levels, which
in turn affects contractile activity and energy metabolism [11].

Inflammation, hypoxia, and hemodynamic instability might
also contribute to the decrease in T3 levels [12,13]. Low thyroid
hormone state, particularly, low T2 levels, is found in ischemic
myocardial conditions, and may be a protective response
against ischemic stress [14]. T3 down-regulation occurs in the
AMI phase, while TSH and fT4levels do not change significantly.
In this study, we found a low-T3 state in 26% of patients with
AMI, compared to around 30% indicated in literature [15,16]. We
noticed a decrease in fT3 levels on the fourth day after the onset
of AMI symptoms, while TSH increased but was not above the
standard limit. Due to the fact that we did not find any
correlations between echocardiographic/STE parameters and
fT4 and TSH, we did not provide any results about this. All the
observed correlations were with T3,

Obesity and dyslipidaemia are really more prevalent in the
group with low-T3 state. Thyroid hormones modulate enzyme
activity and receptor expression, and can alter cholesterol
metabolism through multiple mechanisms, including a
decrease in biliary excretion [10]. The reduction in T3 levels
could be a model of abnormal thyroid hormone metabolism
acting as a risk factor for coronary heart diseases [5]. The
increase in cardiovascular risk associated with thyroid
dysfunction is not only related to changes in lipid levels, but
also to changes in hemodynamics, the endothelial function,
coagulation, metabolism, and C-reactive protein - although
inflammation parameters did not differ in our population.

We evaluated LA and LV systolic and diastolic function
using conventional echocardiography. When comparing cur
two groups, LA proved to be significantly larger in the low T3
group. This data pertain to the conclusions of Ozturk et al.
indicating that the mechanical and electromechanical func-
tion of LA is affected in subclinical thyroid disorders [17].
Moreover, a significant decrease in the E/E’ ratio, septal E', and
deceleration time in patients with low T3 state was revealed. A
lower vs. normal level of triiodothyronine aggravates myocar-
dial function by suppression of the diastolic function. T3
affects the diastolic function and left ventricular relaxation
through the activation of the sarcoplasmic reticulum Ca®
*-ATPase which, as a result, reduces cytosolic calcium. TH
encode the synthesis of proteins such as phospholamban,
sarcoplasmic reticulum proteins, and heavy chains of myosin,
which play an important role in cardiac functioning, deter-
mining diastolic and systolic function [18]. It is noteworthy
that LVEF was not markedly decreased, especially in the low
fT3 group, which we link with an early stage of myocardial
damage when no cbvious changes are seen.

Recent studies prove STE to be a superior method for the
evaluation of global and regional LV function. STE may reveal
earlier changes in the myocardium that may not be seen on
conventional echocardiography at that time; furthermore, STE
gives a more precise insight into the damaged ischemic area,
whether it comprises only subendocardial or further -
transmural - necrosis [19,20].

The obtained images of strain and strain rate and data from
its analysis have already revealed that longitudinal deformation

mainly depicts subendocardial contraction and relaxation (it
decreased in patients with subendocardial infarcts when LVEF
was preserved), whereas circumferential strain denotes mainly
mid-myocardial and subepicardial contraction [19,21]. As
shown in previous studies, the systolic longitudinal strain
(cut-off value at —11.6%) is an independent determinant of LV
remodeling [22]. In our study, the systolic longitudinal strain
and strain rate were decreased, but did not differ between the
groups, while a lowered late diastolic longitudinal strain rate -
which correlated with fT3-was observed on the first day. These
findings support previous reports, where suppression of LV
diastolic function in patients with low T3-syndrome was noted.
Recent studies have shown an impaired longitudinal myocar-
dial diastolic and systolic function but preserved circumferen-
tial function and LV twist in patients with the metabolic
syndrome [23]. Obesity and hyperlipidemia were more preva-
lent in patients with low T3 state. We analyzed differences
between groups, and did not find any relationships between
obesity, hyperlipidemia and systolic longitudinal strain and late
diastolic longitudinal strain rate and rotation parameters.
According to our findings, LV twist (11.7°) exceeded the mean
value (8.0°) in patients with low fT3 levels, while itremainedina
normal range in patients with normal fT3 levels. This increase in
LV twist can be explained by a less opposed apical rotation,
resulting from a gradual diminution in the subendocardial
function [19]. This, in tum, may result from the suppressing
effect of the low T3 state.

Low-T3 syndrome reached its peak on the fourth day when it
positively correlated with LV systolic basal rotation, and
inversely with LV systolic apical rotation, twist, torsion, and
diastolic apical rotation. Some authors have detected the
second wave of the highest concentration of matrix metallo-
proteinases, enzymes responsible for collagenolysis, on the
fourth day after AMI [24]. This correlates with creatine kinase
and possibly reveals the real extent of cardiac injury. Thus,
correlations obtained from strain imaging may indicate values
of deformation and rotation to be early signs of myocardial
damage, and may reveal the true extent of myocardial damage.
T3 levels could be a significant determinant of myocardial
function - especially under stress conditions such as AML

According to our study data, LV dysfunction can be early
assessed by using STE in patients with low-T3 state and
normal ejection fraction values.

The main limitation of our study was that echocardiogra-
phy was performed during the acute phase of MI. Furthermore,
we have not investigated TH during the late period after AMI,
and therefore it remains unclear whether TH decline is
transient and whether it is restored following the acute phase.
Baseline levels of TH were not available. To conclude with one
cannot draw whether low-T3 was induced by AMI or preceded
the ischemic event. Total T3 levels were not available. We
chose a cross-sectional design of the study, and thus it was not
possible to investigate the probable association of TH with
mortality after an AML

5. Conclusions

Speckle-tracking echocardiography is a technique that can be
applied early, and is superior to standard echocardiography in
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a detailed evaluation of LV systolic and diastolic function
among patients with low-T3 syndrome after AMI. With the use
of STE, we proved that impaired thyroid function during AMI is
associated with an impaired LV late diastolic longitudinal
strain and LV rotation, but not with the radial or circumferen-
tial LV function.
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Abstract Low free triiodothyronine (fT3) levels follow-
ing acute myocardial infarction (AMI) are associated with
greater impairment in cardiac mechanics compared with
patients with AMI who have normal values of thyroid
hormones. The objectives are to investigate left ventricular
(LV) function and mechanics during a 6-month follow-up
after myocardial infarction and to evaluate their prognostic
implication using two-dimensional (2D) echocardiography
and 2D speckle-tracking echocardiography in patients with
low fT3 levels. The study design is prospective cohort
study. One hundred forty patients with first-onset AMI
were grouped according to serum fT3 levels: low fT3
group (fT3 <3.2 pmol/L; n = 44) and control group (fT3
=>3.2 pmol/L; n = 96). Low levels of fT3 were associated
with greater LV diameters and LV end-diastolic volume,
and decreased systolic LV function. Systolic apical and
basal rotation, peak systolic global longitudinal strain and
strain rate, and LV twist and torsion were significantly
decreased in the low fT3 group. The prognostic implication
for predicting low fT3 levels was evaluated using ROC
analysis. LV end-diastolic diameter index is the most
sensitive (94.12 %), but has low specificity (37.93 %;
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area = 0.659, p = 0.01). By contrast, LV end-systolic
volume is the most specific (94.03 %), but has low sensi-
tivity (26.32 9%: area = 0.594, p = 0.04). Low T3 levels
are significantly associated with worse LV mechanics. Low
fT3 levels are important for prediction of LV structure,
function, rotation, and deformation parameters during the
late post-myocardial infarction period.

Keywords Acute myocardial infarction - Low-fT3 level -
Speckle-tracking echocardiography - Left ventricular
remodeling

Introduction

There is an established relationship between acute
myocardial infarction (AMI) and low levels of free tri-
iodothyronine (fT3) [1]. The mechanisms underlying low
fT3 levels in AMI may involve hypoxia and decreased
conversion from thyroxine (T4) to triiodothyronine (T3)
caused by inflammatory factors. Inflammatory cytokines
released during AMI may reduce fT3 levels by reducing
the activity of type 1 and type 2 deiodinases, and thus
inducing oxidative stress [2]. Hypoxia itself also con-
tributes to low T3 levels, as increased levels of hypoxia-
induced factor-1 can activate type 3 deiodinase in the heart,
which in turn induces a decrease in fT3 levels [3]. Low fT3
levels change the expression of cardiac genes, and cause
pathological cardiac remodeling after myocardial infarc-
tion, which leads to decreased contractility, impaired
diastolic function, and reperfusion injury [4, 5]. Such
hemodynamic changes with low fT3 levels and an increase
in systemic vascular resistance play an important role in the
relationship between thyroid hormones (TH) and left ven-
tricular (LV) mechanics [6].
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Previous studies have evaluated the parameters of
standard LV echocardiography and LV deformation in
patients with hypothyroidism or acute myocardial infarc-
tion. However, the impact of low T3 levels on LV rota-
tion, torsional mechanics, and strain has not been
adequately evaluated in AMI patients [3, 7-9]. Thus, the
aim of the present study is to investigate LV function and
mechanics using two-dimensional (2D) echocardiography
and 2D speckle-tracking echocardiography (STE) during
the late post-AMI period, and to determine the relationship
between low fT3 levels and LV structure, function, rota-
tion, and deformation parameters.

Materials and methods
Study population

One hundred forty patients with first-onset ST-elevation
acute myocardial infarction (STEMI), who were admitted
to the Cardiac Intensive Care Unit at the University
Hospital, were included in this study. The patients were
recruited between September 2012 and November 2013,
The diagnosis of STEMI was made according to the
guidelines of the European Society of Cardiology [10]. The
patients underwent repeated echocardiographic evaluation
at 6 months. The study protocol was approved by the
Regional Medical Research Ethics Committee (No. P3-38/
2007). All the enrolled patients signed an informed consent
form.

According to the serum fT3 levels on admission, the
study population was divided into two groups: low T3
group (fT3 <3.2 pmol/L) (n = 44) and control group (fT3
=3.2 pmol/L) (n = 96). The exclusion criteria were thy-
roid dysfunction (based on medical history and treatment),
treatment with TH, thyreostatics, amiodarone, use of cor-
ticosteroids, treatment with radiciodine (current or in the
past), partial or total thyroidectomy, myocardial infarction
prior to enrollment or during the follow-up, dysrhythmias,
valvular heart diseases (moderate and severe aortic steno-
sis, moderate and severe aortic regurgitation, prior known
mitral valvular disease. or rheumatic disorders), 2D
echocardiography images that were inadequate for analy-
sis, prior coronary artery bypass grafting (CABG), inves-
tigation requiring radiographic contrast injection within the
last month, renal insufficiency, chronic liver diseases,
cancer, and acute infection.

All the subjects included in the study underwent the
evaluation of the troponin 1, lipid profiles, common blood
test, high sensitivity C-reactive protein (hsCRP), and fast-
ing serum glucose levels. The concentration of the TH in
the serum was measured on the 1st and 4th day after onset
of STEMI symptoms. We previously reported that TH
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correlates best with echocardiographic parameters on the
4th day of AMI compared with hormones on the 1st day
[11]. Thus, we used values of TH measured on the 4th day.
Blood samples for thyroid stimulating hormone (TSH), free
tetraiodothyronine (fT4), and free triiodothyronine (fT3)
were collected by venipuncture in vacuum tubes for serum
with a gel separator (5 mL). Blood samples were stored at
18-25°C until a clot formed (after approximately
1545 min. The serums were subsequently separated by
centrifugation (1200xg, for 15 min), and were analyzed
using the automated enzyme immunoassay analyzer AIA-
2000 (Tosoh Co., Japan). The reference intervals for our
laboratory were fT3, 3.2-5.9 pmol/L; T4, 9-21.07 pmol/
L: and TSH, 0.38-4.31 mU/L.

Echocardiography

All patients with STEMI were examined using 2D
echocardiography within 48-72 h after hospitalization. At
6 months, 2D echocardiography was repeated, and
echocardiographic parameters of LV function after AMI
were analyzed. Both conventional echocardiography and
STE were performed using the Vivid 7 ultrasound line (GE
VingMed Ultrasound AS; GE Medical Systems, Horten,
Norway) in the left lateral decubitus position. Standard
images were obtained using a 3.5-MHz transducer in the
parasternal (long- and short-axis images) and apical (two-,
three-, and four-chamber images) views. Standard 2D and
Doppler data, triggered to the QRS complex, were saved in
a sine-loop format. Measurements were averaged from at
least three consecutive beats,

2D echocardiography was used to assess conventional
parameters, including LV end-systolic diameter (LVESD),
LV end-diastolic diameter (LVEDD), LV end-systolic
volume (LVESV), LV end-diastolic volume (LVEDV), LV
ejection fraction (LVEF), left atrial (LA) diameter, and LA
volume. LVEF was calculated from the conventional apical
two- and four-chamber images using the biplane Simpson’s
technique. LA dimension was measured at the end-systole.
LA volume was measured using Simpson’s method from
the apical two- and four-chamber images. Morphometric
parameters were indexed by body surface area. The
echocardiographic parameters were determined according
to the current recommendations [12].

Transmitral Doppler inflow was obtained in the apical
four-chamber view. Pulsed Doppler measurements inclu-
ded the transmitral early diastolic peak flow velocity
(E) and late diastolic flow velocity (A). Tissue Doppler
imaging was used to obtain LV myocardial velocities in the
apical four-chamber view of the mitral annulus during the
early diastole (E') and systole (8" lateral, S septal), and in
the two-chamber view during the systole (8 inferior, §
anterior) [13].
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Strain analysis

Myocardial tissue deformation (strain) was calculated using
STE. LV strain and strain rate analysis was performed using
EchoPac 6.1 software (GE Medical Systems). STE was
performed using three consecutive cardiac cycles. The mean
frame rate of the obtained images was 80-90 fps. Before
speckle-tracking analysis, the timing of aortic and mitral
valve opening and closure were assessed using pulsed-wave
Doppler recordings of aortic and transmitral flows. The
interval between two subsequent closures of the mitral valve
was used for regional strain and rotation analysis.

Apical four-, three-, and two-chamber views were used
for the longitudinal strain (Ls) and strain rate analyses,
Parasternal short-axis views at the base (at the tips of the
mitral valve leaflets), at the level of the papillary muscles,
and at the apex (with the minimal circular LV cavity at the
end-systole) were used for radial strain (Rs), circumferen-
tial strain (Cs), and rotation (R) analysis.

Endocardial borders were manually traced at the end-
systole. The myocardium was automatically divided into
six segments. The apical-axis view was manually divided
into four segments. The deformation and rotation values of
each segment were collected from the result window. Peak
systolic strain, strain rate, early and late diastolic strain
rate, and rotation were used for the analysis. All global

deformation indices were calculated as an average of the
observed segmental values [14].

The LV twist was calculated as the absolute apex-to-
base difference in LV rotation. LV torsion was calculated
as the LV twist normalized with respect to ventricular
diastolic longitudinal length between the LV apex and the
mitral plane [(apical LV rotation — basal LV rotation)/LV
diastolic longitudinal length].

Statistical analysis

Statistical analysis was performed using the SPSS software
version 20.0 (SPSS Inc., Chicago, IL, USA). Data are pre-
sented as mean £ SD or mean (£95 % confidence interval).
The Mann-Whitney test for non-parametric data was used
for comparison between the groups. ROC analysis was per-
formed and the area under the receiver operating character-
istic curve (AUC) of all significant values was estimated. The
percentage of cases was accurately classified by each diag-
nostic test, including the sensitivity and specificity. The
likelihood ratio was calculated according to the following
formula: positive (LR+) = sensitivity/l1 — specificity, and
negative (LR—) = 1 — sensitivity/specificity. Cut-off val-
ues of echocardiography parameters were determined using
the ROC analysis. In all cases, tests of significance were two-
tailed, with the significance level set below 0.05.

Table 1 Clinical characteristics
of study population

Characteristics Low T3 group Control group p value
(mean & SD) (mean & SD)

Male, n (%) 29 (65.9) 84 (87.5) 0.75
Female, n (%) 15 (34.1) 12 (12.5) 0.45
Age (years) 60.7 £ 3.9 585+£12 0.12
Systolic pressure (mmHg) 139.7 + 23.9 1388 £ 226 0.85
Diastolic pressure (mmHg) Bl 116 Blo9£ 119 0.38
BMI (kg/m?) 279+ 5.5 279+ 48 0.96
Fasting blood glucose (mmol/L) 798 £ 1.1 767+ 1.2 0.55
Total cholesterol (mmol/L) 575+ 1.2 561+ 1.2 0.24
LDL cholesterol (mmeol/L) 379+ 1.1 359+ 1.1 0.17
HDL cholesterol (mmaol/L) 1.03 £ 0.2 1.19 £ 0.4 0.02
Triglycerides (mmol/L) 1.54 = 0.7 L51 £ 09 .46
Troponin 1 (pug/L) T4 £ 1.7 129 +£ 2.3 0.35
WBC (x 10%/L) 10.06 £ 0.6 11.20 £ 04 0.12
High sensitivity CRP (mg/L) 234+ 69° 18.8 £ 3.7° 0.03
T3 (pmol/L) 31202 405 £ 0.1 0.029
T4 (pmol/L) 1375 £ 23 147 £ 2.8 047
TSH (mU/L), median (Q1; Q3) 1.86 ((L.82; 3.48) 1.67 (1.23; 8.78) 0.51

BMI body mass index, LDL low-density lipoprotein, HDL high-density lipoprotein, WBC white blood cell,
CRP C-reactive protein, (73 free triiodothyronine, fT4 free tetraiodothyronine, TSH thyroid stimulating

hormone
* Mean + standard error
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Table 2 Two-di ional,
transvalvular, and tissue
Doppler parameters

Table 3 Left ventricular
rotation and systolic and
diastolic longitudinal, radial,
and circumferential strain and
strain rates

&) Springer

Low T3 group Control group p value
{mean = SD) (mean = SD)
LVEDD (mm) 53.2 + 6.31 5095 + 4.93 0.03
LVESD (mm) 4473 £ 50 4229 + 492 0.04
LVEDV (mL) 111,53 £ 22.23 110,46 + 18.1 0.01
LVESV (mL) 4642 £ 13.67 4748 £ 15,18 018
LVEF (%) 3842 £ 8.19 40.16 + 8.86 0.04
LA (mm) 42,14 £ 2.64 41.84 + 4.56 0.08
LA vol. (mL) 60.68 + 20.90 51.03 £ 18.35 0.02
LA vol. index (mL/m?) 30,77 £ 948 2528 £ 7.95 0.01
E peak rate (m/s) 68.68 + 21.21 75.82 £ 19.13 0.02
A peak rate (m/s) 88.16 £ 16.32 74.72 £ 19.59 0.01
DT (ms) 215.68 £+ 104.68 264.24 £ 112,77 0.04
EIE" ratio 11.38 £ 10.56 838 £ 4.02 0.03
E' lateral (mfs) 9.1+ 298 10.72 + 2.86 0.03
E' septal (m/fs) 7.58 £ 2.39 8.63 £ 246 0.04
5 lateral (m/s) 732+ 2.11 7.82 + 1.99 0.03
8 septal (m/s) 7.05 + 1.90 8.01 £ 1.91 0.02
S inferior (m/s) 7.63 + 1.89 8.61 £+ 1.71 0.03
S anterior (m/s) 7.63 £ 1.61 7.85 + 2.11 0.02

LVEDD left ventricular end-diastolic diameter, LVESD left ventricular end-systolic diameter, LVEDV left
ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, LVEF left ventricular
ejection fraction, LA left atrium, LA vol, left atrium volume, LA vol. index left atrium volume index, E early
diastolic transmitral flow velocity, A atrial systolic velocity, DT deceleration time, E/E’ ratio early diastolic
transmitral flow velocity and early diastolic mitral annular velocity, £ early diastolic mitral annular
velocity, §' systolic myocardial mitral annular velocity

Strain parameters Low T3 group Control group p value
(mean £ SD) (mean + SD)

Systolic basal R (7) —0.59 £ 5.61 —1.16 + 3.91 0.03
Systolic basal R rate (%/5) —65.19 £ 24.25 =7205 £ 2171 0.02
Early diastolic basal R rate (°/s) 6818 £ 2663 71.28 £ 31.73 0.06
Late diastolic basal R rate (/s) 53.55 £ 27.11 51.23 £ 26,44 0.74
Systolic apical R (%) 677 £ 544 1063 £ 11.59 0.04
Systolic apical R rate (°/s) 64.61 + 54.85 714 £ 3823 0.03
Early diastolic apical R rate (°/s) —73.29 £ 4422 =76.39 = 50 0.048
Late diastolic apical R rate (°/s) ~45.74 + 33.26 =40.95 £ 2956 0.57
LV twist () 7.94 + 4.42 11.21 &+ 7.46 0.01
LV torsion (*/em) 111 + 0.68 147 £ 0.99 0.03
Peak systolic GLs (%) —-13.92 £ 248 —14.62 £ 3.15 0.04
Systolic Ls rate (1/5) =107 £ 0.22 =1.16 & 0.6 0.03
Early diastolic Ls rate (1/5) LB & 041 1.28 & 0.34 0.07
Late diastolic Ls rate (1/5) 1.07 £ 0.39 1.00 4 0.29 0.45
Peak systolic GRs (%) 2891 £ 12.62 2612 4 11.34 0.38
Early diastolic Rs rate (1/5) —2.07 £ 0.64 =205 £+ 0.62 0.24
Peak systolic GCs (%) —15.48 + 4.42 —158 £ 445 0.78
Early diastolic Cs rate (1/5) 1.82 £ 047 1.67 £ 0.43 0.201

LV left ventricular, R rotation, Ls longitudinal strain, R5 radial strain. Cs circumferential strain, GLs global
longitudinal strain, GRs global radial strain, GCs global circumferential strain
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Table 4 Arca under the curve (AUC) of all significant echocardio-
graphy parameters

Variable(s) Area 95 % CI p value
LVEDD index (.659 0.54-0.76 0
LVEDV 0.601 0.49-0.71 0.04
LVESV 0.594 0.49-0.60 0.04
LVEF 0.661 0.55-0.77 0.04
Peak systolic GLs 0.538 0.43-0.64 0.01
Systolic basal R 0.593 0.38-0.60 0.01
Systolic apical R 0.624 0.51-0.73 0.04

LVEDD left ventricular end-diastolic diameter, LVEDV left ventric-
ular end-diastolic volume, LVESV left ventricular end-systolic vol-
ume, LVEF left ventricular ejection fraction, GLs global longitudinal
strain, & rotation, C/ confidence interval

Results

There are no significant differences in age, gender, blood
pressure level, or BMI between the low fT3 group and the
control group. Fasting blood glucose level shows a trend
for being higher in the low T3 group. There are no dif-
ferences in troponin [ values and the number of leucocytes
between the groups. Similarly, there is no difference in
lipid profiles, except for the level of high-density lipopro-
tein (HDL), which is significantly higher in the control
group (1.03 mmol/L vs. 1.19 mmol/L; p = 0.02). HsCRP
is significantly higher in the low fT3 group (23.4 mg/L vs.
18.8 mg/L; p = 0.03) (Table 1).

Two-dimensional echocardiography parameters
of LV function

The LV diameters and volumes are significantly higher in
the low fT3 group compared with controls, except for
LVESV, which is significantly lower (Table 2). LA volume
and its index are significantly higher in patients in the low
fT3 group, whereas LA size is similar in both groups.

Systolic LV function evaluated by LVEF and lateral, sep-
tal, inferior, and anterior myocardial mitral annular
velocities (§') is significantly lower in the low fT3 group
compared with the control group. Mitral E/E ratio is higher
in low fT3 group patients.

Two-dimensional speckle-tracking analysis of LV
parameters

For strain analysis, the systolic apical and basal rotations
are significantly decreased in the low fT3 group compared
with the control group. There is a significant decline in
systolic basal and apical rotation rate. The patients with
low fT3 levels demonstrate a decrease in LV twist and
torsion, peak systolic global longitudinal strain and strain
rate, and early diastolic longitudinal strain rate. There are
no differences in the late diastolic longitudinal strain rate,
peak systolic global radial or circumferential strains or
their rates (Table 3).

Predictive implications of LV parameters for low T3
levels

During ROC analyses, the LVEDD index, LVEF, and
systolic apical rotation are identified as the variables pre-
senting the greatest AUC. The AUC for the LVEDD index
is 0.659 (p = 0.01). The cut-off value of the LVEDD index
of =26.7 mm/m® has the highest sensitivity (94.12 %)
among the variables, and a specificity of 37.93 % (LR—
0.16) for predicting low T3 levels. LVEF =45 % is less
sensitive (84.21 %) and less specific (29.85 %) (LR—
0.53), although the AUC is 0.661 (p = 0.04). The AUC for
systolic apical rotation is 0.624 (p = 0.04), whereas its
sensitivity is moderate (78.95 %) and the specificity is
56.72 % for a value of =6.31°, We find that LVESV is the
most specific variable (94.03 %) with a cut-off of =62 mL,
although its sensitivity is low (26.32 %: LR— 0.78; AUC
0.594; p = 0.04) (Tables 4, 5).

Table 5 Cut-off values for LV parameters in the prediction of low fT3 levels

Cut-off value Sensitivity 95 % CI Specificity 95 % CI Likelihood-ratio
Positive Negative
LVEDD index (mm/m®) =26.7 94.12 71.3-99.9 3793 255-51.6 1.52 16
LVEDV {mL) =119 36.84 16.3-61.6 77.61 65.8-86.9 1.65 0.81
LVESV (mL) =62 26,32 9.1-51.2 94.03 85.4-98.3 4.41 0.78
LVEF (%) =45 84.21 60.4-96.6 29.85 19.3-42.3 1.20 0.53
Peak systolic GLs (%) =13.37 47.37 24.4-71.1 67.16 54.6-78.2 144 0.78
Systolic basal R (%) =1.87 36.84 16.3-61.6 76.12 64.1-85.7 1.54 0.83
Systolic apical R (%) =6.31 78.95 54.4-93.9 56.72 44.0-68.8 1.82 0.37

LVEDD left ventricular end-diastolic diameter, LVEDV left ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, LVEF
left ventricular ejection fraction, GLs global longitudinal strain, R rotation, Cf confidence interval
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Discussion

Low T3 state predisposes a greater risk of coronary artery
disease and severity, resulting in greater impairment of
cardiac mechanics [13, 16]. Further, the impact of low T3
is even greater among patients with STEMI, with almost a
3.5-fold increased risk of major adverse cardiac events,
including cardiogenic shock and death, compared with
patients with no thyroid disorder and STEMI [17]. In this
study, we investigate the impact of low T3 levels on
cardiac mechanics and its prognostic implication by eval-
uating echocardiographic and STE parameters.

Conventional echocardiography parameters and LV
remodeling at low T3 levels

Cardiac remodeling is defined as functional and structural
changes involving chamber dilatation, which occurs in
approximately 30 % of STEMI patients after successful
reperfusion [18]. Recent experimental and clinical studies
suggest that low TH levels are associated with increased
oxidative stress, which in turn induces apoptosis [19, 20].
Low levels of fT3 after an AMI may cause pathological
cardiac remodeling through the pro-death P38/MAPK
signaling pathway, which leads to reduced diastolic func-
tion and decreased myocardial contractility [3].

LVEF is a well-established marker of LV remodeling
and LVEDV, both of which are significantly altered in the
low fT3 group in the present study. [21, 22] LVEF,
LVEDV, and LVESY at 6 months are predictive markers
of low fT3 levels in STEMI patients. Recent studies report
that fT3 is positively correlated with decreased LVEF, and
that cardiac function is impaired in STEMI patients with
TH dysfunction [3, 7, 11, 23]. In the present study, ROC
analysis of LV geometry shows that the LVEDD index
provides the best diagnostic accuracy for prediction of low
fT3 levels in AMI. Low T3 levels are also associated with
an enlarged LA. LA volume is considered to indicate
diastolic dysfunction, and an increased LA volume is a
relatively stable parameter predicting chronic geometric
changes and presenting an unfavorable prognosis, such as
heart failure and cardiovascular death [24].

Assessment of LV systolic and diastolic function

by TDI

Tissue Doppler imaging (TDI) is used to measure peak
myocardial velocities, and is particularly suited for the
measurements of long-axis ventricular motion. Systolic
myocardial velocity (5') at the lateral annulus is a measure
of longitudinal systolic function, and correlates with mea-
surements of LVEF [25]. In the low fT3 group, we find
decreased systolic myocardial velocities, The E/E' ratio is
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increased, reflecting pseudonormal diastolic dysfunction,
Di Bello et al. showed that in sub-clinical hypothyroidism,
echocardiographic quantitative tissue analysis technigues
and determination of changes in the myocardial structure
are important for the identification of the morphological
characteristics of myocardial tissue [26].

Strain-derived LV mechanics at low T3 levels

STE provides a deeper insight into the physiology of car-
diac mechanics when evaluating the adverse impact of
remodeling in the prognosis of outcomes in post-AMI high-
risk patients. The contraction of myocardial obliquely
oriented fibers creates a wringing or twisting motion of the
LV as a result of the opposing rotations of the apex and the
base [27, 28]. Myocardial cell necrosis after AMI results in
the remodeling process, which causes LV dilatation,
interstitial fibrosis, and scar tissue formation—processes
considered responsible for LV torsional and rotational
changes [29, 30]. The diminution of the counter-clockwise
apical rotation cannot generate sufficient apical rotation
movement, which is the main determinant of LV systolic
twist [28].

Our results show that LY mechanics are significantly
changed in the low T3 group. We previously reported that
LV torsion, twist, and systolic apical rotation increase
within the acute post-MI phase, which corresponds o
subendocardial ischemia and increased impact of subepi-
cardial contraction, whereas remodeling and scar tissue
formation in the late post-AMI phase lead to decreased
subepicardial contraction, thus decreased twist, torsion, and
systolic apical LV rotation and its rates [11, 28]. Further-
more, low T3 state predisposes a greater increase in sys-
temic vascular resistance, which in turn increases afterload
and diminishes rotational parameters [31]. In addition, the
evaluation of systolic apical rotation provides the best
diagnostic accuracy in the prediction of low fT3 levels in
AMI. Several reports confirm that apical rotation can serve
as a marker of LV contractility, and it allows for a non-
invasive assessment of the global LV function [32, 33].

Subendocardial longitudinal myofibers are more sensi-
tive and susceptible to myocardial hypoperfusion, and are
prone to earlier damage leading to impaired longitudinal
function [34, 35]. Global systolic longitudinal strain and
systolic and early diastolic strain rates are decreased in the
low T3 group. Further, the global systolic longitudinal
strain with a cut-off of —13.37 is a predictor of low T3
levels in post-AMI patients. In support, patients with overt
hypothyroidism have an impaired LV longitudinal function
assessed by tissue Doppler and strain imaging [8]. Further,
patients with sub-clinical hypothyroidism exhibit decreased
LV global longitudinal strain and strain of the LV lateral
wall and interventricular septum [9]. Thus, longitudinal
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strain may be a global deformation parameter predicting
LV remodeling [21, 36].

Limitations

There are some limitations of our study. First, baseline
levels of TH were not available. Secondly, we did not
investigate TH during the late post-AMI period, and
therefore it remains unclear whether TH decline is transient
or whether it is restored following the acute phase.

Conclusions

Left ventricular mechanics and function evaluated by 2D
echocardiography and STE are significantly impaired in
patients with low T3 levels after 6 months of follow-up of
STEMI. Low fT3 levels are important for the prediction of
LV structure, function, rotation, and deformation parame-
ters during the late post-myocardial infarction period. We
recommend measuring TH upon the arrival to ICU due to
AMI because of their prognostic implication on cardiac
mechanics and patient outcomes.

il This was funded by the Euwrop

n

o2

10.

and death in patients undergoing coronary artery bypass grafting.
Ann Thorac Surg 97:2089-2096. doi:10.1016/).athoracsur. 2014,
01.049

. Pantos C. Mourouzis I, Markais K et al (2007) Thyroid hormone

cardiac leling and imp hemod carly
after acute myocardial infarction in rats, Eur J Cardiothorac Surg
32:333-339, doi: 10, 1016/.¢jets.2007.05.004

. Pantos C, Mourouzis 1, Cokkinos DV (2010) Thyroid hormone as

a therapeutic option for treating ischaemic heart disease: from
early reperfusion to late remodeling. Vascul Pharmacol
52:157-165. doi:10.1016/).vph.2009.11.006

. Wen-yao W, Yi-da T. Min Y et al (2013) Free triiodothyronine

level indicates the degree of myocardial injury in patients with
acute  ST-elevation  myocardial  infarction. Chin Med ]
126:3926-3930

. Tiryakioglu SK, Tiryakioglu O, Ari H, Basel MC, Ozkan H,

Bozat T (2010) Left ventricular longitudinal myocardial function
in overt hypothyroidism: a tissue doppler echocardiographic
study. Echocardiography 27:505-511. doi:10.1111/).1540-8175.
2009.01043.x

. lic 8, Tadic M, Ivanovic B, Caparevic Z, Trbojevie B, Celic V

(2013) Leftand right ventricular structure and function in subelinical
hypothyroidism: the effects of one-year levothyroxine treatment,
Med Sci Monit 19:960-968. doi:10.1265%MSM.889621
Steg G, James SK, Atar D et al (2012) ESC Guidelines for the
2 of acute dial infarction in patients presenting
with ST-segment elevation: the Task Force on the management of
ST-segment elevation acute myocardial infarction of the Euro-
pean Society of Cardiology. Eur Heart J 33:2569-2619. doi:10.
1093/eurheantjfchs215

Social Fund under the Global Grant measure, Grant VP1-3,1-SMM-
O07-K-02-060.

Compliance with ethical standards

Conflict of interest
of interest.

The authors declare that they have no conflict

Statement of human and animal rights  All procedures performed
in this study involving human participants were in accordance with
the ethical standards of the institutional research committee and with
the 1964 Helsinki declaration and its later amendments. This article
does not contain any studies with animals performed by any of the
authors.

Informed consent Informed consent was obtained from all indi-
vidual participants included in the study.

References

. Economidou F, Douka E. Tzanela M. Nanas 8. Kotanidou A
(2011) Thyroid function during critical iliness. Hormones
10:117-124

. Wajner SM. Goemann IM. Bueno AL, Larsen PR, Maia AL
(201 1) IL-6 promotes nonthyroidal illness syndrome by blocking
thyroxine activation while promoting thyroid hormone inactiva-
tion in human cells. ] Clin Invest 121:1834-1845, doi:10.1172/
ICI44678

. Zhang B, Peng W, Wang C, Li W, Xu Y (2012) A low fT3 level as
a prognostic marker in patients with acute myocardial infarctions.
Intern Med 51:3009-3015. doi:10.2169/internalmedicine.51.7902

. Cerillo AG, Storti 5, Kallushi E et al (2014) The low iri-
iodothyronine syndrome: a strong predictor of low cardiac output

(=]

s

108

Jankauskiené E, Orda P, Vaikelyte JJV et al (2015) Left ven-
tricular function by speckle-tracking echocardiography in patients
with low-T3 syndrome and acute myocardial infarction, Medicina
51:209-216. doi: 10.1016/.medici.2015.07.004

. Lang RM. Badano LP, Mor-Avi V et al (2015) Recommendations

for cardiac chamber g fication by echocardiography in adults:
an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr 28:1-39. doi:10.1016/j.echo.2014.10.003

. Nagueh SF. Appleton CP, Gillebert TC et al (2009) Recom-

mendations for the evaluation of left ventricular diastolic function
by echocardiography. Eur J Echocardiogr 10:165-193. doi:10.
1093 /ejechocard/jepl07

. Perk G, Tunick PA, Kronzon 1 (2007) Non-Doppler two-dimen-

sional strain imaging by echocardiography-from technical con-
siderations to clinical applications. J Am Soc Echocardiogr
20:234-243. doi:10.1016/j.echo.2006.08.023

. Daswani R. Jayaprakash B, Shetty R, Rau NR (2015) Association

of thyroid function with severity of coronary artery disease in
cuthyroid patients. J Clin Diagn Res 9:10-13, doi: 10.7860/JCDR/
2015/108908,6059

. Bai MF, Gao CY, Yang CK et al (2014) Effects of thyroid dys-

function on the severity of coronary artery lesions and its prog-
nosis. J Cardiol 64:496-500. doi:10.1016/.jjec.2014.03.009

. Ozcan KS, Osmonov D, Toprak E et al (2014) Sick euthyroid

syndrome is associated with poor prognosis in patients with 8T

£ elevati fial infarction undergoing primary
percutaneous intervention, Cardiol J 21:238-244, doi: 10.5603/CJ,
a2013.0108

. Springeling T, Kirschbaum SW, Rossi A et al (2012) Late cardiac

remodeling after primary percutaneous coronary intervention-
five-year cardiac magneti ing follow-up. Circ I
T7:81-88. doi:10.1253/cirej.CI-12-0043

. Pantos C, Mourouzis 1 (2014) The emerging role of TRxl in

cardiac repair: potential therapeutic implications, Oxid Med Cell
Longev. doi:10.1155/2014/481482

@ Springer



398

Intern Emerg Med (2016) 11:391-398

20.

2

24,

26.

2

-

(=]
o

. Lymvaios 1,

Bellé-Klein A, Khaper N, Llesuy 8, Vassallo DV, Pantos C
(2014) Oxidative stress and antioxidant strategies in cardiovas-
cular disease. Oxid Med Cell Longev. doi:10.1155/2014/678741

. Bonios MJ, Kaladaridou A, Tasoulis A et al (2014) Value of

apical circumferential strain in the early post-myocardial infarc-
tion period for prediction of left ventricular remodeling. Hellenic
1 Cardiol 55:305-312

! Urbano Moral JA, chpe? -Haldon JE, Fernandez M et al (2012)

value of d serum bic for left ventric-

ular remodeling after ST-elevation myocardial infarction treated
with primary percutaneous coronary intervention. Heart
98:1153-1159. doi:10.1136/heartjnl-2012-301636
Mourouzis 1, Cokkinos DV, Dimopoulos MA,
Toumanidis ST, Pantos C (2011) Thyroid hormone and recovery
of cardiac function in patients with acute myocardial infarction: a
strong association? Eur J Endocrinol 165:107-114. doi: 10015300
EIE-11-0062
Yoon HI, Jeong MH, Jeong Y et al (2013) Progressive dilation of
the left atrium and ventricle after acute myocardial infarction is

i with high lity. Korean Circ 1 43:731-T38.
doi: 10.4070/kej.2013.43.11.731

. Ho CY, Sedomon SD (2006) A clinician’s guide to tissue doppler

imaging. Circulation 113:396-398. doi:10.1161/CIRCULATIO
NAHA. 105579268

Di Bello V, Monzani F, Giorgi D et al (2000) Ultrasonic
myocardial textural analysis in subclinical hypothyroidism. J Am
Soc Echocardiogr 13:832-840. doi: 10.1067/mje.2000.106397

. Toumanidis ST, Kaladaridou A. Bramos D et al (2013) Apical

rotation as an early indicator of left ventricular systolic dys-
function in acute anterior myocardial infarction: experimental
study, Hellenic J Cardiol 54:264-272

. Nakatani S (2011) Left ventricular rotation and twist: why should

we learn? J Cardiovasc Ultrasound 19:1-6. doi: 10.4250/jcu. 201 1.
19.1.1

&) Springer

. Takeuchi M, Nishikage T, Nakai H, Kokumai M, Otani S, Lang

RM (2007) The assessment of left ventricular twist in anterior
wall myocardial infarction using two-dimensional speckle
tracking imaging. ] Am Soc Echocardiogr 20:36-44. doi: 10,1016/
joecho.2006.06.019

. Nucifora G, Marsan NA, Bertini M et al (2010) Reduced left

ventricular torsion early after myocardial infarction is related to
left ventricular remodeling, Cire Cardiovase Imaging 3:433-442,
doi: 10,1 161/CIRCIMAGING. 109926196

. Jabbar A, Razvi S (2014) Thyroid disease and vascular risk. Clin

Med 14:529-s32. doi:10.7861/clinmedicine. 14-6-s29

. Kim WIJ, Lee BH. Kim Y et al (2009) Apical rotation assessed

by speckle-tracking echocardiography as an index of global left
ventricular contractility. Cire Cardiovase Imaging 2:123-131.
doi: 10,1 161/CIRCIMAGING. 108.794719

33. Knudson ML, Galbraith PD, Hildebrand KL, Tyberg IV, Beyar

35

109

R (1997) Dynamics of left ventricular apex rotation during
angioplasty: a sensitive index of ischemic dysfunction. Circula-
tion 96:801-808. doi:10.1161/01.CIR.96.3.801

. Mor-Avi V., L'1ng RM. Badano LP et al (2011) Current and

evolving I ques for the quantitative eval-
uation of cardiac ics: ASE/EAE on
methodology and indications endorsed by the Japanese Society of
Echocardiography. J Am Soc Echocardiogr 24:277-313. doi:10.
1016/).echo. 2001 1.01.015

Stanton T, Leano R, Marwick TH (2009) Prediction of all-cause
mortality from global longitudinal speckle strain: comparison
with ejection fraction and wall motion scoring. Cire Cardiovasc
Imaging 2:356-364. doi:10.1161/CIRCIMAGING. 109.862334

. Hung CL, Verma A, Uno H et al (2010) Longitudinal and cir-

cumferential strain rate, left ventricular remodeling, and prog-
nosis  after  myocardial infarction. ] Am  Coll Cardiol
56:1812-1822. doi:10.1016/] jace.2010.06.044



SUMMARY

Abbreviations
AMI — acute myocardial infarction
Cl — confidence interval
CvD — cardiovascular diseases
fT3 — free trilodothyronine
fT4 — free tetraiodothyronine
HDL — high density lipoproteins
IHD — ischemic heart disease
LDL — low density lipoproteins
LV — left ventricular
Ml — myocardial infarction
PTCA - percutaneous transluminal coronary angioplasty
T3 — reverse triiodothyronine
STEMI - ST elevation myocardial infarction
STI — speckle tracking imaging
T3 — triiodothyronine
TH — thyroid hormones
TSH — thyroid stimulating hormone
TT3 — total triiodothyronine

1. Introduction

Epidemiological research data have confirmed that ischemic heart
disease and its complications in the general structure of cardiovascular
diseases are the major causes of death and invalidity among the working age
population in Lithuania.

During the acute myocardial infarction upon left ventricular remode-
lling, complex molecular and cellular changes occur. The left ventricle
remodels in 13—49% of patients who are diagnosed with myocardial infarc-
tion along with ST segment elevation and who are administered coronary
artery angioplasty.

Cardiovascular changes affect the action of the hypothalamus-hypo-
physis-thyroid hormone chain and cause a decrease in free triiodothyronine
in the blood serum. These changes of thyroid hormones are observed in
almost one-third of patients with acute coronary syndrome.
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A decreased concentration of free triiodothyronine has a substantial
effect on the left ventricular hemodynamic changes and the mechanical
function at both early and late stages of myocardial infarction.

A number of acute myocardial infarction diagnostic and treatment
methods have been recently employed in clinical practice; however, the
morbidity and mortality remain high. Therefore, search for new blood
markers and echocardiographic parameters is expedient in predicting left
ventricular remodelling and looking for new acute myocardial infarction
treatment methods in the future.

2. The aim and objectives

The aim of the study

To assess associations between a decreased free triiodothyronine
concentration and the left ventricular function in predicting left ventricular
remodelling following acute myocardial infarction.

The objectives of the study

1. To assess associations between a decreased free triiodothyronine
concentration and the risk factors of ischemic heart disease as well
as changes of myocardial markers during the acute stage of
myocardial infarction.

2. To assess associations between a decreased free triiodothyronine
concentration and myocardial function changes evaluated by
echocardiography examination in patients with myocardial
infarction during the acute period and after a 6-month monitoring
period.

3. To assess and compare clinical, echocardiographic and thyroid
hormone concentration data between patients with left ventricular
remodelling and those without remodelling.

4. To assess probability values of endocrine and echocardiographic
data in predicting left ventricular remodelling following myocardial
infarction.

Scientific novelty

This research study is the first attempt in Lithuania to analyse thyroid
axis hormone function disorders occurring during acute myocardial infarction
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and to determine their influence on myocardial function changes evaluated by
echocardiography examination with the speckle tracking method.

Only sporadic studies which analyse the influence of the thyroid func-
tion on echocardiographic and left ventricular deformation parameters are
reported in the scientific literature worldwide; however, the effects of a low
free triiodothyronine level on the mechanical function of the left ventricle,
i.e. rotation, twist and torsion, so far have not been determined in patients
following acute myocardial infarction with ST segment elevation.

3. Methodology of the study

Study population

This clinical prospective study was performed in the Cardiac Intensive
Care Unit at the University Hospital. One hundred and forty patients with
first-onset STEMI were included in this study. The patients were recruited
between 2011 and 2014. The study protocol was approved by the Regional
Medical Research Ethics Committee (No. P3-38/2007). All the enrolled
patients signed an informed consent form.

The diagnosis of STEMI was made according to the guidelines of the
European Society of Cardiology.

IHD risk factors were evaluated on the basis of diagnostic criteria
according to the European Guidelines on cardiovascular disease prevention
in clinical practice (version 2012).

All the subjects included in the study underwent the evaluation of the
troponin 1, lipid profiles, common blood test, high sensitivity C-reactive
protein (hsCRP), and fasting serum glucose levels. The concentration of the
thyroid hormones (TH) in the serum was measured on day 1 and day 4 after
the onset of STEMI symptoms. On day 1, the following thyroid hormone
concentrations were examined: TSH, fT3, rT3, TT3, and fT4. On day 4,
TSH, fT3, and fT4 hormone concentrations were measured. Blood samples
were collected by venipuncture in vacuum tubes for serum with a gel
separator (5 mL). Blood samples were stored at 18-25°C until a clot formed
(after approximately 15-45 min). The serums were subsequently separated
by centrifugation (1200 x g, for 15 min) and were analysed using the auto-
mated enzyme immunoassay analyser AIA-2000 (Tosoh Co., Japan). The
reference intervals for our laboratory were as follows: 3.2-5.9 pmol/L for
fT3; 24.5-269.3 pg/mL for rT3; 0.89-2.44 nmol/L for TT3; 9-21.07 pmol/L
for fT4 and 0.38-4.31 mU/L for TSH.

The exclusion criteria were thyroid dysfunction (based on medical
history and treatment), treatment with TH, thyreostatics, amiodarone, use of
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corticosteroids, treatment with radioiodine (current or in the past), partial or
total thyroidectomy, myocardial infarction prior to enrolment or during the
follow-up, arrhythmias, valvular heart diseases (moderate and severe aortic
stenosis, moderate and severe aortic regurgitation, prior known mitral valvu-
lar disease, or rheumatic disorders), 2D echocardiography images that were
inadequate for analysis, prior coronary artery bypass grafting (CABG),
investigation requiring radiographic contrast injection within the last month,
renal insufficiency, chronic liver diseases, cancer, and acute infection.

According to the serum fT3 levels on admission, the study population
was divided into 2 groups: low fT3 group (fT3<3.2 pmol/L) (n=44) and
normal fT3 group (fT3>3.2 pmol/L) (n=96). According to the left
ventricular end diastolic volume (LVEDV), evaluated after 6 months, 2
subgroups were composed: with LV remodelling (LVEDV increase by
>20%) (n=33) and without LV remodelling (LVEDV<20%) (n=87).

Echocardiography

All the patients with STEMI were examined using 2D echocardio-
graphy within 48-72 h after hospitalization (n=140). At 6 months, 2D
echocardiography was repeated, and echocardiographic parameters of the
LV function after AMI were analysed (n=120). Both conventional echocar-
diography and STE were performed using the Vivid 7 ultrasound line (GE
VingMed Ultrasound AS; GE Medical Systems, Horten, Norway) in the left
lateral decubitus position. Standard images were obtained using a 4.0 MHz
transducer in the parasternal (long- and short-axis images) and apical (2-, 3-,
and 4-chamber images) views. Measurements were averaged from at least 3
consecutive beats.

2D echocardiography was used to assess conventional parameters,
including LV end-systolic diameter (LVESD), LV end-diastolic diameter
(LVEDD), LV end-systolic volume (LVESV), LV end-diastolic volume
(LVEDV), LV e¢jection fraction (LVEF), left atrial (LA) diameter, and LA
volume. LVEF was calculated from the conventional apical 2- and 4-
chamber images using the biplane Simpson’s technique. LA dimension was
measured at the end-systole. LA volume was measured using the Simpson’s
method from the apical 2- and 4-chamber images. Morphometric parameters
were indexed by body surface area. The echocardiographic parameters were
determined according to the current recommendations.

Transmitral Doppler inflow was obtained in the apical 4-chamber view.
Pulsed Doppler measurements included the transmitral early diastolic peak
flow velocity (E) and late diastolic flow velocity (A). Tissue Doppler
imaging was used to obtain LV myocardial velocities in the apical 4-cham-
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ber view of the mitral annulus during the early diastole (E’) and systole (S’
lateral, S’ septal), and in the 2-chamber view during the systole (S’ inferior,
S’ anterior).

Myocardial tissue deformation (strain) was calculated using STE. LV
strain and strain rate analysis was performed using EchoPac 6.1 software
(GE Medical Systems).

Apical 4-, 3-, and 2-chamber views were used for the longitudinal strain
(Ls) and strain rate analyses. Parasternal short-axis views at the base (at the
tips of the mitral valve leaflets), at the level of the papillary muscles, and at
the apex (with the minimal circular LV cavity at the end-systole) were used
for radial strain (Rs), circumferential strain (Cs), and rotation (R) analysis.

Endocardial borders were manually traced at the end-systole. The myo-
cardium was automatically divided into 6 segments. The apical-axis view
was manually divided into 4 segments. The deformation and rotation values
of each segment were collected from the result window. Peak systolic strain,
strain rate, early and late diastolic strain rate, and rotation were used for the
analysis. All global deformation indices were calculated as an average of the
observed segmental values.

LV twist was calculated as the absolute apex-to-base difference in LV
rotation. LV torsion was calculated as LV twist normalized with respect to
ventricular diastolic longitudinal length between the LV apex and the mitral
plane ([apical LV rotation — basal LV rotation]/LV diastolic longitudinal
length).

Statistical data analysis

The statistical analysis was conducted using the SPSS 20.0 statistics
software package. The mean, standard deviation (SD) and the 95% confi-
dence interval (ClI) are indicated for quantitative variables; and value rates
as well as relative rates in percent are indicated for qualitative variables.

In order to determine the sample size, the force f=0.8 and the probabi-
lity value a =0.05 were chosen.

The Student t test was used to check the average equality hypothesis in
case of normal data distribution and the Wilcoxon-Mann-Whitney test in
case of non-normal data distribution. To compare the data between several
different groups, the (ANOVA) Fisher and Kruskal-Wallis tests were used.
The Bonferroni test was applied for multiple pairwise comparisons. The
nonparametric Wilcoxon match-paired test was used to assess the changes
from the time perspective.
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The independence of qualitative variables was tested using the chi-
square x* test; and if the number of monitored patients was low, the Fisher
exact criterion was applied.

The unvaried (OR) and the multivariate binary logistic regression ana-
lyses were used to assess, i.e. to predict, (logic “1”) values of the influence
of independent variables on the dependent variables. The significance of
individual attributes was determined according to the odds ratio. The
estimation was performed using the multivariate binary logistic regression
(forward condition) model. The coefficients of the logistic regression equa-
tion were tested on the basis of the first error (¢=0.05) hypotheses.

The areas under the Receiver Operating Characteristics (ROC) curves
were calculated. The area under the ROC curve describes the prognostic
characteristics of the study: the closer the area under the ROC curve is to 1,
the better the prognostic characteristics. The prognostic characteristics are
poor if the area below the ROC curve equals or is lower than 0.5. Possible
dependent variable values and their specificity and sensitivity were
estimated. Deviations and their sensitivity (Likelihood ratios — true vs. false)
are indicated.

The significance level 0.05 was chosen to test statistical hypotheses.

4. Results

4.1. Comparison of clinical data of the patients with myocardial
infarction with ST segment elevation in the low fT3 group
and the normal fT3 group

By way of targeted random selection, 44 patients (31.4%) had low {T3
and 96 patients (68.6%) had normal fT3 levels. The patients in the low T3
group were older than those in the normal fT3 group.

HsCRP was significantly higher in the low fT3 group (p=0.03). The
lipidogram test demonstrated a higher total cholesterol (p=0.02) and LDL
cholesterol concentration (p=0.03) as well as lower HDL cholesterol con-
centration (p=0.02) in the low fT3 group (Table 4.1.1).
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Table 4.1.1. Comparison of clinical and laboratory data between patients
with low fT3 and normal fT3

Mean+SD
Characteristics p-value
Low fT3 group | Normal fT3 group

Age (years) 62.7£9.9 56.3+£12.3 0.008
Systolic pressure (mmHg) 139.7£23.9 138.8+£22.6 >0.05
Diastolic pressure (mmHg) 84.1+11.6 81.9+11.9 >0.05
Heart rate (k/min) 72.6+£12.8 75.8£12.9 >0.05
BMI (kg/m?) 27.915.5 27.9+4.8 >0.05
Laboratory date:

Potassium (mmol/L) 4.1+0.4 4.1+0.4 >0.05
Creatinine (umol/L) 88.9+29.9 83.5+15.9 >0.05
Glycaemia (mmol/L) 7.9+1.1 7.6%1.2 >0.05
Troponin I (ug/mL) 7.4+1.7 12.942.3 >0.05
WBC (x10%L) 11.241.2 12.1+1.1 >0.05
CRP (mg/L) 13.3£2.8 11.5+2.6 >0.05
High sensitivity CRP (mg/L) 23.44+6.9* 18.8+£3.7* 0.03
Total cholesterol (mmol/L) 5.7+0.5 5.5+0.6 0.02
LDL cholesterol (mmol/L) 3.8+0.2 3.6+0.3 0.03
HDL cholesterol (mmol/L) 1.03+0,2 1.2+0,4 0.02
Triglycerides (mmol/L) 1.5+0.7 1.5+0.9 >0.05

BMI — body mass index; WBC — white blood cell; CRP — C-reactive protein; LDL — low-
density lipoprotein; HDL — high-density lipoprotein; * — meantstandard error.

4.2. Comparison of echocardiography data of the patients with MI with
ST segment elevation in the low fT3 group and the normal fT3 group

The comparison of the changes in echocardiography data of the patients
who had low fT3 and normal fT3 levels following a 6-month monitoring
period was performed. LV end diastolic diameter (p=0.028), LV end diasto-
lic diameter index (p=0.041) and LV end systolic diameter (p<0.001)
increased in the low fT3 group in comparison with the normal fT3 group.
LV end diastolic volume (p=0.011) was greater in the low fT3 group.

Left atrium volume (p<0.002) and left atrium volume index (p=0.012)
increased in the low fT3 group.

Mitral E/E’ ratio was higher in the low fT3 group patients (p=0.028).

Systolic LV function evaluated by LV ejection fraction (p=0.042) and
lateral, septal, inferior, and anterior myocardial mitral annular velocities (S°)
were significantly lower in the low fT3 group compared with the control
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group (7.28+£2.0 m/s and 7.88+1.99 m/s, p=0.041; 7.09+1.81 m/s and 8.02+
1.85 m/s, p=0.018; 7.71+1.82 m/s and 8.48+1.7 m/s, p=0.018; 7.38+1.71 m/s
and 7.78+2.0 m/s, p=0.026) (Table 4.2.1).

Table 4.2.1. Comparison of echocardiography data of the patients with low
fT3 and normal fT3 after a 6-month monitoring period

Parameter Mean +5D p-value
Low fT3 group Normal fT3 group

LVEDD (mm) 53.66+6.37 50.85+5.21 0.028
LVEDD index (mm/m?) 26.97£3.21 25.39+2.93 0.041
LVESD (mm) 44.33+5.6 41.95+5.01 <0.001
LVEDV (ml) 114.14+21.86 110.62+17.45 0.011
LVEDV index (ml/m?) 56.32+10.41 55.1+7.51 >0.05
LVESV (ml) 45.81£13.21 47.08+14.06 >0.05
LVESV index (ml/m?) 23.26+6.09 23.33+6.28 >0.05
LVEF (%) 38.42+8.45 40.25+8.89 0.042
LA (mm) 42.14+2.64 41.84+4.56 >0.05
LA vol. (ml) 58.73+20.81 49.95+17.92 <0.002
LA vol. index (ml/m?) 29.74+9.56 24.62+7.78 0.012
E/E’ ratio 10.84+4.16 8.16+3.84 0.028
E’ lateral (m/sec) 9.42+3.0 10.73+2.77 0.03
E’ septal (m/sec) 7.52+2.35 8.68+2.65 0.04
S’ lateral (m/sec) 7.28+2.0 7.88+1.99 0.041
S’ septal (m/sec) 7.09+1.81 8.02+1.85 0.018
S’ inferior (m/sec) 7.71+£1.82 8.48+1.7 0.018
S’ anterior (m/sec) 7.38+1.71 7.78+£2.0 0.026

LV — left ventricular; EDD — end-diastolic diameter; ESD — end-systolic diameter; EDV —
end-diastolic volume; ESV — end-systolic volume; EF — ejection fraction; LA — left atrium;
LA vol. — left atrium volume; LA vol. index — left atrium volume index; E/E’ ratio — early
diastolic transmitral flow velocity and early diastolic mitral annular velocity; E* — early
diastolic mitral annular velocity; S’ — systolic myocardial mitral annular velocity.
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Table 4.2.2. Comparison of LV rotation and LV deformation parameters

between the low fT3 and normal fT3 groups following 6 months

Mean+SD
Parameter p-value
Low fT3 group ‘ Normal fT3 group

Rotation
Systolic basal R (°) —0.74+0.33 -1.93+0.23 0.031
Systolic basal R rate (°/s) -59.62+21.25 —62.08+£16.79 0.021
Early diastolic basal R rate (°/s) 68.86+21.23 67.04+25.65 >0.05
Late diastolic basal R rate (°/s) 50.21+25.92 52.08+26.51 >0.05
Systolic apical R (°) 10.11+1.25 6.28+0.65 <0.004
Systolic apical R rate (°/s) 63.83+25.95 62.37+14.74 >0.05
Early diastolic apical R rate (°/s) —66.01+22.21 —62.03+24.83 0.038
Late diastolic apical R rate (°/s) —45.5+12.17 —43.07+£12.91 >0.05
LV twist (°) 10.85+0.18 7.19+0.46 0.011
LV torsion (°/cm) 1.18+0.12 1.14+0.36 >0.05
Peak systolic GLs (%) -12.314£3.79 -13.11£3.49 0.041
Peak systolic GRs (%) 26.74+1.45 27.38+11.64 >0.05
Peak systolic GCs (%) -16.34+4.81 -15.79+4.4 >0.05

LV — left ventricular; R — rotation; GLs — global longitudinal strain; GRs — global radial
strain; GCs — global circumferential strain.

After 6 months, significant changes were determined in the low fT3
group. LV systolic basal rotation decreased in the low fT3 group (p=0.031).
LV systolic apical rotation (p<0.004) and LV twist (p=0.011) increased in
the low fT3 group. Early diastolic LV apical rotation rate (E) increased in
the low fT3 group (p=0.038).

Global longitudinal strain decreased in the low fT3 group in comparison
with the control group (p=0.041). No difference in the global radial and
circumferential strain was observed between the groups. The data of the
patients are provided in Table 4.2.2.

4.3. Comparison of thyroid hormone measurements
and echocardiography parameters between the groups of patients with
and without left ventricular remodelling

The comparison of the thyroid hormone examination results demonst-
rated that on day 1 the free triiodothyronine (fT3) level was lower and the
reverse triiodothyronine (rT3) level was higher in the patients who had LV
remodelling. The total triiodothyronine (TT3) and free tetraiodothyronine

118



(fT4) concentrations did not differ between the groups. The thyroid stimu-
lating hormone (TSH) level was lower on day 1 in the group of the patients
who had LV remodelling; however, no statistically significant difference
was observed (Table 4.3.1).

Table 4.3.1. Comparison of thyroid hormones during the acute MI stage
between the patients with diagnosed LV remodelling and the patients without

diagnosed LV remodelling

Parameter Mean =SD p-value

With LV Without LV

remodelling remodelling
fT3 on day 1 (pmol/L) 3.12+0.21 4.05+0.13 0.029
fT3 on day 4 (pmol/L) 3.67+0.13 3.68+0.07 >0.05
rT3 on day 1 (pg/mL) 1053.71 690.51 0.033

[512.02-1827.40] [214.72-3862.21]

TT3 on day 1 (hmol/L) 1.58 [1.01-1.86] 1.49 [0.51-1.82] >0.05
fT4 on day 1 (pmol/L) 13.26+0.69 14.56+0.38 >0.05
fT4 on day 4 (pmol/L) 13.79+0.72 14.42+0.33 >0.05
TSH on day 1 (mU/L) 0.86 [0.564.67] 1.17 [0.42-4.48] >0.05
TSH on day 4 (mU/L) 1.86 [0.82-3.48] 1.67 [1.23-8.78] >0.05

fT3 — free triiodothyronine; rT3 — reverse triiodothyronine; TT3 — total triiodothyronine;
fT4 — free tetraiodothyronine; TSH — thyroid stimulating hormone; median [Q1; Q3].

Table 4.3.2. Comparison of LV rotation and LV deformation parameters in
the patients with and without LV remodelling after 6 months

Mean +SD
Parameter With LV Without LV p-value
remodelling remodelling

Rotation
Systolic basal R (°) -1.12+0.48 -1.77£0.81 0.042
Systolic basal R rate (°/s) —53.99+21.33 —63.92+16.46 0.028
Early diastolic basal R rate (°/s) 69.12+30.76 67.28+25.68 >0.05
Late diastolic basal R rate (°/s) 35.81+20.05 54.74+25.91 >0.05
Systolic apical R (°) 6.11£2.37 7.13£3.11 0.043
Systolic apical R rate (°/s) 52.93+£22.43 64.16+24.29 0.035
Early diastolic apical R rate (°/s) —52.77+26.28 —63.56+24.71 <0.001
Late diastolic apical R rate (°/s) -36.91+19.19 —44.88+23.68 <0.004
LV twist (°) 5.06+1.99 7.63+2.13 <0.001
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Table 4.3.2. Continued

Parameter Mean +=SD
With LV Without LV p-value
remodelling remodelling

LV torsion (°/cm) 0.89+0.51 1.21+0.65 0.026
Peak systolic GLs (%) -11.81+£3.53 -13.24+3.18 0.011
Late diastolic Ls rate (1/s) 0.91+0.29 1.04+0.29 0.041
Peak systolic GRs (%) 26.87+£12.55 27.23£11.59 >0.05
Peak systolic GCs (%) -14.75+4.19 —15.87+4.32 >0.05

LV — left ventricular; R — rotation; GLs — global longitudinal strain; GRs — global radial
strain; GCs — global circumferential strain; Ls — longitudinal strain.

LV rotation and LV deformation parameters were also analysed after 6
months. Significant changes were observed in the LV remodelling group.

In the LV remodelling group, the following parameters decreased: LV
systolic basal rotation (p=0.042) and rotation rate (p=0.028), LV systolic
apical rotation (p=0.043) and rotation rate (p=0.035), LV twist (p<0.001)
and LV torsion (p=0.026). Early and late diastolic apical rotation rate were
also found to be decreased in the LV remodelling group.

Peak systolic global longitudinal strain (p=0.011) and late diastolic
longitudinal strain rate (p=0.041) decreased in the LV remodelling group
(Table 4.3.2).

4.4. Significance of clinical parameters in predicting LV remodelling
following myocardial infarction in case of low fT3 concentration

The multivariate binary logistic regression analysis demonstrated prog-
nostic LV remodelling parameters. LV systolic apical rotation, LV twist, LV
end-diastolic volume, left atrium volume, and global longitudinal strain
were the most significant LV remodelling features in patients after MI with
ST segment elevation and with low fT3 concentration (Table 4.4.1).
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Table 4.4.1. Results of multivariate binary logistic regression analysis in
predicting left ventricular remodelling

Parameter Exp (B) -95% CI +95% CI p-value
Systolic apical R (°) 1.639 1.066 2.520 0.024
LV twist (°) 1.250 1.012 1.077 0.036
Systolic basal R rate (°/s) 1.118 1.066 1.073 0.048
Peak systolic GLs (%) 1.192 1.001 1.420 0.048
LVEDD index (mm/m?) 1.143 1.098 1.322 0.042
LVESD (mm) 1.119 1.096 1.763 0.038
LVEDV (mL) 1.203 1.097 1.332 0.041
LA vol. (mL) 1.238 1.093 1.485 0.036

R — rotation; LV — left ventricular; GLs — global longitudinal strain; EDD — end-diastolic
diameter; ESD — end-systolic diameter; EDV — end-diastolic volume; LA vol. — left atrium
volume; Exp(B)- probability value of the exponential function.

In order to determine the influence of low fT3 and echocardiography
parameters, as well as prognostic values, on the occurrence of LV remodel-
ling, the ROC analysis was used.

It was observed that the highest LV remodelling prediction parameters
were LVESD index >32.2 mm/m? (sensitivity — 98.71%, specificity —
83.92%) (Fig. 4.4.2); LA volume index >32.0 mL/m? (sensitivity — 87.64%,
specificity — 82.01%) (Fig. 4.4.3), and LV systolic apical rotation 7.31°
(sensitivity — 88.95%, specificity — 76.72%.) (Fig. 4.4.4).

The most specific parameters were global longitudinal strain <-13.37%
(sensitivity — 57.37%, specificity — 77.16%) and LV systolic basal rotation
<-1.8° (sensitivity — 64.84%, specificity — 76.12 %).

These and other additional data are given in Tables 4.4.5 and 4.4.6.
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Fig. 4.4.2. Estimation of the prognostic left ventricular end-systolic
diameter index value by the ROC analysis
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Fig. 4.4.3. Estimation of the prognostic left atrium volume index value
by the ROC analysis
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Fig. 4.4.4. Estimation of the prognostic left ventricular systolic apical
rotation value by the ROC analysis

Table 4.4.5. Area under the curve (AUC) of all significant echocardiogra-

phy parameters

Variable(s) Area +95% CI p-value
LVEDD index 0.669 0.54-0.81 0.023
LVESD index 0.709 0.57-0.85 0.007
LVEDV 0.601 0.49-0.71 0.032
LA vol. index 0.691 0.56—0.82 0.012
Peak systolic GLs 0.599 0.43-0.64 0.031
Systolic basal R 0.593 0.38-0.60 0.033
Systolic apical R 0.627 0.47-0.78 0.011

LV - left ventricular; EDD — end-diastolic diameter; ESD — end-systolic diameter; EDV —
end-diastolic volume; LA vol. — left atrium volume; GLs — global longitudinal strain; R —

rotation; CI — confidence interval.
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Table 4.4.6. Cut-off values for LV parameters in the prediction of low fT3
levels

) . Likelihood-
Cut-off | Sensi- 95% CI Speci- 95% CI ratio
value | tivity ficity . -

Positive | Negative

LVEDD index | 567 | 9412 | 71.3-99.9 | 37.93 | 255-51.6 | 152 | 0.6

(mm/m?)

LVESD index | >355 | 98.71 | 28.6-78.8 | 83.92 | 28.6-486 | 123 | 0.8

(mm/m?)

LVEDV (mL) | =119 | 76.84 | 16.3-61.6 | 87.61 | 65.8-86.9 | 1.65 0.81

LAvol.index | >3 | 87.64 | 741-920 | 8201 | 71.2-864 | 119 0.19

(ml/m?)

Peak systolic _ _

GLs (3) <-1337| 5737 | 24.4-71.1 | 77.16 | 54.6-78.2 | 1.44 0.78

Systolic <187 | 64.84 | 163-61.6 | 76.12 | 64.1-857 | 154 | 0.83

basal R (°)

IS{V(S(})O“CE"F"C""' <731 | 88.95 | 54.4-939 | 76.72 | 44.0-68.8 | 1.82 037

LV — left ventricular; EDD — end-diastolic diameter; ESD — end-systolic diameter; EDV —
end-diastolic volume; LA vol. — left atrium volume; GLs — global longitudinal strain; R —
rotation; CI — confidence interval.

5. Conclusions

1. Low free triiodothyronine concentration statistically significantly corre-
lates with dyslipidaemia, i.e. total cholesterol, low density lipoprotein
cholesterol, and high sensitivity C-reactive protein, during the acute
myorcardial infarction stage (p < 0.05).

2. Low free triiodothyronine concentration during the acute stage of
myocardial infarction statistically significantly correlates with usual
parameters reflecting left ventricular systolic and diastolic function and
echocardiography parameters reflecting the mechanical function of the
left ventricle after 6 months: left ventricular end systolic and diastolic
diameters, left ventricular end diastolic volume, left atrium volume and
E/E’ ratio increased; left ventricular ejection fraction decreased; systolic
apical rotation, left ventricular twist, early diastolic apical rotation rate
increased; systolic basal rotation and global longitudinal strain decree-
sed (p < 0.05).
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3. Left ventricular remodelling was more frequently diagnosed in the
patients who had a statistically significantly reduced level of free
triiodothyronine, increased concentrations of reverse triiodothyronine,
leukocytes, high sensitivity C-reactive protein, and troponin during the
acute stage of myocardial infarction. The patients with left ventricular
remodelling after 6 months had reduced left ventricular rotation and
deformation echocardiography parameters including systolic apical
rotation, left ventricular twist, left ventricular torsion, early and late
diastolic apical rotation rates, and global longitudinal strain (p < 0.05).

4. The assessment of the changes in the free triiodothyronine level and the
dynamic left ventricular remodelling associations demonstrated that the
following probabilities were most significant: the Q wave; the left
ventricular anterior wall myocardial infarction; high sensitivity C-
reactive protein; systolic apical rotation, left ventricular twist, global
longitudinal strain, and left atrial volume (p<0.05).

6. Practical recommendations

A free triiodothyronine concentration test could be included into the
programme of ischemic heart disease prevention and should be tested like
other risk factors (lipidogram, glycaemia).

A free triiodothyronine concentration test should be performed in
patients with acute myocardial infarction with ST segment elevation. This
could help to select high-risk patients with unfavourable future prognosis
and recommend intensive monitoring by a cardiologist as well as administer
appropriate medical treatment.

At an early stage of acute myocardial infarction with ST segment
elevation, echocardiography is recommended, which allows predicting
occurrence of left ventricular remodelling. Left ventricular apical rotation
and left ventricular twist could be used as prognostic echocardiography
parameters.

Reduction in free triiodothyronine during acute myocardial infarction
and the results obtained at a later stage demonstrate that a clinical trial
would be expedient where pathogenetic treatment of myocardial infarction
could be supplemented with triiodothyronine replacement therapy.
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PRIEDAI
Ligoniy serganciy iminiais koronariniais sindromais tyrimas

Tiriamojo kodas: ][] 1[]

Vardas, Pavarde

Istorijos Nr.

Lytis: vyras —[_J; moteris —[_]

Gimimo data (m.- mén.-d.):

Tyrimo data (m.- mén.-d.):

Stacionarizavimo data, val.

Telefono Nr.:

Namy adresas:

ISsilavinimas: nebaigtas vidurinis (iki 9 kl.) —[_]; vidurinis —[_] ; aukstesnysis —[_];
nebaigtas aukstasis —[_]; aukstasis — ]

Profesija:

DABARTINE DIAGNOZE
[ ]STEMI [ ]miokardo infarktas Q bangos [ ] miokardo infarktas ne Q bangos

MIOKARDO INFARKTO LOKALIZACIJA

[ Inéra [ ] priekinés sienelés [] apatinés sienelés

[] priekinés-apatinés sieneliy [ ] neapibréztos vietos

UMINIS ISEMINIS SN

[]néra SN pozymiy [ IKillipo I klas¢ [ ]S&irdies astma, II Killipo klasé

(] plaugiy edema, I1I Killipo klasé [ | kardiogeninis $okas, IV Killipo klasé
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KOMPLIKACIJOS
Ritmo sutrikimai

[ Inéra [ ]priesirdinés Ex  [] skilvelinés Ex
[ ]skilveliné tachikardija [ |PP []PV  []skilveliy virpéjimas

Laidumo sutrikimai

[ Inéra [ ]atrioventrikuliné blokada [ ] daliné Hiso kojytés blokada
(] pilna desinés Hiso kojytés blokada [] pilna kairés Hiso kojytés blokada

ANAMNEZE
ARTERINE HIPERTENZIJA

Arteriné hipertenzija: [ | ne -1, pirminé — 2, antriné — 3

Laipsnis: ] 1-1,10-=-211-3
Rizika: [] 1-1,2-2,3-3,4-4
Komplikacijos: [] ne-1,encefalopatija - 2, retinopatija — 3,

kardiopatija — 4, nefropatija — 5, angiopatija — 6, kita — 7

RIZIKOS VEIKSNIAI

Cukrinis diabetas: [] néra — 1, 1 tipas — 2, 2 tipas — 3, gliukozés tolerancijos
sutrikimas — 4

Dislipidemija: [] néra—1,yra-2 (jei ligonis gydomas arba bendrasis

cholesterolis > 5,2 mmol/l) , nezinau — 3
Antsvoris (KMI >25): [ ] néra—1,yra—2

Genetiné anamnezé: [ | néra—1,yra—2

GYVENSENOS YPATUMAI

Riikkymas

Nertko[ ] ] Riko [ | Jmety, [ | |cig./dieng
Metes riikyti [ | | mety Riké [ | Jmety

Alkoholio vartojimas

Nevartoju [_]
<14 vnt. per savaite [_| > 14 vnt per savaite [ |
<21 vnt. per savaite [_|> 21 vnt per savaite [_|
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ANKSTESNIS GYDYMAS
Medikamentinis: netaikytas — 1, gydési — 2

1) nitratai ]

2) AKEF slopikliai ]

3) KKB ]

4) AT | blokatoriai ]

5) air B recept. blokatoriai ]

6) antiaritmikai (I-111 gr.) ]

7) tiesioginio veikimo antikoaguliantai ]

8) netiesioginio veikimo antikoaguliantai ]

9) aspirinas ]

10) klopidogrelis ]

11) statinai ]

12) fibratai ]

13) diuretikai ]

14) skydliaukés f-ja veikiantys vaistai ]
OBJEKTYVUS KLINIKINIS TYRIMAS

Arterinis kraujo spaudimas:

Sistolinis, mm Hg LT 1]
Diastolinis, mm Hg L1111
Antropometriniai matavimai:

Ugis, cm LT 1]
Svoris (be baty, apatiniais baltiniais), kg LT 1]
Pulsas, k./min. LT 1]
Karkalai taip ], ne[]
Edemos taip[_], ne[]
LABORATORINIS TYRIMAS

K CLCT ]
Na (T[T
Kreatininas CT T
Glikemija CLICL]
Bendras cholesterolio kiekis kraujyje, mmol/l LT
DTL-C, mmol/l LI
MTL-C, mmol/l O]
Trigliceridai, mmol/I LT
CRB, mg/I CLIC]
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dj CRB, mg/!I LT
Hemoglobinas, g/l LT 1]
Leukocitai, x10%/1 CL T
Hematokritas proc. L]
Trombocitai CIT1
Troponinas | LT TICT]
TSH 1 para HEN
FT3 1 para CIT]
rT3 1 para (111
TT3 1 para LT
FT4 1 para (111
TSH 4 para HEN
FT3 4 para HEN
FT4 4 para (TT]

TAIKYTAS MEDIKAMENTINIS GYDYMAS

Dopaminas

Nitratai

Betablokatoriali

AKEF slopikliai

AT receptoriy blokatoriai
Amiodaronas

Diuretikai

Kalio preparatai

Aspirinas

Klopidogrelis

Tiesioginiai antikoaguliantai
NVA

Statinai

Fibratai

Peroraliniai antidiabetiniai vaistai
Insulinas

Skydliaukés hormonai
Antitiroidiniai vaistai

Ooodduoooodgoooood

Fibrinolizé [ taikyta [ ] netaikyta

Echo Tyrimas. Data
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Koronarografija. Data

Stenozés (proc.):

S1 L1111

S2 L1

S3 L1

S4 L1

S5 (11

S6 (I1]

7 (L]

S8 (I1]

S9 CI1]

510 (111

S11 LT 1]

512 (111

S13 (111

S14 L1

PTCA

Taip[_], ne[] Segmentai [ ],[_],[ ]
Liekamojo stenozé Taip[_], ne[ ]
Stentavimas

Taip[_], ne[] Segmentai [_], [, []
Pakartotiné PTCA Taip[_], ne[]
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KAUNO REGIONINIS BIOMEDICININIU TYRIMU ETIKOS KOMITETAS
KMUK Eiveniy 2. Centrinis korpusas 71 kab., 50009 Kaunas, tel. +370 37 326243 faks. +370 37 326901, e-mail: cmeinfo@kmu.lt

PRITARIMAS
PROTOKOLO PATAISOMS / PAKEITIMAMS

2010-04-20 Nr. P3-38/2007
Biomedicininio tyrimo pavadinimas: ,Psichosomatiniy, neuroendokrininiy ir miego sutrikimy
itaka iSeminés Sirdies ligos eigaiir reabilitacijai .
Pagrindinis tyréjas: Prof. habil. dr. Robertas Bunevifius
Biomedicininio tyrimo vieta: KMU Psichofiziologijos ir reabilitacijos institutas
Perzitreti &ie [V] su minétu tyrimu susij¢ dokumentai:
{\"] Praiymas dél pritarimo papildyti atliekama biomedicininj tyrima dalimi - “Uminiy koronariniu
sindromy ir kardiochirurginiy operaciju klinikinés, neuroendokrininés ir genetinés raiskos itaka
ideminés Sirdies ligos eigai,gydymui ir reabilitacijai”, jtraukiant naujus tyrimo centrus bei tyréjus.
[v] Papildyto biomedicininio tyrimo protokolas.
[V] Asmens informavimo forma bei Informuoto asmens sutikimo forma (versija Nr. 4)

Nutarta:
[/] Pritarti biomedicininio tyrimo su pataisa vykdymui.
[] Pritarti Asmens informavimo formai bei Informuoto asmens sutikimo formai (versija Nr. 4)

Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai

Nr. Vardas, Pavardé Veiklos sritis

1. Doc. Irena Marchertiené anesteziologija

2. Doc. Romaldas Magiulaitis kliniking farmakologija

3. Prof. Nijolé Dalia Bak3iené pediatrija

4. Prof. Irayda JakuSovaité filosofija

5. Dr. Eimantas Peicius filosofija

6. Gintaras Cesnauskas chirurgija

7 Zelmanas Sapiro terapija

8. Jurgita Laurinaityté bioteisé

9. Laima Vasiliauskaité psichoterapija
Kauno regioninis biomedicininiy tyrimy etikos komitetas dirba vadovaud is etikos principais nustatytais biomedicininiy ryriran
Etikos jstatyme, Helsinkio deklaracijoje, vaisty tyrinéjimo Geros klinikinés praktikos taisyklémis.

Pirmininké érwq’%—* Doe. Irena Marchertiené
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INFORMACIJA PACIENTUI
Versija 4, 2009-12-01
Gerbiamas paciente,

Kvie¢iame Jus dalyvauti tyrimo programoje “Psichosomatiniy, neuroendokrininiy ir miego
sutrikimy jtaka iSeminés Sirdies ligos eigai ir reabilitacijai”, kuri vykdoma Lietuvos sveikatos moksly
universiteto (LSMU) Psichofiziologijos ir reabilitacijos institute, LSMU Kardiologijos klinikoje,
LSMU Kardiochirurgijos klinikoje ir LSMU Kardiologijos institute. Kad padétuméme Jums suvokti
programos esme, pateikiame Sia informacija ir norime buti tikri, kad prie§ sutikdami dalyvauti
programoje, ja supratote.

1. Programos tikslas: Nustatyti psichosomatiniy, neuroendokrininiy, miego sutrikimy ir genetiniy
veiksniy jtaka Sirdies ligu eigai ir reabilitacijai, prognozuoti ligos iSeitis. Si programa nekelia Jums
jokio pavojaus. Jums bus paimamas kraujas, atlieckami funkcinio testavimo tyrimai, apie kuriuos, pries
atliekant, Jus bisite atskirai supaZindintas ir informuotas. Jums reikés atsakyti j klausimus, Kuriuos
uzduos gydytojas ar tyréjas, ir uzpildyti keletg klausimyny.

2. Tyrimo dalyviais pasirenkami asmenys, kurie gydosi LSMU Kardiologijos klinikoje, LSMU
Kardiochirurgijos klinikoje ir/ arba stacionarinés reabilitacijos procesa tesia LSMU Psichofiziologijos
ir reabilitacijos instituto klinikoje. Jtraukimo kriterijai: ligoniai sergantys iSemine Sirdies liga ir po
kardiochirurginiy operacijy, vyrai ir moterys, neribojant amzZiaus, jei $ie asmenys pasira$é sutikimo
forma. Nejtraukimo kriterijai: sunkios kitos somatinés ligos, nesugebéjimas suvokti tyrimo uzduoéiy.
2. Savanori$kas dalyvavimas. Jusy dalyvavimas §ioje programoje yra visiskai laisvanoriskas. Jas
galite atsisakyti dalyvauti bet kada, niekuo nepasiaiskindami, dél to neturésite jokiy nepatogumy, jokio
poveikio Jusy sveikatai neturés.

3. Programos vykdymo eiga. Jei nutaréte dalyvauti Sioje programoje ir pasiradéte ,Informuotojo
asmens sutikimo forma”, tai tuo atveju gydymosi LSMU Kardiologijos klinikoje ar LSMU
Kardiochirurgijos klinikoje metu Jums bus paimamas kraujas endokrininiams ir genetiniams tyrimams
atlikti ir prafoma uZpidyti klausimynus. Tesiant reabilitacija LSMU Psichofiziologijos ir reabilitacijos
instituto klinikoje reabilitacijos pradZioje (2-3 diena) ir pabaigoje (19-20 diena) Jums bus atlickami
girdies ir kraujotakos bikle atspindintys tyrimai (elektrokardiograma, echokardioskopija.
veloergometrija, 6 min. &jimas ir aktyvios ortostazés méginys, standartinis emocinio streso méginys).
Turintiems miego sutrikimy pacientams vieng kartg bus atlickamas miego tyrimas (polisomnografija).
I$eminés ligos rizikos ir genetiniams veiksniams nustatyti vieng kartg bus atliekamas kraujo tyrimas.
Jiisy paprasys uZpildyti 2 klausimynus, susijusius su Jiisy liga, ir keturis — susijusius su Jiisy sveikatos
bikle. Siy klausimyny uZpildymas trunka apie 20 — 45 min. Pacientai, sutik¢ dalyvauti Sioje
programoje, bus jtraukti j ilgalakj sveikatos biiklés stebéjima. Dvejus metus, kas 6 mén, telefonu tyréjo
Jiis bilsite pragomi atsakyti j vieno klausimyno klausimus. Si apklausa uztruks apie 10 min.

4. Tyrimo nauda Jums, visuomenei ir mokslui. Moksliné programos nauda yra ta, kad bus gauti
serganéiyjy Sirdies ligomis, tame tarpe su Gminiais koronariniais jvykiais ir po kardiochirurginiy
operacijy. tyrimo duomenys ir nustatomi Zymenys ligos eigos ir iSei¢iy prognozavimui. Jis bisite
i$samiai informuojami apie Jasy liga.

Tyréjui finansinés naudos i§ tyrimo nebus jokios.

Tiriamiesiems nebus mokamas nei atlyginimas, nei kompensacija uz dalyvavima programoje.

5 Slaptumas. Jisy asmens slaptumas bus apsaugotas. Visa su pacientu susijusi informacija, gauta
vykdant &g programa, bus laikoma kaip konfidenciali, koduojama ir jforminama anonimiskai. Jisy
vardas, pavardé ir kiti asmeniniai duomenys nebus minimi. Prigjimas prie kompiuterinés programos,
kurioje numatoma Kaupti tyrimy rezultatus, bus apsaugotas slaptazodZiu, kurj Zinos tyréjas ir
aptarnaujantis specialistas. Surinkta informacija bus analizuojama, laikantis anonimiskumo standarty.
6. Saugumas. Ligoniy saugumas bus uztikrintas programos vykdymo metu. Atliekant Siuos tyrimus,
dalyvaus gydytojas kardiologas, kuris esant reikalui suteiks reikalingg pagalba. Komplikacijy
i¢vengimui tyrimo metu numatytos visos, tame tarpe ir skubios pagalbos priemonés. nepertraukiama
tiriamojo priezitira ir savalaikis méginio nutraukimas. Atliekant tiek standartinj fizinio kravio meéginj,
tiek standartinj emocinio streso méginj, tyrimas bus nutraukiamas atsiradus bet kokiems simptomams
I8kilus neai$kumams dél tyrimy ar norint gauti papildomos informacijos, Jis turétuméte kreiptis j
atsakingg programos vykdytoja LSMU Kardiologijos klinikoje — prof. habil. dr J. Vaskelytg, tel. 8-37-
326398, LSMU PRI Palangoje - habil. dr. Julija BroZzaitieng, tel. 8-460-30023), kurios visada atsakys
Jums j iskilusius Klausimus, o atsiradus nesklandumams ir j Kauno regioninj biomedicininés etikos
komitetg (pirmininké doc. Irena Marhertiené, tel. 8-37-326243).
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INFORMUOTO ASMENS SUTIKIMAS

Planuojamo tyrimo pavadinimas: “Psichosomatiniy, neuroendokrininiy ir miego sutrikimy
jtaka i¥eminés Sirdies ligos eigai ir reabilitacijai”.

Tiriamojo vardas, pavardeé:

Adresas:

Perskai¢iau pateikta informacijg apie tyrima, kuriame buvau pakviestas dalyvauti ir
gavau §iy dokumenty po vieng kopija: kvietimg dalyvauti tyrime ir §ig informuoto asmens
sutikimo forma. Galéjau aptarti tyrima su tyréju ir uzduoti jam klausimus. Tyréjai paaiskino
tyrimo esme bei tikslg ir a§ suprantu, kas man yra siiiloma.

Suprantu, kad $iuvo tyrimu siekiama gauti medicinos Zinias ir kad $is tyrimas yra
patvirtintas biomedicininiy tyrimy etikos komitete. Buvau bendrai informuotas apie
planuojamus atlikti tyrimus Taip pat man paaifkinta apie galima tyrimo rizika bei galimybe
bet kuriuo metu pasitraukti i§ tyrimo. Suprantu, kad mano dalyvavimas tyrime ir mano
individualts tyrimo duomenys liks paslaptyje. Pasinaudoti Siais duomenimis galés tik tyréjai.

Sutinku, kad tyréjams biity suteikiama visa informacija apie mano ligg ir jos iSeitis i3
medicinos darbuotojy, o mirties atveju i§ Mirties atvejy ir jy prieZas¢iy valstybés registro.
Samoningai ir laisva valia sutinku dalyvauti tyrime, kuris man buvo i3aiskintas.

Paciento vardas, pavardé (didziosiomis raidémis):

Paciento paraSas:

AS% savanoriskai apsisprendZiau dalyvauti geny istyrimo dalyje ir sutinku, kad mano
kraujo méginiai bus paimti geny i§tyrimui apraSytame informavimo formoje.

Paciento parasas Data:

Paciento vardas, pavardé

didziosiomis raidémis

A&, tyréjas, vykdantis § tyrima, patvirtinu, kad paaiskinau anksciau paminétam
pacientui bisimojo tyrimo esmg ir tiksla.

Tyréjo vardas, pavardé:

Tyréjo paralas:

Data:

Jeigu Jums i¥kilo problemy dél §io tyrimo, prafome pranesti atsakingiems programos
vykdytojams: LSMU Kardiologijos klinikoje - prof. habil. dr. Jolantai Vagkelytei, tel. 8-37-
326398, LSMU Psichofiziologijos ir reabilitacijos institute - Julijai BroZaitienei, tel. 8-460-30023.
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Name, Surname:
Address:

E-mail:

Mobile phone:
Work phone:

Medical education:
1990-1994

1994-1998
1998—2004
2004-2005

2005-2009

Postgraduate education:

01/09/2010 until now

Professional experience:

1995-2003
2008-2009

01/08/2009 until now
2010-2011
20102013

2013-2015

Traineeship:
07/09/2009—-18/09/2009

15/06/2013-21/06/2013
13/10/2013-16/10/2013

21/06/2015-26/06/2015

CURRICULUM VITAE

Edita Jankauskiené

Lithuanian University of Health Sciences, Eiveniy 2, LT-50009
Kaunas, Lithuania

editajankl@gmail.com

+370 612 31418

+370 37 326439

Studies at Panevézys Andrius Domasevicius Higher Medical
School, nurse diploma, Panevézys, Lithuania

Studies at Kaunas Medical Academy, certified nurse diploma,
at Kaunas Medical Academy, Kaunas, Lithuania

Studies at Kaunas University of Medicine, medical doctor
diploma at Kaunas University of Medicine, Kaunas, Lithuania
Resident of internal medicine at Kaunas Clinical Hospital,
Kaunas, Lithuania

Resident of cardiology at Kaunas University of Medicine,
Kaunas, Lithuania

PhD student at Lithuanian University of Health Sciences,
Kaunas, Lithuania

Nurse at Kaunas Psychiatric Hospital, Kaunas, Lithuania
Assistant cardiologist at Cardiology Department, Kaunas
University of Medicine Hospital, Kaunas, Lithuania
Cardiologist at Cardiology ICU Department,
University of Sciences Hospital, Kaunas, Lithuania
Clinical monitor, CLARIFY, Kaunas, Lithuania
Research study Influence of psychosomatic, neuroendocrine
and sleep disorders on the course and rehabilitation of
ischaemic heart disease, Kaunas, Lithuania

Clinical biomedical trial Gene-environment association
integrating low triiodothyronine concentration syndrome and
cardiovascular disease outcomes, Kaunas, Lithuania

Lithuanian

The Baltic summer school on Genetic Basis of Medicine. Kiel
University, Germany

11" International Symposium Echocardiography today and
tomorrow, University Boston and Hospital Linz, Austria

10™ International Congress on Coronary Artery disease,
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	Epidemiological research data have confirmed that ischemic heart disease and its complications in the general structure of cardiovascular diseases are the major causes of death and invalidity among the working age population in Lithuania.
	During the acute myocardial infarction upon left ventricular remodelling, complex molecular and cellular changes occur. The left ventricle remodels in 13−49% of patients who are diagnosed with myocardial infarction along with ST segment elevation an...
	Cardiovascular changes affect the action of the hypothalamus-hypophysis-thyroid hormone chain and cause a decrease in free triiodothyronine in the blood serum. These changes of thyroid hormones are observed in almost one-third of patients with acute ...
	A decreased concentration of free triiodothyronine has a substantial effect on the left ventricular hemodynamic changes and the mechanical function at both early and late stages of myocardial infarction.
	A number of acute myocardial infarction diagnostic and treatment methods have been recently employed in clinical practice; however, the morbidity and mortality remain high. Therefore, search for new blood markers and echocardiographic parameters is ex...
	To assess associations between a decreased free triiodothyronine concentration and the left ventricular function in predicting left ventricular remodelling following acute myocardial infarction.
	1. To assess associations between a decreased free triiodothyronine concentration and the risk factors of ischemic heart disease as well as changes of myocardial markers during the acute stage of myocardial infarction.
	2. To assess associations between a decreased free triiodothyronine concentration and myocardial function changes evaluated by echocardiography examination in patients with myocardial infarction during the acute period and after a 6-month monitoring p...
	3. To assess and compare clinical, echocardiographic and thyroid hormone concentration data between patients with left ventricular remodelling and those without remodelling.
	4. To assess probability values of endocrine and echocardiographic data in predicting left ventricular remodelling following myocardial infarction.
	This research study is the first attempt in Lithuania to analyse thyroid axis hormone function disorders occurring during acute myocardial infarction and to determine their influence on myocardial function changes evaluated by echocardiography examina...
	Only sporadic studies which analyse the influence of the thyroid function on echocardiographic and left ventricular deformation parameters are reported in the scientific literature worldwide; however, the effects of a low free triiodothyronine level ...
	This clinical prospective study was performed in the Cardiac Intensive Care Unit at the University Hospital. One hundred and forty patients with first-onset STEMI were included in this study. The patients were recruited between 2011 and 2014. The stud...
	The diagnosis of STEMI was made according to the guidelines of the European Society of Cardiology.
	IHD risk factors were evaluated on the basis of diagnostic criteria according to the European Guidelines on cardiovascular disease prevention in clinical practice (version 2012).
	All the subjects included in the study underwent the evaluation of the troponin I, lipid profiles, common blood test, high sensitivity C-reactive protein (hsCRP), and fasting serum glucose levels. The concentration of the thyroid hormones (TH) in the ...
	The exclusion criteria were thyroid dysfunction (based on medical history and treatment), treatment with TH, thyreostatics, amiodarone, use of corticosteroids, treatment with radioiodine (current or in the past), partial or total thyroidectomy, myocar...
	According to the serum fT3 levels on admission, the study population was divided into 2 groups: low fT3 group (fT3<3.2 pmol/L) (n=44) and normal fT3 group (fT3≥3.2 pmol/L) (n=96). According to the left ventricular end diastolic volume (LVEDV), evaluat...
	All the patients with STEMI were examined using 2D echocardiography within 48–72 h after hospitalization (n=140). At 6 months, 2D echocardiography was repeated, and echocardiographic parameters of the LV function after AMI were analysed (n=120). Both...
	2D echocardiography was used to assess conventional parameters, including LV end-systolic diameter (LVESD), LV end-diastolic diameter (LVEDD), LV end-systolic volume (LVESV), LV end-diastolic volume (LVEDV), LV ejection fraction (LVEF), left atrial (L...
	Transmitral Doppler inflow was obtained in the apical 4-chamber view. Pulsed Doppler measurements included the transmitral early diastolic peak flow velocity (E) and late diastolic flow velocity (A). Tissue Doppler imaging was used to obtain LV myocar...
	Myocardial tissue deformation (strain) was calculated using STE. LV strain and strain rate analysis was performed using EchoPac 6.1 software (GE Medical Systems).
	Apical 4-, 3-, and 2-chamber views were used for the longitudinal strain (Ls) and strain rate analyses. Parasternal short-axis views at the base (at the tips of the mitral valve leaflets), at the level of the papillary muscles, and at the apex (with t...
	Endocardial borders were manually traced at the end-systole. The myocardium was automatically divided into 6 segments. The apical-axis view was manually divided into 4 segments. The deformation and rotation values of each segment were collected from ...
	LV twist was calculated as the absolute apex-to-base difference in LV rotation. LV torsion was calculated as LV twist normalized with respect to ventricular diastolic longitudinal length between the LV apex and the mitral plane ([apical LV rotation − ...
	The statistical analysis was conducted using the SPSS 20.0 statistics software package. The mean, standard deviation (SD) and the 95% confidence interval (CI) are indicated for quantitative variables; and value rates as well as relative rates in perc...
	In order to determine the sample size, the force β=0.8 and the probability value α =0.05 were chosen.
	The Student t test was used to check the average equality hypothesis in case of normal data distribution and the Wilcoxon-Mann-Whitney test in case of non-normal data distribution. To compare the data between several different groups, the (ANOVA) Fish...
	The independence of qualitative variables was tested using the chi-square χ² test; and if the number of monitored patients was low, the Fisher exact criterion was applied.
	The unvaried (OR) and the multivariate binary logistic regression analyses were used to assess, i.e. to predict, (logic “1”) values of the influence of independent variables on the dependent variables. The significance of individual attributes was d...
	The areas under the Receiver Operating Characteristics (ROC) curves were calculated. The area under the ROC curve describes the prognostic characteristics of the study: the closer the area under the ROC curve is to 1, the better the prognostic charact...
	The significance level 0.05 was chosen to test statistical hypotheses.
	By way of targeted random selection, 44 patients (31.4%) had low fT3 and 96 patients (68.6%) had normal fT3 levels. The patients in the low fT3 group were older than those in the normal fT3 group.
	HsCRP was significantly higher in the low fT3 group (p=0.03). The lipidogram test demonstrated a higher total cholesterol (p=0.02) and LDL cholesterol concentration (p=0.03) as well as lower HDL cholesterol concentration (p=0.02) in the low fT3 gr...
	BMI − body mass index; WBC − white blood cell; CRP − C-reactive protein; LDL − low-density lipoprotein; HDL − high-density lipoprotein; * − mean±standard error.
	The comparison of the changes in echocardiography data of the patients who had low fT3 and normal fT3 levels following a 6-month monitoring period was performed. LV end diastolic diameter (p=0.028), LV end diastolic diameter index (p=0.041) and LV en...
	Left atrium volume (p<0.002) and left atrium volume index (p=0.012) increased in the low fT3 group.
	Mitral E/E’ ratio was higher in the low fT3 group patients (p=0.028).
	Systolic LV function evaluated by LV ejection fraction (p=0.042) and lateral, septal, inferior, and anterior myocardial mitral annular velocities (S’) were significantly lower in the low fT3 group compared with the control group (7.28±2.0 m/s and 7.88...
	LV – left ventricular; EDD − end-diastolic diameter; ESD − end-systolic diameter; EDV − end-diastolic volume; ESV − end-systolic volume; EF − ejection fraction; LA − left atrium; LA vol. − left atrium volume; LA vol. index − left atrium volume index; ...
	LV − left ventricular; R − rotation; GLs − global longitudinal strain; GRs − global radial strain; GCs − global circumferential strain.
	After 6 months, significant changes were determined in the low fT3 group. LV systolic basal rotation decreased in the low fT3 group (p=0.031). LV systolic apical rotation (p<0.004) and LV twist (p=0.011) increased in the low fT3 group. Early diastolic...
	Global longitudinal strain decreased in the low fT3 group in comparison with the control group (p=0.041). No difference in the global radial and circumferential strain was observed between the groups. The data of the patients are provided in Table 4.2.2.
	The comparison of the thyroid hormone examination results demonstrated that on day 1 the free triiodothyronine (fT3) level was lower and the reverse triiodothyronine (rT3) level was higher in the patients who had LV remodelling. The total triiodothyr...
	fT3 – free triiodothyronine; rT3 – reverse triiodothyronine; TT3 – total triiodothyronine; fT4 − free tetraiodothyronine; TSH – thyroid stimulating hormone; median [Q1; Q3].
	LV − left ventricular; R − rotation; GLs − global longitudinal strain; GRs − global radial strain; GCs − global circumferential strain; Ls − longitudinal strain.
	LV rotation and LV deformation parameters were also analysed after 6 months. Significant changes were observed in the LV remodelling group.
	In the LV remodelling group, the following parameters decreased: LV systolic basal rotation (p=0.042) and rotation rate (p=0.028), LV systolic apical rotation (p=0.043) and rotation rate (p=0.035), LV twist (p<0.001) and LV torsion (p=0.026). Early an...
	Peak systolic global longitudinal strain (p=0.011) and late diastolic longitudinal strain rate (p=0.041) decreased in the LV remodelling group (Table 4.3.2).
	The multivariate binary logistic regression analysis demonstrated prognostic LV remodelling parameters. LV systolic apical rotation, LV twist, LV end-diastolic volume, left atrium volume, and global longitudinal strain were the most significant LV re...
	R – rotation; LV – left ventricular; GLs – global longitudinal strain; EDD – end-diastolic diameter; ESD – end-systolic diameter; EDV – end-diastolic volume; LA vol. – left atrium volume; Exp(B)- probability value of the exponential function.
	In order to determine the influence of low fT3 and echocardiography parameters, as well as prognostic values, on the occurrence of LV remodelling, the ROC analysis was used.
	It was observed that the highest LV remodelling prediction parameters were LVESD index ≥32.2 mm/m² (sensitivity – 98.71%, specificity – 83.92%) (Fig. 4.4.2); LA volume index ≥32.0 mL/m² (sensitivity – 87.64%, specificity – 82.01%) (Fig. 4.4.3), and LV...
	The most specific parameters were global longitudinal strain ≤–13.37% (sensitivity – 57.37%, specificity – 77.16%) and LV systolic basal rotation ≤–1.8º (sensitivity – 64.84%, specificity – 76.12 %).
	These and other additional data are given in Tables 4.4.5 and 4.4.6.
	LV – left ventricular; EDD − end-diastolic diameter; ESD – end-systolic diameter; EDV − end-diastolic volume; LA vol. – left atrium volume; GLs − global longitudinal strain; R − rotation; CI − confidence interval.
	LV – left ventricular; EDD − end-diastolic diameter; ESD – end-systolic diameter; EDV − end-diastolic volume; LA vol. – left atrium volume; GLs − global longitudinal strain; R − rotation; CI − confidence interval.
	1. Low free triiodothyronine concentration statistically significantly correlates with dyslipidaemia, i.e. total cholesterol, low density lipoprotein cholesterol, and high sensitivity C-reactive protein, during the acute myorcardial infarction stage ...
	2. Low free triiodothyronine concentration during the acute stage of myocardial infarction statistically significantly correlates with usual parameters reflecting left ventricular systolic and diastolic function and echocardiography parameters reflec...
	3. Left ventricular remodelling was more frequently diagnosed in the patients who had a statistically significantly reduced level of free triiodothyronine, increased concentrations of reverse triiodothyronine, leukocytes, high sensitivity C-reactive ...
	4. The assessment of the changes in the free triiodothyronine level and the dynamic left ventricular remodelling associations demonstrated that the following probabilities were most significant: the Q wave; the left ventricular anterior wall myocardia...
	A free triiodothyronine concentration test could be included into the programme of ischemic heart disease prevention and should be tested like other risk factors (lipidogram, glycaemia).
	A free triiodothyronine concentration test should be performed in patients with acute myocardial infarction with ST segment elevation. This could help to select high-risk patients with unfavourable future prognosis and recommend intensive monitoring b...
	At an early stage of acute myocardial infarction with ST segment elevation, echocardiography is recommended, which allows predicting occurrence of left ventricular remodelling. Left ventricular apical rotation and left ventricular twist could be used ...
	Reduction in free triiodothyronine during acute myocardial infarction and the results obtained at a later stage demonstrate that a clinical trial would be expedient where pathogenetic treatment of myocardial infarction could be supplemented with triio...
	Tiriamojo kodas: ( ( ( ( (
	Lytis: vyras – (; moteris – (
	ARTERINĖ HIPERTENZIJA
	Alkoholio vartojimas
	OBJEKTYVUS KLINIKINIS TYRIMAS




<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.3

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on 'SPAUDAI 1.3'] [Based on 'SPAUDAI 1.3'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName ([High Resolution])

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed true

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



