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Definicja zdrowia
Cho¢ powszechne w codziennej praktyce, pojecie ,,Zdrowie” nie jest fatwe do zdefiniowania.

Problem zdefiniowania zdrowia nie jest czym$ nowym a dzi$ wiadomo, ze pierwsze préby
podejmowano juz w starozytnosci. Z zagadnieniem prébowali sie zmierzy¢ liczni naukowcy
oraz organizacje jak np. Swiatowa Organizacja Zdrowia [1, 2]. W antycznej Grecji zdrowie
postrzegano jako réwnowage miedzy cztowiekiem a srodowiskiem. Grecy uwazali, Zze
utrzymanie dobrego zdrowia i zwalczanie choréb zalezy od przyczyn naturalnych — to znaczy
zdaniem niektérych autorow, czes¢ greckich filozodéw uznawato choroby za zjawisko
naturalne a nie dziatanie nadprzyrodzone [3]. Zdrowie poczgtkowo definiowano jako
,harmonijne funkcjonowanie narzagdéw”[1] — czyli jako brak choroby. Definicja ta zostata w
pozniejszym czasie rozwinieta wykraczajgc poza samga absencje choroby. W wieku XX w
konstytucji WHO zdrowie zdefiniowano jako ,stan petnego fizycznego, psychicznego i
spotecznego dobrostanu a nie tylko braku choroby lub niedomagania”. To znaczy zdrowie

definiowano nie tylko jako brak choroby, ale raczej jako dobrostan organizmu [4].

Determinant zdrowia dotyczy klasyczna koncepcja pdl M. Lalonda, ktérej zasadnicza konkluzja
wskazuje, ze ustugi opieki zdrowotnej nie sg najwazniejszym czynnikiem decydujgcym o
zdrowiu. W zamian zaproponowano cztery obszary — determinanty zdrowia, na ktére sktadaty
sie: styl zycia, Srodowisko, opieka zdrowotna i uwarunkowania biologiczne (np. predyspozycje
genetyczne) [2, 5, 6]. Koncepcje te rozwijano dalej zwracajgc uwage na to jak wazny jest styl
zycia i Swiadome decyzje odnosnie zachowania prozdrowotnego. Nastepnie na konferencji w
Ottawie podjeto sie préby zdefiniowania promocji zdrowia — jako procesu umozliwiajgcego
ludziom poprawe kontroli nad swoim zdrowiem [7]. Podobnie uwage na determinanty
behawioralne zwrécono w Polskim Narodowym Programie Zdrowia. Wskazano w nim, ze styl
zycia determinuje zdrowie w blisko 50%, srodowisko fizyczne i spoteczne w 20%, czynniki

genetyczne w 20%, a dziatania opieki zdrowotnej w 10% [8].

Definicja zdrowia sercowo-naczyniowego
Z punktu widzenia profilaktyki chordb sercowo-naczyniowych bardzo istotne sg czynniki ryzyka

sercowo-naczyniowego, zwtaszcza te podlegajgce modyfikacji jak np. cisnienie tetnicze,
poniewaz bedg zwiekszaé szanse na pojawienie sie chordb s-n w przysztosci [9]. Dlatego

koncepcje zdrowia sercowo-naczyniowego mozna rozumieé nie tyle jako brak choroby




sercowo-naczyniowej a raczej jako prawdopodobieristwo pojawienia sie tej choroby w
przysztosci — na podstawie pewnych okreslonych czynnikdéw ryzyka i odpowiednich wzorcéw
behawioralnych. Zgodnie z definicja American Health Assosiation idealne zdrowie sercowo-
naczyniowe jest definiowane jako obecnos$¢ idealnego zachowania zdrowotnego (np.
niepalenie wyrobdéw tytoniowych) oraz idealnych czynnikéw zdrowotnych (np. prawidtowe
cisnienie tetnicze) [10-14]. Poglady prowadzace do rozwoju koncepcji zdrowia sercowo-

naczyniowego zobrazowano schematycznie na rycinie 1i 2

Choroba jako konsekwencja
dziatania sity nadprzyrodzonej

Choroba jako zjawisko naturalne

Zdrowie oznacza brak choroby

Zdrowie oznacza ogolny dobrostan a
nie tylko brak choroby

Rycina 1 Zarys etapdéw rozwoju koncepcji zdrowia
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Rycina 2 Schematyczne przedstawienie koncepcji zdrowia sercowo-naczyniowego

Epidemiologia chordb sercowo-naczyniowych
W miedzynarodowej statystycznej klasyfikacji choréb i probleméw zdrowotnych na

kilkudziesieciu stronach i przy pomocy wielu kodéw ICD —10 podjeto prébe sklasyfikowania
choréb sercowo-naczyniowych. Mnogo$é wykorzystanych pozycji wskazuje na to jak bardzo
szeroka i zréznicowana jest to grupa [9, 15, 16]. Choroby sercowo-naczyniowe stanowig jedng
z najwazniejszych przyczyn zgondw w krajach Unii Europejskiej — ponad 1/3 wszystkich (45.8%
dla catej UE przy rozpietosci od 25.6% dla Dani do nawet 65.9% dla Butgarii w 2013 roku) [17].
Przy czym w tym miejscu warto zwrdci¢ uwage, ze niestety jakos¢ danych statystycznych
dotyczacych przyczyn zgondw w Polsce napotyka pewne istotne problemy. Polegajg one na
uzywaniu przez niektérych lekarzy wystawiajgcych karty zgondéw tzw. “bezuzytecznych
okresler/opiséw przyczyn” czyli z jezyka angielskiego Garbage Codes. W 2013 roku byto to 25%

stwierdzonych zgondéw [18].

Statystyki zgonow i przewidywanej dtugosci zycia, opracowane przez Eurostat przedstawiajg
sie w nastepujgcy sposob. Rocznie (dane na lata 2020-2021 lata) w catej Unii Europejskiej
umiera blisko 5.1-5.2 mIn osdb, czyli blisko 11 oséb na 1000 mieszkancow UE. Oczekiwana
dtugosc¢ zycia przy urodzeniu (life expectancy at birth) okreslana jako $rednia liczba lat ktorej
mozna oczekiwaé w momencie narodzin pod warunkiem zycia w typowych warunkach, w roku

2020 wynosita srednio 80.4 lat dla UE i 76.5 lat dla Polski [19].
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W 2020 roku gtéwng przyczyng zgondéw w UE byty choroby uktadu krazenia i odpowiadaty one
za 33% zgonow (na drugim miejscu byty nowotwory 23%, na trzecim 17% tzw. “inne przyczyny”,
a na czwartym COVID-19 8%). Sposrdd chordb uktadu krazenia najwazniejszymi przyczynami
zgonu byty choroba niedokrwienna serca oraz choroby naczyn osrodkowego uktadu
nerwowego — odpowiednio 32% i 21% zgondw z powodu chordb sercowo-naczyniowych[20].
Dane te zobrazowano na rycinie 3 opracowanej na podstawie odpowiadajgcego wykresu

Eurostat [21, 22].

Choroby ukladu cddechowego 5
choroby ukiadu nerwowego i:ne niz COVID-19 . PRZYCZYNY ZGONOW W UNII EUROPEISKIE] W ROKU 2020
4% =

1%

_Zewngtrzne przyczyny zgonu
4%

Choroba niedokrwienna serca
32%

Choroby sercowo-naczyniowe
33%

COVID-19
8% Inne chumb\f SErcowo-_
naczyniowe
46% Choroby naczyri
osrodkowego ukladu
NEMVOWego

21%

Nowotwory
23%

Rycina 3 Przyczyny zgondéw w Unii Europejskiej na podstawie danych Eurostat

Czynniki ryzyka sercowo-naczyniowego
Czynniki ryzyka sercowo-naczyniowego zwyczajowo dzieli sie na podlegajgce i niepodlegajace

modyfikacji, podziat ten przedstawiono w tabeli 1 opracowanej na podstawie dostepnej

literatury zrodtowej [9, 23].

W wytycznych Europejskiego Towarzystwa Kardiologicznego (ESC) podkresla sie znaczenie
lipoprotein jako czynnikdw ryzyka chordéb uktadu krazenia. Chociaz w przesztosci szczegdlng
uwage przyktadano do lipoprotein LDL to obecnie coraz czesciej wskazuje sie na istotnosc tzw.
Nie-HDL. Wynika to z faktu, ze cholesterol zawierajacy lipoproteiny inne niz HDL uwaza sie za
aterogenny, to znaczy przyczyniajgcy sie do miazdzycy. Przyktadem wykorzystania parametru

Nie-HDL jest skala SCORE2. Jest ona nastepczynig skali SCORE, ktdra rowniez stuzyta do oceny
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ryzyka sercowo-naczyniowego i wykorzystywata do tego cholesterol catkowity — obecnie
zastgpiony cholesterolem Nie-HDL. ESC podkresla rowniez znaczenie cisnienia tetniczego krwi
jako waznego czynnika ryzyka sercowo-naczyniowego. Cisnienie tetnicze szczegdlnie
przyczynia sie do rozwoju chordb takich jak choroba niedokrwienna serca, niewydolnos$é serca,
udar mozgu czy migotanie przedsionkdw. Wytyczne ESC podkreslajg znaczenie palenia
wyrobow tytoniowych jako czynnika ryzyka choréb ukfadu krazenia, wskazujac, ze przyczyniajg
sie one do utraty $rednio 10 lat zycia przez osobe palgcy. Oprdcz tego wytyczne ESC zwracajg

uwage na zwigzek cukrzycy typu drugiego z udarami moézgu w populacji kobiet [24, 25].

Tabela 1 Podziat czynnikéw ryzyka sercowo-naczyniowego na podlegajgcego i niepodlegajgcego modyfikacji na podstawie
cytowanej literatury [9, 23].

Czynniki ryzyka sercowo-naczyniowego
Podlegajace modyfikacji Niepodlegajgce modyfikacji

o wiek (245 lat dla mezczyzn i 255 lat dla

¢ Nikotynizm kobiet)

e Cisnienie tetnicze o pte¢ meska w stosunku do kobiet przed
e Stezenie cholesterolu LDL, Nie-HDL menopauzg

o Glikemia e historia chordb sercowo-naczyniowych
e otytos¢ na podtozu miazdzycy w rodzinie (gdy

choroba wystapita przez 55 rokiem zycia
u mezczyzny lub 60 rokiem zycia u
kobiety)

Miejsce angiografii tomografii komputerowej naczyn wiencowych w diagnostyce
przewlektych zespotéw wiencowych- wedle wytycznych ESC
Chorobe wiencowg mozna podzieli¢ na dwie istotne grupy: ostre i przewlekte zespoty

wiencowe. Badanie angiografii tomografii komputerowej naczyn wiefcowych ma szczegdlne
znacznie w kontekscie diagnostyki przewlektych zespotéw wiericowych, a jego zastosowanie
kliniczne zostato opisane w wytycznych Europejskiego Towarzystwa Kardiologicznego (ESC)
dotyczacych rozpoznawania i leczenia przewlektych zespotéw wienicowych. Wczesna
diagnostyka choroby wiencowej jest bardzo wazna, poniewaz na przebieg tej choroby maja
wptyw czynniki ryzyka sercowo-naczyniowego, stosowane leki i interwencje zabiegowe. Istotny

jest fakt, ze w poczatkowym okresie choroba niedokrwienna serca moze objawiac sie w sposéb
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skgpoobjawowy — niekoniecznie utrudniajgcy choremu codzienne funkcjonowanie, co w

konsekwencji moze doprowadzi¢ do opdznienia jej rozpoznania i leczenia [23, 26, 27].

W toku diagnostyki przewlektego zespotu wieicowego, po uwzglednieniu wywiadu, badania
fizykalnego, chordb towarzyszacych, ogdlnej sprawnosci chorego i wykonaniu wstepnych
badan takich jak EKG, badania krwi czy echokardiografia ocenia sie tzw. prawdopodobienstwo
przed testem. Jest to bardzo istotny krok, poniewaz na podstawie oszacowanego ryzyka
dobiera sie odpowiednie, dalsze badania diagnostyczne. W chwili obecnej na ocene
prawdopodobieristwa wystgpienia choroby wiercowej sktada sie: pte¢ pacjenta (wieksze
ryzyko u mezczyzn), wiek pacjenta (ryzyko ro$nie wraz z wiekiem), obecnos¢ dtawicy (bol
typowy to wieksze ryzyko niz nietypowy) lub alternatywnie obecnos$é dusznosci. W nastepnym
kroku bierze sie pod uwage inne czynniki wptywajgce na prawdopodobienstwo kliniczne
choroby wieAcowej w szczegdlnosci czynniki ryzyka sercowo-naczyniowego jak np.
dyslipidemia, zmiany w EKG czy nie prawidtowy wynik echokardiografii i na tej podstawie
pacjenta kwalifikuje sie do dalszych badan. Badania dodatkowe sg szczegdlnie przydatne, gdy
prawdopodobienstwo choroby przed testem wynosi >15 % lub 5-15% przy obecnosci

dodatkowych czynnikéw ryzyka [23, 26, 27].

Angiografia tomografii komputerowej tetnic wieicowych (CCTA) jest badaniem szczegdlnie
przydatnym u pacjentéw bez wczesniejszego rozpoznania choroby naczyn wiencowych (czyli
dotychczas niezdiagnozowanych), a takze u pacjentéw z matym ryzykiem choroby i u 0séb, u
ktorych spodziewad sie nalezy uzyskania obrazu dobrej jakosci. Przy czym nalezy pamietaé, ze
gdy u pacjenta stwierdza sie bardzo mate prawdopodobieistwo choroby wiencowej — to
znaczy nie wiecej niz 5% - to w pierwszej kolejnosci nalezy zastanowic sie czy za zgtaszanymi
dolegliwosciami nie stoi inna przyczyna niz choroba naczyn wieicowych. Przed skierowaniem
na CCTA nalezy wzigé pod uwage réwniez ewentualng obecnosé¢ czynnikow, ktére mogag
pogorszy¢ jako$ obrazu takich jak: zaburzenia rytmu serca, zwapnienia w tetnicach
wiencowych, istotna jest takze otytos¢ i niezdolno$é do zatrzymania oddechu podczas badania.
Badanie CCTA jest szczegdlnie przydatne jako badanie, ktérego celem bedzie wykluczenie
choroby wiencowej u osoby z matym ryzykiem. Nastepnie, gdy w CCTA ujawni sie zmiany o
niejasnej istotnosci, pacjentowi mozna zaproponowac¢ na przyktad obrazowe préby

obcigzeniowe. Podsumowanie czynnikdow, ktdre bierze sie w sposdb szczegdlny pod uwage
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decydujac o zleceniu CCTA przedstawiono na rycinie 4 a miejsce tego badania w $ciezce

diagnostycznej pacjenta na rycinie 5 [23, 26, 27].

Przemawiajace za
wybraniem CCTA do
diagnostyki pacjenta

Brak wczesniejszego
rozpoznania choroby
wiencowej

spodziewamy sie dobrej

jakosci obrazu

mate kliniczne ryzyko
choroby

Przemawiajace
przeciw

uprzednio postawione
rozpoznanie choroby
wiencowej

zaburzenia rytmu serca,

duza otyto$¢, zwapnienia
w tetnicach

duze kliniczne ryzyko
choroby wiencowej

Rycina 4 Szczegdlnie istotne czynniki przy kwalifikowaniu pacjenta do badania angiografii tomografii komputerowej tetnic

wiencowych

bardzo mate

Kliniczne

prawdopobienstwo
choroby wiencowej

duze z nasilonymi

objawami

inne przyczyny
dolegliwosci?

obrazowe badania
obcigzeniowe

koronarografia

Rycina 5 Miejsce badania angiografii tomografii komputerowej tetnic wiericowych w diagnostyce pacjentow z podejrzeniem

choroby wiericowej




Mozliwos¢ oceny parametrow dodatkowych w badaniu tomografii tetnic wiencowych

Ocena nasierdziowej tkanki ttuszczowej w badaniu CCTA- znaczenie kliniczne, rokownicze oraz
mozliwos$¢ pomiaru metodg TK
Tkanke ttuszczowa mozna podzieli¢ na biatg tkanke ttuszczowag oraz brunatng tkanke

ttuszczowa. Nasierdziowa tkanka ttuszczowa jest biatg tkankg ttuszczowg obecng na
powierzchni serca [28]. Obecnie uwaza sie, ze nasierdziowa tkanka ttuszczowa (EAT) moze by¢
markerem ryzyka sercowo-naczyniowego [29]. Badania wykazujg zwigzek zwiekszonej jej
objetosci z obecnoscig choroby wiericowej. Udokumentowano réwniez zwiekszong obecnosc
EAT u pacjentéw z migotaniem przedsionkdw. Mechanizm szkodliwosci EAT nie zostat jeszcze
w pefni poznany, natomiast przyjmuje sie, ze jednym z czynnikdw wptywajacych negatywnie

na zdrowie sercowo-naczyniowe jej dziatanie prozapalne [28-33].

Nasierdziowg tkanke ttuszczowg mozna ocenia¢ przy pomocy badania echokardiografii —
jednakze pewnym ograniczeniem tej metody jest trudnos¢ zrdéznicowania EAT z pericardial
adipose tissue, ponadto badanie to nie daje mozliwosci oceny catkowitej ilosci tkanki
ttuszczowej w sercu. Dlatego badania tomografii komputerowej i rezonansu magnetycznego
serca sg bardziej przydatne w ocenie nasierdziowej tkanki ttuszczowej. Obecnie uwaza sie, ze
ztotym standardem do oceny EAT jest badanie MRI. Jednakze, niestety ma ono dos¢ istotng
wade — jest badaniem z uwagi na koszty i czas konieczny do przeprowadzenia, trudno

dostepnym [29, 34-36].

Szacowanie ilosci tkanki EAT przycigga uwage wielu badaczy — w ostatnim czasie na przyktad
opublikowano badanie nad wykorzystaniem komputerowych sieci neuronowych do
automatycznego oceniania ilosSci EAT w badaniu CCTA. Mianowicie w jednym z badan sie¢
uczyta sie na liczgcej okoto 3700 osdb probie pochodzgcej z Oxfordzkiej kohorty ORFAN (Oxford
Risk Factors and Noninvasice Imaging Study cohort). Nastepnie wykorzystano otrzymane dane
do celdw prognostycznych. W badaniu tym, podobnie jak i we wczesniejszych badaniach
wykazano, ze EAT wigze sie z chorobg niedokrwienng serca, migotaniem przedsionkdw,

zawatem serca, udarem modzgu oraz zwiekszong ogdlng Smiertelnoscig [37].
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Sztywnosc¢ i elastycznos¢ aorty — znaczenie kliniczne, rokownicze i mozliwo$¢ pomiaru metodg
TK
Sztywnosc i elastycznosé to istotne parametry biomechaniczne aorty majace wptyw na uktad

krgzenia. Wigzg sie one z obcigzeniem serca, przyczyniajgc do jego przerostu. Wiadomo
obecnie, ze sztywnos¢ aorty rosnie wraz z wiekiem i wiadomo tez, ze proces ten jest znacznie
przyspieszany przez nadcisnienie tetnicze. Badania naukowe udokumentowaty prognostyczng
wartos$¢ sztywnosci naczyn jako czynnika ryzyka zdrowia sercowo-naczyniowego. Wtasciwosci
biomechaniczne aorty majg wptyw na rokowanie pacjenta, poniewaz - zwiekszenie sztywnosci
powigzano dotychczas z chorobg wiencowa oraz udarem mézgu. U pacjentéw ze zwiekszong

sztywnoscig naczyn obserwowano réwniez zwiekszong ogdlng smiertelnosé [38-41].

Sztywnos¢ naczyn mozna oceni¢ przy pomocy metod takich jak badanie predkosci fali tetna,

echokardiografia, badania tomografii komputerowej i rezonansu magnetycznego.

Pomiar sztywnosci i elastycznosci aorty — Zzrodta i wyjasnienie wzoréw
W niniejszej pracy wykorzystano trzy wskazniki do oceny sztywnosci i elastycznosci aorty. Sg

to: aortic stiffness — ocena sztywnosci oraz aortic strain i aortic distensibility do oceny
elastycznosci aorty. Wyjasnienie Zzrédet powyzszych anglojezycznych poje¢ umozliwia

zrozumienie znaczenia patofizjologicznego powyzszych parametréw [42] [43].

Stowo stiffness — jednym z jego znaczen w formie rzeczownika jest the quality of being firm,
hard, or unable to bend — a zatem bedzie to cecha aorty pozwalajgca utrzymac jej swaj

pierwotny ksztatt lub innymi stowy jest to odpornos$é aorty na znieksztatcenie [44].

Stowo strain ma w jezyku angielskim wiele znaczen, istotne z punktu widzenia tego
opracowania to ,to become stretched or to experience pressure, or to make something do or
experience this” gdy wystepuje jako czasownik oraz ,a force or influence that stretches, pulls,
or puts pressure on something, sometimes causing damage” gdy petni funkcje rzeczownika.
Oznacza to, ze aortic strain bedzie mozna rozumieé w jezyku polskim jako miare znieksztatcenia

/ odksztatcenia / rozciggniecia aorty [45].

Stowo distensibility jest rzeczownikiem sktadajgcym sie z rdzenia distensible i koAcéwki —
ability oznaczajgcej mozliwos¢ [46]. Czyli mozna to przettumaczy¢ jako mozliwosé do bycia
distensible. Stowo distensible jest przymiotnikiem oznaczajgcym ,that can be distended” [47].

Z kolei stowo distended oznacza swollen and large in a way that is not normal, especially
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because of pressure from inside [48]. To znaczy aortic distensibility na poziomie jezykowym
mozna rozumieé jako zdolnos¢ aorty do zwiekszenia swojego rozmiaru pod wptywem danej

sity (ciSnienia) lub prosciej jednym stowem jej rozszerzalnos$¢ pod wptywem cisnienia.

Po wyjasnieniu jezykowego znaczenia stownictwa angielskiego obecnego w powyzszych
parametrach, nalezatoby opisa¢ je na poziomie biofizycznym. Definiuje sie je w sposdb

nastepujacy:

e Stiffness index — Jest to logarytm naturalny, z ilorazu cisnienia skurczowego i
rozkurczowego, podzielony przez wzgledng zmiane srednicy naczynia [49-52]

e Strain — jest to procent zmiany (wzrostu) srednicy aorty w skurczu, w stosunku do jej
srednicy w rozkurczu [50-58]

e Distensibility — wzgledna zmiana $rednicy naczynia, dla réznicy pomiedzy ci$nieniem

skurczowym a rozkurczowym [51, 53-60]

Nastepujace wzory wykorzystano do kalkulacji sztywnosci i elastycznosci aorty

systolic blood pressure

In(53 - )
. . _ diastolic blood pressure
Ao stif fness index = Ao systolic diameter — Ao diastolic diameter 1)
Ao diastolic diameter
] Ao systolic diameter — Ao diastolic diameter
Ao strain = ( . —— ) * 100 (2)
Ao diastolic diameter

Ao dist hility = 2 * Ao strain 3
0 distensiotty = systolic blood pressure — diastolic blood pressure ®

Zrédta wzoréw na elastycznosc aorty: aortic strain i aoritc distensibility
Biomechaniczna oceng scian naczyn ma swoje zrodta w naukach — fizyce i matematyce —

opisujgcych elastycznos¢ materiatéw i mechanike ptynéw. Zdaniem niektérych autoréw [61]
terminologia w publikacjach medycznych wykorzystywana w tej dziedzinie bywa niestety
uzywana w sposob niespdjny a nierzadko terminy te uzywane sg zamiennie, co potrafi stanowié

dodatkowag trudnos¢ podczas prowadzenie badan w tym zakresie. Powszechne jest na przyktad
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zawieranie w pracach dotyczgcych sztywnosci tetnic réwniez parametréw dotyczacych np. jej
elastycznosci, czyli z jednej strony traktowanie sztywnosci naczynia jako catej grupy, w ktorej
zawierane sg inne wskazniki, a z drugiej jako konkretnego parametru naczynia. Dlatego tez w
kolejnych paragrafach wyjasnione zostang wykorzystane wzory i omdwione ewentualne
rozbieznos$ci w oparciu o dostepne publikacje oraz w szczegdlnosci podrecznik The mechanics
of the circulation napisany przez C.G. Caro, T.J. Pedley, R.C. Schroter and W.A. Seed wydany w

roku 1978 bedacy niejako swoistym historycznym punktem wyjscia badan w tej materii [62].

W pierwszej kolejnosci nalezy zdac sobie sprawe, ze $ciana aorty jest elastyczna — co oznacza,
ze zmienia swoj ksztatt pod wptywem dziatajgcej sity. Rozszerza sie podczas skurczu serca pod
wptywem cisnienia skurczowego i kurczy sie w rozkurczu serca, gdy ci$nienie tetnicze spada do

poziomu rozkurczowego cis$nienia krwi.

W biofizyce jednym ze sposobdw na opisanie elastycznosci danego materiatu jest tzw. Modut
Younga oznaczany w literaturze literg E, ktéry w swojej najprostszej postaci wyraza sie wzorem
4 [49, 52, 53, 63, 64].

1 = El_, (4)

AO lO
Gdzie T jest przytozong sitg na pole przekroju Ao powodujgcg rozciggniecie materiatu z
poczgtkowej dtugosci lp o dtugosc I'. Innymi stowy modut Younga powie nam o tym jaka site
nalezy przytozy¢ do danej powierzchni, aby uzyskac jej wydtuzenie o 100% (zwrdci¢ nalezy
uwage, ze jesli I’ = Ip to wtedy utamek skréci nam sie i pozostanie sam symbol E oznaczajacy
modut Younga). Stad modut Younga wyraza sie jednostkg Newton na metr kwadrat lub

jednostka Pascal [1 Pa=1 N/ m?].

W literaturze spotyka sie czasami réwniez bardziej uogdlniony wzér 5

ne =22 s
e=— (5
W ktérym Ae oznacza zmiane odksztatcenia (ang. change in strain), E modut younga, Ao

zmiane naprezenia (ang. change in stress) [65].

Kolejng istotng rzeczg na jakg nalezy zwrécié uwage jest wspodtczynnik Poissona. Méwi nam on
o tym w jaki sposéb materiat odksztatcany w jednym wymiarze zachowa sie w drugim. To

znaczy nalezy wyobrazi¢ sobie dla przyktadu, ze rozciggniety zostanie pewien cylindryczny
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przedmiot majacy poczatkowa dtugosé lp o diugosé I oraz, ze poczatkowy promien tego
przedmiotu wynosi ap i wraz ze wzrostem dtugosci tego przedmiotu zwezeniu ulegnie jego
promien o a’. Wtedy stosunek tego o ile wydtuzy sie przedmiot do tego o ile sie on ,zwezi” to
wtasnie wspétczynnik Poissona. Oznaczony jest on symbolem v (uwaga w niektdérych zrédtach

stosuje sie inng notacje symboli!) co przedstawiono na wzorze 6 [53].

AN

ag ly

Bedzie to mie¢ znaczenie w sytuacji, w ktorej na dany materiat oddziatujg sity przytozone w
dwdch réznych kierunkach. Wtedy zmiana odksztatcenia w jednym z kierunkéw bedzie zaleze¢
od przytozonego naprezenia podzielonego przez modut younga i bedzie wymagac
uwzglednienia (odjecia) tej czesci naprezenia ktdra zostanie wykorzystana do odksztatcenia

materiatu w kierunku do niego prostopadtym. Dlatego w sytuacji, gdy naprezenie dziata

dwukierunkowo zastosowanie majg dwa ponizsze wzory 7 i 8 [65]

Ag = ﬂ - vﬂ (7
E E
Ao, Aoy
AEC = ? - U? (8)

W ktorych Agjest zmiang odksztatcenia wzdtuz, Agc jest zmiang odksztatcenia obwodowego, v
jest wspodtczynnikiem Poissona przedstawiajgcym zaleznos¢ odksztatcen w réznych kierunkach
od siebie, Ao. — przedstawia naprezenie obwodowe a Aoy naprezenie wzdtuzne. Ma to
znaczenie biologiczne, poniewaz sity dziatajgce na naczynie w organizmie, ktéry jest

przestrzenng strukturg, dziatajg w réznych wymiarach.

Wzory te przy zatozeniu pomijalnej zmiany dtugosci naczynia mogga zostaé¢ wedle cytowanej

literatury uproszczone do postaci wzoru 9 [65, 66].

Ao,
—*(1-v%)(9)

E =
Ae,

We wzorze tym modut Younga E bedzie zaleze¢ od zmiany Ao naprezenia obwodowego w

stosunku do Agc odksztatcenia obwodowego przy uwzglednieniu wspotczynnika Poissona v.

1 (Cze$¢ literatury okresla wspotczynnik Poissona symbolem o [53], jednakze dla utatwienia odbioru tresci w
pracy zastosowano notacje symbolem v — w przeciwnym razie symbole naktadatyby sie co utrudniatoby
przekazanie istotnych tresci)
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W dalszym kroku w literaturze opisuje sie ogdlny wzér pozwalajgcy wyznaczy¢ zaleznosé

modutu Younga od zmian $rednicy naczynia wzér 10 [53, 60].

Ap; 2d,d;% (1 —v?)
= *
5, (@)

E (10)

We wzorze tym E oznacza modut Younga, Api zmiane ci$nienia wewnatrz naczynia, Ade zmiane
zewnetrznej srednicy naczynia, de zewnetrzng $rednice naczynia, di wewnetrzng s$rednice
naczynia, v wspoétczynnik Poissona. Szczegétowe matematyczne wyprowadzenie wzoru (10)
mozna odnalez¢ w publikacjach z fizjologii i biomechaniki z potowy XX wieku cytowanych w

bibliografii [67—69]

Wzér ten nastepnie jest upraszczany. Przyjmujac, ze rozpatrywane naczynie ma cienkie $ciany
w stosunku do swojej srednicy, to znaczy di oraz de bedg miaty zblizone wartosci, ktére
okreslone zostang wspdlnie literkg d oraz definiujgc grubosé sciany jako h przedstawione [53]
wzorem 11.

h=de —d) (1)

Literatura [53] wskazuje, ze wzor upraszcza sie do nastepujgcej postaci jak we wzorze 12

2Ad d(1—v?)
dd\p  Exh

(12)

Nastepnie wzor jest dalej upraszany przez przyjecie, ze w badanym materiale v? bedzie
znacznie mniejsze niz 1, oraz przez przeniesie d do mianownika jak we wzorze 13 [52-58, 60,

70].

2Ad 1 tic distensibilitv (13
dAp_Eﬁ_aorlC istensibility (13)
d

W ten sposéb wtasnie zacytowano, jak powstaje wzér na aortic distensibility. Rbwnanie to jest

tozsame z rownaniem (3) wykorzystywanym w opublikowanych i przedstawionych w dalszej

czesci badaniach. Tozsamos$¢ tg przedstawia [60] wzér (14).

2 * Ao strain _ 2xAostrain 14
Systolic — diastolic blood pressure Ap =4
Ao sys diam — Ao diast diam
_ 2% Ao diast diam _ 2 Ao sys diam — Ao diast diam 14
- Ap B Ao diast diam * Ap =314
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_2xAd
T dxAp

(14)

Literatura [53, 59] zwraca uwage na bardzo wazine przyblizenie, ktdre pozwala pordwnaé
przedstawione obliczenia do innych publikacji badajacych sztywnosc¢ i elastyczno$¢ naczyn.
Mianowicie wedle podrecznika The Mechanics of Circulation wtasciwe jest nastepujgce
przyblizenie przedstawione na wzorze 15.

2xAd AA
d*ApNA*Ap

(15)

Gdzie A jest polem przekroju poprzecznego naczynia, a AA zmiang tego przekroju pod

wptywem zmiany cis$nienia Ap.

Jest to o tyle istotne, ze w literaturze do obliczen parametru distensibility spotyka sie rowniez
nastepujgcy wzor 16 i wzér 17 [49, 59, 63, 64, 71, 72] bedacy wyprowadzeniem wzoru 15 po
podstawieniu srednic badanego naczynia podczas panujgcego ci$nienia skurczowego Ds. i
rozkurczowego Dg i skroceniu liczby m (wyprowadzenie wzoru 16 przedstawiono na koricu

podrozdziatu jako wyprowadzenie 1).

Distensibility = 16

istensibility A*AP( )
D2 -D 2

Distensibility = (52—‘1) (17)
Dg = Ap

W szczegdlnosci wzor 16 i 17 zostat zawarty w konsensusie Europejskiego Towarzystwa
Kardiologicznego dotyczgcego metodologii badan nad sztywnoscig na czyn [72, 73], jest to o
tyle istotne, ze konsensus ten w szczegdlnosci poswieca uwage badaniom takim jak Pulse Wave
Velocity czy wykorzystanie badan echokardiogragii czy MRI. Powigzanie réwnania
wykorzystywanego w niniejszej rozprawie z réwnaniami wykorzystywanymi przez niektérych

innych naukowcéw jest istotne, poniewaz umozliwia poréwnywanie badan ze soba.

Podsumowujgc, szczegdlnie istotna jest tozsamos$é przedstawiona na wzorze 15, poniewaz
pozwala ona poréwnywac ze sobg prace np. takie jak [51, 54, 55, 60] wykorzystujgce do
obliczen distensibility zaréwno wzor 3 jak i prace takie jak np. [63, 71] wykorzystujgce wzér 16

czy 17.

22



Zrédta wzoru na sztywnos¢ aorty
Index sztywnosci aorty z ang Aortic Stiffness Index (okres$lany jest rowniez jako wspdtczynnik

B), okreslony jest wzorem (1) przedstawionym na poczatku tego paragrafu i wywodzi sie ze

ponizszego wzoru 18.

n(2)=p(2-1) as
n(z)=6(z-1) a®
W ktérym: R jest to promien naczynia w danym cisnieniu P a Rs to promien tego naczynia w

cisnieniu standardowym Ps rwnym 100 mmHg.

Wzér ten stuzyt do przedstawienia w sposéb liniowy zalezno$ci pomiedzy zmiang promienia
naczynia od panujacego w nim cisnienia. Koniecznos¢ zastosowania logarytmu naturalnego
wynika z faktu, ze zaleznos¢ cisnienie — promien nie jest zaleznoscig liniowg dla naczyn
krwiono$nych z uwagi na zmienng podatnos$¢ tkanek. Szczegdlne réznice manifestujg sie dla
cisnienia ponizej 80 mmHg i powyzej 150 mmHg. Dzieki zastosowaniu przeksztatcenia w
postaci logarytmu naturalnego mozliwe jest uzyskanie zaleznosci zblizonej do liniowej i tym
samym umozliwia obliczenie wspétczynnika B — czyli indeksu sztywnosci aorty [74, 75].
Poniewaz pomiar srednicy naczynia idealnie w 100 mmHg byt trudny klinicznie do wykonania
W Zywym organizmie, literatura podaje, ze w toku dalszych badan koncepcje tg rozwinieto
poprzez wykorzystanie ciSnienia skurczowego i rozkurczowego uzyskujgc wykorzystany wzér

(1) [49, 50, 64, 76].
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Zatozenia pracy
Podsumowujac szczerzej przytoczone we wstepie na podstawie cytowanej literatury, aspekty

stojace u podstaw niniejszej pracy mozna postawic¢ nastepujgce zatozenia:

Zdrowie sercowo-naczyniowe mozna rozumiec nie tylko jako brak choroby sercowo-
naczyniowej, ale réwniez jako dobrostan organizmu. Ryzyko sercowo — naczyniowe
okresla prawdopodobienstwo pojawienia sie choréb sercowo-naczyniowych w
przysztosci [10-14].

Zdrowie sercowo-naczyniowe determinujg okreslone czynniki, w tym oprocz
parametrow laboratoryjnych czy mierzalnych w ramach badania fizykalnego -
szczegllnie istotne sg czynniki behawioralne (np. niepalenie wyrobdéw tytoniowych)
[10-14].

Zdrowie sercowo-naczyniowe mozna badac przy wykorzystaniu skali AHA LIFE’S SIMPLE
7 [77-83].

Angiografia tomografii komputerowej naczyn wiericowych jest badaniem obrazowym
wykorzystywanym w trakcie diagnostyki przewlektych zespotéw wiencowych [23, 26,
27].

Podczas oceny wykonanego badania CCTA mozna uzyskaé dodatkowe dane takie jak
parametry sztywnosci i elastycznosci aorty [84] oraz mozna oceni¢ nasierdziowg tkanke

ttuszczowq (ang. epicardial adipose tissue EAT) [85].

24



Cel pracy i hipotezy badawcze
Cel gtéwny:

Celem pracy jest ocena sztywnosci i elastycznosci aorty ocenianych metoda wielorzedowej

tomografii komputerowej jako potencjalnych markeréw ryzyka i zdrowia sercowo-

naczyniowego.

Cele szczegotowe

Dokonanie przegladu literatury dotyczgcej metodologii stosowanej do oceny
sztywnosci i elastycznosci aorty.

Ocena zwigzku pomiedzy parametrami stuzgcymi do pomiaru grubosci (EAT thickness,
EAT thickness index) i objetosci nasierdziowe] tkanki ttuszczowej (EAT volume, EAT
volume index) a parametrami cechujgcymi sztywnos$é (aortic stiffness index) i
elastycznos$é aorty (aortic strain, aortic distensibility), zmierzonymi podczas badania
angiografii tomografii komputerowej tetnic wiericowych w grupie pacjentdow majgcych
medyczne wskazania do wykonania tego badania.

Zbadanie zwigzku miedzy stanem zdrowia uktadu sercowo-naczyniowego, mierzonego
za pomocq skali AHA LIFE’ SIMPLE 7 opracowanej przez American Heart Association a
parametrami sztywnosci (gortic stiffness index) i elastycznosci aorty (aortic strain,
aortic distensibility), zmierzonymi podczas badania angiografii tomografii
komputerowej tetnic wiencowych, w grupie pacjentéw majgcych medyczne wskazania

do wykonania tego badania.

Przyjete hipotezy badawcze:

Wzrost grubosci i objetosci nasierdziowe] tkanki ttuszczowej bedzie wigzac sie z ze
zwiekszeniem sztywnosci i zmniejszeniem elastycznosci aorty

Pogorszenie zdrowia sercowo-naczyniowego okresSlone poprzez uzyskanie nizszej
punktacji w skali AHA LIFE’S SIMPLE 7 bedzie wigza¢ sie ze wzrostem sztywnosci i

zmniejszeniem elastycznosci aorty
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Poreba Rafat: Thickness and volume of epicardial adipose tissue in relation to stiffness and
elasticity of aorta assessed by computed tomography angiography, Biomedicines, 2023, vol.

11, nr 6, art.1617 [16 s.], DOI:10.3390/biomedicines11061617

Rok: 2023

IF: 4.7

Punkty MNiSW: 100
Praca oryginalna

* — réwnorzedny pierwszy autor

Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Poreba Matgorzata, Poreba Rafat, Ga¢
Pawet: Stiffness and elasticity of aorta assessed using computed tomography angiography as
a marker of cardiovascular health - a cross-sectional study, Journal of Clinical Medicine, 2024,

vol. 13, nr 2, art.384 [16 s.], DOI:10.3390/jcm13020384

Rok: 2024
IF: 3.9
Punkty MNiSW: 140

Praca oryginalna

Sumaryczna punktacja prac wchodzacych w cykl: 9.8 IF i 310 punktéw MNiSW
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Materiat i metody

Materiat i grupy badane
Praca poglagdowa -materiat literaturowy

Publikacja nr 1, praca pogladowa p.t. Assessment of aortic stiffness in computed tomography

methodology of radiological examination from 2000 to 2020:

Praca ta stanowita przeglad literatury przy wykorzystaniu baz danych: PubMed i Google Scholar
z lat 2000 — 2020. Wykorzystano nastepujgce stowa kluczowe aortic, stiffness, evaluation,
computed, tomography, assessment, methodology. 43 publikacje uznano za istotne i wigczono
do przegladu. Dotyczyty one: informacji ogélnych na temat sztywnosci i elastycznosci aorty w

czesci wstepnej oraz metodologii pomiaréw parametrow naczyn w czesci gtéwne;.
Prace Oryginalne — grupy badane:

Publikacja nr 2, praca oryginalna p.t. Thickness and volume of epicardial adipose tissue in

relation to stiffness and elasticity of aorta assessed by computed tomography angiography

Grupe badawczg stanowito 97 uczestnikow 48 mezczyzn i 49 kobiet. Do okreslenia liczebnosci
uczestnikdw wykorzystano kalkulator wielkosci préby uzyskujgc zalecang wielko$é zgodng z
iloscig uczestnikdw badania. Sredni wiek uczestnikéw wynosit okoto 63 lata. Srednie BMI
uczestnikdw wynosito okoto 25.97 kg/m?. Pacjenci majacy nadwage lub otyto$é stanowili blisko
52% uczestnikdw badania. Podstawowym wskazaniem do wykonania badania angiografii
tomografii tetnic wiencowych u badanych pacjentéw byto podejrzenie przewlektej choroby
wiencowej. W szczegdlnosci byty to takie dolegliwosci jak bol w klatce piersiowej, ale réwniez
wskazaniami mégt by¢ np. niediagnostyczny wynik proby wysitkowej. Kryteria wtgczenia do
badania zawieraty: wiek > 18 lat, medyczne wskazania do wykonania badania CCTA, zgode na
udziat w badaniu. Na kryteria wykluczajgce skfadaty sie: zta jakos¢ wyniku badania
obrazowego, postawiona w przesztosci diagnoza PChNS, przebycie udaru, cukrzyce typu 2,

przewlekty chorobe nerek, niedoczynnos¢ tarczycy.

Sposrdéd grupy badanej wyrdzniono podgrupy w oparciu o mediany parametréw sztywnosci i
elastycznosci aorty oraz w oparciu o mediany parametréw nasierdziowej tkanki ttuszczowej.
Pomiary sztywnosci i elastycznosci aorty a takze pomiary nasierdziowej tkanki ttuszczowej

zostaty wykonane podczas analizy wynikéw CCTA i przy wykorzystaniu odpowiedniego
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oprogramowania. Dla pomiarow liniowych bylo to: syngo.CT postprocessing application
(Siemens Healthineers, Erlangen, Germany)., a dla pomiaréw objetosciowych byto to: Cardiac

Risk Assessment postprocessing application (Siemens Healthineers, Erlangen, Germany).

Publikacja nr 3, praca oryginalna p.t. Stiffness and elasticity of aorta assessed using
computed tomography angiography as a marker of cardiovascular health - a cross-sectional

study

Do okreslenia liczebnosci uczestnikdw badania skorzystano z kalkulatora wielkosci proby i
uzyskano wielko$¢ zgodna z iloscig uczestnikdw badania. Podobnie jak w publikacji nr 2, grupe
badawczg stanowity osoby majgce medyczne wskazania do wykonania badania CCTA, wyrazity
zgode na udziat w badaniu i byty petnoletnie. Z drugiej strony z badania wykluczone byty osoby,
ktore nie uzyskaty dostatecznie dobrego obrazu w badaniu CCTA, miaty w przesztosci juz
rozpoznang PChNS, przebyty udar, miaty zdiagnozowang przewlektg chorobe nerek lub
niedoczynnos¢ tarczycy. Wykluczono, wobec tego 9 oséb a ostateczna ilos¢ pacjentow
wyniosta 96 oséb. Sredni wiek badanych wynosit 70 lat, $rednie BMI 25.58 kg/m?2, 45.8%
badanych stanowity kobiety. 54% badanych miato zdiagnozowane nadcisnienie tetnicze. Do
oceny zdrowia sercowo-naczyniowego wykorzystano skale AHA LIFE 7. Wykonano pomiary

sztywnosci i elastycznosci aorty.
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Metodyka prac oryginalnych

Podsumowanie zastosowanych narzedzi do przygotowania publikacji oryginalnych:

Skala AHA-LIFE 7 do pomiaru zdrowia s-n.

Angiografia tomografii komputerowej tetnic wiencowych

Oprogramowanie do pomiaréw nasierdziowej tkanki ttuszczowej

e Oprogramowanie statystyczne

Pomiar zdrowia sercowo-naczyniowego — omowienie skali AHA LIFE 7
Zdrowie sercowo-naczyniowe zmierzono przy pomocy skali AHA Life’s Simple 7 stworzonej

przez Amerykanskie Towarzystwo Kardiologiczne. Skala ta sktada sie z 7 poddajacych sie
modyfikacji czynnikow ryzyka: konsumpcja wyrobow tytoniowych, body mass index (BMl),
aktywnos¢ fizyczna, zdrowa dieta, stezenie cholesterolu catkowitego, ci$nienie tetnicze,

stezenie glukozy na czczo.

Kazdy z tych czynnikdw oceniano z osobna w tréjstopniowej skali jako: nieadekwatny, posredni,
adekwatny co odpowiednio przektada sie na 0, 1, 2 punkty, ktére nastepnie sie sumuje.
Nastepnie interpretowano sume jako nieadekwatng, posrednig, optymalng ocene zdrowia
sercowo-naczyniowego (odpowiednio dla 0-4, 5-9, 10-14 chodz nalezy zauwazyé, ze wedle

niektdrych zrédet dopuszczalna jest réwniez interpretacja jako jako <8, 9-11, >12).

W przypadku oceny diety brano pod uwage ilos¢ spetnionych zdrowych skfadnikéw diety
sposrdod pieciu ocenianych to jest: 1) co najmniej 4.5 filizanki owocdéw i warzyw dziennie, 2) co
najmniej dwie stugramowe porcje ryb na tydzien, 3) Spozywanie produktéw co najmniej trzech
dwudziestoo$mio gramowych bogatych w btonnik (czyli zawierajacych wiecej niz 1.1g btonnika
na kazde 10 g weglowodanoéw) produktéw na dobe, 4) spozywanie mniej niz 1.5g sodu na

dobe, 5) spozywanie nie wiecej niz 450 kcal (czyli okoto 11) napojéw stodzonych na tydzien.

W przypadku oceny aktywnosci fizycznej wystepujg dwa pojecia moderate i vigorous physical
activity ktére mozna przettumaczyé jako umiarkowana i energiczna aktywno$é¢ fizyczna.
Definicje tych pojec znajdujg sie w wytycznych 2008 Physical Activity Guidelines for Americans
i ksztattujg sie w sposdb nastepujgcy. Aktywnos¢ umiarkowana jest to przyktadowo chodzenie

szybkim krokiem co najmniej 4.8 km/h, wodny aerobik, jazda rowerem wolniej niz 16 km/h,
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gra w tenisa w stylu debel, taniec towarzyski, uprawianie ogrodnictwa. Z kolei przyktadowa
aktywnos¢ energiczna jest to bieganie, chdd sportowy, ptywanie sportowe, tenis w stylu single,
jazda rowerem szybciej niz 16 km/h, kopanie w ziemi, trekking gorski pod gore lub z
obcigzonym plecakiem, aerobik w formie tanca. W uproszczonym opisie matematyczno-
fizjologicznym mozna natomiast postuzy¢ sie iloscig energii zuzywang przez osobe i tak jesli
przyjmie sie zuzycie energii w spoczynku jako 1, to zuzycie energii podczas wysitku
umiarkowanego powinno wynosi¢ 3 — 5.9 razy tyle a w wysitku energetycznym 6 i wiecej razy
tyle. Mozna to tez odnies¢ relatywnie do odczuwania wysitku przez pacjenta i tak 0 bedzie
oznaczac¢ brak wysitku, 10 najsilniejszy wysitek w zyciu to wtedy 5 i 6 bedzie okreslone jako
umiarkowany a 7 i 8 jako energiczny. W szczegdétowym opisie matematyczno—fizjologicznym
mozna postuzyé sie natomiast jednostkg MET (Metabolic equivalent). Jeden MET jest
zdefiniowany jako spoczynkowa przemiana materii odpowiadajgca ok 3.5ml Oz/kg/min i 1.2
kcal/min dla osoby o wadze 70 kg stad obcigzenie 2 MET bedzie wymagato dwa razy tyle itd.
Stad wytyczne definiujg aktywnos$¢ umiarkowang jako 3-5.9 MET a energiczng jako 26 MET.

Podsumowanie kryteriow przedstawiono w tabeli 2 zamieszczonej ponizej [77-83].
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Tabela 2 Kryteria AHA LIFE'S SIMPLE 7 na podstawie [77]

Ocena

Optymalny
Posredni
Nieadekwatny

Optymalny

Posredni

Nieadekwatny

Optymalny

Posredni

Nieadekwatny

AHA LIFE’S SIMPLE 7
Kryteria
Palenie wyrobdw tytoniowych
Nigdy lub palenie rzucono > 12 miesiecy temu
Pacjent rzucit palenie < 12 miesiecy temu
Pacjent obecnie pali wyroby tytoniowe
Body Mass Index [kg/m?]
< 25 kg/m?
25-29 kg/m?
>30 kg/m?
Aktywnos¢ fizyczna [minuty/tydzien]

>150 umiarkowanej lub 275 energicznej lub > 150 umiarkowanej

i energicznej

1-149 umiarkowanej lub 1-74 energicznej lub 1-149
umiarkowanej i energicznej

Brak aktywnosci fizycznej

Punkty

Zdrowe sktadniki diety [ilos¢ spetnionych kryteriéw sktadnikow zdrowej diety]

Optymalny
Posredni
Nieadekwatny

Optymalny
Posredni

Nieadekwatny

Optymalny
Posredni

Nieadekwatny

Optymalny
Posredni

Nieadekwatny

4-5
2-3
0-1
Cholesterol catkowity [mg/dl]
<200 bez stosowania lekéw obnizajgcych cholesterol
200-239 lub leczony przy pomocy lekédw do wartosci <200
>240
Cisnienie tetnicze krwi [skurczowe / rozkurczowe, mmHg]
<120/<80, bez koniecznosci stosowania lekow
120-139/80-89 lub leczona do wartosci <120/<80
>140/>90
Stezenie glukozy z krwi zylnej na czczo [mg/dl]
<100 bez koniecznosci farmakoterapii

100-125 lub osiggniecie wartosci < 100 przy pomocy
farmakoterapii

2126
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Angiografia tomografii komputerowej tetnic wiencowych
Premedykacja i przygotowanie pacjenta do badania CCTA.
Badanie powinno by¢ wykonane na czczo, przy czym dozwolone jest picie czystej wody. Pacjent

powinien by¢é odpowiednio nawodniony. Pacjent nie powinien spozywa¢ napojow
energetycznych i kofeiny/kawy przez 12 godzin przed badaniem, poniewaz mozie to
spowodowac przyspieszenie akcji serca. Pacjent powinien zazy¢ swoje state leki w dniu
badania. Nalezy upewni¢ sie czy pacjentka nie jest w cigzy oraz oznaczy¢ kreatynine. Koniecznie
trzeba zapytac sie pacjenta o przyjmowanie lekdw z grupy inhibitoréw fosfodiesterazy 5
(sildenafil) z uwagi na interakcje z nitrogliceryng. W ramach premedykacji do wykonania
badania CCTA stosuje sie podanie beta-blokera np. metoprololu oraz nitrogliceryny. Obnizenie
akcji serca przy pomocy beta-blokera pozwala na uzyskanie obrazu o lepszej jakosci oraz
wykorzystanie mniejszej dawki promieniowania, dazy sie do uzyskania akcji serca ponizej 60
uderzen na minute. Podanie nitrogliceryny natomiast stosuje sie celem osiggniecia
wazodylatacji co utatwia ich pdzniejszg ocene podczas badania i w konsekwencji zwieksza
doktadnos¢ diagnostyczng i utatwia ocene zwezenn [86—-88].

Protokdt badania

Analizowane badania CCTA zostaty przeprowadzone w rutynowym protokole do analizy tetnic
wiencowych wedtug zalecen kardiologicznych towarzystw naukowych, zgodnie ze wskazaniami
klinicznymi. Do przeprowadzenia badan wykorzystano wielorzedowy aparat tomografii

komputerowe;j.
Protokét badania obejmowat:

1. Topogram

2. faze bez podania dozylnego sSrodka cieniujgcego celem oceny wskaznika uwapnienia
tetnic wiericowych (calcium score)

3. podanie nitrogliceryny

4. faze z podaniem srodka cieniujgcego dozylnie dedykowang przeprowadzeniu oceny

serca i tetnic wieicowych.

Nitrogliceryna zostata zastosowana w aerozolu podjezykowo w dawce 0.8 mg, aby uzyskaé
wazodylatacje tetnic wiencowych. Podczas fazy z podaniem srodka cieniujgcego podano 60 ml

Srodka kontrastowego, z predkoscig 5 ml/s.
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Angiografia metodg tomografii komputerowej tetnic wiericowych — ocena standardowa
Obrazy CCTA oceniano wedtug standardowego systemu obejmujgcego ocene fazy natywnej

pod katem CAC, a nastepnie fazy angiograficznej systemem CAD-RADS.

CAC — coronary artery calcification — jest wskaznikiem uwapnienia tetnic wieficowych.
Wykorzystywany jest do oceny prawdopodobienstwa obecnosci blaszek miazdzycowych w
tetnicach wiencowych. Do wyliczenia go stosuje sie metode Agatsona. W metodzie tej w
wybranym obszarze przelicza sie zmierzong najwyzszg wartos¢ jednostki Hounsfield (HU), i
przelicza jg na wartos¢ 1,2,3,4 (odpowiednio dla 130-199 HU, 200-299 HU, 300-399 HU, 400+
HU) a nastepnie mnozy razy powierzchnie wyrazong w mm2. Nastepnie wyniki sumuje sie
uzyskujgc wartos¢ Calcium Score. Przyjmuje sie, ze wyniki te odpowiadajg przy 0 pkt brakowi
ryzyka CAD, przy wynikach 1-10 minimalnemu ryzyku, przy 11-100 fagodnemu (mild),

nastepnie 101-400 sredniemu (moderate) i powyzej 400 ciezkiemu (severe/high) ryzyku.

Do raportowania wynikow mozna wykorzystuje sie tzw. CAC-DRS, czyli Coronary Artery
Calcium Data and Reporting System. Wyrdznia sie CAC-DRS A0, A1, A2, A3 kolejno dla Calcium
score 0, 1-99, 100-299, >300. Mozna tez w systemie CAC-DRS zaraportowac ilos¢ zajetych
tetnic postugujac sie literg N — np. N4, gdy zajete sg LM, LCx, RCA i LAD. Wysoki wskaznik
uwapnienia tetnic wienncowych pogorszy jakos¢ uzyskanego obrazu CCTA. Poniewaz Calcium
Score oblicza sie nie tylko podczas wykonania badania CCTA, ale mozna je uzyskac réwniez z
innych badan TK klatki piersiowe]j (np. wykonanego w ramach badan przesiewowych NDKT
ptuc) — warto zawsze zwrdci¢ uwage na, jezeli s3 dostepne, wyniki poprzednio wykonanych
badan radiologicznych wykonanych u pacjenta przed decyzjg o skierowaniu na CCTA celem

oceny szansy na uzyskanie dobrego obrazu [9, 113—-120].

CAD-RADS — coronary artery disease — reporting and data system — jest to system klasyfikacji
stopnia zaawansowania zmian miazdzycowych. Skrécony opis klasyfikacji przedstawiono w
tabeli 3 ponizej. W klasyfikacji CAD-RADS ocenie podlegajg tylko naczynia o $rednicy 21.5mm
[89, 90]. Okreslenie choroby trdjnaczyniowej oznacza réwnoczesng obecnos$¢ zmian w

tetnicach RCA, LAD, LCx [91].
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Tabela 3 Skrocony opis klasyfikacji CAD-RADS

Kategoria opis Potencjalne dalsze kroki
Nie stwierdzono choroby
wiericowej. Poszukiwanie innych przyczyn
CAD-RADS 0 Nie stwierdzono blaszek . y’ .p ey
. dolegliwosci
miazdzycowych
Zwezenie naczynia 0%
choroba wiericowa . .
Minimalne zwezenia nieistotne Poszukiwanie innych przyczyn
CAD-RADS 1 Gzenia nie dolegliwosci
hemodynamicznie Modyfikacja czynnikow ryzyka
Zwezenie 1-24% Y 13 czy ¥y
choroba wiericowa . "
tagodne zwezenia nieistotne PRSI I ey
CAD-RADS 2 & e dolegliwosci
ACTe eI Modyfikacja czynnikow ryzyka
Zwezenia 25-49% v el 5
Modyfikacja czynnikéw ryzyka
choroba wiericowa Wskazana ocena czynnosciowa,
CAD-RADS 3 Umiarkowane zwezenia 50- leczenie przeciw dfawicowe, w
69% wybranych przypadkach
koronarografia
Modyfikacja czynnikdéw ryzyka,
CAD- Choroba wiericowa leczenie przeciw dtawicowe
RADS 4a Ciezkie zwezenie 70-99% Ocena czynnosciowa lub
CAD- koronarografia
RADS Choroba wiericowa
4 CAD- Zwezenie lewej tetnicy Modyfikacja czynnikdéw ryzyka,
wiencowej >50% lub choroba leczenie przeciw dfawicowe
RADS 4b . . . .
tréjnaczyniowa ze zwezeniem Koronarografia
>70%
Choroba wiericowa — -
Catkowite lub subtotalne Modyfikacja czynnikow ryzyka,
CAD-RADS 5 .. . . leczenie przeciw dfawicowe
zwezenie tetnicy wieficowe Koronarografia
100% 2
CAD-RADS N Badanie nie jest diagnostyczne

Angiografia metodg tomografii komputerowej tetnic wiencowych — ocena nasierdziowej tkanki

ttuszczowe.

Do oceny EAT wykorzystano nastepujgce 4 parametry: EAT thickness [mm], EAT volume [ml],
EAT thickness index [mm/m?], EAT volume index [ml/m?]. Parametry zostaty obliczone przy
wykorzystaniu oprogramowania. Dla pomiaréw liniowych byto to: syngo.CT postprocessing

application (Siemens Healthineers, Erlangen, Germany)., a dla pomiardw objetosciowych byto
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to: Cardiac Risk Assessment postprocessing application (Siemens Healthineers, Erlangen,

Germany). Pomiaréw dokonano w sposdb zgodny z instrukcjg producenta narzedzia.

Grubos¢ nasierdziowej tkanki tluszczowej mierzono na podstawie rekonstrukc;ji
wieloptaszczyznowej, w osi krotkiej lewej komory, na poziomie warstw srodkowokomorowych,
w potowie dtugosci Sciany wolnej prawej komory. Objetos¢ nasierdziowej tkanki ttuszczowej
mierzono za pomocg dedykowanego narzedzia. Pomiaru dokonywano pétautomatycznie, z
manualng korektg obryséw. Indeksowane wartosci grubosci i objetosci nasierdziowej tkanki
ttuszczowej obliczono poprzez podzielenie zmierzonych wartosci przez pole powierzchni ciata.
Angiografia metodg tomografii komputerowej tetnic wiericowych — ocena sztywnosc i elastycznosci

aorty
Oceny dokonano poprzez zmierzenie trzech parametrow: Aortic stiffness index, aortic strain,

aortic  distensibility. Pomiarédw $rednicy aorty dokonywano w rekonstrukcji
wieloptaszczyznowej, w przekroju prostopadtym do osi dtugiej naczynia, okoto 3,0 cm powyzej
pierscienia zastawki aortalnej. Pomiardw dokonywano z uwzglednieniem fazy cyklu pracy serca
monitorowanej zapisem elektrokardiograficznym. Srednice skurczowg aorty mierzono podczas
petnego otwarcia zastawki aortalnej, srednice rozkurczowg aorty natomiast na szczycie

zatamka R rejestrowanego elektrokardiogramu.
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Analiza statystyczna
Analizy statystyczne prowadzono przy uzyciu oprogramowania Statistica 13 TIBCO Software

Inc. dostarczonego przez StatSoft Poland. Na analize danych ilosciowych sktadata sie analiza
rozktaddw zmiennych oraz weryfikacja przyjetych hipotez przy wykorzystaniu odpowiednich
testow statystycznych. W przypadku koniecznosci poréwnania ze sobg dwdch réznych
podgrup, zgodnos¢ z rozktadem normalnym oceniano w kazdej z tych podgrup z osobna. Na
ocene zgodnosci z rozktadem normalnym sktadaty sie wizualna ocena histogramow wraz z
krzywa rozktadu normalnego, ocena srednich, median, skosnosci, kurtozy oraz wykonanie
testow zgodnosci z rozktadem normalnym — testu Shapiro-Wilk. Po ukonczeniu analizy
zgodnosci z rozktadem normalnym rozpoczeto testowanie hipotez badawczych zgodnie z
zatozeniami odpowiednich testéw. W szczegdlnosci, jesli dane nie miaty rozktadu normalnego
zastosowano test U-Mann-Whitney. Jezeli podczas analizy danych zachodzita koniecznos¢
poréwnania ze sobg wiecej niz 2 grup jednoczesnie stosowano poprawke Bonferoniego, aby
zminimalizowa¢ ryzyko btedu w wyniku tzw. problemu poréwnan wielokrotnych. Do analizy
wykorzystano réwniez ocene korelacji pearsona a takze regresje. Do analizy doktadnosci
testéw opracowano krzywe ROC (receiver operating characteristic). Za prog istotnosci

statystycznej przyjeto p < 0.05
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Omowienie publikacji

Publikacja pierwsza
W publikacji Assessment of aortic stiffness in computed tomography — methodology of

radiological examination from 2000 to 2020 dokonano przeglagdu aktualnego pismiennictwa

na temat metodyki wykorzystywanej do oceny sztywnosci aorty.

We wstepie publikacji przyblizono czym jest sztywnos$é i elastycznos¢ naczyni, zarysowano
powigzania tych parametrow z chorobami sercowo-naczyniowymi, oraz z budowg aorty. W
dalszej czesci wstepu okreslono, dlaczego problematyka sztywnosci aorty jest istotna na
przyktadzie zwigzku z udarem modzgu. Najistotniejsze problemy zaadresowane we wstepie
prezentujg sie w sposdb nastepujacy. Zwiekszona sztywnos¢ aorty prowadzi do zwiekszenia
obcigzenia nastepczego serca co w konsekwencji przyczynia sie do przerostu lewej komory
serca, wigze sie z obecnoscig miazdzycy a choroby takie jak cukrzyca, nadcisnienie tetnicze czy

choroba nerek moga przyspiesza¢ zwiekszanie sie sztywnosci aorty postepujace z wiekiem.

Sztywnosc i elastyczno$é aorty sg to mierzalne parametry naczynia. Do ich pomiaréw mozna
wykorzystac rézne techniki takie jak tomografia komputerowa czy metoda pomiaru predkosci
fali tetna (pulse wave velocity). Ocena tych parametrow jest istotna, poniewaz moze by¢
wykorzystywana do prognozowania ryzyka pojawienia sie choréb sercowo naczyniowych. W
szczegoblnos$ci wiadomo, ze zwiekszona sztywnos$¢ aorty wigze sie ze zwiekszonym ryzykiem

udaru mézgu.

Celem niniejsze] publikacji byt przeglad metod stuzacych do oceny sztywnosci i elastycznosci
aorty, przy czym gtéwny nacisk potozono na zastosowanie metod tomografii komputerowej —
poniewaz to ta metoda zostata wybrana jako podstawowa metoda badawcza niniejszej

rozprawy doktorskiej.

W czesci gtdwnej opisywanej publikacji rozpoczeto od nawigzania do metody niewymagajgcej
dostepu do CT — PWV — ktdra niejako uznawana jest za ztoty standard oceny naczyn, przy czym
(jak wspomniano w dyskusji pracy oryginalnej drugiej) jest ona w warunkach polskich
stosunkowo niedostepna. W dalszej czesci opisano metodyke pomiardow parametrow aorty z
wykorzystaniem tomografii komputerowej bramkowanej elektrokardiogramem oraz opisano
powigzania sztywnosci aorty ze skalg Agatsona stuzgcg do oceny kalcyfikacji naczyn. Metodyke

pomiardow sztywnosci aorty w sposéb szczegdtowy wraz z wyjasnieniem wykorzystanych
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wzoréw obliczeniowych przytoczono w opisywanych wczesniej rozdziatach poswieconych

metodyce niniejszej rozprawy.
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Publikacja druga
W publikacji Thickness and volume of epicardial adipose tissue in relation to stiffness and

elasticity of aorta assessed by computed tomography angiography zbadano hipoteze
badawczg zaktadajaca, ze wzrost grubosci i objetosci nasierdziowej tkanki ttuszczowej bedzie

wigzacd sie z ze zwiekszeniem sztywnosci i zmniejszeniem elastycznosci aorty.

Celem tej pracy byta ocena zwigzku pomiedzy parametrami stuzgcymi do pomiaru grubosci i
objetosci nasierdziowej tkanki ttuszczowej a parametrami mierzgcymi sztywnosé i elastycznosc
aorty. Pomiary wykonano przy wykorzystaniu badania angiografii tomografii komputerowej
tetnic wiencowych w grupie pacjentdéw majgcych medyczne wskazania do wykonania tego

badania.

We wstepie do pracy wyjasniono pojecie nasierdziowej tkanki ttuszczowej jako struktury coraz
czesciej budzacej zainteresowanie naukowcéw. llos¢ tej tkanki mozna uwazac za jeden z
markerow zdrowia sercowo-naczyniowego, poniewaz badania naukowe wykazujg jej zwigzek
z przewlekta chorobg niedokrwienng serca czy zwiekszonym ryzykiem zachorowania na

migotanie przedsionkow.

W materiatach i metodach pracy oméwiono w pierwszej kolejnosci kryteria witgczajace i
wykluczajgce z badania, przyjete parametry w wykorzystanym kalkulatorze wielkosci préby
oraz opis grupy badanej (jak w rozdziale metodyki niniejszej rozprawy doktorskiej). Na
podstawie median parametréw nasierdziowej tkanki ttuszczowej oraz median parametrow
sztywnosci i elastycznosci aorty wydzielono podgrupy, ktére nastepnie poréwnano ze soba.
Pomiary sztywnosci i elastycznosci aorty wykonano przy wykorzystaniu wzoréw opisanych w

czesci metodyki niniejsze rozprawy.

W czesci omawiajgcej wyniki niniejszej publikacji opisano, ze dominujgca czes$¢ pacjentéw w
badaniu CCTA uzyskata wynik CAD-RADS 0, 1 lub 2. Srednia gruboé¢ nasierdziowej tkanki
ttuszczowej wynosita 69.58 mm a objetos¢ 60,03 ml. Sredni indeks sztywnosci aorty wynidst

4.18.
Analize wynikéw prowadzono dwuetapowo:

1. Analiza $rednich parametréw nasierdziowej tkanki ttuszczowej (EAT thickness, volume,

thickness index, volume index) wzgledem parametrow sztywnosci aorty oraz
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elastycznosci aorty poprzez porownanie kolejnych dwoch podgrup wydzielonych na
podstawie median kolejnych parametréw aorty

2. Analize srednich parametréw sztywnosci i elastycznosci aorty wzgledem parametréw
nasierdziowej tkanki ttuszczowej poprzez poréwnanie kolejnych dwdch podgrup

wydzielonych na podstawie median kolejnych parametrow EAT.

W pierwszej analizie mozemy zauwazy¢, ze pacjenci z wiekszym niz 4.09 indeksem sztywnosci
aorty mieli znamiennie wyzsze srednie wartosci wszystkich parametréow nasiedziowej tkanki
ttuszczowej (thickness: 10.26 mm vs. 8.74; volume: mm 67.84 mL vs. 52.06 mL; thickness
index: 5.64 mm/m2 vs. 4.81 mm/m2; volume index: 37.66 mL/m2 vs. 28.40 mL/m2; p<0.05).
Pacjenci z ao strain ponizej 2.67% mieli znamiennie nizsze Srednie objetosci i indeksu objetosci
(67.81 mL vs. 52.10 mL; 37.64 mL/m2 vs. 28.41 mL/m2; p<0.05). Oba parametry byty
znamiennie nizsze rowniez w grupie pacjentdw z ao distensibility ponizej 0.10 cm?2/dyn (67.55

mLvs. 52.67 mL; 37.48 mL/m2 vs. 28.76 mL/m2; p < 0.05)

W drugiej analizie zaobserwowano, ze w grupie z gruboscig EAT 9.4 mm i wiecej sredni indeks
sztywnosci aorty byt wyzszy a Srednie ao distensibility nizsze i obie rdéznice byty istotne
statystycznie (4.35 vs 4.01; 0.10 cm?/dyn vs 0.14 cm?/dyn; p<0.05). W grupie pacjentéw z
objetoscig EAT 61.95 ml i powyzej, zaobserwowano wyzszg srednig sztywnos¢ aorty oraz nizsze
wartosci Srednich ao strain i distensibility a wszystkie te réznice byty istotne statystycznie (4.39
vs 3.96; 2.61% vs 3.98%; 0.10 cm?/dyn vs 0.15 cm?/dyn; p<0.05). Podobne wyniki istotne
statystycznie uzyskano dla indeksu grubosci EAT z mediang 5.08 mm/m?(4.41 vs 3.95; 2.50%
vs 4.09%; 0.09 cm?/dyn vs 0.15 cm?/dyn). Réwniez podobne wyniki byty dla indeksu objetosci
EAT z mediang 34.33 ml/m? przy czym w tym przypadku istotne statystycznie byty tylko rdznice
dla $rednich sztywnosci aorty i ao distensibility (4.56 vs 3.79; 0.09 cm?/dyn vs 0.15 cm? / dyn;
p<0.05).

W analizie korelacji zaobserwowano pozytywng korelacje liniowg dla sztywnosci aorty i
parametrow EAT: dla grubosci 0.21, dla objetosci 0.51 dla indeksu grubosci 0.24 i dla indeksu
objetosci 0.55. Negatywng korelacje liniowg dowiedziono dla ao strain i parametréw EAT,
odpowiednio -0.32,-0.49, -0.34, -0.51. Oraz podobnie réwniez negatywng dla ao distensibility
i parametréow EAT, odpowiednio: -0.30, -0.48, -0.31, -0.49.
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Na podstawie analizy ROC ustalono, ze najlepszym parametrem do oceny zwiekszonej
sztywnosci i pogorszonej elastycznosci sposrod analizowanych jest indeks objetosci

nasierdziowej tkanki ttuszczowe;.

Podsumowanie omawianych wynikdbw mozna znalezé w pierwszej pracy oryginalnej w
odpowiadajgcej tabeli 2, 3, 4 i 5 natomiast krzywe ROC przedstawiono na rycinie 1 — w

podpunkcie L przedstawiono krzywa dla indeksu objetosci nasierdziowej tkanki ttuszczowej.
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Publikacja trzecia
W publikacji Stiffness and elasticity of aorta assessed using computed tomography

angiography as a marker of cardiovascular health - a cross-sectional study zbadano hipoteze
zaktadajgca, ze pogorszenie zdrowia sercowo-naczyniowego okreslone poprzez uzyskanie
nizszej punktacji w skali AHA LIFE 7 bedzie wigza¢ sie ze wzrostem sztywnosci i zmniejszeniem

elastycznosci aorty.

Celem pracy byto zbadanie zwigzku miedzy parametrami sztywnosci i elastycznosci aorty,
zmierzonymi podczas badania angiografii tomografii komputerowej tetnic wiencowych a
stanem zdrowia uktadu sercowo-naczyniowego mierzonego za pomocg skali AHA LIFE 7 w

grupie pacjentdw majgcych medyczne wskazania do wykonania tego badania.

We wstepie pracy nawigzano do znaczenia chordéb sercowo-naczyniowych w kontekscie
zdrowia populacyjnego, przedstawiono cele i zatozenia publikacji, przyjete hipotezy badawcze

oraz odwotano sie do poprzednich badan.

W dalszej cze$ci omdéwiono grupe badawczg (ktéra zostata juz opisana w poprzedniej czesci
niniejszej pracy doktorskiej), oraz opisano zasade dziatania skali AHA LIFE 7 oraz zasady
pomiarow sztywnosci i elastycznosci aorty, ktére réwniez zostaty omdéwiona w poprzednich

paragrafach niniejszej pracy.

W wynikach pracy opisano, ze blisko 65.6% badanych okreslito sie jako osoby niepalace co
najmniej 12 miesiecy, 39.6% miato BMI <25 kg/m? i podobnie 35.4% osdb nie uprawiato zadnej
aktywnosci fizycznej. 30.2% pacjentow miato cholesterol catkowity na poziomie co najmniej
240 mg/dl a 61.4% miato skurczowe ci$nienie tetnicze wynoszace co najmniej 140 mmHg. Po
podsumowaniu wszystkich istotnych elementéw okazato sie, ze 72.9% o0sob uzyskato wynik
$redni w skali AHA LIFE’s SIMPLE 7 (ALS7) a tylko 5.2% wynik optymalny. W zwigzku z
wykonanym badaniem CCTA zaobserwowano w badanej grupie $rednig Srednice aorty w
rozkurczu 33.33 mm oraz 34.39 mm w skurczu. Sredni indeks sztywnosci aorty wynosit 4.17

podczas gdy Sredni ao strain i ao distensibility wynosity odpowiednio 3.20i 0.14.

W szczegdtowej analizie wynikdw mozemy zwrdci¢ uwage na fakt, ze indeks sztywnosci aorty
byt znaczgco wyzszy w podgrupie oséb aktywnie palgcych poréwnaniu, do oséb ktore rzucity
palenie w ostatnim czasie oraz 0séb ktére nie pality nigdy lub rzucity je dawniej niz 12 miesiecy

przed badaniem (4.86 + 0.80 vs. 3.68 + 0.70 i 3.93 + 0.63, odpowiednio). Przeciwnie
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elastycznos¢ aorty byta pogorszona w grupie oséb palgcych (1.72 + 1.34% vs. 4.56 + 3.23% i
3.71 + 1.92% dla Ao strain oraz 0.06 £ 0.06 cm2/dyn vs. 0.27 + 0.30 cm2/dyn i 0.16 + 0.11
cm2/dyn dla Ao distensibility; p < 0.05).

W przypadku BMI na szczegdlng uwage zastuguje fakt, ze u oséb z BMI 30 kg/m? i wiecej,
sztywno$¢ aorty byta znamiennie wyzsza niz w grupach z BMI 25-29.9 kg/m? i <25 kg/m? (4.72
+0.82vs.4.14 £0.71i4.14 £ 0.71; p < 0.05). W przypadku elastycznosci aorty réznice byty
mniej wyrazne — obecne tylko miedzy grupg z BMI 30 kg/m? i wiecej a <25 kg/m? (1.84 + 1.35
vs 3.74 + 2.40; p < 0.05)

Sposréd badanych, osoby z wyzszym ci$nieniem tetniczym (2140 mmHg skurczowe i 290
mmHg rozkurczowe) miaty znamiennie wyzszy wynik indeksu sztywnosci aorty niz obie
pozostate grupy (4.53 +0.70 vs. 3.63 £+ 0.59i 3.44 + 0.90; p < 0.05). Podobnie wsréd tych oséb
obserwowano réwniez znamiennie nizsze parametry elastycznosci aorty (2.16 £ 1.17% vs. 4.67
+1.72% i 6.15 £ 4.01% dla Ao strain oraz 0.08 + 0.05 cm2/dyn vs. 0.22 + 0.10 cm2/dyn i 0.37 =
0.31 cm2/dyn dla Ao distensibility; p< 0.05).

Odwrotne zaleznosci obserwowano podczas analizy zwigzku wysitku fizycznego i parametrow
aorty. Mianowicie pacjenci prezentujacy optymalny poziom aktywnosci fizycznej mieli
znamiennie nizszg warto$¢ sztywnosci aorty niz osoby z wartosciami posrednimi i
nieadekwatnymi (3.59 + 0.68 vs 4.27 + 0.78 i 4.27 + 0.81; p < 0.05). Podobnie przeciwne
zaleznos$ci obserwowano dla elastycznosci aorty. Parametry ao strain i distensibility byty
wyzsze w grupie z optymalna aktywnoscig fizyczng (5.08 + 2.74% vs. 2.90 + 1.90% i 2.86 +
1.62% dla Ao strain oraz 0.26 + 0.08 cm2/dyn vs. 0.12 + 0.10 cm2/dyn i 0.12 £ 0.08 cm2/dyn
dla Ao distensibility; p < 0.05). Czyli wzgledem aktywnosci fizycznej — ktéra jak wiadomo jest
aktywnoscig prozdrowotng — obserwowano odwrotne zalezno$ci omawianych parametrow
aorty niz w przypadku BMI, podwyziszonego cisnienia tetniczego czy palenia wyrobdéw
tytoniowych. W badaniu nie zaobserwowano istotnych statystycznie réznic pomiedzy
mierzonymi parametrami aorty a wynikami z kategorii dieta, cholesterol catkowity i glukoza na

czczo, mierzonymi w skali ALS7.

Poddajac analizie wyniki po podsumowaniu wartosci wszystkich mozliwych punktéw do
uzyskania w skali ALS7 stwierdzono, ze indeks sztywnosci aorty byt znamiennie wyzszy w grupie

0s0b z nieadekwatnym wynikiem catkowitym (0-4 punkty) a poréwnaniu do osdb z wynikiem
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posrednim (5-9) oraz optymalnym (10-14) (4.57 £ 1.03 vs. 4.10 + 0.70 i 3.50 + 0.53; p< 0.05).
Przeciwnie stwierdzono, ze parametry elastycznosci aorty w przypadku ao strain dla grupy z
optymalnym wynikiem ALS7 w poréwnaniu do wynikdow posrednich i nieadekwatnych byto
wyzsze (5.37 £ 2.55% vs. 3.29 £ 2.04% i 2.41 + 1.78%; p< 0.05). Réwniez ao distensibility byto
znamiennie wieksze w grupie pacjentéw z optymalnym wynikiem ALS7, przy czym wynik byt
istotny statystycznie tylko w poréwnaniu do podgrupy z najnizszym uzyskanym wynikiem w

ALS7 (0.23 £ 0.14 cm2/dyn and 0.11 + 0.09 cm2/dyn; p< 0.05).

W analizie korelacji persona stwierdzono, ze wzrost sztywnosci aorty wigze sie z wzrostem BMI
oraz ci$nienia zaréwno skurczowego jak i rozkurczowego. Swierdzono réwniez, ze sztywnosé
aorty maleje wraz ze wzrostem catkowitej ilosci punktéow uzyskanych na skali ALS7. Dla ao
strain zaobserwowano zjawisko odwrotne. Dla ao distensibility rowniez zaobserwowano
zjawisko odwrotne, przy czym istotng statystycznie negatywng korelacje zaobserwowano tylko

dla cisnien skurczowego i rozkurczowego oraz catkowitej ilosci punktow ALS7.

Interpretujgc opracowany modele regresji mozna stwierdzi¢, ze sposrdod zmiennych
uwzglednianych w skali ALS7 wyzsza punktacja w kryteriach cisnienie tetnicze krwi, palenie i
BMI s3 niezaleznymi czynnikami protekcji przed wiekszg sztywnoscig aorty, wyzsza punktacja
w kryteriach cisnienie tetnicze krwi, palenie, BMI i aktywnos¢ fizyczna — niezaleznymi
czynnikami protekcji przed mniejszym ao strain, natomiast wyzsza punktacja w kryteriach
ci$nienie tetnicze krwi i palenie — niezaleznymi czynnikami protekcji przed mniejszg ao

distensibility.
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Dyskusja

Przeprowadzone badania pozwolity na weryfikacje zatozonych hipotez i realizacje
postawionych celéw badawczych. Udokumentowano, ze: grubos$é¢ i objetos¢ (wraz z
odpowiadajgcymi indeksami) nasierdziowej tkanki ttuszczowej byty znaczaco wyisze w
grupach z wiekszym indeksem sztywnosci aorty. Ponadto, objetos¢ i indeks objetosci
nasierdziowej tkanki ttuszczowej byta znaczaco wieksza w grupach z nizszym aortic strain i
distensibility. Co wiecej ustalono, ze wieksza sztywnos¢ aorty oraz mniejsza elastycznos¢ aorty

wystepuje w grupach z wyzszg objetoscig EAT oraz z wyzszym wskaznikiem grubosci EAT.

Oproécz tego, zaobserwowano wiekszg sztywnos$¢ aorty i mniejszy ao distensibility w grupach z
wyzszym indeksem objetosci EAT a opisywane zaleznosci dodatkowo potwierdzono w analizie
korelacji, gdzie stwierdzono dodatnig korelacje pomiedzy gruboscia i objetoscig nasierdziowej
tkanki ttuszczowej a sztywnoscig aorty oraz negatywng korelacje pomiedzy parametrami EAT a

elastycznoscig aorty.

Dodatkowo dzieki analizie ROC ustalono, ze EAT Volume index odpowiada najlepszemu
parametrowi do oceny zwiekszonej sztywnosci i pogorszonej elastycznosci aorty. Ponadto,
wykazano ze wieksza sztywnos$¢ aorty wigze sie z czynnym paleniem tytoniu, wyzszym BMI,
mniejszg aktywnoscig fizyczng, wyzszym cisnieniem krwi oraz nizszym sumarycznym wynikiem
punktowym w skali AHA LIFE 7. Rdwniez nizsze wartosci elastycznosci wigzaty sie réwniez z
paleniem wyrobdw tytoniowych, wyzszym BMI, mniejszg aktywnoscig fizyczng, i nizszym
sumarycznym wynikiem punktowym w skali ALS7. Zaleznosci pomiedzy sztywnoscig i
elastycznoscig aorty a czynnikami ryzyka zdrowia sercowo naczyniowego dodatkowo

zweryfikowano w analizie korelacji i regresji uzyskujgc spdjne wyniki.

Z uwagi na fakt, ze dominujgca wiekszos¢ badan mozliwych do wyszukania w bazach
medycznych koncentruje sie raczej na zwigzku EAT z chorobami przewlektymi badz korzysta z
innych technik jak pulse wave velocity badZ ultrasonografia, przeprowadzone badania
wykazujgce zwigzek EAT ze sztywnoscig i elastycznoscig aorty stanowig wartos¢ dodang do
ogolnej wiedzy naukowej. Wyniki zbiezne z przedstawionymi w niniejszej rozprawie uzyskano
miedzy w innymi w badaniu przeprowadzonym przez Altun i wsp., w ktérym stwierdzono
negatywng korelacje dla grubosci EAT i ao strain rowng r = -0.296 ktdra jest zblizona dla

uzyskanej w nizszym badaniu r=-0.32 [92]. Podobnie, wyniki zgodne z uzyskanym w niniejszej

45



rozprawie, pomimo zastosowania innej metodologii do oceny sztywnosci naczyin — wskaznika

CAVI - przedstawiono w badaniu koreanskim na zdrowych ochotnikach [93].

Warto zwrdci¢ uwage na to, ze pomimo dotozenia wszelkich staran, w momencie publikowania
pracy oryginalnej drugiej, nie udato sie znalezé pracy tgczacej pomiary sztywnosci i
elastycznosci aorty ocenianych metodg angiografii tomografii komputerowej z tak licznymi
czynnikami zdrowia sercowo-naczyniowego, wobec czego niniejsze badanie miato charakter
nowatorski. Wiekszos¢ literatury do oceny sztywnosci naczyi wykorzystywata wskaznik oceny
predkosci fali tetna (PWV), ktéry uznawany jest za ztoty standard, ale ma pewne ograniczenia.
Mianowicie badanie PWV jest znacznie trudniej dostepne w warunkach Polskich niz CCTA [94—
99] (na badanie CCTA obecnie pacjent moze uzyskac skierowanie nawet od lekarza rodzinnego
[100]). Przeszukujgc literature celem pordwnania uzyskanych wynikdw udato sie znalezé
badania, w ktorych poréwnano sztywnosc i elastycznos¢ aorty piersiowej z wiekiem pacjentow
uzyskujgc wyniki spéjne z wyzej przedstawionymi — wzrost czynnika ryzyka s-n jakim jest wiek
powodowat wzrost sztywnosc¢ aorty i pogorszenie jej elastycznosci [50]. Uzyskane w tej pracy
wyniki sg zbiezne réwniez z innymi badaniami, na przyktad Oyenuga i wsp. oraz Niiranen i wsp.
okreslili, ze nizsza sztywnos$¢ aorty wigze sie z lepszym zdrowiem sercowo-naczyniowym [101,

102].

Wyniki przedstawione w rej rozprawie mogg by¢ przydatne z uwagi na fakt, ze wykorzystywana
metoda — angiografia tomografii komputerowej naczyn wiencowych stata sie obecnie
badaniem powszechnie dostepnym. Zatem gdyby dzieki dalszym badaniom udato sie ustalié
miejsce oceny sztywnosci i elastycznosci badanych w CCTA w codziennej praktyce lekarskiej to

mogtoby zwiekszy¢ precyzje oceny zdrowia sercowo-naczyniowego u pacjentow.
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Whnioski

1. W badaniu angiografii tomografii komputerowej tetnic wiedicowych obserwuje sie
proporcjonalng zaleznos¢ pomiedzy wiekszg iloscig nasierdziowej tkanki ttuszczowej
(zaréwno jej gruboscia, jak i objetoscig) a wiekszg sztywnoscig i mniejszg elastycznoscia
aorty w populacji oséb majacych medyczne wskazania do wykonania tego badania
obrazowego

2. Sposrdod parametréw oceny nasierdziowej tkanki ttuszczowej, indeks jej objetosci
stanowi najbardziej uzyteczny potencjalny predyktor wiekszej sztywnosci aorty i
mniejszej elastycznosci aorty w populacji oséb majgcych medyczne wskazania do
wykonania badania angiografii tomografii komputerowej tetnic wieicowych

3. W badaniu tomografii komputerowej serca obserwuje sie proporcjonalng zaleznos¢
miedzy czynnikami zdrowia sercowo-naczyniowego okreslonymi w kwestionariuszu
AHA LIFE’S SIMPLE 7 a parametrami sztywnosci i elastycznosci serca w populacji oséb
majacych medyczne wskazania do wykonania tego badania obrazowego

4. Zparametrem sztywnosci aorty najsilniej dodatnio korelowaty skurczowe i rozkurczowe
ci$nienie tetnicze oraz warto$¢ BMI pacjentéw, natomiast ujemnie liczba punktow
wyrazona w skali ALS7. Z parametrem elastycznosci aorty najsilniej korelowata
dodatnio liczba punktéw ALS7 natomiast ujemnie skurczowe i rozkurczowe cisnienie

tetnicze.
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Streszczenie w jezyku polskim
Zdrowie sercowo-naczyniowe to nie tylko brak choroby a dobrostan catego organizmu. Z

pojeciem zdrowia tgczy sie tez ryzyko, czyli prawdopodobieristwo, pojawienia sie choroby w
przysztosci, ktére mozna okresli¢ na podstawie pewnych okreslonych czynnikéw ryzyka czy

wzorcow zachowania.

Choroby sercowo-naczyniowe stanowig jedng z najwazniejszych przyczyn zgondw, a w Unii
Europejskiej stanowig ich ponad jedng trzecig. Sposréd nich najistotniejszymi sg choroba
niedokrwienna serca oraz choroby naczyd osrodkowego uktadu nerwowego, ktére to
odpowiadajg za 32% i 21% zgondw z przyczyn sercowo-naczyniowych. Za zwiekszenie
prawdopodobieristwa zachorowania, ale réwniez i zgonu z przyczyn sercowo-naczyniowych

odpowiadajg czynniki ryzyka, ktdre mozna podzieli¢ na modyfikowalne i niemodyfikowalne.

W wytycznych towarzystw naukowych dotyczacych diagnostyki choroby niedokrwiennej serca
rosnie znaczenie angiografii tomografii komputerowej tetnic wiefcowych. W obrazach
tomografii komputerowej serca mozliwa jest ocena nasierdziowe] tkanki ttuszczowej, jak i
parametrow sztywnosci i elastycznos$ci aorty. Nasierdziowa tkanka ttuszczowa moze by¢
uznawana za jeden z markerdw ryzyka sercowo-naczyniowego z uwagi na wykazanie jej
zwigzku z chorobg niedokrwienng serca czy migotaniem przedsionkéw. Zaburzenia sztywnosci

i elastycznosci aorty uznaje sie za istotne ogniwo patogenetyczne chordb uktadu krazenia.

Celem niniejszej rozprawy byta ocena sztywnosci i elastycznosci aorty ocenianych metoda
angiografii tomografii komputerowej naczyn wieAcowych jako potencjalnych markeréw
zdrowia i ryzyka sercowo-naczyniowego. W szczegdlnosci celem byto powigzanie czynnikéw
ryzyka zdrowia sercowo-naczyniowego, a takie parametrow oceny nasierdziowej tkanki

ttuszczowej z parametrami sztywnosci i elastycznosci aorty.

Na ponizszg rozprawe doktorskg sktada sie cykl trzech prac naukowych: artykutu
przeglagdowego oraz dwdch artykutdw oryginalnych. W pracy przeglagdowej analizie poddano
dostepng literature naukowg z zakresu przedmiotu prowadzonych badan. Przyblizono
problematyke sztywnosci i elastyczno$ci aorty, opisano techniki pomiarowe a takze odwotano
sie do znanych powigzan tych parametréw z chorobami sercowo-naczyniowymi. Zwrécono
takze uwage na fakt, ze istniejg rowniez inne metody pomiaru sztywnosci naczyn niz

tomografia komputerowa takie jak np. ocena predkosci fali tetna.
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W drugiej pracy okreslono zwigzek pomiedzy gruboscia i objetoscig nasierdziowej tkanki
ttuszczowej (EAT) a sztywnoscig i elastycznoscig aorty mierzonymi w tomografii komputerowe;j.
W grupach z wiekszym indeksem grubosci EAT oraz z wiekszg objetoscig EAT zmierzono wyzszy
indeks sztywnosci aorty i nizsze wartosci parametrow elastycznosci aorty niz w grupach z
nizszym indeksem grubosci. W grupach z wiekszg gruboscig EAT wykazano nizsze wartosci
parametrow elastycznosci aorty. W grupie pacjentow z wyzszym indeksem objetosci
udokumentowano wyzszg sztywnos¢ aorty oraz nizsze ao distensibility. W analizie receiver
operating characteristic (ROC) ustalono, ze sposréd parametréw oceny EAT indeks objetosci
nasierdziowej tkanki ttuszczowej jest najlepszym parametrem predykcji zwiekszonej

sztywnosci i elastycznosci aorty.

W trzeciej pracy zbadano zwigzek parametréw okreslajacych zdrowie-sercowo naczyniowe wg
skali AHA LIFE’S SIMPLE 7 (ALS7) ze sztywnoscig i elastycznoscig aorty. W grupie pacjentéw z
czynnym paleniem tytoniu, wyzszym BMI, mniejszg aktywnoscia fizyczng, wyzszym cisnieniem
tetniczym krwi i przede wszystkim nizszym sumarycznym wynikiem punktowym ALS7
wykazano wiekszg sztywnos¢ aorty. Podobnie nizsze wartosci parametréw elastycznosci aorty
wigzaty sie z nieprawidtowymi wzorcami zachowania zdrowotnego takimi jak palenie wyrobéw
tytoniowych, wyzsze BMI, nizsza aktywnos¢ fizyczna oraz sumarycznym nizszym wynikiem

ALS7

Podsumowujgc w badaniu w grupie chorych majacych kliniczne wskazania do wykonania
badania angiografii tomografii komputerowej tetnic wieicowych zaobserwowano zaleznos$é
miedzy wiekszg iloscig nasierdziowej tkanki ttuszczowej a wiekszg sztywnoscig i jednoczesnie
mniejszg elastycznos$cig aorty oraz zaobserwowano proporcjonalng zalezno$¢ miedzy
czynnikami zdrowia sercowo-naczyniowego okre$lonymi w ALS7 oraz wspomnianymi

parametrami aorty.
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Summary
Cardiovascular health is not only the absence of disease but also the probability of its

occurrence in the future, which can be determined based on certain specific risk factors or

behavioral patterns.

Cardiovascular diseases are one of the most important causes of deaths. In European Union
they account for over one third. Among them, the most important are ischemic heart disease
and vascular diseases of the central nervous system. They are responsible for 32% and 21% of
deaths due to cardiovascular causes. Risk factors that can be divided into modifiable and non-
modifiable factors are responsible for increasing the probability of developing and dying from

those diseases.

The significance of coronary computed tomography angiography role increases in the
guidelines of scientific societies for the diagnosis of ischemic heart disease. This examination
allows the assessment of epicardial adipose tissue as well as aortic stiffness and elasticity
parameters. Epicardial adipose tissue due to its demonstrated association with ischemic heart
disease and atrial fibrillation, can be considered one of the markers for cardiovascular risk. In
addition, abnormalities in aortic stiffness and elasticity are recognized as an important

pathogenic link to cardiovascular disease.

The aim of this thesis was to evaluate aortic stiffness and elasticity assessed by coronary
computed tomography angiography as potential markers of cardiovascular health. In
particular, the relationship between cardiovascular health factors and epicardial adipose tissue

parameters with the parameters of aortic stiffness and elasticity.

The following thesis consists of a series of three scientific articles: a review and two original
ones. The review paper analyzed the available scientific literature on the subject of the
research. The issues of aortic stiffness and elasticity were presented, measurement techniques
were described, and reference was made to the known relationships between those
parameters and cardiovascular diseases. Attention was also drawn to the fact that there are
other methods of measuring vascular stiffness than computed tomography - assessment of

the pulse wave velocity.

The second study determined the relationship between the thickness and volume of epicardial

adipose tissue (EAT) and the stiffness and elasticity of the aorta measured by computed
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tomography. It was noted that thickness and volume were significantly higher in groups with
a higher aortic stiffness index and the EAT volume was higher in groups with lower aortic
elasticity. The ROC analysis determined the epicardial fat volume index as the best parameter

to assess increased aortic stiffness and elasticity.

The third article studied the relationship between parameters which define cardiovascular
health according to the AHA LIFE'S SIMPLE 7 (ALS7) scale and the stiffness and elasticity of the
aorta. It was found that higher aortic stiffness is associated with active smoking, higher BMI,
lower physical activity, higher blood pressure, and lower total ALS7 score. Similarly, lower
values of aortic elasticity parameters were associated with abnormal health behavior patterns

such as smoking, higher BMI, lower physical activity and a lower overall ALS7 score.

To summarize, in a group of people with medical indications to undergo computed tomography
angiography, a relationship between more epicardial adipose tissue and greater stiffness and
less elasticity of the aorta we observed, and a proportional relationship between the
cardiovascular health factors identified in ALS7 and the mentioned aortic parameters was

observed too.
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Dodatek

Wyprowadzenie nr 1,

Wyprowadzenie wzoru do obliczenia distensibility podanego przez konsensus ESC na podstawie
[72].

W tym miejscu warto sobie przypomnieé wzdr na pole powierzchni kota wzér 21, gdzie r stanowi
promien kofa a liczba mt jest statg majacg wartos¢ w przyblizeniu 3.14.

Powierzchnia kota = nr? (21)

Oraz wzér na srednice kota wzdr 22, gdzie r stanowi promien kota a D $rednice
2 @2
r=—
2

Dlatego wzér na AA bedzie przedstawiad sie nastepujgco [72] wzdr 23 gdzie Ds to srednica naczynia
podczas fazy cisnienia skurczowego a Dd podczas rozkurczowego.

on= (3 n () e

Skad po przeksztatceniach polegajgcych na wytaczeniu it przed nawias uzyskamy wzér (24)

Ds? — Dd?

AA = 7i( 2

) (24)

Stad petny wzdr zaproponowany przez ESC na parametr Distensibility danego naczynia przedstawia
sie nastepujaco wzor (25)

n(Ds? — Dd?)
Distensibility = ———=+ (25)
Dd?
T * AP
Co nastepnie mozna uprosci¢ uzyskujgc wzér 17
n(Ds? — Dd?)
Distensibility = ———=+ (25)
Dd?
T * AP
Distensibilit m(Ds? — Dd?) 1
= * =
istensibility 2 Ddz
T * AP
m(Ds? — Dd?) 4
= *
4 Dd? x AP
Ds? — Dd?

Distensibility = m (17)
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Abstract

Introduction: Vascular elasticity may be a predictive factor of various diseases. Although stiffening is thought to be a
natural consequence of ageing, it can be accelerated by a number of pathological conditions such as hypertension,
diabetes, or renal diseases. Aim of the study was to discuss the methodology used to assess aortic stiffness, with
particular emphasis on radiological examination.

Material and methods: The PubMed and Google Scholar databases were screened from inception to the year 2000
by 2 independent analysts initially working separately and then comparing their results.

Results: Assessment of stiffness can be divided into methods not requiring computed tomography scan, such as
tonometry of carotid femoral pulse wave velocity, bioelectrical impedance analysis, and cardio ankle vascular index,
and methods requiring it, such as multidetector row computed tomography - ECG gated, in which indexes such as
aortic distensibility, aortic stiffness, and aortic compliance can be obtained with simultaneous calcification evaluation
based on the Agatston score.

Discussion: Aortic stiffness was corelated with left ventricular afterload, prehypertension, coronary artery plagues, predic-
tion of coronary artery diseases, bone demineralization, chronic obstructive pulmonary diseases, and diabetes mellitus.

Conclusions: Being a factor of various severe diseases, aortic stiffness may play an important role in the early detection
of patients requiring additional medical care.

Key words: aorta, tomography, pulse.

Introduction

ease [4]. It has also been associated with increased epicar-
dial adipose tissue [5]. The artery elasticity index aortic

Geeral infovatation tiselastiity distensibility (AD) is particularly useful in assessing level

Arterial elasticity is a very important functional property
of vessels. More recently, it has also been used as a pre-
dictive factor in the prediction of cardiovascular diseases
and their complications, and the assessment of pharmaco-
logical treatment [1-3]. Asterial stiffness increases cardiac
afterload and contributes to left ventricular hypertrophy,
and it is an independent predictor of coronary artery dis-

of atherosclerosis [1]. Because elasticity is a natural prop-
erty of the arteries, its decrease is a manifestation of ab-
normal function, It should be noted, however, that general
stiffening of aorta is thought to be a natural consequence
of ageing [2]. This physiological process can be acceler-
ated by several pathological conditions, such as hyperten-
sion, diabetes, and renal disease [6].
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General information about the structure of the aorta

All diseases of the aorta are related to changes in the micro-
structure of blood vessel walls, in the content and architec-
ture of the connective fibres: elastin and collagen, which
give the aorta elasticity and strength, respectively [2].
The consequences of aging are numerous changes in the
structure of blood vessel walls: thickening, increases in col-
lagen, degeneration and fragmentation of elastin, damage
of endothelium, and progressive dilation of the vessels [6].
All this causes a decrease in the elasticity of the arteries,
which is a symptom of abnormal functioning of vessels [1].
The structure of the aorta, including elasticity and dimen-
sions, can be assessed by ultrasound, X-ray, computed to-
mography, and cardiac magnetic resonance [7].

Information about biomechanics

The wall of aorta is a dynamic composite structure con-
sisting of matrix macromolecules and vascular cells. Each
component plays a role in determining the structure of
the tissue, and therefore a disruption of each of these
components can change the mechanical behaviour of the
vessel wall. The relative amounts and organization of these
components are believed to have the greatest impact on
the normal function of the aortic wall and any pathologies
that may occur [8].

Physiologically the pressure wave is reflected from
the periphery and reaches the heart on diastole. As the
aorta stiffens, the speed of the pressure wave increases,
and the reflected pressure wave eventually returns to the
heart earlier, i.e. during the end of the systole instead of
diastole, causing an increase of the heart afterload and
systolic blood pressure. Isolated systolic hypertension is
a common phenomenon in people over 80 years old, and
it occurs as a manifestation of aortic stiffness that causes
the pulse pressure to widen [6].

Why it is important to assess aortic elasticity

Vascular calcification is a factor that is also associated with
arterial stiffness, which can be used as a predictor of cardio-
vascular diseases. The mechanisms of arterial calcification
are complex, and one of the identified significant risk fac-
tors for developing calcification is chronic kidney disease,
which is associated with the process of differentiation of
smooth muscle cells into osteoblast-like cells in this disease.
Calcification occurs in the intimal and medial layers of the
walls of arteries and causes decreased vascular elasticity [9].
Aortic stiffness is predictor of cardiovascular mortality [3].

Flexibility versus aneurysms

Ascending aorta aneurysm is a serious health problem,
and its complications are one of the leading causes of
death (in the top 20 leading causes of mortality in the

United States) [10]. It often grows slowly and is often
asymptomatic, which makes it very difficult to detect [11].

Parameters identified as useful for assessing aortic
flexibility include regional distensibility, pulse-wave veloc-
ity, and the maximum rate of systolic distension. The latter
is relatively new and is currently considered the most ad-
equate parameter for assessing changes in the properties
of the aortic wall [10].

Aortic stiffness is a risk factor for stroke

One of the main risk factors for cardiovascular diseases is
hypertension, while the development of arterial hyperten-
sion is influenced by an increase in aortic stiffness. The in-
creased aortic stiffness results in increase of systolic blood
pressure and reduction of diastolic blood pressure, and it
leads to arterial hyperpulsatility and increased pulse pres-
sure [12], In recent years, there has been growing interest
in assessing arterial stiffness as a means of assessing total
cardiovascular risk and for a non-invasive evaluation of it,
the aortic pulse wave velocity is used [13]. Previous stud-
ies have shown that PWV is an independent marker of
cardiovascular risk [12,13].

Research conducted in recent years shows a strong link
between increased pulse wave velocity and stroke [12].
The connection of these 2 phenomena can be explained
by a number of mechanisms. Firstly, increased aortic stiff-
ness causes an increase of pulse pressure, which leads to
remodelling of arteries, increased thickness of the walls
of the arteries, the development of atherosclerosis, and
increased risk of plaque rupture. Secondly, the increase in
arterial stiffness is generally associated with age-related
systemic arterial damage and other cardiovascular risk
factors. Thirdly, arterial stiffness and high pulse pressure
promote the development of heart failure and coronary
artery disease, and these are also risk factors for stroke.
Therefore, based on the studies conducted so far, pulse
wave velocity can be considered an important haemo-
dynamic parameter in determining the risk of stroke be-
cause it is an independent risk factor [12].

Purpose

The purpose of the article was to discuss the methodology
of aortic stiffness assessment, with emphasis on radiological
examination. Although methods involving magnetic reso-
nance can measure vessel function accurately, its long im-
aging time and low spatial resolution limits the evaluation
during cardiac cycle [14], so in this review we focused on
computed tomography, and we mention conventional ways
to measure aortic stiffness that do not require a CT scan.

Material and methods

To prepare this manuscript, the PubMed and Google
Scholar databases were screened from the inception until

2636

© Pol J Radiol 2022; 87: e635-e640

62



Assessment of aortic stiffriess in computed tomography — methadology of radiological examination from 2000 to 2020

2000 with use of the following keywords: aortic, stiffness,
evaluation, computed, tomography, assessment, methodo-
logy. To find the most relevant paper, 2 independent ana-
lysts (WH and AZ) initially worked separately by screen-
ing the mentioned databases, then each of the analysts
prepared their list of chosen abstracts and presented it to
the other, so that each abstract was read by both analysts.
Then the full text was acquired and read, and consequent-
ly, by discussion, 43 papers were found to be the most
relevant and were included in this review.

Results

Methods — a general description of the most common
ways to assess aortic stiffness and flexibility

(lassical methods to measure flexibility that do not
require a (T scan

Aortic stiffness can be measured by noninvasive tech-
niques, one of which is tonometry of the carotid-femo-
ral pulse wave velocity. In this technique the pulse wave
speed, which relates to aortic stiffness, is estimated by
measuring the pulse on the carotid artery and femoral
artery. Pulse wave velocity can be measured by pressure
transducer, doppler flow; and echo tracking. The pathway
is commonly measured by tape measure or calliper. How-
ever, because the pulse wave moves in 2 opposite direc-
tions (to the carotid artery and in the opposite way to the
femoral artery) direct measure leads to overestimation
and appropriate corrections are needed, most commonly
the distance is multiplied by a factor of 0.8:

PWW=08L/AT,

where L is distance and AT transit time. This issue can
be limited by using MRI to measure PWW [3,15].

The other method is bioelectrical impedance (BI)
analysis, the basis of which is the measurement of changes
in the Bl signal generated by the variation of blood volume
conductivity in the artery, then an impedance wave transit
time is determined between the chest and the thigh. Bl is
measured by an electrode impedance device [3].

Due to blood pressure dependency the pulse wave ve-
locity method was further developed to the cardio-ankle
vascular index (CAVI):

uwza{zzgxln(%www-'}w

where Ps is systolic blood pressure, Pd is diastolic blood
pressure, PWW is pulse wave velocity, AP = Ps — Pd p
is blood density, and @ and b are constants (required due
to scale conversion that enables convenient comparison
of CAVI with PWV - Hasagawa’s method). CAVI reflects
the stiffness of the aorta tibial and femoral artery as a whole
[16]. High CAVI values are associated with increased wall

thickness of the descending aorta, and CAVT has been
found to be useful for aortic atherosclerosis evaluation [17]
and to reflect coronary atherosclerosis as a useful screen-
ing tool [18], and it was found to corelate with stiffness
measured by ECG-gated multidetector row computed
tomography [19].

Computed tomography methods — how mathematical
equations let us see more

Measuring the stiffness can be based on the maximum
change of aorta cross-sectional diameter ADjand the cor-
responding maximum change in blood pressure APi dur-
ing a particular cardiac cycle at a particular section 7 of
the aorta, One of the stiffness indexes of the aorta is the
Young modulus E, which is defined by the ratio between
the stress increment Do and the strain increment Ag. This
can be expressed by the formula:

Prns = Pan )

f=B0 _(__ Pro-Pan
b 20, -D ),

where P stand for blood pressure, h for thickness of
the aorta wall, and D for the cross-sectional diameter. As
well as classical deterministic methods of calculating the
stiffness indexes, there are also more complex solutions
concerning a stochastic approach to the problem [20].

The image quality of the tomography can be improved
by using electrocardiographic assistance to reduce cardiac
motion artifacts during the imaging of the thoracic aorta.
This is important because aortic movement potentially
contributes to misinterpretation of the image of aortic
dissection [21].

To measure aortic stiffness, ECG-gated multidetec-
tor-row computed tomography can be used. One study
of this method used porcine aortic specimens and car-
diac CT coronary angiography scans of 2 patients. In this
method the authors measured elasticity using the follow-
ing equation:

AR
0= A xtp

The result of this equation is D, which stand for dis-
tensibility and quantifies the elasticity of the aorta. Than
AA is the difference (a relative change) between the maxi-
mum and minimum cross-sectional area A that occurs
during the cardiac cycle. This is then divided by the cor-
responding change in the blood pressure Ap multiplied
by the minimum vessel area A, [22]. This was named the
aortic distensibility index [23,24].

One study described the use of computed tomogra-
phy angiography (CTA) to measure aorta elastic prop-
erties on an aortic model made from polydimethylsilox-
ane (PDMS). The model was particularly useful because
once removed from its location during autopsy the aorta
changes its properties, which can contribute to measur-
ing errors. In this study a 64-slice ECG-gated multidetec-
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tor CT was used to gather the row data, then a discrete
wavelet transformation technique was applied with the
use of MATLAB software to calculate variations of the
cross-sectional area of aorta and changes in wall thickness
over time. Then these variations were used to compute the
aorta elasticity. The strain calculation was based on the
difference between maximal and minimal cross-sectional
area between diastole and systole, whereas the stress af-
fecting the vessel was calculated on the basis of pressure,
inner radius, and wall thickness of the model [25].

The authors of another study used a different equation
to measure the aortic stiffness index:

— tn (P54 Ds-Dd
AoSl= ln(—P—d-’/( 0d )

where AoSI is the stiffness index, Ps and Pd are systolic
and diastolic pressure, and Ds and Dd are the maximum
and minimum average diameter of the aorta. In this study
the authors used retrospective ECG-gated dual-source CT
(DSCT). The elasticity was defined as “the change in arteria
blood volume within an aortic segment chosen by a given
change in arterial blood pressure”. The authors state that us-
ing the DSCT method allows temporal resolution to be in-
creased by up to 83 ms, which leads to greater precision. In
their discussion the authors raised the important issue that
different age groups of patients present different elastic-
ity of aorta, which should be considered when it comes to
choosing suitable candidates for endovascular procedures.
The authors claim that age is an important factor for aortic
elasticity. It is important to emphasize that during the study
an age-dependent decrease of elasticity was reported in the
group of patients without known vascular diseases [14].
It is also worth mentioning that other results indicate that
using prospective ECG-triggering data acquisition (gating)
instead of retrospective analysis allows the radiation dose
to be reduced with only a slight increase in scanning time.
However, it is also important to note that the best result
can be achieved with lower patient’s heart rate (particularly
lower than 80 beats per minute) [26].

Apart from aortic distensibility and stiffness index,
another index can be used to assess the aorta, i.e. aortic
compliance (AC):

_Ss-sd
=

where Ss and Sd stand for maximum and minimum
cross-sectional area, and Ps and Pd are systolic and dia-
stolic blood pressure [23].

Aorta elasticity — its connection to calcification
and metabolic risk

Arterial stiffening was associated with arterial calcifica-
tion [27-30], which can be measured by the Agatston
score (AS), and because it was initially designed to assess

coronary artery calcification a certain technique has to
be used to measure aorta calcification. One study intro-
duced the technique of “simultaneous quantification and
3-D visualization of aortic calcification using the volume
rendering method”. In this research calcification was mea-
sured by use of 3 methods: slice-by-slice pixel based, voxel
based, and volume rendering voxel based. In the pixel-
based method a special semi-automatic analysis software
identifies areas with at least 130 Hounsfield Units (HU).
Then manually each of the arterial calcification lesion is
selected, and then each lesion score (pixel area in mm?
and lesion density scored as 1 when 130-199 HU, 2 when
200-299 HU, 3 when 300-399 HU, and 4 when more then
400 HU) is calculated. Then all of them are summed and
the AS is obtained. Similarly, in the voxel-based method
the difference is calculated by summing selected voxels
(ml). In the volume-rendering method the calculation
was based on a reconstructed image of the whole trunk
and then extraction of the aortic calcifications [31].
Aortic calcification was associated with aging, hypertension,
diabetes mellitus, smoking, and renal impairment [32].
It was observed that aortic calcification was an indepen-
dent prognostic factor for progression of arterial stiffness,
and it was suggested that anti-calcification therapies have
the potential to ameliorate arterial stiffness [28]. However,
it should also be pointed out that one multivariate analysis
found the association between brachial-ankle pulse wave
velocity for aortic calcification negative, but the authors
admit the possibility that their data did not reach statis-
tical significance owing to the small number of studied
groups [32]. Aortic stiffness was also found to be associ-
ated with aortic inflammation in a hybrid PET/CT imag-
ing study [33], and in patients with diabetes mellitus type
2 subclinical arterial inflammation was a determinant of
arterial stiffness in PET/CT [34.]

Discussion

Clinical significance of arterial elasticity assessment

Due to the change in a stiffened aorta’s backward waves
of reflected blood, the early return overlaps with the sys-
tolic ejection period, which increases the peak left ven-
tricle pressure, consequently increasing the LV afterload
and systole length, which in turn leads to a decrease in
coronary perfusion. In this study CAVI was also signifi-
cantly higher in patients with vascular calcification [35].
Reduced ascending aortic elasticity was found in pre-
hypertension groups of patients, and changes in elastic-
ity preceded the appearance of morphological ones with
aortic distensibility (assessed in CT) as the most sensi-
tive index (in particular, changes in aortic distensibility
were observed before any changes to the aorta diameter
- elasticity damage proceeded morphology damage).
It was also found to be an important factor causing hyper-
tension, which subsequently leads to a further decrease
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in elasticity. The study emphasises the significance of the
early detection value of elasticity assessment, particularly
in prehypertensive patients [23]. Furthermore, aortic dis-
tensibility correlated with the presence of coronary artery
plaque in longitudinal assessment of changes in coronary
artery atherosclerosis, and the authors claim that routine
assessment of aortic stiffness during gated cardiac CT
may improve risk stratification strategies and monitoring
of CVD progression [24]. Measurement of aortic stiffness
index was found to be an applicable and safe method to
predict subclinical atherosclerosis guiding the referral of
patients to individual preventive strategies [36]. Moreover,
aortic stiffness was also found to be a factor improving the
prediction of both the diagnosis and severity of coronary
artery diseases, and the pulse wave velocity index was sug-
gested to be clinically useful in decreasing the number of
unnecessary angiographies [37]. Increased aortic stiffness
was also correlated with calcified descending thoracic aor-
tic atherosclerosis [38]. Vascular stiffness was also associ-
ated with epicardial and pericardial adipose tissue [39].
In addition, increased aortic stiffness was corelated with
left ventricular volume index, which is a marker of early
stages of cardiac remodelling in patients with suspected
coronary artery disease, and its early detection may play
an important role in the prevention of CV disease [40].
Furthermore, arterial stiffness was also associated with
demineralization of cortical bone in women [41]. Also,
aortic stiffness was also found to participate in the mecha-
nism of chronic obstructive pulmonary disease (COPD)
vascular risk, and patients with COPD presented with

increased aortic stiffness [42]. Additionally, it was found
that diabetes mellitus type 1 has a slight effect on descend-
ing aorta elasticity [43]. Thus, as can be seen, the assess-
ment of arterial stiffness has wide clinical application and
can be used as an independent predictor of cardiovascular
events.

Conclusions

Aortic stiffness may play an important role in the selec-
tion of patients in need of additional medical care. The
studies conducted so far have provided abundant evidence
suggesting that arterial stiffness is an independent cardio-
vascular risk factor and, at the same time, probably the
best prognostic indicator for predicting the occurrence of
cardiovascular events, In particular, due to its predictive
possibility aortic elasticity may help in indicating patients
in early stages of diseases in which early intervention
could decrease further progression. Radiological methods
of stiffness assessment appear to be more precise due to a
lack of the overestimation encountered in classical pulse
wave velocity measuring methods. Different indexes can
be used to define aortic elasticity, from which the aortic
stiffness index is commonly corelated with various dis-
eases.
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Absltract: Purpose. The aim of the study was to assess the importance of the measurements of thick-
ness and volume of epicardial adipose tissue (EAT) in coronary computed tomography angiography
(CCTA) as a predictive factor of increased stiffness and impaired elasticity of aorta. Methods and
materials. The study involved a group of 97 patients (63.48 + 8.50 years). In accordance with the
medians of epicardial adipose tissue (EAT) parameters, aortic elasticity and stiffness parameters,
patients were divided into subgroups: EAT thickness median 9.40 mm, EAT volume median 61.95 mL,
EAT thickness index 5.08 mm/m? and EAT volume index 34.33 mL/m?2, Results. The mean coronary
artery calcium score was 162.24 (+317.69). The mean aortic stiffness index was 4.18 (£0.81). The
assessed mean aortic elasticity parameters were 3.29% (+2.37) and 0.12 r:rnz/dyn (+£0.09) for strain
and distensibility, respectively, A positive linear correlation was observed between EAT parameters
and aortic stiffness (0.21), volume (0.51), thickness index (0.24), volume index (0.55) and, for aorta
elasticity, a negative linear correlation between the following EAT parameters was observed: thick-
ness (—0.32 and —0.30), volume (—0.49 and —0.48), thickness index (—0.34 and —0.31), volume index
(—0.51 and —0.49) and aortic elasticity parameters (aorta strain and aorta distensibility, respectively).
Conclusion. The study showed that CCTA illustrates a relationship between the parameters of
EAT and an increased stifimess of the aorta, while the most predictive factor of stiffness was the

volume index.

Keywords: aortic distensibility; aortic stiffness index; aortic strain; coronary computed tomography
angiography; epicardial adipose tissue

1. Introduction

Coronary computed tomography angiography (CCTA), according to the European
Society of Cardiology guidelines, can by used as a non-invasive way to evaluate lumen and
the walls of coronary arteries by means of intravenous contrast agents. It provides high
accuracy in the detection of coronary stenose; since not every visualized stenosis is func-
tionally significant (and not always cause ischemia), further testing is usually conducted
after stenosis detection in CCTA. The CCTA examination provides valuable prognostic
information. The use of CCTA, in addition to the standard care of patients with stable
chest pain, resulted in a lower rate of death from coronary artery disease (CAD). During
the diagnosis of CAD, a CCTA is preferred in patients presenting a lower likelihood of
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CAD and not previously diagnosed with CAD. CCTA can find subclinical atherosclerosis
in coronary arteries, and it can be used to identify those patients who are at risk [1-5].

CCTA can be used as a valuable tool to assess coronary arteries as described above.
However, during the examination, it is possible to obtain interesting results that can
indicate other diseases or cardiovascular risk factors. CCTA can be used to evaluate
ablation strategies for patients with atrial fibrillation (AF) recurrences, despite pulmonary
vain isolation. The measuring, in CCTA, of the left atrial appendage volume, which was
considered as a potential source of AF triggers, was corelated to the left atrium volume and
was a predictor of recurrence after cryoballoon ablation [6]. CCTA may be of assistance
in the detection of early cardiac allograft vasculopathy in heart-transplanted patients by
analysis of the coronary wall volume-length ratio, the wall burden and the proportion of
fibrotic tissue. Those three parameters may aid in the early cardiac allograft vasculopathy
that was not detected in invasive coronary angiography [7]. CCTA may be a useful
technology during the diagnosis of a patient with spontaneous coronary artery dissection.
In one study, features such as abrupt luminal stenosis, intramural hematoma, tapered
luminal stenosis, and dissection were classified in CCTA [8]. CCTA can be used to measure
aortic valve calcification (AVC), which is associated with cardiovascular events. Usually,
the quantification of AVC is performed with the Agatston method with non-contrast
enhanced ECG-gated computed tomography images. In patients that require transcatheter
aortic valve implantation (TAVI), CCTA is routinely performed and the assessment of
AVC and conducting of a pre-TAVI CCTA would require a two separate images; therefore,
quantifying AVC during CCTA would enable to obtain all the information during one
examination and reduce patient radiation exposition [9]. CCTA can be an important way to
evaluate congenital non-coronary left heart abnormalities [10]. For example, during CCTA,
various valve variants can be detected and their morphology evaluated which helps in the
planning of appropriate treatment [11].

Epicardial adipose tissue (EAT) is a structure of increasing interest. Its role varies
from the protection of nearby myocardium through its brown-fat thermogenic function to
injuring through the paracrine secretion of cytokines. The amount of EAT is a modifiable
risk factor of cardiovascular diseases. Cross-sectional studies correlated EAT expansion
with the development of CAD. EAT is also thought to play a role in pathology of AF [12,13].
The amount of EAT is higher in obese patients whose diet contains higher amounts of
fat. Disproportionate EAT may have lipotoxic effects due to the fatty infiltration of my-
ocardium, because cardiomyocyte fat storage capacity is limited [14]. EAT, in the vasocrine
mechanism, may release cytokines to the vasa vasorum of the coronary arterial wall, in
which they will interact with the small vessels’ endothelium [15]. Due to its importance,
some studies developed methods to automate EAT segmentation and quantification from
CCTA scans with the aid of a neural network, to avoid time-consuming manual assessment
and inter-investigator variability [16,17]. It was also suggested that EAT is associated with
dyslipidemia [18]. EAT pro-inflammatory activity was reduced in intensively training ath-
letes, which may be associated with a decreased risk of CVD events in this population [19].
EAT has also been associated with the development of atrial myopathy contributing to
AF, ventricular hypertrophy and impaired relaxation and filling, which contribute to heart
failure with preserved ejection fraction. Furthermore, EAT has also been related to hy-
pertension and metabolic syndrome [20]. In patients with heart failure with preserved
ejection fraction, EAT accumulation was associated with a worse hemodynamic profile [21].
EAT biologic activity was associated with coronary plaque vulnerability [22]. EAT was
associated with the presence of non-calcified and mixed coronary plaques in groups of
patients with coronary artery stenosis [23]. The relationship between the pro-inflammatory
activity of EAT and the severity of coronary artery calcification may be a pathophysiological
link explaining the increased cardiovascular mortality during COVID-19 [24]. Higher EAT
was correlated with slowed conduction in cardiomyocytes. An increased amount of EAT
increases atrial conduction heterogeneity and potentially contributes to AF [25]. EAT may
be an independent risk factor for AF [26].
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Different aortic stiffness and elasticity measurements methods, with a brief description
of their importance, were described in our previous article [27] and the most relevant find-
ings in the context of this study are as follows. Aortic stiffness was found to be a predictor of
CAD [28], increased epicardial adipose tissue [29] and increased systolic blood pressure [30].
Reduced ascending aortic elasticity was found in the prehypertension group [31]. Aortic
stiffness assessment was found to be a method to predict subclinical atherosclerosis [32].

The aim of the study was to determine the importance of the measurements of thick-
ness and volume of epicardial adipose tissue in coronary computed tomography angiogra-
phy as a predictive factor of increased stiffness and impaired elasticity of aorta.

2. Material and Methods
2.1. Calculation of Group Size, and Inclusion and Exclusion Criteria of the Study

The current study was performed as part of the project entitled: “Cardiovascular
health and risk markers assessed by diagnostic imaging in patients with hypertension
and obstructive sleep apnea”. Group size was determined using a sample size calculator.
The selection conditions were as follows: population size—2.8 million, fraction size—0.5,
maximum error—10%, confidence level—95%. The required minimum size of the study
group was 97. Inclusion criteria were age > 18, indication to coronary CT angiography and
willingness to participate in the project. Based on the inclusion criteria, 106 patients were
qualified for the study. The exclusion criteria were insufficient quality of the coronary CT
angiography (2), previously diagnosed ischemic heart disease (4), previous stroke (2), type
2 diabetes (3), chronic kidney disease (1) and hypothyroidism (1). A total of 9 patients were
disqualified from the study based on the presence of one or more exclusion criteria.

2.2. Study Group Description

There were 97 participants in the study: 48 (49.5%) men and 49 (50.5%) women. The
mean age of participant was 63.48 (£8.50). The mean height and mean body mass were
1.67 m (£0.07 m) and 74.16 kg (£11.03 kg), respectively, therefore mean body mass index
was 25.97 kg/ m? (+3.81 kg/ m?). The calculated mean body surface area was 1.82 m?
(40.15 m?). Based on anthropometric measurements, the participants were divided into
ones with normal weight and ones with overweight or obesity. The number of participants
presenting normal weight was 46 (47.4%), and with overweight or obesity it was 51 (52.6%).
Participants presented a mean systolic blood pressure 143.20 mmHg (£7.78 mmHg) and
mean diastolic blood pressure 88.40 mmHg (£5.66 mmHg). Patients included in the study
presented various indications of coronary artery computed tomography (CCTA); among
them, 68 (70.1%) of patients had a suspicion of chronic coronary artery diseases, 38 (39.2%)
of patients presented a chest pain, 37 (39.1%) had a low-intermediate CAD risk, 26 (26.8%
were at risk of numerous factors, 13 (13.4%) of patients had an inconclusive exercise test
and a further 8 (8.2%) of participants had a non-diagnostic exercise test. Two participants
(2.1%) presented regional wall motion abnormalities of the left ventricle and one (1%) had
a sudden cardiac death history in the family. The detailed summary is presented in Table 1.

Table 1. Basic clinical characteristics of the patients.

X SD
age [years] 63.48 8.50
height [m] 1.67 0.07
body mass [kg] 74.16 11.03
BMI [kg/m?] 2597 3.81
BSA [m?] 1.82 0.15

Yo n
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Table 1. Cont.
X sD
gender
men 495 48
women 50.5 49
body mass
normal 474 46
overweight /obesity 526 51
indication to CCTA
chronic CAD suspicion 70.1 68
chest pain 392 38
low intermediate CAD nisk 391 a7
numerous CAD risk factors 268 26
inconclusive exercise test 134 13
non-diagnostic exercise test 82 H
regional wall motion abnormalities of left ventricular 21 2
sudden cardiac death in the family history 1.0 1
X sD
SBP [mmHg] 143.20 7.78
DBP [mmHg] 88.40 5,60

BMI—baody mass index; CAD—coronary artery diseases; CCTA—coronary computed tomography angiography;
DBEP—diastolic blood pressure, n—number; SEP—systolic blood pressure, SD—standard deviation; X—mean.

2.3. Criteria for Separating the Subgroups—~Medians of Studied Variables of Epicardial Fat
Thickness and Aortic Stiffiess and Elasticity

During the study, participants were divided into subgroups based on the medians of
epicardial adipose tissue parameters, aortic elasticity and stiffness parameters. The median
of aortic stiffness index was 4.09 and medians of parameters used to assess elasticity were
2.67% for aortic strain and (.10 cm for aortic distensibility. The division of subgroups based
on EAT was based on EAT thickness median 9.40 mm, EAT volume median 61.95 mL, EAT
thickness index 5.08 mm/m? and EAT volume index 34.33 mL/m?.

2.4. Methodology

Epicardial adipose tissue (EAT) was measured using the syngo.CT postprocessing ap-
plication (Siemens Healthineers, Erlangen, Germany). Epicardial adipose tissue thickness
(EAT thickness) was measured based on multiplanar reconstruction (MPR) in the short
axis of the left ventricle, at the level of the mid-ventricular layer, halfway along the right
ventricular free wall. The volume of epicardial adipose tissue (EAT volume) was measured
in the native phase using a dedicated research prototype, i.e., Cardiac Risk Assessment
(Siemens Healthineers, Erlangen, Germany), in accordance with the manufacturer’s in-
structions. Measurements were made semi-automatically with manual correction of EAT
contours which were previously generated automatically by this tool. In addition, indexed
values for thickness and volume of EAT (EAT thickness index and EAT volume index) were
calculated by dividing the measured values by body surface area (BSA). Thanks to the
use of a dedicated Cardiac Risk Assessment prototype (Siemens Healthineers, Erlangen,
Germany), in the case of good quality CCTA images and an efficient diagnostic station,
obtaining all EAT parameters included in the study took only a few minutes.
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The aortic diameter (Ao diameter) was measured in the MPR reconstruction in a
cross-section that was perpendicular to the long axis of the vessel and approximately 3.0 cm
above the aortic valve ring. Measurements were made considering the phase of the heart
cycle monitored by electrocardiography. Aortic systolic diameter was measured during full
aortic valve opening, and aortic diastolic diameter was measured at the top of the R-wave
of the recorded ECC. Aortic stiffness was assessed based on aortic stiffness index calculated
on basis of the following mathematical formula (Equation (1)):

Hiastolic blood pressure
Ao systolic diameter— Ao diastolic diameter
Ao diastolic diameter

(0

systolic blood pressure
Ao stif friess index = In

Aortic elasticity was assessed based on aortic strain and aortic distensibility in which
(Equations (2) and (3)):

. Ao systolic diameter — Ao diastolic diameter
A= ( Ao diastolic diameter ) 1 @
Ao distensibility = 2% Ao Eindi 3)

systolic blood pressure — diastolic blood pressure

2.5. Statistical Analysis

Statistical analysis was performed with the application “Dell Statistica” (Dell Inc., Round
Rock, TX, USA). Quantitative variables were presented as arithmetic means -+ standard de-
viations. The distribution of variables was determined by the Shapiro-Wilk test. For
normally distributed quantitative variables, the t-test was used to test the hypotheses. For
quantitative variables with no normal distribution, the Mann-Whitney U test was used
to test the hypotheses. Qualitative variables were presented as numbers and percentages.
To establish the relationship between the studied variables, a correlation analysis was
performed. Moreover, evaluations of the test accuracy were performed based on the ROC
(receiver operating characteristic) curve analysis. The results at the level of p < 0.05 were
considered statistically significant.

3. Results
3.1. Caronary Computed Tomography Angiography Results and Measured Parameters of EAT
and Aorta

Table 2 presents the results of the coronary computed tomography angiography
parameters in the study group. The mean coronary artery calcium score among participants
was 162.24 (+£317.69). Among the participants subjected to CCTA, 31 (31.9%) presented as
practically non-existent, 23 (23.7%) as minimal, 15 (15.5%) as mild, 16 (16.5%) as moderate
and 12 (12.4%) as being at high coronary artery disease risk. Similarly, based on the coronary
artery disease reporting and data system (CAD-RADS) in which 0 represents absence of
CAD and five total occlusions of coronary artery [33], 29 patients (29.9%) presented CAD-
RADS 0, 27 (27.8%) had 1, 24 (24.7%) had 2, 9 (9.3%) had category 3, 5 (5.1%) were diagnosed
with 4 and 1 (1.0%) had 5. The calculation for 2 patients (2.1%) was not diagnostic. The
obtained mean left ventricle ejection fraction was 69.58% (+8.18). The measured mean EAT
parameters were 9.51 mm (+3.33) for thickness, 60.03 mL (£21.07) for volume, 5.23 mm/ m?
(+1.83) for thickness index and 33.08 mL/m? (+11.98) for volume index. The measured
mean aortic diameters were 33.42 mm (+4.36) and 34.50 mm (+4.42) for diastolic and
systolic, respectively. The mean aortic stiffness index was 4.18 (£0.81). The assessed mean
aortic elasticity parameters were 3.29% (£2.37) and 0.12 cm?/ dyn (+0.09) for strain and
distensibility, respectively.
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Table 2. Coronary computed tomography angiography parameters in the study group.

X SD
CACS 162.24 317.69
n o
significant CAD risk
practically non-existent 31 319
minimal 23 23.7
mild 15 155
moderate 16 16.5
high 12 124
CAD-RADS
0 29 29.9
1 27 27.8
2 24 247
3 9 9.3
4 5 5.1
5 1 1.0
N 2 21
LVEF [%] 69.58 8.18
EAT thickness [mm)] 9.51 333
EAT volume [mL] 60.03 21.07
E:;;l:::zi;ne» index 503 1.83
EAT volume index [mL/m?] 33.08 11.98
Ao diastolic diameter [mm] 3342 4.36
Ao systolic diameter [mm] 34.50 442
Ao stiffness index 418 0.81
Ao strain [%] 3.29 2.37
Ao distensibility [em? /dyn] 0.12 0.09

Ao—aorta; CACS—coronary artery calcium score; CAD—coronary artery diseases; EAT—epicardial adipose
tissue; LVEF—laft ventricular ejection fraction; SD—standard deviation; X—mean,

3.2. Relation between Volume and Thickness of Epicardial Adipose and Aortic Stiffness and
Elasticity—THigher Thickness and Volume of EAT in Group of Higher Ao Stiffness and
Lower Ao Elasticity

The detailed results are summarized in Table 3. We compared EAT mean parameters
between subgroups distinguished according to aortic parameters. In the subgroup com-
posed of participants with an aortic stiffness index equal to or greater than the median
(4.09) means of EAT thickness (10.26 mm vs, 8.74 mm), volume (67.84 mL vs. 52.06 mL),
thickness index (5.64 mm/m? vs. 4.81 mm/m?) and volume index (37.66 mL/m? vs.
28.40 mL/m?) were statistically significantly (p < 0.05) higher than in the subgroup with
an aortic stiffness index below the median. In the subgroups analyzing EAT and aor-
tic elasticity, we analyzed EAT in comparison to aortic strain and distensibility. In the
subgroup composed of participants with aortic strain below the median (<2.67%) means
of EAT thickness (10.12 mm vs. 8.89)mm, volume (67.81 mL vs. 52.10 mL), thickness
index (5.57 mm/m? vs. 4.88 mm/m?) and volume index (37.64 mL/m? vs. 28.41 mL,/m?)
were higher compared to the subgroups with aortic strain equal to or greater than the
median. However, only EAT volume and volume index differences were statistically sig-
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nificant (p < 0.05). Similarly, in the subgroup with aortic distensibility below the median
(<0.10 em?/ dyn) means of EAT thickness (10.14 mm vs. 8.89 mm), volume (67.55 mL vs.
52,67 mL), thickness index (5.58 mm/m? vs. .80 mm/m?) and volume index (3748 mL/m?
vs, 28.76 mL/ mz) were higher compared to the subgroups with aortic distensibility equal
to or greater than the median and, similarly, once again only the EAT volume and volume
index differences were statistically significant.

Table 3. Thickness and volume of epicardial adipose tissue in subgroups distinguished according to
the median value of aortic stiffness and elasticity variables.

Ao Stiffness Index > Me
(>4.09, 1 = 49)

Ao Stiffness Index < Me
(<409, n = 48)

"
X 5D X 5D
EAT thickness [mm] 10.26 A06 874 345 <005
EAT volume [mL] 6784 19.68 52.06 19.55 <005
EAT thickness index [mm /m?] 504 Led 451 1.56 (.05
EAT volume index [mL/m?] 3766 1163 28.40 10.53 =005
Ao strain > Me Ao strain < Me
(=267, n =45) (<2.67"%, 1 =49) Il
X sD X sD
EAT thickness [mm] LR 347 012 31 ns
EAT volume [mL] 52.10 19.58 TR 19.69 <005
EAT thickness index [mm /m™] 4.88 1.97 557 1683 ns
EAT volume index [mL/m?| 2841 10.54 3764 1163 <005
Ao distensibility > Me Ao distensibility < Me
(=010 em® /dyn, 1= 49) (<010 em? [dyn, i = 48) r
X sD X sSD
EAT thickness [mm)] 889 343 14 313 ns
EAT volume [mL] 52.67 1590 67.55 20168 <005
EAT thickness index [mm /m*] 4.89 195 5.58 1.64 ns
EAT volume index [mL /m?| 2876 10.20 AT48 12.15 =005

Ao—aorta; EAT—epicardial adipose tissue; Me—median; ns—non-statistically significant; SD—standard devia-
tion; X—mean.

3.3. Relation between Stiffutess and Elasticity of Aerta and EAT—Higher Ao Stiffness and Lower
Ao Elasticity in Subgroups of Higher EAT Thickness and Volume

The detailed results are summarized in Table 4. We compared the means of Ao stiffness
and elasticity parameters between the subgroups, differentiated based on the medians of
EAT parameters. In the subgroups composed of participants with EAT thickness equal to or
higher than median (9.40 mm), the mean of Ao stiffness index was higher (4.35 vs. 4.01) and,
in contrast, the means of Ao strain (2.64% vs. 3.96%) and Ao distensibility (0.10 cm?/dyn
vs. 0.14 cm?/ dyn) were lower compared to the subgroups with EAT thickness below the
median. However, only the Ao strain and Ao distensibility differences were statistically
significant. Similarly, in the subgroup composed of participants with EAT volume equal
to or greater than the median (61.95 mL), the mean of aortic stiffness was higher (4.39 vs.
3.96) and, on the contrary, the means of Ao strain (2.61% vs. 3.98%) and Ao distensibility
(0.10 em?/dyn vs. 0.15 cm?/dyn) were lower compared to the subgroup with EAT vol-
ume below the median, and all differences were statistically significant. Likewise, in the
subgroup of participants with EAT thickness index equal to or greater than the median
(5.08 mm/m?), the mean of Ao stiffness was higher (4.41 vs. 3.95) and the means of Ao
strain (2.50% vs. 4.09%) and Ao distensibility (0.09 em?/dyn vs. 0.15 cm?/ dyn) were lower
compared to the subgroups with EAT thickness index below the median and all differences
were statistically significant. Comparably, in the subgroup including participants with EAT
volume index equal to or greater than the median (34.33 mL/m?), Ao stiffness (4.56 vs.
3.79) and Ao strain (2.27% vs. 1.78%) were higher and Ao distensibility (0.09 cm?/dyn vs.
0.16 em?2/ dyn) was lower. However, only the Ao stiffness and Ao distensibility differences

73



Biomedicines 2023, 11, 1617

8of 16

were statistically significant compared to the subgroup with an EAT volume index below

the median.

Table 4. Aortic stiffness and elasticity parameters in subgroups distinguished according to the median

value of epicardial adipose tissue variables.

EAT Thickness > Me EAT Thickness < Me
(>9.40 mm, n = 49) (<9.40 mm, n = 48) p
X SD X SD
Ao stiffness index 435 0.71 401 0.87 ns
Ao strain [%] 264 1.84 3.96 2.66 <0.05
Ao distensibility [cmz/dyn] 0.10 0.07 0.14 0.10 <0.05
EAT volume = Me EAT volume < Me
(6195 mL, n = 49) (<61.95 mL, n = 48) v
X sD X sD
Ao stiffness index 439 0.78 3.96 0.79 <0.05
Ao strain [%] 2.61 182 398 2.67 <0.05
Ao distensibility [cm?/dyn] 0.10 0.07 0.15 0.11 <0.05
EAT thickness index > Me EAT thickness index < Me
(=508 mm/m?, n = 49) (<5.08 mm/m?, n = 48) v
X SD X SD
Ao stiffness index 441 0.72 3.95 0.84 <0.05
Ao strain [%] 2,50 1.85 4.09 258 <0.05
Ao distensibility [em?/dyn] 0.09 0.07 0.15 0.10 <0.05
EAT volume inc}ex > Me EAT volume in,dex < Me
(3433 mL/m", n = 49) («34.33 mL/m", n = 48) p
X SD X SD
Ao stiffness index 4.56 0.81 3.79 0.60 <0.05
Ao strain [ %) 227 433 178 246 ns
Ao distensibility [em? /dyn] 0.09 0.07 0.16 0.09 <0.05

Ao—aorta; EAT—epicardial adipose tissue; Me—median; ns—non-statistically significant; SD—standard devia-
tion; X—mean.

3.4. Analysis of Correlations between EAT and Aortic Parameters

The detailed results are presented in Table 5. When comparing the parameters of
epicardial adipose tissue with the parameters of aortic stiffness and elasticity parameters, a
positive linear correlation was observed between the EAT parameters and aortic stiffness (0.21),
volume (0.51), thickness index (0.24) and volume index (0.55) and, contrary for Ao elasticity,
we observed a negative linear correlation between the EAT parameters: thickness (—0.32 and
—0.30), volume (—0.49 and —0.48), thickness index (—0.34 and —0.31), volume index (—0.51
and —0.49) and Aortic elasticity parameters (Ao strain and Ao distensibility, respectively).

Table 5. Correlations between parameters of epicardial adipose tissue and parameters of aortic
stiffness and elasticity.

Ao Stiffness Index Ao Strain [%] Ao Distensibility [em?/dyn]
EAT thickness [mm] 021 ~0.32 ~0.30
EAT volume [mL] 051 —0.49 —0.48
EAL fudinags 024 ~034 ~031
[mm/m?]
EAT volume index 055 051 _049

[mL/m?]
Ao—aorta; EAT—epicardial adipose tissue.
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3.5. Predictor of Greater Stiffness and Lesser Elasticity of Aorta

In Figure 1 and Table 6, we present the results of our analysis that estimated the best
predictive factor of greater stiffness and lesser elasticity of aorta. During our analysis, we
compared different mean parameters of EAT to Ao strain and distensibility medians, and
we calculated sensitivity, specificity and accuracy. We found that, among the assessed
epicardial adipose tissue variables, the EAT volume index is the best predictive factor of
the mechanical properties of the aorta. The sensitivity and specificity of predicting the
mechanical properties of the aorta using the EAT volume index were above 50%; such

predictions were characterized by the highest accuracy.
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Figure 1. ROC curves for predicting aortic stiffness and elasticity using epicardial adipose tissue pa-
rameters. (A) Prediction of Ao stiffness index > median using EAT thickness [mm]. (B) Prediction of
Ao stiffness index > median using EAT volume [mL]. (C) Prediction of Ao stiffness index > median
using EAT thickness index [mm/ m2]. (D) Prediction of Ao stiffness index > median using
EAT volume index [mL/m?]. (E) Prediction of Ao strain [%] < median using EAT thickness
[mm]. (F) Prediction of Ao strain [%] < median using EAT volume [mL]. (G) Prediction of Ao
strain [%] < median using EAT thickness index [mm/ m?]. (H) Prediction of Ao strain [%] < median
using EAT volume index [mL/m?]. (I) Prediction of Ao distensibility [cmzldyn] < median using
EAT thickness [mm]. (J) Prediction of Ao distensibility [em?/ dyn] < median using EAT volume
[mL]. (K) Prediction of Ao distensibility [cm? /dyn] < median using EAT thickness index [mm/m?].
(L) Prediction of Ao distensibility [cm?/dyn] < median using EAT volume index [mL/m?].
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Table 6. Sensitivity, specificity and accuracy of parameters of epicardial adipose tissue as aortic
stiffness and elasticity predictors.

Prediction Conditions

Predictive Factor Real State i Specificity Accmmcy
EAT thickness > 7.6 mm g’fg{"e” Iridex:=Me 0479 0.837 0.660
EAT volume > 75,54 mL g’;‘g{“e"s indexiMe 0938 0347 0639
EAT thickness index > 415 mm/m? &":&‘;{“e“ index:2Me 0458 0.857 0.660
EAT volume index > 33.18 mL/m? ﬁ;}fg{“e"s ndex 2Me 0.646 0.694 0.670
EAT thickness > 7.6 mm (':"ZZ';‘::;' SN 0458 0816 0639
EAT volume > 7554 mL (’1‘52‘;:")‘ <Me 0.938 0347 0.639
EAT thickness index > 4.15 mm/m? a;;‘;:‘;‘ Me 0.438 0.837 0.639
EAT volume index > 33.18 mL/m? :’z ztyr::;\ <Me 0.646 0.694 0.670
EAT thickness > 7.6 mm (fl%%st;r:sn/t:;l):\); <Me 0.449 0813 0.629
EAT volume > 71.51 mL (’:‘[’)‘]’;‘c‘::;'ztn“) Mg 0,857 0438 0,649
EAT thickness index > 4.15 mm/m? (ﬁ%?gﬁs%ﬂ‘xg) <Me 0429 0.833 0.629
EATvolumeindex > 33,18 mL/m? /20 distensibility <Me 0633 0.633 0.660

(<0.10 cm? /dyn)

Ao—aorta; EAT—epicardial adipose tissue.

4, Discussion

In our study, we found that the EAT thickness and thickness index, volume and
volume index were significantly higher in the subgroup with a higher aortic stiffness index.
We found that EAT volume and volume index were significantly higher in the subgroups
with lower aortic strain and lower aortic distensibility. Furthermore, we found significantly
lower aortic strain and distensibility in the subgroup with higher EAT thickness. We found
significantly higher aortic stiffness, and lower aortic strain and aortic distensibility in the
groups with higher EAT volume and EAT thickness index, and we found a significantly
higher aortic stiffness index and lower aortic distensibility in the groups with higher EAT
volume index. We obtained a positive correlation between EAT thickness and volume
parameters and aortic stiffness index, and a negative one for Ao strain and distensibility.
We also estimated that EAT volume index would be the best predictor of increased stiffness
and decreased elasticity of aorta.

Terms describing epicardial adipose tissue and its parameters, and aortic stiffness and
elasticity and its parameters, were used to search manuscripts in the PubMed database.
Most of the relevant publications found were focused on relations between EAT and chronic
di , and d the link between EAT and general arterial stiffness measured in
pulse wave velocity or cardio-ankle vascular index; few studies have paid attention to
comparing EAT with aortic parameters.

A study conducted by Altun et al. involved a group of approximately 60 patients
who had suffered an acute ischemic stroke, and about 80 patients in control group. In
this study, aortic stiffness was measured by transthoracic ultrasonography and authors
calculated aortic stiffness index, strain and distensibility with the equations corresponding
to those used in our study. However, the way of measuring EAT was different in Altun
study, whereby the researchers used echocardiography rather than CCTA. Similarly to our
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results, a significant negative correlation was found between EAT thickness and aortic
strain (r = —0.296 vs. —0.32; in Altun and our study, respectively) [34]. Similarly, epicardial
adipose tissue was assessed in CCTA in the study of 260 Korean individuals to study its
correlation with arterial stiffness. Contrary to our study, the one carried out in Korea was
conducted on asymptomatic individuals (patients with known cardiovascular disease were
excluded from the study). However, contrary to our study, the researchers evaluated only
EAT volume and, instead of measuring aorta parameters in CCTA, had used cardio-ankle
vascular index (CAVI). In our study we observed the correlation of aortic stiffness with EAT
and, in a study by Hye Eun Park et al., a correlation between CAVI (a parameters of arterial
stiffness) and EAT was observed [2Y]. In addition, in a study on 176 people (156 participants
with hypertension), a correlation between epicardial adipose tissue volume and aortic
stiffness, measured by pulse wave velocity (both measured by cardiac magnetic resonance),
was found [35]. A similar association was observed in an analogous study on 58 participants
with pulse wave velocity as a measure of aortic stiffness. In this study, healthy individuals
underwent a cardiac magnetic resonance exam to determine parameters such as epicardial
fat volume and aortic stiffness (assessed by aortic pulse wave velocity) to determine their
relationship to body mass index and age, assessed by analyses of covariance. An association
was found between age and epicardial fat volume, as well as pulse wave velocity [36].

Likewise, in a study conducted on 135 patients with heart failure with preserved
ejection fraction, EAT thickness was measured by echocardiography and arterial stiffness
was determined by brachial-ankle pulse wave velocity. Patients were divided based on
EAT thickness into two groups (<3.55 and >3.55 mm—these values are different to the ones
we used in our study; however, in our study, we used CCTA instead of echocardiography).
Participants with greater EAT thickness were more likely to have comorbidities and their
arterial stiffness was increased which corresponds to our study in which we observed
higher aorta stiffness [37]. Likewise, in study on 144 patients diagnosed with hypertension,
measured in echocardiography an increase in EAT thickness and an increase in aortic
stiffness index were found to be associated and, similarly, to our results Ao distensibility
and strain were also significantly decreased [38]. Similar results were also obtained by Kim
etal. ina study in which EAT thickness was associated with arterial stiffness determined by
pulse wave velocity [39]. EAT thickness was also correlated with arterial stiffness measured
by pulse wave velocity in patients with rheumatoid arthritis [40]. Furthermore, Argan
etal. associated EAT thickness with the risk of ascending aortic dilatation [41] and similar
results were obtained in a study by Canga et al. [42]. Another study included examinations
using transthoracic echocardiography to measure EAT thickness and ascending aorta inner
diameters of 153 participants, suggesting that thickened EAT in patients with type 2 diabetes
mellitus is associated with ascending aorta elasticity, independent of blood glucose [43].

In our study, we found EAT volume and volume index to be the best predictors of
increased aortic stiffness and decreased elasticity. Although there are no identical studies
that compared those parameters directly, we found meta-analysis according to which EAT
volume is independently associated with coronary artery stenosis, myocardial ischemia
and major adverse cardiovascular events [44]. We also found another study that found the
measurement of the aortic stiffness index to be an applicable method to predict subclinical
atherosclerosis [32]. In addition, in one study, higher EAT volume (>120 cm?) assessed in
CCTA was found to be highly associated with the presence of coronary artery disease, and
increasing EAT volume was a predictor of more severe CAD [45].

The strength of the research conducted here is that it is a study exploring the as yet
insufficiently investigated area of the relationship between increased amount of epicardial
adipose tissue (both its volume and thickness) and increased stiffness and decreased
elasticity of the aorta, but there are some limitations that deserve attention. The study
group is relatively small, and that is why further research with a greater number of patients
are required to confirm the results obtained and provide a more generalizable result. Tt
should also be emphasized that the study carried out was designed to determine association
between variables but not causality. Therefore, several statistical tests were conducted, each
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of which is associated with the possibility of statistical error. In order to strengthen the level
of evidence, it would be necessary to conduct more research in this area in future. However,
due to the use of ionizing radiation, the methodology of the study carries limitations on the
exposure of subjects to harmful agents. Therefore, this study was composed of patients
with the medical indications necessary to conduct CCTA (approximately 70% of them had a
suspicion of CAD), which means that the participants were a specific group in comparison
to the healthy population. Exposing healthy people to ionizing radiation only for the
purpose of conducting a study might not be considered ethical, therefore the repetition of
this study on a completely healthy and asymptomatic group would be rather unlikely to
happen. However, perhaps further research will allow the development of a method giving
similar results to our study but excluding ionizing radiation, with which it will become
possible to carry out an analysis of the causality relationship.

The main limitations of the study include the single-center nature of the study, the
small size of the study group, the over-representation of overweight/obese patients, the
lack of clinical characteristics of the subjects in terms of, e.g., lipid profile and glycemia,
and the large variation in the severity of CAD in the study group, with a small percentage
of patients with suspected significant stenoses in the coronary arteries.

5. Conclusions

Coronary computed tomography angiography shows a proportional relationship
between an increased amount of epicardial adipose tissue (both its volume and thickness)
and increased stiffness and decreased elasticity of the aorta. Among the parameters
describing epicardial adipose tissue, we found its volume index to be the most useful
predictive factor of increased stiffness and decreased elasticity of aorta.
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Abstract: Cardiovascular (CV) health can be measured using the American Health Association’s
Life's Simple 7 scale (ALS7). Aortic stiffness (AoS) and elasticity (AoE) can be assessed using various
methods, e.g., computed tomography (CT). To measure AoE, we use aortic strain and distensibil-
ity (AoD). The aim of this study was to examine the relationship between ALS7, AoS, and AoE.
The study group (SG) was composed of 96 patients (mean age 70.41 + 8.32 years) with a BMI of
25.58 +3.12 kg/ m?; 28.1% were smokers, 54.2% had hypertension, 11.4% had diabetes, and 67.7%
had hypercholesterolemia. The SG was further divided into three subgroups (optimal (ALS7-FH),
intermediate (ALS7-1), and inadequate (ALS7-L)) based on the ALS7. The AoS and AoE were assessed
in each of them. We found that the ALS7-1 and ALS7-H had significantly lower AoS values compared
to the ALS7-L (AoS: 3.50 = 0.53 and 4.10 = 0.70 vs. 4.57 £ 1.03, respectively). The opposite rela-
tionship was observed for AoE measured with AoD in the ALS7-H vs. ALS7-L (AoD: 0.23 + 0.14 vs.
0.11 + 0.09 cm?/ dyn). AoS correlated (r = 0.61) with systolic blood pressure (BP). In our regression
model, higher scores on the ALS7 in BF, smoking, and BMI were independent protective factors
against greater AoS. Higher ALS7 scores in BF, smoking, BMI, and physical activity were protective
factors against lesser aortic strain. Higher scores in ALS7 for BP and smoking were protective fac-
tors against lesser AoD. We conclude that better cardiovascular health expressed via higher scores
obtained on the ALS7 is associated with lower AoS and higher AoE on CT.

Keywords: aortic elasticity; aortic stiffness; cardiovascular health; computed tomography angiography

1. Introduction

Cardiovascular diseases (CVDs) are a leading cause of death, reported by many
scientists from different countries. They were found to be the cause of 31.5% of all deaths
and 45% of all non-communicable disease deaths. Due to CVDs, approximately 4 million
people die in Europe each year, and, among them, 2.2 million are women. Amongst
CVDs, the most prevalent diseases are coronary heart disease and stroke. The mean length
of stay after myocardial infarction is 6.7 days amongst European OECD countries [1].
Similarly, they were found to be a major cause of death in the United States [2] and
the Chinese population [3]. Therefore, cardiovascular health is very important to public
health. We can define cardiovascular health not only as a lack of disease but also as an
estimation of the probability of the occurrence of CVDs in the future, which we can assess
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by evaluating particular risk factors [4-10]. In our research, to study cardiovascular health,
we decided to use the Life’s Simple 7 scale, which was designed by the American Heart
Association [11-13].

In our research, we sought to study aortic stiffness and elasticity as a possible new
marker of cardiovascular health. Descriptions of aortic stiffness and elasticity measurement
methods and their importance were discussed in our previous article [14], and the most
significant findings in the context of this study were as follows: increased aortic stiffness
is thought to be a predictor of coronary artery disease [15] and it has been associated
with increased blood pressure [16] or arterial calcification [17-20], whereas impaired aortic
elasticity has been associated with prehypertension [21].

The aim was to study the relationship between stiffness and the elasticity of the aorta
measured using the aortic stiffness index and aortic strain and distensibility, which were
measured in coronary computed tomography angiography (CCTA) using cardiovascular
health, measured using the American Heart Association Life’s Simple 7 classification
scale in a group of patients who already had medical indications to prompt radiological
examination. The expected primary outcome was that aortic stiffness and aortic elasticity
were associated with cardiovascular health. The expected secondary outcomes were the
determination of the particular Life 7 factors associated with AoS and AoE.

2. Materials and Methods

This study was part of the project “Cardiovascular health and risk markers assessed by
diagnostic imaging in patients with hypertension and obstructive sleep apnea”. To ensure
an appropriate level of statistical power, a sample size calculator was used to calculate the
required number of participants to be included in the study. The following conditions were
used for calculations: confidence level 95%, sample proportion 50%, maximal error 10%,
and population size 2.8 million. The sample size was estimated at 96 participants.

The inclusion criteria were as follows. All participants must have had a medical
indication to conduct a CCTA, been at least 18 years old (which is the age of the majority in
Poland), and provided informed consent to participate in the study. In total, 106 patients
met the inclusion criteria. Subsequently, the exclusion criteria were insufficient quality of
CCTA and being previously diagnosed with coronary artery disease, stroke, chronic kidney
disease, and hypothyroidism. Due to the exclusion of 9 participants from the study, the
population was composed of 96 participants.

We used the AHA's Life’s Simple 7 classification (ALS7) to study cardiovascular health.
It is a scale composed of 7 modifiable risk factors, which are smoking, body mass index,
physical activity, a healthy diet, total cholesterol, blood pressure, and the fasting plasma
glucose concentration. Each of these factors is assessed, and the result of this evaluation re-
flects one of three grades: inadequate (sometimes described as “poor”), average (sometimes
described as “intermediate”), and optimal (sometimes described as “ideal”). In scientific
analysis, the ALS7 can be assessed in the following manner: each of the cardiovascular
health factors is assigned a value 0, 1, or 2 when meeting the criteria of the inadequate, av-
erage, and optimal grades, respectively, and the values are summed. The interpretation of
the values’ total sum is slightly different among various researchers, e.g., Folsom et al. [11]
and Hasbani et al. [12] considered 04 as inadequate, 5-9 as average, and 10-14 as opti-
mal, whereas Desai et al. considered values < 8 as poor, 9-11 as intermediate, and >12 as
ideal [13].

The measurements of aorta were conducted in the following manner. The aortic
diameter was measured using the multiplanar reconstruction of computed tomography
in a cross-section approximately 3.0 cm above the ring of the valve of the aorta and
perpendicular to the long axis of the vessel. The phase of the heart cycle was monitored
using electrocardiography. Accordingly, the aortic systolic diameter was assessed during
the full opening of the aortic valve. Subsequently, the diastolic diameter of the aorta was
measured at the top of the R-wave present in the recorded electrocardiography:.
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Aortic stiffness and elasticity measurements were performed similarly to our previous
research [22] and were based on the following Equations (1)~(3):

systolic blood pressure
In{ Jfse Hiond prsicioe
diastolic blood pressure 1
Ao systolic diameter— Ao diastolic diameter ( )
Ao dinstolic diameter

Ao stif fress index =

A slvitn= Ao systolic dmmf’ter - Aq diastolic diameter « 100 @
Ao diastolic diameter
Ao distensibility = 2.8 Apatiss (3)

systolic blood pressure — diastolic blood pressure

Equation (1) was used to calculate the aortic (Ao) stiffness index, which was used to
assess aortic stiffness. As can be seen from the equation, it depends on the systolic and
diastolic blood pressure in relation to the aortic systolic and diastolic diameter. The aortic
elasticity assessment was based on aortic strain and distensibility. Aortic distensibility
(Equation (3)) is a result of the division of the aortic strain by the difference between the
systolic and diastolic blood pressure. Aortic strain (Equation (2)) represents the relationship
between the change in aortic diameter in the systole and diastole relative to the aortic
diastolic diameter.

Statistical analysis was performed with the Statistica 13 (version 13.1.336.0) TIBCO
Software Inc. (Palo Alto, CA, USA) provided by StatSoft Poland. Quantitative analysis
consisted of the analysis of the distribution and verification of hypotheses with appro-
priately selected statistical tests. When comparing subgroups, a normal distribution was
assessed in each one of them. The distribution of variables was firstly assessed visually by
plotting histograms with a normal distribution curve; then, distribution parameters such
as the mean, median, skewness, and kurtosis were assessed. The Shapiro-Wilk statistical
test of normality was applied, with the level of statistical significance taken as p = 0.05.
Subsequently, after normality assessment, further statistical tests for group comparison
were applied. Firstly, the assumptions of the tests were checked. For data that were not
normally distributed, a Mann-Whitney U test was performed. When, in a given analysis,
more than two groups were assessed, i.e., more than one statistical test was conducted,
the Bonferroni correction method was applied to counteract the problem of multiple com-
parisons. In further analyses, we built three multiple regression models. Each time, the
regression assumptions were verified. We used stepwise backward regression analysis to
build multivariable models. All results were considered relevant at a significance level of
p <0.05.

3. Results

The studied group was composed of 96 patients: 52 men (54.2%) and 44 women (45.8%),
with a mean age 70.41 + 8.32 years. The mean height of participants was 166.90 + 7.80 ¢cm,
the mean body mass was 71.52 + 11.68 kg, and the mean BMI was 25.58 + 3.12 kg/m?.
Among the participants, 28.1% declared that they were smoking and 67.7% were diagnosed
with hypercholesterolemia. The mean value of total cholesterol in the studied group was
224.61 + 43.25 mg/dL. Due to 11.4% of participants being diagnosed with diabetes type 2,
the mean measured fasting glucose was 120.27 + 49.31 mg/dL. More than half (54.2%) of
the participants were diagnosed with arterial hypertension. Accordingly, the mean systolic
and diastolic blood pressure were 140.05 = 18.56 and 86.04 + 9.15 mmHg, respectively.
The most common indications for CCTA were suspected chronic coronary artery disease
(58.3%), chest pain (51%), and coronary artery disease risk factors. The characteristics of
the studied group are shown in Table 1.
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Table 1. Clinical characteristics in the studied group.

Whole Studied Group (n = 96)

Age (years) 70.41 +8.32
Height (cm) 166.90 + 7.80
Body mass (kg) 71.52 + 11,68
BMI (kg/m?) 25.58 + 3.12
Gender (%)
Men 54.2
Women 458
Smoking (%) 28.1
Arterial hypertension (%) 54.2
Systolic blood pressure (mmHg) 140.05 + 18.56
Diastolic blood pressure (mmHg) 86.04 + 9.15
Type 2 of diabetes (%) 11.4
Fasting glucose (mg/dL) 120.27 + 49.31
Hypercholesterolemia (%) 67.7
Total cholesterol (mg/dL) 224.61 +43.25
Indication to CCTA (%)
Chronic CAD suspicion 58.3
Chest pain 51.0
Numerous CAD risk factors 46.8
Low intermediate CAD risk 20.8
Inconclusive exercise test 15.6
Non-diagnostic exercise test 6.2
Regional wall motion abnormalities of left ventricular 3.1
Sudden cardiac death in the family history 1.0

BMI—body mass index; CAD—coronary artery disease; CCTA—coronary computed tomography angiography.

Among the 96 participants, the worst behavioral pattern was seen in 27 (28.1%
participants who were smoking at the time, 11 (11.4%) who had a BMI of more than
30 kg/m?, 34 (35.4%) who did not perform any physical activity, and 37 (38.5%) who had
poor diet scores. The laboratory-assessed cardiovascular risk factors were total cholesterol,
blood pressure, and fasting glucose. The worst results were as follows: 29 (30.2%) patients
had at least 240 mg/dL of total cholesterol, 59 (61.4%) participants had systolic blood
pressure of at least 140 mmHg and /or diastolic blood pressure of at least 90 mmHg, and 21
(21.9%) participants had fasting glucose of 126 mg/dL or more. The results of the AHA's
Life’s Simple 7 classification among all participants are presented in Table 2.

Table 2. Cardiovascular health parameters according to the AHA's Life’s Simple 7 classification in

the studied group.
AHA Life’s Simple 7 Classification Whole Studied Group (1 = 96)
Health behaviors
Never or quit >12 months ago (2 CVH points) 65.6
Smoking (%) Former <12 months (1 CVH point) 6.2
Yes (0 CVH point) 28.1
<25 kg/m? (2 CVH paints) 39.6
Body mass index (%) 25-29.9 kg/m? (1 CVH point) 48.9
>30 kg/m? (0 CVH point) 114
Moderate-intensity activity =150 min/week
or vigorous-intensity activity >75 min/week 14.6
or combination (2 CVH points)
Physical activity (%) Moderate-intensity activity 1-149 min/week
or vigorous-intensity activity 1-74 min/week 50.0
or combination 1-149 min/week (1 CVH point)
None (0 CVH point) 35.4
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Table 2. Cont.

AHA Life’s Simple 7 Classification

Whole Studied Group (1 = 96)

Health behaviors
4-5 components (2 CVH points) 114
Healthy diet score (%) 2-3 components (1 CVH point) 50.0
0-1 component (0 CVH point) 385
Health factor
<200 mg/dL (2 CVH points) 114
Total cholesterol (%) 200-239 mg/dL or treated to goal (1 CVH point) 58.3
>240 mg/dL (0 CVH point) 30.2
<120/80 mmHg (2 CVH points) 5.2
& SBP: 120-139 mmHg and /or DBP: 80-89 mmHg
Bloas) pressime (%) or treated to goal (1 CVH point) i
SBP > 140 mmHg and /or DBP > 90 mmHg (0 CVH point) 61.4
<100 mg/dL (2 CVH points) 354
Fasting glucose (%) 100-125 mg /dL or treated to goal (1 CVH point) 42.7
2126 mg/dL (0 CVH point) 219
Cardiovascular health score
CVH score (point, mean + SD) 6.56 + 198
Optimal (10-14 points) 52
CVH score (%) Average (5-9 paints) 729
Inadequate (04 points) 219

AHA—American Health Association; CVH—cardiovascular health; DBP—diastolic blood pressure; §I—3T’—5ysmlic
blood pressure; SD—standard deviation.

The obtained mean ALS7 cardiovascular health score (CVH score) was 6.56 = 1.98 points.

Among the participants, 5 (5.2%) had optimal CVH scores, 70 (72.9%) had average scores, and
21 (21.9%) presented inadequate scores. Table 3 presents the coronary computed tomography
angiography parameters of our studied group. The mean coronary artery calcium score was
194.18 & 59.48, and the mean aortic systolic and diastolic diameters were 34.39 + 4.39 and
33.33 & 4.26 mm, respectively, whereas the mean aortic stiffness index, strain, and distensibil-
ity were 4.17 + 0.80, 3.20 £ 2.08 (%), and 0.14 £ 0.13 (cm?/dyn).

Table 3. Coronary computed tomography angiography parameters in the study group.

Whole Studied Group (n = 96)

CACS
CAD-RADS

Uk W N - O

N
Ao diastolic diameter (mm)
Ao systolic diameter (mm)
Ao stiffness index
Ao strain (%)
Ao distensibility (cm?/dyn)

194.18 + 59.48

19.8
20.8

1.0
33.33 +£ 426
3439 + 439
417 £0.80
3.20 +2.08
0.14 £ 013

Ao—aorta; CACS—coronary artery calcium score; CAD-RADS—coronary artery disease reporting and data
system.

During our statistical analysis, we studied the relationship between aortic measure-

ments (stiffness and elasticity) and CVH scores in subgroups differentiated by the number
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Factor

Healthy

Fasting
glucose

Total Blood
diet score cholesterol pressure

Physical

Body mass

CVH Score

activity

index

Smoking

of obtained points for each ALS7 factor. The results of this analysis are presented in
Figures 1-3 and Table 4.

Aortic stiffness index in subgroups based on Life7 classification

Inadequate: 0—4 points (0)
Average: 5—9 points (1)
Optimal: 10—14 points (2)
0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point {0)

1 CVH point (1)
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Figure 1. Aortic stiffness index in subgroups based on AHA Life's Simple 7 classification, Vertical
axis represents AHA Life’s Simple 7 cardiovascular health. The first part represents total CVH score,
which is the sum of CVH points from the following 7 CVH factors. For each factor, participant
obtains 0, 1, or 2 points and the total possible number is 14. Horizontal axis represents aortic stiffness
index. The blue bars represent mean values of aortic stiffness index, whereas the red lines represent
corresponding standard deviations. Numbers in () brackets (0), (1), (2) correspond to the same
brackets in Table 4. CVH—cardiovascular health; AHA—American Heart Association.

Based on the results, the aortic stiffness index (Ao stiffness index) was significantly
higher in the group of current smokers, compared to participants who had quit smok-
ing both less and more than 12 months before the study (4.86 + 0.80 vs. 3.68 = 0.70 and
3.93 £ 0.63, respectively). Conversely, it was noted that the aortic elasticity determined
by the Ao strain and distensibility was lower in the actively smoking group in a sim-
ilar comparison (1.72 £+ 1.34% vs. 4.56 + 3.23% and 3.71 £ 1.92% for Ao strain and
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Factor

Total Blood Fasting

activity diet score cholestero| pressure

Healthy

Physical

Body mass

Py

index

Smoking

0.06 = 0.06 cm? /dyn vs. 0.27 & 0.30 cm? /dyn and 0.16 + 0.11 cm? /dyn for Ao distensibil-
ity, respectively). Accordingly, smoking was associated with an increase in aortic stiffess
and a decrease in aortic elasticity, and the results were considered statistically significant.

Aortic strain in subgroups based on Life7 classification

Inadequate: 0—4 points (0)
Average: 5—9 points (1)
Optimal: 10—14 points (2)
0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH peint (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

o
~
FN
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o0
(=
-
N

Aortic strain (%)

Figure 2. Aortic strain in subgroups based on AHA Life's Simple 7 classification. Vertical axis
represents AHA Life’s Simple 7 cardiovascular health. The first part represents total CVH score,
which is the sum of CVH points from the following 7 CVH factors. For each factor, participant obtains
0,1, or 2 points and the total possible number is 14. Horizontal axis represents aortic strain in %, The
blue bars represent mean values of aortic strain (%), whereas the red lines represent correspond to
standard deviations. Numbers in () brackets (0), (1), (2) correspond to the same brackets in Table 4.
CVH—cardiovascular health; AHA—American Heart Association.

Analyzing the body mass index, the results were similar to those obtained in the
group of smokers. However, they were not statistically significant in every subgroup.
It was found that in the group with BMI > 30 kg/m?, Ao stiffness was significantly
higher than in the groups with a BMI of 25-29.9 kg/ m? and <25 kg/ m? (4.72 + 0.82 vs.
4.14 = 0.71 and 4.14 £ 0.71, respectively). However, in the case of Ao elasticity, statistically
significant differences were obtained only in the comparison between the groups with
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Factor

Healthy

Total Blood Fasting
diet score cholesterol pressure @ glucose
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Body mass

CVH Score

activity

H"”lm”“!ll”‘“”

index

Smoking

BMI > 30 kg/m? and <25 kg/m? (1.84 + 1.35% vs. 3.74 = 2.40% and 0.08 £ 0.07 cm®/dyn
and 0.16 + 0.13 cm?/dyn for Ao strain and distensibility, respectively). Therefore, a higher
BMI was associated with higher Ao stiffness and inversely with lower Ao elasticity.

Aortic distensibility in subgroups based on Life7 classification

Inadequate: 0—4 points (0)
Average: 5—9 points (1)
Optimal: 10—14 points (2)
0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)

1 CVH point (1)

2 CVH points (2)

0 CVH point (0)
)

)

)

1 CVH point (1
2 CVH points (2
0 CVH point (0
1 CVH point (1)
2 CVH points (2)
0 CVH point (0)
1 CVH point (1)
2 CVH points (2)

o

0.05 0.1 0.15 0.2 0.25 0.3

o
w
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o
&

Aortic distensibility (cm?2/dyn)

Figure 3. Aortic distensibility in subgroups based on AHA Life’s Simple 7 classification. Vertical
axis represents AHA Life’s Simple 7 cardiovascular health. The first part represents total CVH score,
which is the sum of CVH points from the following 7 CVH factors. For each factor, participant obtains
0,1, or 2 points and the total possible number is 14. Horizontal axis represents aortic distensibility. The
blue bars represent mean values of aortic distensibility (em? /dyn), whereas the red lines represent
corresponding standard deviations. Numbers in () brackets (0), (1), (2) correspond to the same
brackets in Table 4. CVH—cardiovascular health; AHA—American Heart Association.

Unlike the two previously described measurements, it was found that patients present-
ing moderate-intensity physical activity for more than 150 min per week (or vigorous for
more than 75 min per week or a combination of both) had significantly lower Ao stiffness
than the groups with moderate activity 1-149 min per week (or vigorous and combination
accordingly) and no physical activity at all (3.59 + 0.68 vs. 427 + 0.78 and 4.27 4 0.81). On
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the contrary, it was found that aortic strain and distensibility were significantly higher in
the group with the most minutes of activity per week in comparison to the two other groups
(5.08 £ 2.74% vs. 2.90 + 1.90% and 2.86 + 1.62% for Ao strain and 0.26 + 0.08 cm? /dyn
vs. 012 =+ 0.10 cm?/dyn and 0.12 + 0.08 cm?/dyn for Ao distensibility, respectively).
Differently from smoking and BMI, in the physical activity groups, higher activity was
associated with lesser Ao stiffness and greater Ao elasticity.

Table 4. Parameters of aortic stiffness and elasticity in subgroups based on the AHA Life's Simple
7 classification.

AHA Life's Simple 7 Classification Factor Ao Stiffness Index Ao Strain (%) Ao Distenbiliey

(cm*/dyn)
2 CVH points (2) 3.93 + 0.63 371 +192 0.16 4 0.11
Sindiia 1 CVH point (1) 3.68 £ 0.70 456 +3.23 0.27 £0.30
& 0 CVH point (0) 4.86 -+ 0.80 1.72 4+ 1.34 0.06 -+ 0.0
p<0.05 2, 1vs. D 2,1vs. 0 2,1vs. 0
2 CVH points (2) 4.05 £ 0.82 374 +2.40 0.16 £ 0.13
S R— 1 CVH point (1) 414+ 0.71 308+ 1.80 0.14 +0.13
. 0 CVH point (0) 472 +0.82 1.84 +1.35 0.08 + 0.07
p=0.05 2,1vs. 2vs. 0 2vs. 0
2 CVH points (2) 3.59 -+ 0.68 5.08 + 2.74 0.26 + 0.08
it gntio 1 CVH point (1) 427 + 078 2.90 + 1.90 0.12+0.10
Y ¥ 0 CVH point (0) 427 £ 0.81 2.86 + 1.62 0.12 £ 0.08
p<0.05 2vs. 1,0 2vs. 1,0 2vs. 1,0
2 CVH points (2) 409 £ 0.78 3434228 0.14 4012
— 1 CVH point (1) 4294076 284+ 1.78 0.11 + 0.08
Healyy disteom 0 CVH point (0) 405+ 0.87 3614235 018+ 0.16
p <005 - - -
2 CVH points (2) 413+ 0.63 3.07 +1.38 0.11 + 0.04
—— 1 CVH point (1) 419 £ 0.80 316 +2.19 0.14 +0.14
otal.cholestero 0 CVH point (0) 4.15 4+ 0.89 332 4£2.14 0.15 4+ 0,12
p < 0.05 - y -
2 CVH points (2) 3444090 6.15 = 4.01 037 £ 031
o 1 CVH point (1) 3.63 059 467 +£1.72 0.22 4010
g 0 CVH point (0) 4534070 216 +1.17 0.08 + 0.05
p<0.05 2,1vs. D 2,1vs. 0 2,1vs. 0;2vws. 1
2 CVH points (2) 425+ 0.63 281+ 1.65 0.11 + 0.08
— 1 CVH point (1) 416 -+ 0.95 3454+ 252 0.16 £ 0.17
asting gucose 0 CVH point (0) 407 £ 077 3354172 015+ 0.09
p<0.05 x " .
Optimal: 10-14 points (2) 3.50 - 0.53 5.37 + 2.55 023+ 0.14
’ Average: 5-9 points (1) 4.10 + 0.70 329+ 2.04 0.14 + 013
Total CVE actre Inadequate: 04 points (0) 457 +1.03 2414178 0.11 4 0.09
p=0.05 2,1vs. 0 2vs. 1,0 2vs. 0

Table 4 presents mean values of aortic stiffness, strain, and distensibility with + standard deviation among
different cardiovascular health factors, In each factor, a subgroup of 0, 1, or 2 points is distinguished. The number
in () parentheses is a subgroup number used for comparison. The CVH point criteria are defined in Table 2. Total
CVH score represents the sum of points from all 7 categories above it AHA—American Health Association;
Ao—aorta; CVH—cardiovascular health.

No statistically significant associations were found between aortic parameters and
healthy diet scores; similarly, no statistically significant associations were observed between
aortic parameters and total cholesterol and fasting glucose levels.

It was found that the group with systolic blood pressure (SBP) of 140 mmHg or higher
and/or diastolic blood pressure (DBF) of 90 mmHg or higher (0 CVH points) had a signifi-
cantly higher aortic stiffness index than both groups with SBP 120-139 and /or DBP 80-89 or
treated at that time to the goal (which was 1 CVH point) and of SBP/DBP < 120,/80 mmHg

91



I. Clin. Med, 2024, 13, 384

10 of 16

(which was 2 CVH points), with the result being 4.53 + 0.70 vs. 3.63 + 0.59 and 3.44 + 0.90,
respectively. In the group with the highest SBP and /or DBP, significantly lower Ao strain
and distensibility were observed than in both previously described blood pressure groups
(2.16 + 1.17% vs. 4.67 -+ 1.72% and 6.15 + 4.01% for Ao strain and 0.08 + 0.05 cm?/dyn vs.
0.22 + 0.10 em?/dyn and 0.37 + 0.31 cm®/dyn for Ao distensibility). In addition, it was
found that the difference in distensibility between the group with the medium and lowest
BP was also statistically significant (0.22 + 0.10 cm?/dyn and 0.37 =+ 0.31 cm?/dyn).

Analyzing the obtained total cardiovascular health scores (CVH score), there was a
significantly higher Ao stiffness index in the group with inadequate CVH scores (0-4 points)
in comparison to the average (5-9 points) and optimal ones (10-14 points), with aortic
stiffness of 4.57 4- 1.03 vs. 4.10 + 0.70 and 3.50 + 0.53, respectively. For aortic elasticity, an
inverse relationship was observed. There was significantly higher Ao strain in the group
with optimal CVH scores compared to the average and inadequate ones (5.37 + 2.55% vs.
3.29 + 2.04% and 2.41 + 1.78%). However, for aortic distensibility, a significant difference
was noted only between optimal and inadequate CVH scores: 0.23 = 0.14 cm?/dyn and
0.11 £ 0.09 em?/dyn.

Correlations between aortic parameters and CVHS measurements were investigated.
The results are presented in Table 5.

Table 5. Correlations in the studied group.

Ao Stiffness Ao Strain Ao Distensibility
Index (%) (cm?/dyn)

Age (years) ns ns ns

BMI (kg/m?) 0.20 —0.24 ns
Systolic blood pressure (mmHg) 0.61 —0.66 —0.69
Diastolic blood pressure (mmHg) 0.39 —0.49 —0.41
Fasting glucose (mg/dL) ns ns ns

Total cholesterol (mg/dL) ns ns ns

CVH score —0.48 0.48 0.36

Table 5 presents Pearsons’s r correlation coefficients between each parameter of aorta and each measured factor.
Only significant correlations are presented. Ao—aorta; BMI—body mass index; CVH—cardiovascular health;
ns—non-significant.

For the aortic stiffness index, there were significant positive correlations with the
body mass index and systolic and diastolic blood pressure, and a negative correlation with
the total cardiovascular health score. Subsequently, for aortic strain, there was a negative
correlation with the body mass index and systolic and diastolic blood pressure, and a
positive correlation with the CVH score. Furthermore, for aortic distensibility, a negative
correlation was obtained with systolic and diastolic blood pressure and positive with the
CVH score.

Estimation results for the model obtained in the multivariable stepwise backward
regression analysis are presented in Table 6.

Table 6. Results of estimation for the model obtained in multivariable stepwise backward regression

analysis.
Model for: Ao Stiffness Index
Intercept Blood Pressure Smoking Body Mass Index
Regression coefficient 5.211 —0.669 —0.409 —0.242
SEM of Re 0.154 0.099 0.065 0.089
P p <0.001 p<0.001 P <0.001 p<0.05
pof the model p < 0.001
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Table 6. Cont.
Maodel for: Ao strain (%)
Intercept Blood Pressure Smoking Body Mass Index Physical Activity
Regression coefficient 0.526 2,019 0.807 0.461 0.339
SEM of Re 0.041 0.245 0.158 0.219 0.096
p p<0.01 p<0.001 p<0.001 p<0.05 p <0.05
p of the model p <0.001
Model for: Ao distensibility (cm?/dyn)
Intercept Blood Pressure Smoking
Regression coefficient 0.028 0.139 0.037
SEM of Re 0.008 0.015 0.010
P p<0.01 p <0.001 p <0.001
p of the model p < 0.001

Ao—aorta; SEM of Re—slandard error of regression coefficient; blood pressure, smoking, body mass index,
physical activity—nominal variables, where 2: 2 CVH points, 1: 1 CVH point, 0: no CVH point.

Interpretation of the regression models: in the ALS7 scale, higher scores in blood pres-
sure, smoking, and BMI are independent protective factors against greater aortic stiffness.
Higher scores in blood pressure, smoking, BMI, and physical activity are independent
protective factors against lesser aortic strain. Higher scores of blood pressure and smoking
are independent protective factors against lesser aortic distensibility.

4. Discussion

The results of the study showed statistically significant evidence supporting our
hypothesis about the association between the decrease in aortic stiffness and an increase in
elasticity in CCTA with an increase in cardiovascular health score measured by the ALS7.
Higher aortic stiffness was found to be associated with smoking, a higher BMI, lower
physical activity, higher blood pressure, and inadequate total cardiovascular health scores
obtained in AL. In contrast, lower aortic elasticity was associated with smoking, a higher
BMI, lower physical activity, and a lower CVH score.

Aortic strain is the deformation that results from the force applied to the given area of
the vessel. Distensibility is the ratio between the deformation of the aorta under a given
pressure level, and stiffness represents the resistance to the deformation [23].

The most reliable technique for the measurement of large arteries’ stiffness is the
pulse wave velocity (PWV) and it is included in the guidelines of the European Society of
Cardiology (ESC). Applanation tonometry is considered the gold standard. PWV measures
the delay between the pulse time at the carotid artery and the femoral artery and accurately
represents the arterial stiffness. PWV may help with the identification of groups of patients
with higher cardiovascular risk. Its prognostic value for cardiovascular risk assessment has
been documented by a wide variety of studies. For example, an increase of 1 m/s in PWV
was associated with a 7% increase in the risk of a cardiovascular event for a 60-year-old
male., On the other hand, the ESC guidelines note the practical difficulties of using PWV on
a daily basis. Equally, it is emphasized in the Polish Hypertension Management Guidelines
that only a few medical centers in Poland are capable of measuring PWV. Therefore, PWV
may be particularly useful when there are extended indications, such as when screening
hypertension-mediated organ damage [24-29].

The other means of measuring stiffness, which was used in this study, is computed
tomography. No studies linking aortic stiffness and elasticity measured by CCTA to most
cardiovascular health parameters can be found in the available sources. However, in one
study, in the thoracic aorta, a decrease in aortic distensibility and strain and an increase in
aortic stiffness were associated with higher age [30].

Among the reports to date, there are investigations focused on stiffness measured by
PWYV. Oyenuga AO et al. studied the relation between the ALS7 and stiffness measured by
PWV. They associated lower arterial stiffness with greater AHA Life’s Simple 7 scores in
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the middle-aged population [31]. Similar results were obtained by Niiranen TJ et al., who
studied the relationship between arterial stiffness measured by pulse wave velocity and
cardiovascular health [32].

In this study, it was found that with an increase in blood pressure, aortic stiffness
increases and aortic elasticity decreases. Although a study evaluating identical criteria could
not be reached, it was noted in a cohort study on 30,384 patients that blood pressure was
associated with stiffness measured by PWV, and higher systolic blood pressure trajectories
over time were related to increases in stiffness [33]. Similarly, blood pressure was assessed
in a group of patients with a transient ischemic attack or minor stroke. Elevated levels
of SBP were associated with a greater rate of progression of pulse wave velocity [34].
Correspondingly, the relation between SBP and arterial stiffness was studied with similar
results in a longitudinal study performed by Wu S. et al. on a group of 3277 participants
during 2010-2016 [35].

The results of the present study associated higher aortic stiffness and lower elasticity
with active and reverse outcomes for patients who quit smoking or did not smoke at all.
Similar outcomes were obtained by Jatoi N. A. etal., who, in a group of 554 patients aged 18
to 80, assessed the relationship between smoking and arterial stiffness. They found that ex-
smokers who quit smoking less than one year before the study had similar arterial stiffness
to current smokers at that time. Those who quit smoking between 1 and 10 years before the
study had intermediate levels of stiffness, and ex-smokers who quit more than 10 years
before were not significantly different from non-smokers [36]. However, the present study
observed a difference even in patients who quit smoking less than 12 months before the
study. This may be caused by variations in the measuring technique, but further studies on
this subject are necessary.

The statistical tests used in this study showed no significant difference between groups
in terms of fasting glucose levels and aortic stiffness and elasticity. However, arterial
stiffness was previously associated by Tian X. et al. with diabetes in a prospective cohort
study [37]. Similarly, in Wildman R. P et al.’s study, an association between glucose and
arterial stiffness was observed [38]. This may have been caused by the underrepresentation
of diabetic participants in the present investigation (only 11.4%).

Arterial stiffness has been associated with an increase in body weight in various
studies [39]. In Wildman R.P. et al."s study of 186 young and 177 older adults, a strong
association between pulse wave velocity and BMI was observed [38]. In their study, groups
were divided into those with a BMI of <25, 25-30, and >30, which was consistent with
our study. For stiffness, we observed comparable results to the older participant group
of Wildman et al."s study. This was caused by the fact that our participants had a mean
age 70.41 £ 8.32, which corresponded to Wildman et al., who studied a group with a
median age of 60.5 in their older adult group. Similarly, Recio-Rodriquez studied the BMI's
association with arterial stiffness. However, it should be mentioned that he found that
anthropometric parameters like waist circumference and the waist/height ratio were even
better correlated with arterial stiffness than with BMI [40]. Similarly, abdominal obesity
was associated with arterial stiffness in Fu S. et al.’s study in the Chinese population, and,
as in the previously discussed study, the results of the waist circumference appeared to be
more relevant than those for BMI [41].

The outcome of the study showed that actively exercising people had lower aortic
stiffness and higher aortic elasticity. The relationship between physical activity and cardio-
vascular health parameters was previously studied in Park W. et al.’s research, in which,
after 12 weeks of training, an improvement in blood pressure and arterial stiffness was
observed in the group of obese men with BMI > 25 kg/m? [42]. Similarly, physical activity
was associated with lower arterial stiffness in other studies [43—45], although, in one study,
an association was not observed among overweight and obese women [46]. Furthermore,
the reducing effect of physical activity on arterial stiffness was confirmed by Lopes S. et al.’s
meta-analysis, which included 14 trials [47], and this result is consistent with our study.
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One of the objectives of the present study was to analyze the relationship between
aortic parameters and the corresponding ALS7 cardiovascular risk factors. However, it
should be emphasized that there are other important factors, such as non-HDL cholesterol,
kidney function, and uric acid, which were not included in this study. In particular, non-
HDL cholesterol is included in the Systemic Coronary Estimation 2 (SCORE2) algorithm
and has a strong relationship with CV risk. Hypertension, dyslipidemia, and diabetes
mellitus are prevalent among patients with chronic kidney disease, and chronic kidney
disease (CKD) is an independent risk factor for cardiovascular diseases. Moreover, CV
diseases are the leading cause of death among patients with CKD. Furthermore, as stated
in the ESC guidelines, all patients with hypertension should be tested for uric acid levels
routinely [48]. This study did not consider the impact of the above factors, as they were
not included in the ALS7. Nevertheless, in the authors’ opinion, analyzing the influence of
these parameters in further studies would undoubtedly be valuable. The strength of this
study is in exploring the relationship between aorta measurements obtained from CCTA
and cardiovascular health factors. However, the lack of identical studies to compare the
results with limited the discussion and required us to compare our results with studies
that did not use the particular measuring method that we used in this study. Although a
sample size calculator was used and sufficient participants were recruited, the statistical
tests failed to find significant differences in some parameters, like fasting glucose. There-
fore, subsequent research on a larger group could be conducted to study some of these
relationships further. Owing to the use of ionizing radiation, the methodology of the study
carried limitations regarding the exposure of subjects to harmful agents. Therefore, this
study was composed only of patients with medical indications to conduct CCTA, which
means that the participants were a specific group compared to the healthy population.
However, exposing healthy people to such an amount of ionizing radiation only to conduct
a study would not be considered ethical.

In the absence of identical studies, the authors believe that the results obtained may
be particularly useful due to their innovative nature and the fact that, to acquire the aortic
measurements, an examination method that is already used in everyday practice can be
adopted. Aortic stiffness and elasticity can by checked additionally to the usual CCTA and
perhaps, after further studies, can be used as new clinical markers of CV health. The authors
hope that the results of this study may prove useful in clinical practice. As mentioned
above, although conducting PWV measurements is the gold standard in examining arterial
stiffness, there are regions in which it is difficult to obtain. On the other hand, aorta
measurements can be conducted during a routine CCTA. In view of the above, it is hoped
that after further research, stiffness and elasticity assessments may be beneficial in clinical
practice as part of cardiovascular health assessment.

5. Conclusions

Aortic stiffness and elasticity are associated with cardiovascular health parameters
measured by the AHA Life’s Simple 7 questionnaire in a population composed of people
with medical indications for coronary computed tomography angiography. Optimal scores
of cardiovascular health are associated with decreased aortic stiffness and increased elasticity.
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Or hab. Pawet Gac, prof. UMW

Zaktad Zdrowia Srodowiskowego i Medycyny Pracy

ZASWIADCZENIE

Za$wiadcza sie, ze projekt badawczy pt. ,Sztywnosc i elastyczno$é aorty oceniane metoda
wiglg[zgdowej tomografii komputerowej jako potencjalne markery zdrowia i ryzyka sercowo-
nac'zy'nioWego", stanowiacy przedmiot postepowania doktorskiego lek. Wojciecha Hajdusianka,
stanowi skltadowg projektu badawczego pt. ,Markery zdrowia i ryzyka sercowo-naczyniowego
oceniane metodami diagnostyki obrazowej u chorych z nadcisnieniem tetniczym i obturacyjnym
bezdechem sennym (kierownik: dr hab. Pawet Gaé, prof. UMW)”, na realizacje ktorego uzyskano
zgode Komisji Bioetycznej przy Uniwersytecie Medycznym we Wroctawiu (zgoda nr KB-58/2022 z

-26:01.2022.1.).

Zaswiadczam, ze lek. Wojciech Hajdusianek projekt badawczy , Sztywnosc i elastycznosc aorty
oceniane metoda wielorzedowej tomografii komputerowej jako potencjalne markery zdrowia i ryzyka
sercowo-naczyniowego” realizuje osobiécie, przestrzegajac zasad Good Clinical Practise i zasad
Deklaracji Helsifskiej. Czynnosci w projekcie ,Sztywnos¢ i elastycznos¢ aorty oceniane metodg
wielorzedowej tomografii komputerowej jako potencjalne markery zdrowia i ryzyka sercowo-
naczyniowego” wykonuje pod bezposrednim nadzorem kierownika projektu ,Markery zdrowia i
ryzyka sercowo-naczyniowego oceniane metodami diagnostyki obrazowej u chorych z nadcisnieniem
tetniczym i obturacyjnym bezdechem sennym”.

Dr hab. Pawet Ga¢, prof. UMW
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroclawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 58/2022

Komisja Bioetyczna przy Uniwersytecic Medycznym we Wroclawiu, powolana
zarzgdzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 278/X VI R/2020 z dnia
21 grudnia 2020 r. oraz dzialajagca w trybie przewidzianym rozporzgdzeniem Ministra
Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 r, (Dz.U. nr 47, poz. 480) na podstawie
ustawy o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 514 z 2020 r.) w skladzie:

dr Joanna Birecka (psychiatria)

dr Beata Freier (onkologia)

dr hab. Tomasz Fuchs (ginekologia, poloznictwo)

prof. dr hab. Dariusz Janczak (chirurgia naczyniowa, transplantologia)
dr hab. Krzysztof Kaliszewski (chirurgia endokrynologiczna)

dr prawa Andrzej Malicki (prawo)

dr hab. Marcin Maczynski, prof. UMW (farmacja)

Urszula Olechowska (pielegniarstwo)

prof. dr hab. Leszek Szenborn (pediatria, choroby zakazne)

prof. dr hab. Andrzej Szuba (choroby wewngtrzne, angiologia

ks. prof. Andrzej Tomko (duchowny)

prof. dr hab. Mieszko Wigckiewicz (stomatologia)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoslaskiej Izby Lekarskicj)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jerzego Rudnickiego (chirurgia, proktologia)

Przestrzegajac w dzialalno$ci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,

po zapoznaniu si¢ z projektem badawczym pt,

~Markery zdrowia i ryzyka sercowo-naczyniowego oceniane metodami diagnostyki
obrazowej u chorych z nadcisnieniem tgtniczym i obturacyjnym bezdechem sennym”
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Zgloszonym przez dr hab, Pawla Gacia, prof. UMW, zatrudnionego w Zakladzie Zdrowia
Srodowiskowego i Medycyny Pracy Katedry Zdrowia Populacyjnego Uniwersytetu
Medycznego we Wroclawiu oraz zlozonymi wraz z wnioskiem dokumentami, w tajnym
glosowaniu postanowila wyrazi¢ zgode¢ na przeprowadzenie badania w Zakladzie Zdrowia
Srodowiskowego i Medycyny Pracy Katedry Zdrowia Populacyjnego Uniwersytetu
Medycznego we Wroclawiu od warunkiem zachowania anonimowosci zgromadzonych
danych,

Uwaga: Badanie to zostalo objgte ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroclawiu z tytulu prowadzonej dzialalnosci.

Pouczenie: W ciaggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwotawczej za posrednictwem Komisji Bioetycznej UM we

Wroctawiu,

Opinia powyzsza dotyczy projektu badawczego realizowanego w ramach SUBZ.E264.22.082

Przewodniczacy Komisji Bioetyczngj

przy Uniwersytecie}y‘ Znym

prof. fi%h/. Jerzy Rudnicki

Wroctaw, dnia ok stycznia 2022 r.
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Oswiadczenia wspotautorow

Prof. dr hab. n. med. Pawet Gaé

Prof. dr hab. n. med. Pawet Ga¢

Katedra Zdrowia Populacyjnego
Zaktad Zdrowia Srodowiskowego i Medycyny Pracy
Uniwersytetu Medycznego we Wroctawiu
Ul. Jana Mikulicza-Radeckiego 7
50-368 Wroctaw
OSWIADCZENIE

Oswiadczam, ze w pracy:

1. Hajdusianek Wojciech, Zérawik Aleksandra, Poreba Rafal, Ga¢ Pawel: Assessment
of aortic stiffness in computed tomography - methodology of radiological
examination from 2000 to 2020, Polish Journal of Radiology, 2022, vol. 87, nr 1, e635-
€640, DOI:10.5114/pjr.2022.121556.

M¢j udziat polegat na wsparciu w przygotowaniu projektu pracy i korekcie manuskryptu.

2. Ga¢ Pawet’, Hajdusianek Wojciech’, Zérawik Aleksandra, Macek Piotr, Poreba
Malgorzata, Poreba Rafat: Thickness and volume of epicardial adipose tissue in
relation to stiffness and elasticity of aorta assessed by computed tomography
angiography, Biomedicines, 2023, vol. 11, nr 6, art.1617 [16 sJ]
DOI:10.3390/biomedicines 11061617

Méj udziat polegat na opracowaniu koncepcji pracy, pozyskiwaniu finansowania,
wspotuczestnictwie przy pozyskiwaniu i interpretacji danych, przeprowadzeniu analizy
statystycznej oraz wspéiprzygotowaniu i zapewnieniu nadzoru merytorycznego nad
powstawaniem manuskryptu.

3. Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Poreba Matgorzata, Porgba
Rafal, Ga¢ Pawet. Stiffness and elasticity of aorta assessed using computed
tomography angiography as a marker of cardiovascular health - a cross-
sectional study, Journal of Clinical Medicine, 2024, vol. 13, nr 2, art.384 [16 s,
DOI:10.3390/jcm13020384.

M¢j udziat polegat na wsparciu w opracowaniu koncepcji pracy, pozyskiwaniu finansowania,
wspdluczestnictwie przy pozyskiwaniu i interpretacji danych, przeprowadzeniu analizy
statystycznej oraz wspoélprzygotowaniu i zapewnieniu nadzoru merytorycznego nad
powstawaniem manuskryptu.
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Prof. dr hab. n. med. Rafat Poreba

Prof. dr hab. n. med. Rafat Porgba

SRS

Katedra i Klinika Chorob Wewnetrznych, Zawodowych,
Nadcisnienia Tetniczego i Onkologii Klinicznej
Uniwersytetu Medycznego we Wroctawiu

Ul. Borowska 213

50-556 Wroctaw

LR LA R A

OSWIADCZENIE
Oswiadczam, ze w pracy:

1. Hajdusianek Wojciech, Zorawik Aleksandra, Porgba Rafal, Ga¢ Pawel: Assessment
of aortic stiffness in computed tomography - methodology of radiological
examination from 2000 to 2020, Polish Journal of Radiology, 2022, vol. 87, nr 1, e635-
€640, DOI:10.5114/pjr.2022.121556.

Moj udziat polegat na wsparciu w przygotowaniu projektu pracy.

2. Gaé Pawel’, Hajdusianek Wojciech’, Zérawik Aleksandra, Macek Piotr, Poreba
Malgorzata, Poreba Rafat: Thickness and volume of epicardial adipose tissue in
relation to stiffness and elasticity of aorta assessed by computed tomography
angiography, Biomedicines, 2023, wvol. 11, nr 6, art.1617 [16 s],
DOI:10.3390/biomedicines 11061617

Méj udziat polegat na wsparciu w opracowaniu koncepcji pracy, wspotuczestnictwie przy
pozyskiwaniu i interpretacji danych, przeprowadzeniu analizy statystycznej oraz zapewnieniu
nadzoru merytorycznego nad przygotowaniem manuskryptu.

3. Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Poreba Matgorzata, Porgba
Rafal, Ga¢ Pawet: Stiffness and elasticity of aorta assessed using computed
tomography angiography as a marker of cardiovascular health - a cross-
sectional study, Journal of Clinical Medicine, 2024, vol. 13, nr 2, art.384 [16 s ],
DOI:10.3390/jcm13020384.

Moj udziat polegat na wsparciu w opracowaniu koncepcji pracy, wspotuczestnictwie przy
pozyskiwaniu i interpretacji danych, przeprowadzeniu analizy statystycznej oraz zapewnieniu
nadzoru merytorycznego nad przygotowaniem manuskryptu.

m"”ém&w we Wroctaw,
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Dr hab. n. med. Matgorzata Poreba prof. AWF

TR S

7C 072079 wy«

v D hab. n. med. Matgorzata Porgba prof. AWF

Zaktad Spotu Paraolimpijskiego
Akademii Wychowania Fizycznego

im. Polskich Olimpijczykow we Wroctawiu
Ul. Witelona 25a

51-617 Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy:

1

M6j

Gacé Pawel’, Hajdusianek Wojciech’, Zérawik Aleksandra, Macek Piotr, Poreba
Matgorzata, Poreba Rafat: Thickness and volume of epicardial adipose tissue in
relation to stiffness and elasticity of aorta assessed by computed tomography
angiography, Biomedicines, 2023, wvol. 11, nr 6, art.1617 [16 s.],
DOI:10.3390/biomedicines11061617

udziat polegat na zapewnieniu nadzoru merytorycznego nad przygotowaniem

manuskryptu.

2. Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Poreba Matgorzata, Poreba

Rafal, Ga¢ Pawet: Stiffness and elasticity of aorta assessed using computed
tomography angiography as a marker of cardiovascular health - a cross-
sectional study, Journal of Clinical Medicine, 2024, vol. 13, nr 2, art.384 [16 s.],
DOI:10.3390/jcm13020384.

Mo6j udziat polegat na zapewnieniu nadzoru merytorycznego nad przygotowaniem
manuskryptu.
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Lek. Aleksandra Zérawik

Wroctaw, data.£9-.25 14
Lek. Aleksandra Zérawik

Katedra Zdrowia Populacyjnego

Zaktad Zdrowia Srodowiskowego i Medycyny Pracy
Uniwersytetu Medycznego we Wroctawiu

Ul. Jana Mikulicza-Radeckiego 7

50-368 Wroctaw

OSWIADCZENIE
Oswiadczam, ze w pracy:

1. Hajdusianek Wojciech, Zérawik Aleksandra, Poreba Rafat, Ga¢ Pawel
Assessment of aortic stiffness in computed tomography -
methodology of radiological examination from 2000 to 2020, Polish
Journal of Radiology, 2022, wvol. 87, nr 1, e635-e640,
DOI:10.5114/pjr.2022.121556.

Méj udzial polegat na wsparciu w poszukiwaniu literatury i udziale w redakcji
manuskryptu.

2. Ga¢ Pawel’, Hajdusianek Wojciech®, Zérawik Aleksandra, Macek Piotr,
Poreba Matgorzata, Poreba Rafal: Thickness and volume of epicardial
adipose tissue in relation to stiffness and elasticity of aorta
assessed by computed tomography angiography, Biomedicines,
2023, vol, 11, nr 6, art.1617 [16 s.], DOI:10.3390/biomedicines11061617

Moj udziat polegal na wsparciu w poszukiwaniu literatury i udziale w redakcji
manuskryptu.

3. Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Poreba
Matgorzata, Poreba Rafat, Ga¢ Pawel: Stiffness and elasticity of aorta
assessed using computed tomography angiography as a marker of
cardiovascular health - a cross-sectional study, Journal of Clinical
Medicine, 2024, vol. 13, nr 2, art.384 [16 s.], DOI:10.3390/jcm13020384.

M6j udziat polegat na wsparciu w poszukiwaniu literatury i udziale w redakcji
manuskryptu.
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Lek. Piotr Macek

Wroctaw,
data. £0.05- .

Lek. Piotr Macek

Katedra i Klinika Choréb Wewnetrznych, Zawodowych,
Nadciénienia Tetniczego | Onkologii Klinicznej
Uniwersytetu Medycznego we Wroctawiu

Ul. Borowska 213

50-556 Wroctaw

OSWIADCZENIE
Oswiadczam, ze w pracy:

1. Ga¢ Pawel, Hajdusianek Wojciech®, Zérawik Aleksandra, Macek Piotr,
Poreba Malgorzata, Poreba Rafat: Thickness and volume of epicardial
adipose tissue in relation to stiffness and elasticity of aorta
assessed by computed tomography angiography, Biomedicines,
2023, vol. 11, nr 6, art.1617 [16 s.], DOI:10.3390/biomedicines11061617

Méj udziat polegat na wspétuczestnictwie przy pozyskiwaniu i interpretacji
danych,

2. Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Poreba
Matgorzata, Porgba Rafat, Ga¢ Pawet: Stiffness and elasticity of aorta
assessed using computed tomography angiography as a marker of
cardiovascular health - a cross-sectional study, Journal of Clinical
Medicine, 2024, vol. 13, nr 2, art.384 [16 s.], DOI:10.3390/jcm13020384.

M6j udziat polegat na wspétuczestnictwie przy pozyskiwaniu i interpretacji
danych.
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Lek. Wojciech Hajdusianek

Wroclaw, data...l..
Lek. Wojciech Hajdusianek

Katedra Zdrowia Populacyjnego

Zaktad Zdrowia Srodowiskowego | Medycyny Pracy
Uniwersytetu Medycznego we Wroctawiu

Ul. Jana Mikulicza-Radeckiego 7

50-368 Wroctaw

OSWIADCZENIE
Oswiadczam, ze w pracy:

1. Hajdusianek Wojciech, Zérawik Aleksandra, Poreba Rafat, Ga¢ Pawet:
Assessment of aortic stiffness in computed tomography -
methodology of radiological examination from 2000 to 2020, Polish
Journal of Radiology, 2022, wvol. 87, nr 1, e635-e640,
DOI:10.5114/pjr.2022.121556.

Méj udziat polegat na poszukiwaniu i analizie dostepnej literatury naukowej,
udziale w opracowaniu koncepcji badania, oraz przygotowaniu manuskryptu.

2. Ga¢ Pawet’, Hajdusianek Wojciech®, Zérawik Aleksandra, Macek Piotr,
Poreba Matgorzata, Poreba Rafat: Thickness and volume of epicardial
adipose tissue in relation to stiffness and elasticity of aorta
assessed by computed tomography angiography, Biomedicines,
2023, vol. 11, nr 6, art.1617 [16 s.], DOI:10.3390/biomedicines11061617

Méj udziat polegat na wspdtuczestnictwie przy pozyskiwaniu i interpretacji
danych, udziale w opracowaniu koncepcji badania, udziale w analizach
statystycznych, graficznym opracowaniu wynikéw badania, poszukiwaniu i
analizie dostepnej literatury naukowej oraz przygotowaniu manuskryptu.

3. Hajdusianek Wojciech, Zérawik Aleksandra, Macek Piotr, Porgba
Matgorzata, Poreba Rafat, Ga¢ Pawet: Stiffness and elasticity of aorta
assessed using computed tomography angiography as a marker of
cardiovascular health - a cross-sectional study, Journal of Clinical
Medicine, 2024, vol. 13, nr 2, art.384 [16 s.], DOI:10.3390/jcm13020384.

Méj udziat polegat na wspétuczestnictwie przy pozyskiwaniu i interpretacji
danych, udziale w opracowaniu koncepcji badania, udziale w analizach
statystycznych, graficznym opracowaniu wynikéw badania, poszukiwaniu i
analizie dostepnej literatury naukowe] oraz przygotowaniu manuskryptu.
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