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ZKkratky

ASKVO — ateroskleroticka kardiovaskularni onemocnéni
BMS — metalicky stent

CathLab — katetrizacni laboratof

c¢Tn — srde¢ni troponin

DALYs —roky zivota vazené disabilitou
DAPT — dudlni antiagregacni terapie
DES — 1€kovy stent

EKG — elektrokardiogram

HDL — lipoproteiny o vysoké hustoté
ICHS — ischemicka choroba srde¢ni
KM - kardiovaskularni mortalita

KVO - kardiovaskularni onemocnéni
LDL — lipoproteiny o nizké hustoté

LV EF — ejekéni frakce levé komory

MKN-10 — mezinarodni statisticka klasifikace nemoci a pfidruzenych zdravotnich

problému

NSTEMI — infarkt myokardu bez elevaci ST tseku
PCI — perkutanni koronarni intervence

pPCI — primérni perkutanni koronarni intervence
STEMI — infarkt myokardu s elevacemi ST tseku
TIMI — thrombolysis in myocardial infarction
YLDS - roky Zivota ztracené disabilitou

YLLs —roky zivota ztracené pted¢asnym umrtim



Abstrakt

Uvod: Dlouhodoby kardiovaskuldrni osud pacienti, deli nez 5 let, po priméarni
perkutanni koronarni intervenci (pPCI) pro infarkt myokardu s elevacemi ST useku
(STEMI) neni dosud rozsdhle popsan. V soucasné dobé nejsou bézné dostupné
prediktivni modely pro stratifikaci rizika dlouhodobé kardiovaskularni mortality (KM) u

této skupiny pacientd.

Cile: Zhodnotit dlouhodobou celkovou mortalitu a KM ve skupiné pacientl po pPCI pro
STEMI. Identifikovat rizikové faktory pro dlouhodobou KM. Sestavit prediktivni model

ke stratifikaci rizika dlouhodobé KM.

Metodika: Byla provedena akademicka, retrospektivni, dvoucentricka studie zahrnujici
pacienty, ktefi prodélali pPCI pro akutni STEMI v Kardiocentru Nemocnice Ceské
Budgjovice, a.s. a Kardiocentru Fakultni nemocnice Kralovské Vinohrady a 3. 1ékaiské
fakulty Univerzity Karlovy mezi bfeznem 2008 a prosince 2019. Populacni data byla
ziskana z prospektivnich registrii vytvarenych béhem inicidlni hospitalizace. Mortalitni

data byla extrahovana z Ustavu pro zdravotnické informace a statistiku Ceské republiky

Vysledky: Do studie bylo zahrnuto 5263 pacientd, ktefi byli 1é¢eni pomoci pPCI pro
STEMLI. Bylo zjisténo, ze KM byla zodpovédna celkem za 65% umrti. Medidn sledovani
byl 5,1 let. Na zaklad¢ multivariantni analyzy byly identifikovany nezévislé prediktory
pro dlouhodobou KM — v¢k, anamnéza diabetu mellitu, anamnéza srdecniho selhani,
anamnéza renalni insuficience, tfida Killip pfed pPCI a uspésnost pPCl. Na zaklad¢
ziskanych dat byl sestaven prediktivni model pro dlouhodobou KM s dobrou

diskrimina¢ni hodnotou (C-statistic = 0,836).



Zavér: Kardiovaskularni onemocnéni jsou nejcastéjsi pticinou dlouhodobé mortality u
pacientti po pPCI pro akutni STEMI v Ceské republice. Ke stratifikaci rizika dlouhodobé
KM byl sestaven prediktivni model. Stratifikace rizika dlouhodobé KM muze vést
k optimalizaci sekundarné¢ preventivni terapie s naslednym zlepSenim morbidity,

mortality a redukei socioekonomickych konsekvenci u pacienttt po pPCI pro STEMI.



Abstract

Background: The long-term cardiovascular outcome in patients, longer than 5 years,
after primary percutaneous coronary intervention (pPCI) for ST-segment elevation
myocardial infarction (STEMI) has not been extensively described yet. The predictive
model for risk stratification of long-term cardiovascular mortality (CM) in this group of

patients is not routinely available.

Endpoints: To assess long-term overall mortality and CM in a group of patients after
pPCI for STEMI. To identify risk factors for long-term CM. To build a predictive model

to stratify the risk of long-term CM.

Methods: An academic, retrospective, two-center study was conducted including patients
who underwent pPCI for acute STEMI at the Cardiocenter of Hospital Ceske Budejovice
and the Cardiocenter of the University Hospital of Kralovske Vinohrady and the Third
Faculty of Medicine of the Charles University between March 2008 and December 2019.
Population data were obtained from prospective local registers created during the initial
hospitalization. Mortality data were extracted from the Institute for Health Information

and Statistics of the Czech Republic.

Results: The study included 5263 patients who were treated with pPCI for STEMI. CM
was found to be responsible for a total of 65% of deaths. The median of the follow-up
was 5.1 years. Based on multivariate analysis, independent predictors for long-term CM
were identified as — age, history of diabetes mellitus, history of heart failure, history of
renal insufficiency, Killip class before pPCI and pPCI success. Based on the obtained
data, a predictive model for long-term CM with a good discriminative value (C-statistic

=0.836) was built.



Conclusion: Cardiovascular diseases are the most common cause of long-term mortality
in patients after pPCI for acute STEMI in the Czech Republic. A predictive model was
built to stratify the risk of long-term CM. Risk stratification of long-term CM may lead
to optimization of secondary preventive therapy with consequent improvement in
morbidity, mortality, and reduction of socioeconomic consequences in patients after pPCI

for STEML.
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1. Uvod do problematiky

Kardiovaskularni onemocnéni jsou nejcastéjsi pticinnou celosvétové mortality [1].
Prevalence téchto onemocnéni se v poslednich tiech dekddach téméf zdvojnésobila,
zatimco narast mortality na kardiovaskularni onemocnéni byl pfiblizné

padesatiprocentni [2].

Ischemicka choroba srde¢ni (ICHS) je nejvyznamnéjsi piicinou morbidity a mortality ve
vyspélych zemich, pficemz akutni infarkt myokardu je nejcastéjsi prvni manifestaci této
choroby [3][4]. S ohledem na rozsahl¢ socioekonomické konsekvence vysoké prevalence
ICHS, je od poloviny 20. stoleti kladen dlraz na vyzkum rizikovych faktor pro ICHS a
vyvoj terapeutickych metod. V souvislosti stim dochdzi i k rozvoji primarn¢ a

sekundarné preventivni péce.

Zasadnim milnikem vyzkumu kardiovaskuldrnich onemocnéni bylo zahdjeni
Framinghamské studie, na jejimz podkladé byly poprvé identifikovany rizikové faktory

pro rozvoj kardiovaskularnich onemocnéni [5].

V dtsledku postupného rozvoje terapeutickych moznosti doSlo zejména v poslednich
desetiletich za zasadniho pfispéni miniinvazivnich intervencnich metod k vyraznému
poklesu mortality na akutni koronarni syndromy ve vyspélych zemich. Vyznamny pokles
v mortalit¢ byl pozorovdn zejména u pacientii s infarktem myokardu s elevacemi ST
useku (STEMI) 1é€enych pomoci primarni perkutanni korondrni intervence (pPCI) oproti
pacientiim podstupujicim farmakologickou trombolytickou terapii [6]. S ohledem na

hustou sit’ kardiocenter terciarni péce, je terapii volby pro STEMI v Ceské republice
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pPCIL. Zastoupeni trombolytické terapie je zcela minoritni a indikované pouze

v ojedinélych piipadech.

V soucasné dobé¢ se diky vySe zminénému progresivnimu piistupu nemocni¢ni mortalita
na STEMI v Ceské republice pohybuje v rozmezi 6,1% aZ 8,6% a 30denni mortalita okolo

7,2% [71[8].

Data o dlouhodobém osudu pacientli po STEMI del§im neZ 5 let jsou vSak dostupnd pouze
omezené nejen v Ceské republice, ale i ve svéts. Dosud bylo publikovano pouze nékolik
studii tykajicich se dlouhodobého kardiovaskuldrniho osudu pacientti po pPCI pro

STEMI.

Identifikace rizikovych faktori pro nezadouci dlouhodoby kardiovaskularni osud

pacientli po pPCI pro STEMI je zasadni pro optimalni sekundarn€ preventivni terapii.

S ohledem na strukturu sekundarné preventivni péée v Ceské republice, naristajici
prevalenci pacienti s ICHS a nové terapeutické moznosti je dulezité zhodnotit
dlouhodoby kardiovaskularni osud pacientii po pPCI pro STEMI v této populaci a
identifikovat rizikové faktory pro dlouhodoby nezddouci kardiovaskularni osud.
Vysledky tohoto vyzkumu by mohly piispét k cilenéjsi a efektivnéjsi sekundarné
preventivni terapii pacienti po STEMI, jejimz disledkem by mohlo byt zlepSeni

prognozy pacientli a redukce neptiznivych socioekonomickych konsekvenci.

1.1 Definice infarktu myokardu s elevacemi ST useku

Akutni infarkt myokardu je na zékladé ¢tvrté univerzalni definice infarktu myokardu

definovan jako myokardidlni poskozeni s klinickymi projevy myokardialni ischemie.

14



Myokardidlni poskozeni je definovano jako laboratorni detekce vzestupu a/nebo poklesu
srde¢niho troponinu (cTn) alesponl jednou hodnotou nad 99. percentil horni referenéni
meze. Soucasné musi byt pfitomna nejméné jedna z nésledujicich zndmek myokardialni

ischemie:

1. Klinické pfiznaky myokardialni ischemie

2. Nov¢ ischemické zmény na elektrokardiogramu (EKG)

3. Rozvoj patologickych kmiti Q

4. Zobrazovacimi metodami prokézand nova ztrata viabilniho myokardu nebo
nova porucha kinetiky odpovidajici ischemické etiologii

5. Identifikace koronarniho trombu pfi angiografii, nebo pitvé [9]
Na zakladé ctvrté univerzalni definice je infarkt myokardu délen na 5 typt.

Typ 1 je asociovan sischemickou chorobou srde¢ni na podkladé ruptury
aterosklerotického platu vedouci k parcidlni ¢i totdlni okluzi lumen koronarni tepny.

Obrazek 1.

Typ 2 vznikd pfi nepoméru mezi pozadavky myokardidlni tkdné¢ na kyslik a jeho
dodavkami korondrnimi tepnami. Tento typ infarktu myokardu vznikd u pacientl se
stabilni ischemickou chorobou srdecni pii nahlém navysSeni pozadavkl myokardialni
tkan€é na dodavky kysliku v disledku piisobeni stresoru, napiiklad tachyarytmie. Téz
muze vzniknout pfi stabilnich pozadavcich myokardidlni tkan¢ na zasobeni kyslikem pfi
poklesu vazebné kapacity krve pro kyslik. Pfikladem je signifikantni pokles

hemoglobinu.
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Infarkt myokardu I. typu

Rupturaferoze plitu s okluzivnim
trombem

— »

Ruptura/eroze plitu s neokluzivnim
trombem

Obrazek 1. Infarkt myokardu — typ 1. Upraveno z [9].

Typ 3 je definovan jako nahld srdecni smrt u pacientd prezentujicich se symptomy
myokardidlni ischemie, u kterych dojde k umrti diive, nez je infarkt myokardu prokazan

laboratornimi metodami.
Typ 4 je asociovan s vykonem na koronarnich tepnach. D¢li se na nasledujici podtypy.

a. Infarkt myokardu asociovany s perkutanni korondrni intervenci
b. Infarkt myokardu asociovany s trombo6zou stentu

c. Infarkt myokardu asociovany s restendzou ve stentu

Typ 5 je definovan jako infarkt myokardu asociovany s kardiochirurgickym feSenim

ischemické choroby srde¢ni pomoci aortokoronarniho bypassu [9].

Infarkt myokardu s elevacemi ST tuseku je definovan jako elevace ST useku (nebo

ekvivalent elevace ST useku) alespont ve 2 sousednich svodech za soucasného splnéni
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kritérii pro akutni infarkt myokardu [10]. Za elevaci ST tseku na EKG je povaZovéana
elevace > 2,5mm u muzi pod 40 let, > 2 mm u muzii nad 40 let, nebo > 1,5 mm u Zen ve
svodech V2-V3 a/nebo v ostatnich svodech > Imm (v pifipad€ absence hypertrofie levé
komory srde¢ni nebo blokady levého raménka Tawarova) [11]. S ohledem na nutnost
casné reperfuzni terapie se v klinické praxi akceptuje v rdmci pracovni diagnézy STEMI
pocatecni splnéni kritérii myokardidlni ischemie bez nutnosti laboratorniho prikazu

myokardidlniho poskozeni [10].

1.2 Patofyziologie

1.2.1 Patofyziologie aterosklerdozy

Ateroskleroza je hlavnim rizikovym faktorem kardiovaskuladrnich onemocnéni. Jedna se
o chronické zanétlivé onemocnéni postihujici sténu arterii vedouci ke zuzeni prasvitu
lumen. Vyvoj aterosklerotickych plati trva obvykle desitky let, nez dojde ke vzniku

klinicky vyznamného platu a jeho manifestaci.

Rozvoj aterosklerdzy zaCina v oblasti endotelu arteridlni stény. Endotel je tvofen jednou
vrstvou endotelovych bunék, které vytvari bariéru mezi intravazalnim a extravazalnim
prostiedi. Soucasné funguje jako senzor, ktery ziskava signaly z intravazalniho prostiedi
skrze chemické latky ¢i mechanické napéti a predava je do dalSich vrstev cévni stény.
Mechanické sily plisobici na endotel se podili na udrzovani homeostazy, integrity cévni
stény a jejim tonu. K hlavnim mechanickym silam, které piisobi na cévni sténu patii
tahové napéti zptisobené krevnim tlakem, protazeni a smykové napéti cévni stény, a
tangencialni sila pisobici k cévni sténé€ [12]. Tyto sily hraji dilezitou roli v rozvoji

ateroskler6zy, jejich velikost a smér je rozpozndvan mechanoreceptory endotelu a
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pfenaSeny dale jako biochemickd signalizace vedouci k regulaci exprese genil
zodpovédnych za morfologii, proliferaci a adhezi. Typickymi predilekénimi misty pro
rozvoj aterosklerdzy jsou bifurkace a odstupy tepen v disledku pisobeni vyse zminénych

sil na cévni sténu [13].

V disledku strukturdlnich a funkénich zmén v endotelidlni bariéfe dochazi k rozvoji
aterosklerotickych zmén. Kardiovaskularni rizikové faktory a proaterogenni stimuly, jako
jsou vek, pohlavi, diabetes mellitus, koufeni, obezita, arterialni hypertenze, dyslipidémie,
genetickd predispozice zvySuji permeabilitu endotelu a vedou k dysbalanci
v metabolismu reaktivnich kyslikovych forem. Nadprodukce reaktivnich forem kysliku
pusobi oxidaéni stres, ktery vede k prozanétlivému stavu, jehoz vysledkem je zména
genové exprese a funkéni prestavba cévni stény. Dochazi ke zmén¢ endotelidlni
permeability, transendotelidlnimu transportu molekul a ukladéni lipoproteinti o nizké
hustoté (LDL), v jejichz disledku dochazi k infiltraci cirkulujicich leukocytd do tunici
intimi arteridlni stény [14]. Takto dochazi k postupnému rozvoji endotelidlni dysfunkce.
Vzhledem k dysfunkci neni endotel schopen udrzovat homeostdzu, cévni sténa je
nachylnéjsi k vazokonstrikci, lipidové infiltraci, adhezi leukocytd, aktivaci krevnich
desticek a oxida¢nimu stresu [13]. LDL se vcévni sténé vazi na extracelularni
proteoglykany a tvoii agregaty. Cirkulujici monocyty v krevnim ob&hu zacinaji adherovat
na endotel, ktery exprimuje adhezni molekuly jako jsou vaskularni adhezni molekula-1 a
selektiny. Nasledné dochazi k prostupu cévni sténou do subendotelu pomoci diapedeze
[15]. Monocyty fagocytuji lipidové ¢asti v subendotelialnim prostoru a méni se v pénové
bunky. Setrvdvani LDL castic v subendotelu vede k jejich oxidaci a naslednym
chemickym modifikacim. Oxidace LDL ¢astic je stimulovana monocyty, endotelidlnimi

bunikami a bunkami hladkého svalstva. Oxidovany LDL indukci sekrece makrofago-
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chemotaktického proteinu 1 endotelidlnimi buiikami vede k silné chemotaxi monocytl

[16][17]. Obrézek 2.

Pathogenesis of atherosclerosis

Hypercholesterolemia

oxLDL | ICAM-1
VCAM-1 v P- and E-selectins

Adherence of monocytes
to arterial endothelium

MCP-1
CCR2
CXCR2

Penetration of monocytes

into the artery
Smooth
Oxidation, aggregation, muscle
or immune complexing | MCSF cells

of LDL; B-VLDL

Phenotypic modulation,
expression of scavenger receptors,
imbibition of modified LDL

SRA-1, CD36, other
scavenger receptors

Fatty streak, made up mainly
of cholesterol-rich foam cells

Obrazek 2. Sekvence tvorby tukového prouzku — aterosklerotické léze. Upraveno z [17].

ICAM-1, intracellular adhesion molecule 1; VCAM-1, vascular cell-adhesion molecule 1; MCP-1,
monocyte chemoattractant protein 1; CCR2, CC chemokine receptor 2; CXCR2, CX chemokine receptor
2; VLDL, very-low-density lipoprotein; MCSF, monocyte colony-stimulating factor; oxLDL, oxidated low-

density lipoprotein.
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Makrofagy soucasné exprimuji ¢etné scavengerové receptory, které jsou schopné vazat
ligandy vcetné rlznych forem lipoproteinii, coz vede k masivni akumulaci

intracelularniho cholesterolu [17].

Dalsimi receptory exprimovanymi makrofagy jsou Toll-like receptory, které jsou
schopny rozpoznavat cizi patogeny. Pfes tyto receptory jsou makrofagy schopny spoustét
signalni kaskadu vedouci k produkci cytokinti stimulujici lokalni zanétlivou reakei a
produkci bunék hladkého svalstva. Makrofagy dale produkuji cytokiny jako interleukin 1
a tumor-nekrotizujici faktor o, pomoci kterych reguluji funkce bunék zapojenych do
procesu aterosklerdzy. Nedilnou roli v amplifikaci zanétlivé odpovédi hraji i T-lymfocyty

[16].

V ramci metabolismu makrofaglhi v subendotelidlnim prostoru dochazi k reesterifikaci
piebyte¢ného cholesterolu pomoci enzymu acylkoenzym A acylcholesterol transferazy.
Nadbytecny cholesterol se hromadi v makrofazich jako lipidové kapénky a vytvaii tak
penové bunky. S progresi cholesterolovych hmot dochdzi ke zvyseni mnozstvi volného

cholesterolu v pléatu na tkor esterifikovaného cholesterolu [16][18].

Vyvinuty ateromovy plat obsahuje lipidové jadro bohaté na extracelularni cholesterol a
cholesterol estery, z nichz nékteré jsou ve formé krystall. Toto lipidové jadro je
obklopené vazivovou tkani a pénovymi bunikami. Tyto formy makrofagii jsou vysoce
aktivni a produkuji cCetné prozanétlivé cytokiny (tumor nekrotizujici faktor o,
interleukiny) a metaloproteindzy, kterymi amplifikuji lokalni z&nétlivou odpovéd'.
Tvorba vazivové tkané obklopujici lipidové jadro je indukovéna bunikami hladké
svaloviny. Cast, ktera oddé&luje ateroskleroticky plat od lumen tepny je oznadovana jako

vazivova Cepicka [19].
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Aterosklerotické platy klasifikujeme dle Dr. Staryho na zakladé histologické struktury a
biochemického slozeni platu. Obrazek 3. Pro akutni koronarni syndrom jsou diilezité
zejména aterosklerotické platy oznaované dle vySe zminéné klasifikace jako pokrocilé
1éze. Tento typ aterosklerotickych platl je charakterizovan dezorganizaci struktury cévni
stény v dasledku akumulace lipidovych bun¢k, zéanétlivych bunék, minerald,
extracelularni matrix a dalSich latek. V dusledku vySe zminénych procesit dochazi ke
ztenceni intimy arterialni st€ny a zvySeni jeji vulnerability. Pfi¢inou morbidity a mortality
na koronarni aterosklerézu jsou zpravidla pokrocilé 1éze klasifikované jako IV a V.
dale déleny podle charakteru poskozeni na VIa — poruseny povrch platu; VIb — krvaceni
do platu, nebo hematom; VIc — arteridlni trombdza nasedajici na ateroskleroticky plat.
V disledku nahlé progrese objemu aterosklerotického platu dochéazi k ztzeni lumen
korondrni tepny, parcidlni, nebo totdlni obliteraci prutoku krve s naslednou ischemii

v navazujicim povodi infarktové tepny [20].
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Progression of atherosclerosis

Nomenclature and . . Main Earliest | Clinical
BNCH Sequences in progression growth ariest | corre-
g histowgy mechanism|  O"Set |ation
Type I (initial) lesion
isolated macrophage o
foam cells from
- first
Type II (fatty streak) lesion decade -
mainly intracellular e growth Cl's'}'l'gglly
lipid accumulation mainly
by
Type III (intermediate) lesion lipid
Type II changes & small @ accumu-
extracellular lipid pools lation Fri
Type IV (atheroma) lesion d;@;‘ée
Type II changes & core of @
extracellular lipid
Type V (fibroatheroma) lesion accelerated
lipid core & fibrotic layer, smooth clinicall
or multiple lipid cores & fibrotic V )& musgle S”emy
layers, or mainly calcific, coﬁggen fi or
e rom
or mainly fibrotic increase | fourth overt
decade
Type VI (complicated) lesion
surface defect, thrombosis,
hematoma-hemorrhage, hematoma

thrombus

1.2.2 Patofyziologie infarktu myokardu
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Obrazek 3. Prehled aterosklerotického postizeni dle Staryho. Upraveno z [20].

Infarkt myokardu je z patologického hlediska definovan jako myokardidlni nekroza
vzniklad v dusledku ischemického inzultu. Vznikd na podkladé dysbalance mezi
pozadavky myokardidlni tkdn¢ na zdsobeni kyslikem a moznostmi kardiovaskularniho
systému dané pozadavky pokryt. Nejcastéj§im podkladem vzniku akutniho infarktu
myokardu je aterosklerotické postizeni korondrnich tepen. V ptipad€ pozvolného naristu

objemu aterosklerotického platu mize dojit v klidovém stavu k pokryti potfeby kysliku i




u jinak vyznamnych stenoz, tyto se manifestuji rozvojem ischemie az v ptipadé zvyseni
narokli myokardialni tkan€ na oxygenaci zpravidla v disledku zatéze [21]. Nejcastéji
vSak dochazi k infarktu myokardu na podkladé ruptury aterosklerotického platu
s nasedajici trombem vedouci k okluzi koronarni tepny s néslednou ischemii [22].
Zpocatku dochazi v oblasti ruptury aterosklerotického platu k adhezi desticek, jejich
aktivaci a agregaci. Nasledkem narGstajictho destickového (bilého) trombu a
navazovanim fibrinovych vlaken dochazi ke zvétSovani trombu a zachytavani erytrocytt.

Vysledkem je vznik ¢erveného trombu.

Mezi dal§i mozné pficiny okluze koronarni tepny vedouci k ischemii patii embolizace do

koronarni tepny, spasmus ¢i disekce korondrni tepny a dalsi.

Okluze koronarni tepny vede k bezprostiedni deterioraci aerobniho metabolismu
kardiomyocytu, coz usti v ¢asnou depleci adenosintrifosfatu a kumulaci produktl
metabolismu uvnitt kardiomyocytu. Béhem né€kolika minut dochazi ke strukturdlnim
zméndm na bunécné Urovni, které se stavaji po 15-20 minutdch ireverzibilnimi.
Typickymi strukturalnimi zménami znacici ireverzibilitu posSkozeni kardiomyocyti jsou
disrupce sarkolemy a zmény na urovni mitochondrii (otok, dezorganizace krist, atd.) [21].
Obrazek 4. Nekroza kardiomyocytt vede k rozvoji zanétlivé reakce s naslednou infiltraci
ischemického myokardu leukocyty [23]. Ackoliv je nekroza povazovéana za tradi¢ni
formu zaniku myokardidlnich bunék pii infarktu, na podkladé animélnich studii je

dokazano, ze k zaniku kardiomyocytti dochazi i formou apoptozy [24].

V piipadé¢ ¢asné reperfuze infarktové tepny dochazi k reaktivni hyperemii. Pokud dojde
k obnové perfuze v oblasti ireverzibilné zménénych kardiomyocytti, dochazi
k extravazaci krevnich bun€k vcetné leukocytli, coz vede k rychlému odstranéni

odumfelych kardiomyocyta [25].
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Na podkladé¢ dosud publikovanych studii se predpokladd, ze myokardialni ischemie
probiha od subendokardu po subepikard. Vliv na rozsah nekr6zy ma doba trvani ischemie
a soucasn¢ rozsah poruchy perfuze myokardialni tkdné. Zatim vSak neni zcela spolehlivé
vysvétlena pticina vyssi vulnerability subendokardu oproti midmyokardu a subepikardu.
Existuje né€kolik teorii vychazejicich z animalnich modeli, které vysvétluji zvySenou
vulnerabilitu subendokardu v disledku vyssi rezistence arterii, nebo v dusledku

systolického back-flow ze subendokardidlnich arterii do subepikardidlnich arterii

[21][26][27].

Irreversible cardiomyocyte injury
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Obrizek 4. Casné zmény kardiomyocytii v ischemickém myokardu. Upraveno z [21].

ATP, adenosintrifosfat.
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Humanni kardiomyocyty stejné jako kardiomyocyty ostatnich savcl postradaji
regeneracni mechanismy. Neni tedy v pfipadé nekrézy mozno pln¢ obnovit funkci
myokardidlni tkané. V disledku infarktu myokardu dochazi k odumieni miliard
kardiomyocytl, které jsou ndsledné¢ v rdmci reparacnich mechanismli nahrazovany
nekontraktilni vazivovou tkani. Proces hojeni probiha v disledku vysoce organizované
souhry zanétlivych bunék a mesenchymalnich bunék, jejimz vysledkem je formace jizvy
[21]. Navzdory tomu se vsak v posledni dobé diky pokroku v genetice a molekularni
biologii podafilo navodit regeneraci kardiomyocytii v n€kterych animalnich modelech.
Snaha soucasné molekularni biologie a genetiky je dosdhnout regeneracni schopnosti i u

humannich kardiomyocytt [28].

V ptipadé rozvoje akutni myokardialni ischemie charakteru infarktu myokardu dochazi
v prilehlé myokardidlni tkani k reverzibilnim zménam. Pfi déle trvajici akutni ischemii
dochazi po reperfuzi k pretrvavajici loziskové dysfunkci myokardu navzdory
neprobéhlé nekroze ¢i apoptdze kardiomyocytl. Tento stav je oznacovany jako omraceny
myokard. K restituci funkce dochazi zpravidla s odstupem nékolika dni az tydnt po
obnoveni perfuze dané oblasti. V1iv na tuto formu dysfunkce ma rozsah ischemie, doba

trvani ischemie, kolateralni ob¢h a ischemicka prekondice myokardu [29].

U pacientl s chronickou ICHS muze dochédzet pii vysSich ndrocich na prokrveni
myokardu ke snizeni koronarni rezervy. V dasledku toho se pti zvySené potiebé zasobeni
myokardu kyslikem rozviji pfechodna ischemie myokardu. Recidivami dochézi
k adaptaci kardiomyocytii na snizené¢ zdsobeni kyslikem jejich strukturdlnimi a
biochemickym zménami, coZ se projevuje reverzibilni dysfunkci myokardu, aniz by doslo
nekroze ¢i apoptéze kardiomyocytd. V ramci metabolismu kardiomyocytti dochazi

k poklesu zisku energie z aerobni § oxidace mastnych kyselin zavislé na dostatecném
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piisunu kysliku a navyseni podilu ziskdvané energie pomoci anaerobni glykolyzy. Tento
stav je oznaCovan jako hibernujici myokard. V ptipad¢ adekvatni revaskularizace mlize

dojit k restituci funkce myokardu [30][31][32].

U pacientli se STEMI dochdazi k totalni ¢i subtotalni okluzi koronarni tepny. Tento stav
zpravidla Usti v transmurdlnim ischemii myokardu. Zmény na EKG odpovidajici
elevacim ST Useku vznikaji v diisledku lokalni poruchy elektrické aktivity v ischemické
tkani ve smyslu depolarizace a repolarizace ovliviiujici sméry plisobeni elektrickych
vektort. V piipad¢ pozdni reperfuze dochazi k rozvoji kmitli Q na EKG, jakozto obraz
transmurdlnim nekrézy a vznikajici jizvy myokardu. Oproti tomu v pfipadé casné
reperfuze muize dojit pouze k netransmurdlni subendokardidlni ischemii. V takovém
pfipadé¢ nedochazi k rozvoji patologického kmitu Q na EKG a vysledné postizeni

myokardu je mensiho rozsahu.

1.3 Epidemiologie kardiovaskularnich onemocnéni

Kardiovaskularni onemocnéni jsou vedouci pfi¢inou celosvétové mortality se zasadnim

podilem na celosvétové morbidité a disabilité [1].

Prevalence kardiovaskularni onemocnéni se mezi lety 1990 a 2019 témét zdvojnasobila
z 271 milioni pacienti na 523 milionli pacientii. Soucasné¢ byl v daném obdobi
pozorovan narust kardiovaskularnich timrti z 12,1 milionu na 18,6 milionu pacientii za

rok [2].

K vyznamnému nardstu také doslo u rokl zZivota vazenych disabilitou (DALY's) a rokt
zivota ztracenych pred¢asnym umrtim (YLLs). Dvojnasobny nartst byl pozorovan u rokti

zivota ztracenych disabilitou (YLDs) z 17,7 milionu na 34,4 milionu [2].
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1.3.1 Epidemiologie ischemické choroby srdeéni

Ischemicka choroba srdecni je zodpovédna celosvétoveé za 16 % veskerych umrti [1].
Vroce 2019 byla svétovd prevalence ICHS odhadovdana na 197 milionu piipadi.
V disledku ICHS bylo v roce 2019 zaznamendno 9,14 milionu umrti a DALY's dosahly
182 milionii. Soucasné byl v§ak popisovan pokles ve vékove standardizovanych DALY,
mortalité a prevalenci, z ¢ehoz vyplivd, Ze nariast ICHS je dan rostouci populaci a jejim
starnutim. Obrazek 5. V celosvétovém méfitku byl pozorovan srovnatelny vyskyt
DALYs u muzi ve vékové kategorii 45 az 49 let jako u Zen ve vékové kategorii 65 az 69

let [2].

V ramci Evropy vykazuje mortalita na ICHS v dlouhodobém trendu mezi lety 1980 a
2009 setrvaly pokles. Vyraznéjsi sestupny trend je popisovan v zemich ,,zapadni®
Evropy, zejména v Nizozemsku, Velké Britanii a Irsku, kde je pokles vétsi nez 60%. V

zemich ,,vychodni Evropy je pokles méné vyznamny [33].
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Obrazek 5. Celkovy pocet a cetnost ischemické choroby srdecni celosvétove. Prevzato z [2].

(4) Celkovy pocet roki zivota vazenych disabilitou (DALY), umrti, prevalence, rokii Zivota
ztracenych disabilitou (YLD) a rokii Zivota ztracenych predcasnym umrtim (YLL) v dusledku
ischemické choroby srdecni, 1990 az 2019. Stinované oblasti predstavuji intervaly nejistoty 95
%.

(B) Celkovy pocet rokii Zivota vazenych disabilitou (DALY), umrti, prevalence, rokii Zivota
ztracenych disabilitou (YLD) a rokil Zivota ztracenych predcasnym vumrtim (YLL) u ischemické
choroby srdecni, standardizované podle véku a vsech vékovych kategorii, 1990 az 2019.

Stinované oblasti predstavuji intervaly nejistoty 95 %.
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1.3.2 Epidemiologie akutnich koronarnich syndromi

Akutni korondrni syndromy, mezi které fadime nestabilni anginu pectoris, infarkt
myokardu bez elevaci ST useku (NSTEMI), STEMI a nahlou srde¢ni smrt, jsou

nejcastéjs$i prvni manifestaci ischemické choroby srdecni.

V ramci akutnich koronérni syndromt byl v Evropé pozorovan trend v poklesu incidence
STEMI ze 121 na 77 na 100 000 obyvatel mezi lety 1997 a 2005, zatimco doSlo k nartstu
incidence infarktu myokardu bez elevaci ST useku ze 126 na 132 na 100 000 obyvatel ve
stejném ¢asovém useku. [34]. V ramci Evropy je soucasné pozorovan rozdil v incidenci
STEMI v rozmezi od 44 do 142 pacientd na 100 000 obyvatel [7]. Soucasné doslo
k poklesu incidence nestabilni anginy pectoris. Pficinami této zmény jsou pravdépodobné
sensitivnéjsi diagnostické metody, zejména vyuziti vysoce senzitivnich laboratornich
troponint Casteji prokazujici myokardidlni ischemii vedouci k diagnoéze akutniho infarktu

myokardu.

V rozmezi let 2005 a 2012 byl v ramci registrt CZECH-1 a CZECH-2 zaznamenéan
pokles vyskytu akutnich koronarnich syndromti v Ceské republice z3248
pacientl/milion obyvatel na 2149 pacientid/milion obyvatel. Vyrazny pokles incidence
byl pozorovan téz u nestabilni anginy pectoris z 1288 pacienti/milion obyvatel na 469
pacientl/milion obyvatel. V ramci incidence STEMI nebyl pozorovan signifikantni

pokles, v roce 2012 byla incidence 652 pacienti/milion obyvatel [35].

Incidence STEMI v Ceské republice se v roce 2017 pohybovala okolo 84 pacienti na
100 000 obyvatel. V ramci genderového rozlozeni 66 % piipada tvofili muzi a 34% Zeny.

Primérny v€k muzii byl 65 let a Zen 73 let [36].

29



Obdobné jako na zakladé jinych evropskych studii lze pozorovat i v ramci Ceské

republiky regiondlni variabilitu v incidenci STEMI [36].

V regionech s niz8i paritou kupni sily lze pozorovat vyssi incidenci STEMI oproti

regiontim s vys§i paritou kupni sily. Obrazek 6-7.
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Obrazek 6. Pocet hospitalizovanych pripadit STEMI/akutniho infarktu myokardu neurcené lokalizace

vroce 2017 na 100 000 obyvatel daného kraje, vékové standardizovano. Upraveno z [36].

LBK, Liberecky kraj;, HKK, Kralovehradecky kraj; PAK, Pardubicky kraj; OLK, Olomoucky kraj; MSK,
Moravskoslezsky kraj; ZLK, Zlinsky kraj; JHM, Jihomoravsky kraj; VYS, Vysocina; JHC, Jihocesky kraj;
PLK, Plzensky kraj; KVK, Karlovarsky kraj; ULK, Ustecky kraj; STC, Stredocesky kraj; PHA, Praha
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Obrazek 7. Median hrubych mésicnich mezd v roce 2017. Upraveno z [37].

LBK, Liberecky kraj;, HKK, Krdlovehradecky kraj; PAK, Pardubicky kraj; OLK, Olomoucky kraj; MSK,
Moravskoslezsky kraj; ZLK, Zlinsky kraj; JHM, Jihomoravsky kraj; VYS, Vysocina; JHC, Jihocesky kraj;
PLK, Plzeiisky kraj; KVK, Karlovarsky kraj; ULK, Ustecky kraj; STC, Stredocesky kraj; PHA, Praha

1.3.2.1 Casna mortalita na STEMI

Zavedeni pPCI jako terapie volby u pacientil prezentujicich se akutnim STEMI vedla
k vyraznému zlepSeni prezivani pacientl. V diisledku tohoto vyvoje podstupuje vétSina
pacientll s diagnézou akutniho STEMI v Evropskych zemich pPCI a nemocni¢ni
mortalita se pohybuje v rozmezi 4,2 az 13,5 %. Ceska republika disponuje velmi hustou
siti tercidarni nemocnicni péce zahrnujici kardiocentra. Vzhledem k ptiznivému
geografickému rozlozeni jednotlivych kardiocenter v Ceské republice podstupuji v
podstaté¢ vSichni pacienti pPCI a diky této Casné reperfuzni terapii se nemocni¢ni mortalita

pohybuje mezi 6,1% az 8,6% [7][8].

V Evropskych zemich se 30denni mortalita pohybuje okolo 8% [38], v Ceské republice

na zédklad¢ analyzy CZECH-2 registru okolo 7,2% [8].
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1.3.2.2 Dlouhodoba mortalita na STEMI

Dlouhodobé celkova mortalita pacientii se v prvnim roce po pPCI pro STEMI pohybuje
mezi 7,3% az 11,4% [38] [39][40][41]. V 5 a vice letech po pPCI se pohybuje dle dosud
publikovanych studii mezi 9,3% az 23,3%, dominantné vSak okolo 20% [38][39][40] [42]

[43][44][45]. Tabulka 1.

Tabulka 1. Dlouhodoba mortalita po primarni perkutanni korondrni intervenci pro infarkt myokardu s
elevacemi ST useku. Upraveno z [46].

Dlouhodoba mortalita po primarni perkutanni koronarni intervenci pro infarkt

myokardu s elevacemi ST useku

Autor Charakteristika studie Mortalita
Pocet VEéKk pacienti  Doba sledovani Sleta Sleta
pacienti  (primérny) (mésice) celkova kardialni

[38] Pedersen, F. 2804 62,7 56,4 23,3% 13,8%
[39] Parodi, G. 1009 63,0 51,0 20,0% 16,0%
[40]  Yamashita, Y. 3942 67,6 60,5 20,4% 12,2%
[42] Wang, F. 2346 64,3 74,4 18,8% 5,6%
[43] Widimsky, P. 429 65,0 60,0 19,0% NA

(pouze pPCI)
[44] Kozieradska, A. 505 58,6 63,6 21,0% NA
[45] Cui, K. 1205 60,0 60,1 9,3% 4,7%
PpPCI, primarni perkutanni koronarni intervence;, NA, nedostupné

Kardialni mortalita se v prvnim roce po pPCI pro STEMI pohybuje mezi 5,6% az 9,3%
[38][39][40][41]. Piicemz se v kazdém nasledujicim roce mortalita z kardialnich pti¢in
pohybuje mezi 1,1% az 1,5% [38][40]. V dlouhodobém follow-upu nad 5 let se mortalita

z kardialnich pti¢in pohybuje v rozmezi 4,7% az 16,0% [38][39][40][42][45].
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1.4 Rizikové faktory pro kardiovaskularni onemocnéni

Identifikace rizikovych faktorii pro kardiovaskuldrni onemocnéni byla poprvé provedena
na zaklad¢ analyzy dat Framinghamské studie. Tato studie iniciovanad v roce 1948
umoznila diky svému unikdtnimi designu identifikovat zakladni rizikové faktory pro

kardiovaskularni onemocnéni ve vSeobecné populaci [47].

Posouzenti rizika pacienta pro kardiovaskularni onemocnéni je jednim z hlavnich ukold
primarné preventivni péce. Screening rizikovych faktorli se dé€li na oportunisticky a
systematicky. Oportunisticky screening je provadén v piipadé ndhodné prilezitosti ke
zhodnoceni kardiovaskularnich rizikovych faktort v pfipadé jiného divodi navstévy
Iékate. Systematicky screening je provadén ve vSeobecné populaci dle konkrétniho
screeningového planu. Systematicky screening vede ke zlepSeni rizikovych faktord, ale
neni prokdzan ptiznivy vliv na prognozu kardiovaskuladrnich onemocnéni. Hodnoceni
rizika kardiovaskularnich onemocnéni ve vSeobecné populaci bez znamych rizikovych
faktorti (u muzt > 40 let a zen > 50 let) zvySuje zachyt kardiovaskularni rizikovych

faktord. Provadén by mél byt pravideln¢ naptiklad v pétiletych intervalech.

Kardiovaskularni rizikové faktory délime na modifikovatelné a nemodifikovatelné [48].

1.4.1 Hlavni modifikovatelné rizikové faktory
Modifikovatelné rizikové faktory je oznaceni pro faktory, které¢ jsme schopni ovlivnit
pomoci dietnich, rezimovych ¢i farmakologickych opatienich.

Mezi zakladni faktory fadime arteridlni hypertenzi, dyslipidémii, fumatorstvi, diabetes
mellitus a obezitu. Mezi dalsi identifikované rizikové faktory patii nedostatek pohybu
[49], nevhodna strava, chronickd renalni insuficience [50], systémova zanétliva

onemocnéni (systémovy lupus erythematodes, revmatoidni artritis, nespecifické stievni
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zanéty, HIV), syndrom spankové apnoe, chronickd obstrukéni plicni nemoc, dusSevni
choroby, erektilni dysfunkce, preeklampsie, syndrom polycystickych ovarii, pred¢asna
menopauza, migréna, nadorova onemocnéni a nealkoholové postizeni jater pfi steatoze

[48][51][52][53][54][55][56].

Arteridlni hypertenze byla identifkovdna jako nejvyznamnéjsi rizikovy faktor pro
kardiovaskularni onemocnéni. Riziko umrti na ateroskleroticka kardiovaskularni
onemocnéni (ASKVO) linedrné vzristd od hodnot arteridlniho tlaku 90/75 mmHg.
[48][57]. Na zaklad¢ analyzy studie Czech MONICA a Czech post-MONICA z let 2015-
2018 bylo zjisténo, Ze prevalence v Ceské populaci ve vékové kategorii 25-64 let se
pohybuje okolo 49% u muzi a 32% u zen. Pouze tfetina pacientli v Ceské populaci

dosahuje cilovych hodnot pfi 1é€b¢ arteridlni hypertenze [58]. Obrazek 8.
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Obrazek 8. Prevalence, znalost, lecba a kontrola arteridalni hypertenze v ceské populaci v letech 2015-

2018. Upraveno z [58].
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Dyslipidemie patii mezi nejvyznamnéjsi rizikové faktory ASKVO. Dlouhodobé snizeni
LDL vede k signifikantni redukei rizika vzniku ASKVO. Lipoproteiny o vysoké hustoté
(HDL) maji naproti tomu inverzni vztah k danému riziku, ackoliv velmi vysoké hladiny
mohou signalizovat riziko vyssi [48][59]. Prevalence dyslipidemie v ¢eské populaci
dosahuje ve vékové kategorii 25-64 let pfiblizné 81% u muzd a 73% u zen.
Hypolipidemiky je 1é€eno 12% pacientll, pficemz 77,4% pacientli je 1éCeno statiny,

nasleduji fibraty [58].

Fumatorstvi je zodpoveédné za 50% mortality u fumatort, pti¢emz 50% umira v dtsledku
ASKVO [48][60]. Fumatorstvi patii po arteridlni hypertenzi k nejvyznamnéj$im
faktoram pro DALY [48][61]. U pacientt, kteti jsou pasivnimi kutdky je téz zvyseno
riziko pro kardiovaskularni onemocnéni [48][62]. Prevalence fumatorstvi se v Ceské

populaci ve vékové kategorii 25-64 let pohybuje okolo 25% u muzii a 22% u Zen [58].

Diabetes mellitus 1. a 2. typu jsou prokdzanymi vyznamnymi faktory zvySujici riziko
ASKVO. Soucasné zvysuji riziko vyskytu dalsich rizikovych faktori pro ASKVO, a to
arteridlni hypertenzi a dyslipidémii [48][63]. Prevalence diabetu mellitu se v Ceské

populaci ve vékové kategorii 25-64 let pohybuje okolo 8% u muzt a 5% u Zen [58].

Obezita patii mezi vyznamné faktory zvySujici kardiovaskularni riziko. Byl prokazan
vztah mezi obezitou a mortalitou z kardiovaskuldrnich pficin [48][64]. Primérny body
mass index se v &eské populaci pohybuje okolo 29 kg/m? u muzi a 28 kg/m? u Zen,
pfi¢emz u Zen je patrny vyraznéjsi vzestup v zavislosti na véku oproti muziim. Prevalence
obezity se v Ceské populaci ve vékové kategorii 25-64 let pohybuje okolo 37% muzt a

32% zen.
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Nedostatek pohybové aktivity je prokdzanym rizikovym faktorem pro ICHS. Na zaklad¢
rozsdhle mnohondrodni studie bylo prokazano, Ze pohybové aktivita je protektivnim

faktorem pro vznik ICHS [49].

Nevhodné stravovani patfi k vyznamnych rizikovych faktorim pro rozvoj ICHS a
akutniho infarktu myokardu. Vyznamnou roli hraje pfijem tukl ve form¢ trans mastnych
kyselin. Ptispivaji k endotelidlni dysfunkci, inzulinové rezistenci a maji prozanétlivy
efekt vedouci k akceleraci ICHS [65]. Nedostate¢na konzumace ovoce a zeleniny je
prokdzanym faktorem pro rozvoj ICHS [66][67]. Bylo zjisténo, ze riziko
kardiovaskularnich onemocnéni klesa se zvySujicim se piijmem ovoce a zeleniny az do
uhrnného mnozstvi 800 g denné [68]. Mezi dalsi rizikové faktory patfi konzumace
rafinovanych sacharidt, které zvysuji riziko ICHS, zatimco vldknina mé prokazatelné
protektivni vliv [69]. Nadmérny piijem alkoholu je tfeti nejcastéjsi pti¢inou pred¢asného
tmrti v Evropské unii, pfi¢emz Ceské republika m4 tieti nejvyssi pijem &istého alkoholu

na osobu za rok v Evropské unii [66].

1.4.2 Hlavni nemodifikovatelné rizikové faktory

Nemodifikovatelné rizikové faktory oznaCuji faktory, které neni mozné ovlivnit
rezimovymi, dietnimi a farmakologickymi opatfenimi. Mezi tyto faktory patii vék,
pohlavi, rasa, geneticka predispozice, kardiovaskularni onemocnéni v anamnéze a

rodinnd anamnéza [66].

1.4.3 Hodnoceni rizika kardiovaskularnich onemocnéni v primarni prevenci

Hodnoceni rizika vzniku kardiovaskuldrnich onemocnéni (KVO) je v soucasné dobé
zaméteno predevsim na prevenci ASKVO. Pro hodnoceni 10-letého rizika vzniku fatalni

¢i nefatalni kardiovaskularni piihody se vyuziva systétm SCORE2. Tento systém je
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zameéfen na zdravou ¢i relativné zdravou populaci ve vékovém rozmezi 40-69 let se zatim
nelécenymi rizikovymi faktory, nebo dlouhodobé stabilnimi rizikovymi faktory.
Tabulkovy hodnotici systém SCORE?2 existuje ve ¢tyfech variantach pro zemé s nizkym,
sttednim, vysokym a velmi vysokym rizikem vzniku kardiovaskularnich onemocnéni.
Ceska republika je fazena mezi zemé s vysokym rizikem kardiovaskularnich onemocnéni

[48].

Dalsi parametry vyuzivané k odhadu rizika KVO jsou oznafovany jako potencidlni

modifikatory rizika. Jejich posouzeni muze byt zvazeno v piipadé, ze:

1. Zlepsuji predikci rizika

2. Dopad na vetejné zdravi je ziejmy
3. Hodnoceni proveditelné v kazdodenni praxi
4. Dostupné informace o zvyseni rizika v pfitomnosti negativniho vysledku

modifikdtoru a soucasné¢ o sniZeni rizika v pfitomnosti pozitivniho

vysledku modifikatoru
5. Literatura k modifikatoru neni zkreslena publikacnim bias

K bézné hodnocenym modifikatorim KVO rizika patii psychosocialni faktory, etnicita a
dale informace ziskané pomoci zobrazovacich metod. Ze zobrazovacich metod je mozné
vyuzit hodnoceni kalciového skore koronarnich tepen, angiografii koronarnich tepen
pomoci vypocetni tomografie, ultrasonografii karotid, index kotnik-paze a
echokardiografii. Dale se hodnoti kiehkost, pozitivni rodinna anamnéza,
socioekonomické determinanty rizika a télesné slozeni [48]. Vyzkum dalSich
potencidlnich modifikatori rizika probiha v oblasti genetiky, hodnoceni tuhosti arterialni

stény, faktorti spojenych se zZivotnim prosttedim, krevnimi a mocovymi biomarkery [48].
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Mnohé klinické jednotky sdileji spolecné rizikové faktory s KVO. Intenzivni terapii
rizikovych faktorii danych onemocnénich v ramci jejich sekundarni prevence lze

doséhnout redukce rozvoje KVO v rdmci prevence primarni [48].

1.4.4 Hodnoceni rizika kardiovaskularnich onemocnéni v sekundarni prevenci po

infarktu myokardu s elevacemi ST useku

Pacienti hospitalizovani a lé¢eni pro STEMI jsou ve vyssi riziku vzniku dalSich KVO
oproti vSeobecné populaci. V¢asna stratifikace rizika kardiovaskularnich komplikaci je
zasadni pro zvoleni dal$iho postupu akutni péce a soucasné pro optimalizaci sekundarné
preventivni péCe. Ke zhodnoceni rizika bylo sestaveno nékolik stratifikacnich systémii.
Mezi nejCastéji pouzivané patii TIMI, GRACE a CADILLAC skoére. Tyto systémy
umoziuji stratifikovat kratkodobou mortalitu do 30 dnti a dlouhodobou mortalitu od 6
mésict az po 1 rok [70][71][72].

Stratifikacni systémy pro odhad dlouhodobé kardiovaskularni mortality nad 5 let

Vv

v sekundarné preventivni péci po STEMI nejsou zatim bézné k dispozici.

1.5 Terapie infarktu myokardu s elevacemi ST useku

Terapie infarktu myokardu prodélala béhem 20. stoleti dramaticky vyvoj. Po vétSinu 20.
stoleti nebylo zcela jasné, zdali je korondrni trombdza jeho pficinnou, nebo pouze
posmrtnym nalezem. Suspekce na trombdzu jakoZto prvotni pfiinu infarktu myokardu
byla vyslovena Dr. Herrickem jiz v roce 1912 [73]. Teprve roku 1980 byla jednozna¢né
prokézéana koronarni trombdza jako etiologie vzniku infarktu myokardu Dr. DeWoodem

[22]. Zasadnim zlomem v terapii infarktu myokardu bylo vyuziti trombolyzy jako metody
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vedouci k disoluci trombotickych hmot plisobicich okluzi koronarni tepny. Poprvé byla
pouzita roku 1958 Dr. Fletcherem [74]. S odstupem nékolika let, bylo v Sedesatych letech
20. stoleti provedeno nékolik uspesnych pokusti o chirurgické feseni aortokorondrnim
bypassem s vyuzitim zilniho S§tépu a arteriokoronarnim bypassem s vyuzitim arteria
thoracica interna. Zasadni zéasluhu na rozvoji této metody, kterd si vyslouzila
nezastupitelné misto v terapii fady aterosklerotickych 1ézi na koronarnich tepnach méli
Dr. Kolesov, Dr. DeBakey a Dr. Favaloro [75][76][77]. Paraleln¢ s rozvojem
kardiochirurgickych ptistupit dochazelo k vyvoji katetrizacnich metod. V roce 1977 byla
provedena prvni perkutanni transluminalni balonkova angioplastika koronarni tepny Dr.
Gruntzigem [78]. Timto byl polozen zéklad oboru interven¢ni kardiologie, ktery se

postupn¢ stal dominantnim v feSeni akutnich infarkt myokardu.

1.5.1 Primarni perkutianni koronarni intervence

Na pocatku nového tisicileti doslo k dramatické zméné v piistupu k pacientiim s akutnim
STEMI. Na zakladé studii byla prokazana superiorita primarni perkutanni koronarni
intervence oproti vyuziti trombolyzy i1 v pfipadé vzdaleného transportu pacienta do
kardiocentra [6][79][80]. S ohledem na zasadni zménu v terapeutickém ptistupu byly
definovany poZadavky na kardiocentra zajist'ujici selektivni koronarografii a pPCI tak,

aby byla zajiSténa odpovidajici kvalita a dostupnost péce:

1. Dostupnost metody pro > 70% pacientli se STEMI
2. PPCI by méla byt provadéna v mnozstvi > 600 pacientti/1 000 000
obyvatel/rok

3. Dostupnost metody by méla byt 24/7 [81]
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V disledku prokazaného benefitu pPCI u pacienti se STEMI doslo ve vyspélych zemich
k vybudovani rozsahlé sité kardiocenter fungujicich dle vy$e zminénych principti. Ceska

republika se fadi mezi pfedni zemé& na svété v dostupnosti této metody.

1.5.1.1 Indikace k primarni perkutanni koronarni intervenci

Priméarni perkutdnni korondrni intervence je dle doporucenych postupti Evropské
kardiologické spolecnosti terapii volby u pacientti s akutnim STEMI, kteti se dostali do
nemocni¢niho zafizeni do 12 hodin o rozvoje symptomi, nebo do 120 minut od
diagnostiky STEMI. Tato strategie 1éCby je doporucovana i u pacientd, kteti se dostali do
nemocnice mimo vyse zminény cCasovy ramec, pokud jsou splnény nékterd z nize
uvedenych kritérii:

I. Znamky probihajici ischemie na EKG

2. Pretrvavajici nebo recidivujici bolesti a dynamické zmény na EKG

3. Pretrvéavajici nebo recidivujici bolesti, symptomy srdecniho selhani, Soku

nebo malignich arytmii

Rutinni perkutdnni koronarni intervence (PCI) neni doporucovana u asymptomatickych

pacientd s anamnézou obtizi delsi 48 hodin [10].

1.5.1.2 MozZnosti primarni perkutanni koronarni intervence

Priméarni perkutanni korondrni intervence je standardné provadéna pfistupem pies
radialni ¢i femoralni tepnu punk¢ni Seldingerovou metodou. Na zakladé studii MATRIX,
RIFLE-STEACS a RIVAL byl prokazan nizsi vyskyt komplikaci pfi vyuziti radialniho

pristupu oproti femoralnimu a je tedy ptistupem volby [82][83][84].
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Instrumentéarium vyuZzivané k plastice koronarnich tepen je ve velikostech v rozmezi 4-8
French. K zobrazeni koronarnich tepen pod rentgenovou kontrolou, po jejich
nasondovani katetry, se pouziva jodova kontrastni latka. Obvykla davka kontrastni latky

béhem koronarni intervence se pohybuje okolo 150 ml.

V ramci primarni perkutdnni intervence je mozno vyuzit balonovou angioplastiku, nebo
stenting pomoci bare-metal stentd (BMS) ¢i modernéjSich drug-eluting stentd (DES).
Obrazek 9. DES jsou potaZzeny antiproliferacnimi latkami vedouci k redukci neointimalni
hyperplazie zvySujici riziko restenozy [85]. Nejcastéji pouzivané intervencni techniky
délime na direct stenting, balonovou predilataci nasledovanou stentingem a plastiku

koronarni tepny pomoci lékem potazeného balonu. Obrdzek 10-12.

Vyuziti samotné balonové angioplastiky bez implantace stentu je spojeno s vySSim
rizikem reinfarktu v dané oblasti oproti implantaci BMS do infarktové tepny [86][87].
Koronarni angioplastika s vyuzitim DES ma na zékladé metaanalyzy superiorni vysledky
stran nutnosti ndsledné revaskularizace infarktové tepny oproti BMS [88]. Nasledny
vyvoj vstiebatelnych stentl prinesl zpocatku slibné vysledky v terapii STEMI, nicméné
s ohledem na vys$si riziko in-stent trombozy a z toho vyplyvajici infarktu myokardu byly

v roce 2017 stazeny z trhu [85].

V minulosti byla pouzivdna i metoda trombaspirace. Tato metoda se vSak s ohledem na
studie TASTE a TOTAL, které prokazaly vyssi incidenci cévnich mozkovych ptihod pti

trombaspiraci oproti PCI, rutinn¢€ nepouziva [89][90].
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Obrazek 9. Evoluce moznosti perkutanni korondrni intervence. Prevzato z [85].

Béhem vykonu je nutné redukce rizika periproceduralni trombdzy. Za timto ucelem je
vykon provadén pti antikoagulacni terapii nefrakcionovanym heparinem, enoxaparinem,

nebo bivalirudinem [10].

Pacienti, ktefi podstoupili pPCI pro STEMI musi dlouhodobé¢ uzivat dudlni antiagregacni
terapii (DAPT) s ohledem na implantaci stentu a riziko vzniku in-stent trombozy.
Standardni kombinaci je acetylsalicylova kyselina a inhibitor trombocytarnich P2Y12

clopidogrel, ticagrelol, prasugrel a cangrelor [10].
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Obrazek 10. STEMI predni stény, culprit léze - proximalni ramus interventricularis anterior

Obrdazek 11. STEMI predni stény, culprit léze - proximalni ramus interventricularis anterior, direct stenting
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Obrazek 12. STEMI predni stény, culprit léze - proximdlni ramus interventricularis anterior, rekanalizace

po implantaci stentu

1.5.2 Trombolyticka terapie

Trombolyticka terapie je reperfuzni strategie vyhrazena zpravidla pro ptipady, kdy neni
z diivodu ocekédvaného nesplnéni ¢asovych kritérii mozné provést pPCI. Terapie je urcena
pro pacienty s dobou obtizi od vzniku symptomt < 12 hodin, pfi¢emZ neni dosazitelna
pPCI do 120 minut od diagnézy STEMI a nejsou piitomny jeji kontraindikace. V piipadé,
ze jsou splnéna kritéria pro trombolytickou terapii STEMI, méla by tato terapie byt
zahédjena do 10 minut od diagnézy STEMI [10]. Na zakladé¢ metaanalyz provedenych
studii s trombolytickou terapii pro STEMI je indikovano jeji podani jiz v pfednemocnicni
péci, nebot’ oproti nemocni¢nimu podani doslo k redukci ¢asné mortality o 17% [91].

Jako rescue PCI je oznacovana PCI pifi selhani trombolytické terapie. V ramci
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trombolytické terapie je v soucasnosti vyuzivana alteplaza, reteplaza a tenektepldza.
Pacienti, ktefi podstoupili trombolytickou terapii na zaklad¢ provedenych studii profitu;ji

z ¢asné PCI infarktové tepny [92][93].

45



2. Vlastni védecka prace

2.1 Hypotéza a cile védecké prace

Hlavnim cilem této prace je zhodnotit dlouhodobou mortalitu pacient po pPCI pro akutni
STEMI. Sohledem na vysokou prevalenci kardiovaskuldrnich onemocnéni a
kardiovaskularnich rizikovych faktora v Ceské republice je cilem prokdzat, Ze
kardiovaskularni mortalita je dominantni pfi¢inou dlouhodobé mortality u pacienti po
pPCI pro akutni STEMI. Vzhledem k vyrazné mezinarodni variabilit¢ je dilezité
zhodnotit situaci v populaci Ceské republiky. Timto by byly doplnény chybgjici

informace z dlouhodobého sledovani.

Soucasné je cilem identifikovat nezavislé prediktory kardiovaskularniho umrti, s jejichz

pomoci by bylo mozné stratifikovat riziko dlouhodobé kardiovaskularni mortality.

Ke stratifikaci rizika dlouhodobé kardiovaskuldrni mortality u pacientti po pPCI pro
STEMI je cilem sestaveni prediktivniho modelu zaloZzeného na identifikovanych

nezavislych prediktorech dlouhodobé kardiovaskuldrni mortality.

Diky ¢asnému zavedeni pPCI jako terapie volby pro akutni STEMI, jsou v Ceské

republice unikatni predpoklady k analyze rozsahlych dlouhodobych dat.

Primarnim endpointem vyzkumu je zhodnoceni dlouhodobé celkové a kardiovaskularni

mortality pacientii po pPCI pro akutni STEMI.

Sekundédrnimi endpointy je identifikace nezavislych rizikovych faktori pro dlouhodobou
kardiovaskularni mortalitu a pfipraveni prediktivniho modelu pro stratifikaci rizika

kardiovaskularniho umrti v dlouhodobém sledovani.
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2.2 Metodika

Studie byla designovana jako retrospektivni, akademické a dvoucentrickd, zamétena na
populaci pacientd 1é¢enych pro akutni STEMI v Ceské republice. Analyza byla
provedena na souboru dat Kardiocentra Nemocnice Ceské Bud&jovice, a.s. a
Kardiocentra Fakultni nemocnice Kralovské Vinohrady a 3. 1ékatské fakulty Univerzity

Karlovy.

Studie byla schvalena Komisi pro etiku akademické prace 3. Iékarské fakulty Univerzity

Karlovy a probihala za dodrzeni principti Helsinské deklarace Svétové 1ékarské asociace.

Vsichni pacienti byli v obou kardiocentrech pribézné prospektivné zatazovani do
lokélnich registri akutnich korondrnich syndromt. Veskera data, s vyjimkou
mortalitnich, byla ziskdna béhem inicialni hospitalizace pro STEMI. Na zaklad¢
pfedmétnych registrii byla provedena retrospektivni analyza. Pacienti zahrnuti do této

studie podstoupili ve vSech piipadech pPCI a byli zahrnuti pouze jednou.

Mortalitni data byla ziskand ve spolupraci s Ustavem zdravotnickych informaci a
statistiky Ceské republiky 14.05.2021. Data obsahovala datum Gmrti a primarni piiginu
umrti. Klasifikace primdrni pfi¢iny umrti byla poskytnuta ve formatu ,,Mezinarodni
statistické klasifikace nemoci a pfidruzenych zdravotnich problémt“ (MKN-10).
Kardiovaskularni mortalita definovana diagnézami dle MKN-10 klasifikace zahrnujici
tiidy I2xx, [4xx, [5xx a I6xx. Mortalita na naddorovd onemocnéni byla definovana
diagnozami dle MKN klasifikace zahrnujici tfidy Cxxx a Dxxx. Ostatni primarni pficiny

mortality byly hodnoceny individudlng.

Komorbidity, ¢asové intervaly a interpretace klinickych ndlezu — koronarografické

nalezy, echokardiografické ndlezy, fyzikalni vysetfeni pacienta, byly hodnoceny dle
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standardnich definic a doporucenych postupli. Komorbidity v anamnéze — arteridlni
hypertenze, predchozi cévni mozkova piihoda, rendlni insuficience, diabetes mellitus,
pfedchozi infarkt myokardu a kufactvi byly hodnoceny na zakladé zaznamu piedchozi
anamnézy v nemocni¢nim systému a vypovedi pacienta pii pfijmu. Koronarografické
nalezy byly hodnoceny operatérem na sale. Pocet poskozenych tepen byl hodnocen
pomoci selektivni koronarografie. Uspé&snost pPCI byla definovana jako rezidualni
stendza < 20% priasvitu tepny a prutok krve koronarni tepnou odpovidajici v rdmci
klasifikace ,,Thrombolysis in myocardial infarction* (TIMI) t¥id¢ 3. Echokardiografické
nalezy hodnotici funkci levé komory srde¢ni (LV EF) byly hodnoceny na zakladé
vySetfenich provedenych b&hem inicidlni hospitalizace. Ttida srdecniho selhdni dle
klasifikace Killip byla hodnocena béhem pifijmu do CathLab. V ramci studie byli
analyzovani pouze pacienti l1é¢eni pro akutni STEMI. Akutni STEMI byl definovan jako
24hodinovy interval od vzniku obtizi pacienta do intervence v CathLab. Typ infarktu
myokardu byl stanoven dle zavérec¢né diagnozy v propoustéci zpravé. Do hodnoceni byly
zahrnuty pouze infarkty myokardu piedni a spodni stény z diivodu jasné identifikace na
EKG. ,,Doba od pocatku bolesti do CathLab* byla definovadna jako doba od pocatku obtizi
pacienta udavana pacientem, eventualné dle svédka, do dostaveni se do CathLab. Casna
mortalita na STEMI byla statisticky zndzornéna pomoci landmark analyzy provedené 1

rok od infarktu [94].

2.3 Analyzovana populace

Populace pacienti byla selektovana z prospektivnich registri Kardiocentra Fakultni

nemocnice Kralovské Vinohrady a Kardiocentra Nemocnice Ceské Budéjovice, a.s.
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Zahrnuti byli pacienti, ktefi podstoupili pPCI pro akutni STEMI mezi bfeznem 2008 az
prosincem 2019 v Kardiocentru Fakultni nemocnice Kralovské Vinohrady a lednem 2010

az prosincem 2019 v Kardiocentru Nemocnice Ceské Budéjovice, a.s.
Celkem bylo do vyzkumu zahrnuto 5263 pacientt.

Jednotlivé rizikové faktory byly do prospektivnich registrli selektovany na zakladé
znamych rizikovych faktorti pro ischemickou chorobu srde¢ni. Jednotlivé parametry
charakteristiky populace byly hodnoceny dle standardnich definic a doporucenych

postuptl.

2.4 Statisticka analyza

Zhodnoceni normality dat bylo provedeno s vyuzitim Kolmogorova-Smirnova testu
dobré shody. Kontinualni proménné byly prezentovany jako priméry a smérodatné
odchylky. Kontinudlni proménné byly analyzovany s vyuzitim Studentova t-testu nebo
Mann-Whitney U-testu. Kategorialni proménné byly analyzovany s vyuzitim chi-kvadrat
testu a Fisherova pifesné¢ho testu. Kaplan-Meierova analyza pieziti byla vyuzita
k vypocteni celkového piezivani pacientl v raznych ¢asovych intervalech. Log rank test
byl vyuzit ke zhodnoceni rozdilli v pfeziti mezi jednotlivymi skupinami pacientd.
Landmark analyza byla vyuZzita ke zhodnoceni vlivu jednotlivych prediktor na mortalitu.
Logisticka regrese byla zhotovena k posouzeni vlivu vybranych prediktori na
kardiovaskularni mortalitu. Jednotlivé prediktory mortality v univariantni analyze s p-
hodnotou < 0,05 byly dale hodnoceny pomoci zpétného logisticky regresniho modelu.
Prediktory, které¢ ptetrvaly signifikantni s p-hodnotou < 0,05 byly zahrnuty do findlniho

modelu. ROC kiivka (receiver operating characteristic curve) byla vyuzita k analyze
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rizikového skore. Hosmer-Lemeshowtiv test dobré shody byl vyuzit ke kalibraci modelu.

Vysledky byly hodnoceny jako statisticky vyznamné s p-hodnotou < 0,05.

Pro statistickou analyzu byl vyuzit SPSS Statistics software, verze 26 (IBM Corp.,
Armonk, NY, USA). Grafickd analyza byl provedena s vyuzitim Sigma Plot,verze 14

[94].

2.5 Zakladni charakteristika populace

Primérny vek pacientii v dobé inicidlni hospitalizace pro STEMI byl 63,9 + 12,8 let. Muzi
tvoftili 70,7% pacientl. Anamnéza arterialni hypertenze byla ptitomna u 53,4%. Cévni
mozkovou piihodu (ischemickou ¢i hemorhagickou) prodélalo 4,8% pacienti. Anamnézu
renalni insuficience (bez ohledu na stupeil) mélo 2,5% pacientli. Diabetes mellitus (bez
ohledu na typ) byl pfitomen u 22,0% pacientti. Pouze 14,8% pacientli mélo jiz v osobni
anamnéze infarkt myokardu a 1,9% anamnézu srde¢niho selhani. Aktivni kuféctvi

pfiznalo 56,7% pacienti.

Vyskyt STEMI spodni stény byl mirné€ vyssi oproti vyskytu STEMI piedni stény, 47,6%
oproti 41,9% pacientli. Nemoc 1 tepny byla dominantnim koronarografickym nalezem
v 48,5% ptipadil. Usp&snost katetrizaéni intervence byla 95,9%. Ejekéni frakce levé
komory se pohybovala nad 50% u 62,5% pacientii, pficemz pacienti katetrizovani pro
akutni STEMI se dominantn¢ nachazeli v tfid¢ I klasifikace Killip pro srde¢ni selhani.

Tabulka 2.
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Tabulka 2. Zdkladni charakteristika populace. Upraveno z [94].

Ziakladni charakteristika populace

Zakladni charakteristika

VEk (roky, primérna hodnota + smérodatna odchylka) 63,9 + 12,8

Pohlavi (zeny/muzi) 29,3%/70,7%
Anamnéza pii prijeti

Znama arterialni hypertenze 53,4%

Piedchozi cévni mozkova prihoda 4,8%

Znama renalni insuficience 2,5%

Znamy diabetes mellitus 22,0%

Piedchozi infarkt myokardu 14,8%

Predchozi srde¢ni selhani 1,9%

Aktivni kuractvi 56,7%

Klinicky stav pri prijeti a pied dimisi
Doba od pocatku bolesti do CathLab (min, primémé 263,3 £+ 266,6

hodnota + smérodatna odchylka)

Trida Killip
Trida 1 84,0%
Ttida 2 7,0%
Ttida 3 1,8%
Ttida 4 5,8%
Lokalizace STEMI
Predni sténa/spodni a zadni sténa/ostatni STEMI 41,9%/47,6%/10,5%
Koronarografie
Nemoc jedné tepny 48,5%
Nemoc dvou tepen 29,0%
Nemoc tii tepen 21,5%
Usp&na pPCI 95,9%
LV EF %
LV EF > 50% 62,5%
LV EF 30-49% 33,5%
LV EF <30% 4,0%

STEMI — infarkt myokardu s elevacemi ST useku; pPCI — primarni perkutdnni korondrni

intervence; LV EF — ejekcni frakce levé komory; CathLab — katetrizacni laborator
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2.6 Dosazené vysledky

2.6.1 Dlouhodoba celkova mortalita

Pacienti byli sledovani od bfezna 2008 do zati 2020. Median doby sledovani byl 5,1 roku.

Celkova mortalita béhem sledovani byla 26,5%. Kardiovaskularni mortalita byla

vvvvvvvv

mortalita asociovana s tumory tvotila 17% [94]. Graf 1.

18 %

Kardiovaskularni mortalita

Mortalita na tumory

Ostatni mortalita

Graf 1. Prehled celkové mortality. Upraveno z [94].

Kardiovaskularni mortalita dominovala jak v ¢asné mortalit¢ do 1 roku od pPCI pro

akutni STEMI, tak i v dlouhodobém sledovani do 12 let. Graf 2.
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Graf 2. Srovnani zastoupeni mortalit do 1 roku a do konce sledovani. Upraveno z [94].

Nejcastejsi pri¢inou celkové kardiovaskularni mortality (asné i dlouhodobé) byl infarkt
myokardu, ktery byl zodpovédny za vice nez ¢tvrtinu umrti (27,1%) [94].

Celkem zemtelo 1399 pacient, z toho 238 pacientli m¢lo mortalitu asociovanou s tumory
(17,0%). Dominantni podil tvofili muzi 73,5%. NecastéjS§imi pficinami byly
identifikovany zhoubné tumory dychaci soustavy a nitrohrudnich organti v 65 ptipadech,
zhoubné tumory traviciho ustroji v 45 piipadech a zhoubné tumory mocového ustroji ve

21 ptipadech [94].
2.6.2 Dlouhodoba kardiovaskularni mortalita

Na zéklad¢ analyzy bylo zjisténo, ze pacienti, ktefi zemteli z kardiovaskularnich piicin
byli signifikantn¢ star§i v dobé akutniho STEMI (73,7 £ 11,7 let) oproti ostatnim
pacientim (61,9 + 12,0 let). Kardiovaskularni mortalita byla vyssi u Zen 24,3% nezZ u

muzi 14,3% (p <0,001). Zeny vsak byly signifikantné star§i 77,2 = 11,2 let oproti muzéim
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71,2 £ 11,6 let (p < 0,001). Doba od vzniku obtizi do pPCI neméla signifikantni vliv na
kardiovaskularni mortalitu v dlouhodobém sledovani pacientti (p = 0,102) a pohybovala

se v obou ptipadech okolo 4,5 hodiny [94].

Nejcastjsi vykazanou pticinou tmrti byla u pacientt ischemicka choroba srdecni jako
kombinace akutnich a chronickych forem v 696 ptipadech (49,7%). Srde¢ni selhdni bylo
zodpovédné za 56 piipadd umrti (4,0%). Cévni mozkova piihoda (ischemickd ci

hemorhagickd) byla pfi¢inou timrti v 53 piipadech (3,8%).

54



Tabulka 3. Kardiovaskularni mortalita. Upraveno z [94].

Kardiovaskularni mortalita

Kardiovaskularni imrti Ne (n=4352) Ano (n=911) p-hodnota
Zikladni charakteristika
Vék (roky, prumér = smérodatna odchylka) 61,9+12,0 73,7+ 11,7 <0,001
Pohlavi (Zeny/muzi) 75,7%/85,7%  24,3%/14,3%  <0,001
Anamnéza pii piijeti
Znama arterialni hypertenze 14,0% 20,1% <0,001
Piedchozi cévni mozkova prihoda 22.2% 51,7% <0,001
Znama renalni insuficience 22,7% 56,3% <0,001
Znamy diabetes mellitus 15,3% 24,3% <0,001
Predchozi infarkt myokardu 21,6% 35,1% <0,001
Predchozi srdeéni selhani 9,9% 18,5% <0,001
Aktivni kufiactvi 15,9% 8,1% <0,001

Klinicky stav pii prijeti a pred dimisi
Doba od bolesti do CathLab (min, primérma 261,6 £269,6 269,0+256,4 0,102
hodnota + smérodatna odchylka)

Trida Killip <0,001
Ttida 1 87,6% 12,4%
Ttida 2 64,6% 35,4%
Ttida 3 55,7% 44,3%
Ttida 4 43,2% 56,8%
Lokalizace STEMI 0,001
Piedni STEMI 81,2% 18,8%
Spodni/zadni STEMI 84,9% 15,1%
Koronarografie <0,001
Nemoc jedné tepny 88,7% 11,3%
Nemoc dvou tepen 83,0% 17,0%
Nemoc tfi tepen 70,1% 29,9%
Usp&na pPCI 84,2% 15,8% <0,001
Neuspésna pPCI 49,2% 50,8%
LV EF % <0,001
LV EF > 50% 91,2% 8,8%
LV EF 30-49% 77,2% 22,8%
LV EF <30% 39,7% 60,3%

STEMI — infarkt myokardu s elevacemi ST uiseku, pPCI — primdrni perkutanni korvondrni intervence; LV
EF — ejekcni frakce levé komory, CathLab — katetrizacni laborator
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2.6.3 Univariantni prediktory

Na zéklad¢ univariantni analyzy byly identifikovany rizikové faktory s vyznamnym
vlivem na kardiovaskuldrni mortalitu. Mezi tyto faktory patii vék (p <0,001) a pohlavi
(p <0,001). Déle pak anamnéza arterialni hypertenze (p <0,001), cévni mozkové piithody
(p <0,001), renalni insuficience (p <0,001), diabetu mellitu (p <0,001), infarktu myokardu
(p <0,001), srde¢niho selhani (p <0,001), aktivniho kufactvi (p <0,001), tiida Killip
srde¢niho selhani pfi akutnim STEMI (p <0,001), lokalizace STEMI (p = 0,001),
mnohocetné poskozeni koronarnich tepen (p <0,001), uspésnost pPCI (p <0,001) a LV

EF béhem hospitalizace pro STEMI (p <0,001) [94].
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Graf 3. Analyza prezivani pacientii dle pohlavi.
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Graf 4. Analyza prezivani pacientii dle pritomnosti arterialni hypertenze.
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Graf 5. Analyza prezivani pacientii dle anamnézy renalni insuficience.
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Graf 6. Analyza prezivani pacienti dle pritomnosti diabetu mellitu.
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Graf 7. Analyza prezivani pacientii dle anamnézy koureni.
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Graf 8. Analyza prezivani pacientu dle tridy Killip v akutni fazi infarktu myokardu.
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Graf 9. Analyza prezivani pacientii dle lokalizace STEMI.
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Graf 10. Analyza prezivani pacientit dle rozsahu korondrniho postizeni.
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Graf 11. Analyza prezZivani pacientii dle uspéSnosti vykonu. pPCI, primdrni perkutanni korondrni

intervence.
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Graf 12. Analyza prezivani pacientit dle ejekcni frakce levé komory srdecni.

2.6.4 Multivariantni prediktory

Na zaklad¢ regresni analyzy univariantni prediktori byly identifikovany nezavislé
prediktory pro kardiovaskularni mortalitu. Multivariantni analyza identifikovala jako
vyznamné prediktory v€k v dobé akutniho STEMI (p < 0,0001), anamnézu diabetu
mellitu (p = 0,0314), anamnézu rendlni insuficience (p = 0,0202), anamnézu srdecniho
selhani (p = 0,0025), tfidu srde¢niho selhani Killip v dobé akutniho STEMI (p < 0,0001)

a uspéch pPCI pro akutni STEMI (p = 0,0019).

S vyuzitim vySe zminénych prediktorti byl sestaven prediktivni model ke stratifikaci

rizika kardiovaskularni mortality [94].
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2.6.5 Landmark analyza

Ke zhodnoceni ¢asné a dlouhodobé kardiovaskuldrni mortality pro jednotlivé prediktory
byla zhotovena landmark analyza. K vylouceni vlivu ¢asné mortality na STEMI byla tato
stanovena jako mortalita do 1 roku od akutniho STEMI, naslednda mortalita byla
hodnocena jako dlouhodoba. Landmark analyza pro vybrané prediktory je prezentovana

nize [94]. Graf 13-18.
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Graf 13. Landmark analyza casné a dlouhodobé mortality u pacientii s diabetem mellitem.

Upraveno z [94].
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Graf 14. Landmark analyza casné a dlouhodobé mortality u pacientii s renalni insuficienci.

Upraveno z [94].
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Graf 15. Landmark analyza casné a dlouhodobé mortality pacientit dle tridy Killip.

Upraveno z [94].

63



100 |-
5 - Uspéch vykonu
< 80 |- Uspéina pPCI
- [ - Neiispéina pPCI
E L
3
g 60
2 |
N -
\E 0L+ s
> 1 i
E= i 1
= -l
= 1 PSR-
2 L Ll _
Vg DREEET o
L o D N T O A S

0 1 2 3 4 5 6 7 8 9 10 11 12
Cas od pPCI pro STEMI (roky)

Graf 16. Landmark analyza casné a dlouhodobé mortality pacientii dle tispésnosti vykonu.

Upraveno z [94].
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Graf 17. Landmark analyza casné a dlouhodobé mortality pacientit dle ejekcni frakce levé komory srdecni.

Upraveno z [94].
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Graf 18. Landmark analyza casné a dlouhodobé mortality u pacientii se srdecnim selhdanim.
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2.6.6 Prediktivni model

Pomoci multivariantni analyzy byly identifikovany prediktory pro dlouhodobou
kardiovaskularni mortalitu a nasledné byly vyuzity k vytvofeni prediktivniho modelu
kardiovaskularni mortality. Tabulka 4. Prediktivni model byl sestaven s vysokou
diskrimina¢ni hodnotou (C-statistic 0,836), pficemz Hosmer-Lemeshow test neprokazal

signifikantni rozdil mezi predikovanou a observovanou mortalitou (p = 0,0969) [94].
Graf 20.
Rovnice pro predikei dlouhodobé mortality z kardiovaskularnich pfi€in je uvedena niZe:
logit p = - 8,737 + (0,330 x anamnéza diabetu mellitu)

+ (0,731 x tiida Killip)

+ (0,722 x anamnéza renalni insuficience)

+ (1,246 anamnéza srde¢niho selhani)

+ (0,015 x uspéch pPCI)

+ (0,091 x v&k)
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Tabulka 4. Prediktivni model kardiovaskularni mortality. Upraveno z [94].

Prediktivni model kardiovaskularni mortality

Odds ratio 95% interval spolehlivosti  p-hodnota

Anamnéza pii prijeti

Vek 1,0950 1,0839 to 1,1063 <0,0001
Znamy diabetes mellitus 1,3915 1,0873 to 1,7808 0,0314
Znama renalni insuficience  2,0586 1,1224 to 3,7757 0,0202
Predchozi srde¢ni selhani 3,4773 1,6171 to 7,4774 0,0025
Klinicky stav p¥i prijeti

Trida Killip 2,0780 1,8760 to 2,3019 <0,0001
Uspé&sna/neaspésna pPCI 1,0153 1,0049 to 1,0259 0,0019

PpPCI — primdrni perkutanni korondrni intervence
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Graf 20. Receiver operating characteristic curve. AUC, area under curve. Upraveno z [94].
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Na zaklad¢ rovnice prediktivniho modelu Ize stanovit riziko dlouhodobé kardiovaskularni

mortality.

Stratifikace dlouhodobé kardiovaskuldrni mortality je zaloZena na datech z inicialni
hospitalizace. Vysledkem je moZnost ¢asné identifikace jedinci ve vysokém riziku

kardiovaskularni mortality.
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3. Limitace

Vramci studie bylo zjisttno nékolik limitaci. Nejvyznamnéjsi limitaci byla
retrospektivita studie, ktera neumoznila optimalizaci zaddvanych dat do inicidlnich
prospektivnich registri, z kterych tato studie vychéazela. Nékteré hodnocené komorbidity
jako renalni insuficience a diabetes mellitus nebylo mozné hodnotit pfesnéji vzhledem
k chyb&jicim udajim o stupni onemocnéni. Zcela jisté by exaktnéjsi vyhodnoceni
prediktorti s ohledem na glykovany hemoglobin u diabetu mellitu ¢i odhad glomerularni

filtrace u rendlni insuficience vedlo ke zptesnéni prediktivniho modelu.

Limitace byla spatfena téz v analyze dvou ne zcela identickych registrti, které bylo nutno
vzajemné integrovat. S ohledem na tuto skute¢nost obsahovala analyzovana verze
prospektivniho registru Nemocnice Ceské Budgjovice, a.s. pouze pacienty, ktefi prezili
hospitalizaci pro akutni STEMI. Naproti tomu analyzovand verze registru Fakultni
nemocnice Kralovské Vinohrady obsahovala veskeré pacienty, kteti podstoupili pPCI pro
akutni STEMI. S ohledem na tuto skute¢nost byla provedena landmark analyza po 1 roce
od pPCI pro akutni STEMI s cilem vyloucit kardiovaskuldrni mortalitu asociovanou

s tvodnim infarktem myokardu.

Vzhledem k rozsahlé databazi pacientli po pPCI pro akutni STEMI vzniklé integraci dvou
prospektivnich registri byl pavodni zdmér vyhodnotit 1 velké nezddouci kardiovaskularni
udalosti. S ohledem na platnou legislativu v Ceské republice nebyla extrakce téchto dat

ze strany Ustavu zdravotnickych informaci a statistiky Ceské republiky umoznéna.

Dalsi limitaci bylo omezené mnozstvi pacientli s nékterymi komorbiditami. Vyssi

zastoupeni pacientli s anamnézou srde¢niho selhani, rendlni insuficience, cévnich

69



mozkovych pithod a nékterych dalSich komorbidit by umoznil pfesnéjsi analyzu

rizikovych faktord.

Hodnoceni pPCI bylo limitovano chybéjicimi informacemi o detailech vykonu. Analyza

dalSich parametri jako vyuZiti jednotlivych variant stentt — BMS, DES, ¢i

biodegradabilnich stentii by mohla pfinést cenné informace.

Pted vyuzitim sestaven¢ho prediktivniho modelu pro klinické ucely by bylo vhodné

provést jeho validaci na nezavislych datech.
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4. Diskuze

Analyza dlouhodobé kardiovaskularni mortality u pacientti po pPCI pro STEMI v Ceské
republice odhalila dominanci kardiovaskularni mortality u pacientii v dlouhodobém
sledovani. Z kardiovaskularnich pfi¢in umrti jednoznacné pfevazuje mortalita kardialni.
Dominance kardiovaskuldrni mortality byla prokazana i ve studii [39]. S ohledem na jiz
provedené¢ studie v nékterych populacich dominuje dlouhodobé mortalité
nekardiovaskularni etiologie [38][40][42]. Pfi¢inou této diference miize byt rozdilny
zivotni styl a stim souvisejici rozdilna prevalence rizikovych faktorG pro
kardiovaskularni onemocnéni v danych populacich. Ceskéa republika se fadi k zemim

s vysokou prevalenci rizikovych faktorii pro kardiovaskuldrni onemocnéni [58].

Studie identifikovala nezavislé rizikové faktory pro dlouhodobou kardiovaskularni
mortalitu jako pokrocily vék v dobé akutniho STEMI, anamnézu diabetu mellitu,
anamnézu renalni insuficience, anamnézu srde¢niho selhani, tiidu srde¢niho selhani
Killip v dobé akutniho STEMI a uspéch pPCI pro akutni STEMI. Tyto rizikové faktory
jsou obdobné dosud publikovanym nezavislym rizikovym faktortim na zaklad¢ analyzy
,»CREDO-Kyoto AMI“ registru [40], kde byly identifikovany nezavislé rizikové faktory
pro dlouhodobou kardialni mortalitu jako pokrocily vék, anamnéza rendlni insuficience,

anamnéza jaterni cirhdzy a anamnéza srde¢niho selhani.

Vysledky této prace jsou unikdtni v sestaveni prediktivniho modelu na podkladé
identifikovanych nezavislych prediktorti pro dlouhodobou kardiovaskuldrni mortalitu.
Casné stratifikaéni modely dlouhodobého rizika kardiovaskularni mortality v sekundarni

prevenci po pPCI pro STEMI nejsou zatim bézné dostupné. Piednosti toho stratifika¢niho

modelu je moznost zhodnoceni rizika dlouhodobé kardiovaskularni mortality na zakladé
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dat z inicialni hospitalizace. Soucasné téz umoziiuje odhad rizika bez pfedchozi znalosti

klinickych symptoma daného pacienta.

Pacienti po dimisi po prod&lané pPCI pro akutni STEMI jsou v Ceské republice
dlouhodobé dispenzarizovani ambulantnimi kardiology. V soucasné dobé je vSak
sohledem na starnuti populace a stim souvisejici vzriistajici prevalenci
kardiovaskularnich onemocnéni nedostatek ambulantnich kardiologli poskytujicich

sekundarné preventivni kardiologickou péci.

Za dostupnost zdravotni péée v Ceské republice zodpovidaji zdravotni pojistovny, které
jsou povinny zajistit regiondlné a casoveé dostupnou zdravotni péci na zédkladé Natizeni
vlady & 307/2012 Sb. V souvislosti s tim Ministerstvo zdravotnictvi Ceské republiky
poskytuje pacientim podporu k nalezeni piislusSného Iékafe na webovych strankéach

https://nedostupnapece.mzcr.cz/. Pomoci kontaktniho formulafe zdravotni pojistovna

pomuze pacientovi nalézt dispenzarizujiciho 1ékate.

V klinick¢ praxi je vSak zminény postup =zajiStujici pro kazdého pacienta
dispenzarizujiciho 1ékate obtizné aplikovat. Zasadnim problémem je omezena mobilita
starSich a polymorbidnich pacient. Zdravotni pojistovny jsou sice schopny zajistit péci
dle zdkona, mnohdy vSak v jiném mést¢ vzdaleném 1 desitky kilometri. Timto se

zdravotni péce stava casto lokalné nedostupnou.

V navaznosti na tento problém, mize byt variabilita intenzity sekundarné preventivniho
dlouhodobého sledovani feSenim pro optimalizaci Cetnosti nezbytnych kontrol u
jednotlivych skupin pacientt stratifikovanych dle rizika dlouhodobé kardiovaskuldrni
mortality. VySe zminény model umoziiuje provést stratifikaci rizika jiz béhem inicialni

hospitalizace. Vysledkem by tak mohlo byt uvolnéni dispenzarnich kapacit u
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ambulantnich specialistl pro vysoce rizikové pacienty, pfi¢emz asymptomaticti pacienti

s nizkym rizikem by byli sledovani dominantné cestou praktickych 1ékait.

Dalsi moznosti vyuziti casného odhadu rizika dlouhodobé kardiovaskulérni mortality je
selekce rizikovych pacientli k moderngjsi a zatim hife dostupné terapii (preskripcni
omezeni, centrova 1écba). Pfikladem miiZze byt intenzifikovana hypolipidemické terapie
pomoci PCSKO9 inhibitort. Déle se jedna o vyuziti farmak se Sirokym spektrem G¢inku, a
to zejména o SGLT2 inhibitory. Nékteré SGLT2 inhibitory prokéazaly ptiznivy efekt na
vyznamné rizikové faktory dlouhodobé kardiovaskularni mortality, a to srdecni selhani,
renalni insuficienci a diabetes mellitus 2. typu [95][96][97][98]. Vyuziti téchto preparati
ma potencidl ovlivnit dlouhodobou kardiovaskularni morbiditu a mortalitu intervenci

ptislusnych rizikovych faktora.

Klinicky vyznamnym problémem je vSak navzdory optimdlni farmakoterapii adherence
pacientd k 1écbé. Na podkladé rozsadhlé metaanalyzy bylo zjisténo, ze dobrou adherenci
k farmakoterapii kardiovaskularnich onemocnéni ma pouze 60% pacientli [99]. Dobra
adherence byla definovédna jako > 80% uZivani doporucené medikace. Prevalence dobré
adherence k uzivani statinli byla 54%, antihypertenzni medikace 59%, antitrombotické
medikace — aspirin 70% a pro antidiabetickou medikaci 69%. Rizikovymi faktory pro

nizkou adherenci byly identifikovany vék, pohlavi, komorbidity a polypragmazie [99].

Z vyse zminéného je tedy ziejmé, Ze zlepSeni kardiovaskularni morbidity a mortality je
zavislé nejen na dostupnosti zdravotni péce, ale i adherenci pacientll k pfedmétné 1écbe.
Zvyseni adherence k 1écbé lze dosdhnout pomoci efektivnéjsi edukace pacienti.
V soucasné dobé lze pozorovat v klinické praxi podceiiovani zavaznosti katetrizacnich
vykontl, zejména perkutdnni koronarni intervence (PCI), ze strany pacientii. Vzhledem

k miniinvazivnimu, rychlému a téméf bezbolestnému feseni je PCI vnimana jako rutinni
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péce k ,,procisténi* tepen. S ohledem na to pak dochéazi k podcenéni rizika recidivy
akutnich koronarnich syndromt nizkou adherenci k rezimovym, dietnim a
farmakologickym opatfenim. Pacienti se b&hem prvotniho sdélovani diagnozy a
doporuceni zamétuji spise na informace tykajici se diagnozy, nikoliv na doporuceni
k 1é¢bé [100]. Dale bylo jiz prokazano, Ze pacienti profituji z informaci poskytnutych ve
formé pisemné a ilustrované [101][102]. Ilustrace jsou vhodné zejména pro pacienty
s niz§im vzdélanim [102]. Problém adherence by bylo patrné mozné fesit intenzivngjsi
edukaci s vyuzitim modernich technologii (videa, podcasty) tak, aby se dulezité
informace dostavaly k pacientim opakované v dlouhodobém ¢asovém horizontu a doslo
tak k behavioralnim zméndm. S timto cilem probiha v sou¢asnosti v Ceské republice

edukacni studie DEDUCA-CZ.

V navaznosti na adherenci k terapii, rezimovym a dietnim opatfenim je vhodné
pacientim doporucit adiktologickou péci s cilem redukce aktivniho koufeni v sekundarné
preventivni péci. Dale pak odborna pomoc pfi terapii obezity miize vést k vyznamnému
vahovému ubytku a tim redukci kardiovaskularni morbidity a mortality. V soucasné dobé
je jiz k dispozici efektivni farmakoterapie pomoci glukagon-like peptide 1 agonistt, které

lze vyuzit v ramci terapie obezity [103].

Na podklad¢ analyzy dat bylo téz zjisténo, ze pacienti, kteti byli aktivni kutéaci v dobé
inicialni hospitalizace pro infarkt myokardu méli nizsi dlouhodobou kardiovaskularni
mortalitu oproti pacientlim, ktefi nebyli aktivnimi kufaky (p < 0,001). Tento takzvany
»smoker‘s paradox“ byl jiz popsan v nékterych studiich, pficemz jednoznacné vysvétleni
nebylo dosud nalezeno [38][104]. Moznym vysvétlenim muze byt, ze se jednd o
samostatny vyznamny rizikovy faktor, ktery mize byt eliminovan u kuiaki v sekundarné

preventivni péc¢i oproti nekuiaktim.
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Studie dale prokazala, ze ,,Doba od bolesti do CathLab* neni signifikantnim prediktorem
pro dlouhodobou kardiovaskuldrni mortalitu u pacienti po pPCI pro STEMI (p = 0,102).

Problémem vSak miZe byt presnost udavaného casu od zacatku bolesti pacientem.

Analyzou mortalitnich dat ziskanych z Ustavu zdravotnickych informaci a statistiky
Ceské republiky byla zjisténa dominance kardiovaskularni mortality na ischemickou
chorobu srde¢ni, a to jak v akutni, tak chronické formé&. Otazkou je, zda vyplnéni zakladni
pfic¢iny imrti v ,,List o prohlidce zemtelého* Iékatem odpovida vzdy realné pficin€ amrti,

nebo je vybrana spiSe jako pravdépodobnd pfic¢ina timrti.

75



5. Zavér

Analyzou dlouhodobého kardiovaskuladrniho osudu pacientti po pPCI pro STEMI bylo
zji§téno, e kardiovaskularni mortalita tvoii 65% umrti v Ceské republice. Dominuje
v kratkodobé mortalité do 1 roku, a soucasné i v dlouhodobém sledovani do 12 let u

pacientti po pPCI pro STEMI.

Identifikace rizikovych faktorii pro dlouhodobou kardiovaskularni mortalitu umoziuje
jejich cilenou intervenci v rdmci sekundarné preventivni terapie. Nezavislymi prediktory
pro dlouhodobou kardiovaskuldrni mortalitu jsou vék, anamnéza diabetu mellitu,
anamnéza srdecniho selhdni, anamnéza renalni insuficience, tfida Killip v dob¢ akutniho
STEMI a tuspéSnost pPCI. Na zakladé¢ téchto parametri byl sestaven inovativni
prediktivni model s dobrou diskrimina¢ni hodnotou (C-statistic = 0,836), ktery by mohl
slouzit ke stratifikaci rizika dlouhodobé kardiovaskularni mortality v sekundarné

preventivni terapii u pacientt po pPCI pro STEMI.

Optimalizace sekundarné preventivni péce dle stratifikovaného rizika dlouhodobé
kardiovaskularni mortality maze vést ke zlepSeni kvality zivota, délky Zivota a soucasné
redukovat nepfiznivé socioekonomické konsekvence kardiovaskularni morbidity a

mortality v Ceské republice.
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VE TCOME AFTER STESM I PRIMARY PO ERA

Five-year outcome after STEMI in primary PCl era

Viktor Klancik, Viktor Kocka
Department of Cardiclogy, Third Faculty of Medicine, Charles University and University Hospital
Kralovske Vinohrady, Prague, Czech Republic

This review summarizes the information available from long-term follow-up after ST-elevation myocardial infarction (STEMI) in the
primary percutaneous coronary intervention (p-PCl) era. The main aim of this review is to present an overview of long-term overall
mortality, cardiac mortality, and major adverse cardiac events (MACE). We searched and analyzed trials with 5-year and longer
follow-up periods published from January 2001 to December 2019. Only p-PCl trials were included. Owerall mortality at 5-year
follow-up was 9.3-23.3% and annual overall mortality was around 2% for the years following the first one after STEMI. Cardiac
mortality at 5-year follow-up was 4.7-16.0% and annual cardiac mortality was approximately 1.1-1.5% for the years following the
first ome after STEMI. The cumulative incidences of reinfarction at 5-year follow-up, heart failure requiring admission, additional
revascularization, and stroke were 5.0-18.0, 4.0-18.5%, 19.0-37.1 %, and 2.6-8.0%, respectively. The cumulative incidence of in-
-stent thrombosis was 2.6 %. The cumulative inddence of restenosis was 7.8 %. The results of the above-mentioned trials suggest
a high proportion of cardiovascular deaths and MACE in the long-term follow-up pericd. With respact to these facts, questions
arise as to how to reduce MACE and the possibility of routine use of coronary artery imaging in the follow-up.

Key words: STEMI, primary PCI, long-term, follow-up.

Pétileté vysledky po STEMI v &éfe primdrni PCI

Tento prehledovy danek shmuje informace dostupné z dlouhodobého sledovani padentd po infarktu myokardu s alevacami 5T dsaku
(STEMI) v éfa primami perkutanni karondrnl intarvence (p-PCI). Jeho hlavnim cllem je poskytnout pfehled o diouhodobé celkows mor-
talité, kardidlni mortalité a zévadmpch nedadoucich kardiovaskularnich pfihodach (MACE). Vyhledali jsme a analyzovali studie s patiletym
adeliim obdobim sledovan! publikované od ledna 2001 do prosince 2019. Do prehledu jsmie zafadill pouze studie tykajicl se p-PCI.
Celkova mortalita v p&ti ketech sledovdni byla 8,3-233 % a roénl celkovd mortalita se v letech, které nasledovaly po uplynut! prvniho
roku po STEMI, pohybovala okolo 2 %. Kardialni mortalita v péti letech sledovani byla 4,7-16,0% a rofni kardidini mortalita v letach, kterd
nasledovaly po uplynut! priniho roku po STEMI, byla pfiblizng 1,1-1,5 %. Kumulativni incidence reinfarktu v péti latech sledovani byla
5,0-18,01%, srdaéniho selhanl vyZadujicfho hospitalizaci 4,0-18, 5 %, dall revaskularizace 19,0-371 %a cévni mozkowé piihody 2,6-80%.
Kumulativnlincidence trombadzy ve stentu byla 2,6%. Kumulatival incidenca restendzy byla 7.8 %. Vysledky vyse zminénych studilsvadi
o vysokém procentu kardiovaskulamich amrtl a MACE b&hem diouhodobého sledovant. Vzhledem k tmto skutecnostem vyvstava)l
otazky ohladné zplsobu snifenivyskytu MACE a moZnosti rutinniho vyuZitl zobrazovani koronamich tepen v obdobl sledovanl.

Klitova slova: STEMI, primarni PCl, dlouhodoby, sledovani.
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FTCA - Percutaneous transhumninal coronary
angioplasty

Re-F — Recurrent percutaneous coronary
intervention

SCAAR - Swedish Coronary Angiography and
Angioplasty Registry

50 - Standard deviation

STEMI - 5T-elevation myocardial infarction

SWD - Single-vessel disease

Introduction

Cardiovascular diseases {CVD) are a lea-
ding cause of death worldwide. Itis estimated
that 178 million pecple died of CVD in 2018,
which accounts for 31 % of all global deaths.
Of these deaths, 85 % are due to myocardial
infarction and stroke. Ower three quarters of
VWD deaths take place inlow - and middle-in-
come countries. Coronary artery disease and
acute coronary syndromes can be partially
prevented by a healthy lifestyle (2). With re-
gard to the high level of standard of living, the
izsue of obesity asone of the crucial factorsin-
fluencing CVD riskis increasing. This problem
goes hand in hand with the prolonging life
expectancy, which increases the risk of CVD.
It is estimated that 23.6 million people wor-
Idwide will die of CVD by 2030 (4). In terms of
VD, ischemic heart disease is the most com-
mon cause of death worldwide. It causes more
than 20% of all deaths in Europe (1). Of major
concerm is the current trend of decreasing age
at manifestation of the first cardiovascular
event. Based on recent trials, patients with
ST-alevation myocardial infarction (STEMI)
are getting younger (5, 12) and have more
comorbidities (12). f we focus on the Czech
Tab. 1. Five-pear ourcome after STEM! in p-P0 erg

Republic, results from the CZECH-2 registry
demaonstrate that the estimated incidence of
confirmed acute coronary syndromes (ACS)
was 2,149 cases per one million population per
year. The estimated incidence of confirmed
myocardial infarction (Ml) was 1,680 cases
per one million population per year, and the
estimated incidence of STEMI was 661 cases
per one million population per year (3). Due
to better diagnostic tools and treatment op-
tions, increasingly more patients survive the
first episode of acute coronary syndrome.
Given the high inddence among people of
productive age, there are not only medical,
burt alea severe sociceconomic consequences.
There has been a major progress in the
treatment of STEMI in the last few decades.
Percutaneous transluminal coronary angi-
oplasty (FTCA) was carried cut for the first
time in 1977 by Andreas Gruentzig in Zurich,
Switzerland. This was the beginning of inter-
ventional cardiology as we know it now.
According to the recent recommendati-
ons of the Czech Society of Cardiology (C50)
(2017), primary percutanaous coronary in-
tervention (p-PCl) i the first-line therapy for
acute STEMI, if possible (14) (13). Percutanacus
coronary intervention (PCI) is commonly used
a5 a measure in secondary prevention of ad-
verse cardiac events due to significant ste-
nosis of coronary arteries. With respact to
the facts abowve, recurrence of CVD might be
partially preventable with timely intervention,
and dlose follow-up of patients after STEMIis
necessary. At the moment, there is plenty of
informiation on major adverse cardiac events
(MACE) in short-term follow-up, but lack of
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information an long-term follow-up five years
and more after STEMI. An evaluation of the
endpoints of this review may open a discussi-
on leading to optimization of care in these
high-risk post-STEMI patients.

In this review article, we would like to su-
mmarize the results of the studies focused
on the long-term outcome five or mare years
after primary POl for STEMI, and assess the
current follow-up strategy in patients after
STEMIL.

Methods

Data source

We searched the PubMed and Cochrane
Library databases for artides published from
1 Jamuary 2001 to 31 December 2019 using the
key words  STEMI", long-term follow-up”, .5
years”, and ,primary PCI". All the articles were
published in English. Disagreements were
salved through discussion.

Review selection
and eligibility criteriz

We included all trials with at least a 5-ye-
ar follow-up after p-PCl for STEMI, while the
other ACS were excluded. Trials with a shorter

follow-up period were excluded. The primary
endpaint was the overall mortality at 5-year
follow-up. The secondary endpoint was the
cardiac or cardiovascular mortality at 5-year
follow-up. A tertiary endpoint was MACE at
S-year follow-up. MACE of interest were rein-
farctions, additional revascularization [repeat
percutanecus coronary intervention (re-PCI),
coronary artery bypass graft (CABG), heart

Title |A.u'lim( Trial characteristics MALCE - non-fatal cumulative inddence Mortality
Hum- Length of | Symptom R t Additional 5 s
berof | Age |follow-up | top-PCI | AMI | CS5 | Women Inﬁrﬂnﬂt glh revascula- | Stroke r
patlents imonths) | imean) n "™ | rization e
7 Parodl, G. 1003 &3.0 5.0 32 hours | 520% | 130% | 230% S.0% A.0% 19.0% MA 20.0% 16.0%
B Wang, F. 1346 643 4 G3hours | 408% | NA 530 A 106% MA A& 188% 5.6%
o Fokkema, M.L | 22126 | 668 20 MA HA HA 23% 180% 185% NA MA 2005 HA
[STEMI Dndy)
10 Pedersen, F. Zald 627 S6ud IEhours | 464% | 50% | 2B5% A HA MNA A& 233% 13E6%
n famashita, Y. 3942 676 6.5 42 hours | 4600 | 150% | 26.00% 6.2% B5i% 370 % total a.1% 20.4% 12.2%
31% CARG
3l 0B re- PO
14 Widimsky, P 429 E5.0 &0 MA 41.0% | HA 300 120% HA Mo%wtotad | BO0% | 190% HA
P11 onify) 120% CABG
22.0%re-PO
15 Kozkeradska, A. 50 SEE 616 MA A20% | HA 4.5% MA MA HA MA 21.0% HA
17 Cul K. 1208 600 601 S0hours | 38.2% | 00% | 20.7% W MA 12E% 25% 93% 4.7%
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FIVE-YEAR DUTCOME AFTER STEMAIK PRIMARY PCIERA

failure, and stroke as significant factors in-
fluencing patient prognosis. The definition of
anterior myocardial infarction (AMI) included
patients with both anterior lead ST-elevations
and left anterior descending (LAD] artery ooc-
lusion. Cardiogenic shock (CS) and Killip class
IV heart failure were evaluated together. The
length of follow-up was converted to months
for all trials. All results were reported to the
first decimal place, if passible.

Endpoints were extracted from different
studies as their common targets. Endpoints
were focused on 5-year outcome. The overall
martality, cardiac mortality, recurrent infarcti-
on, revascularization, and stroke were defined
individually in each trial. Heart failure waz
defined as cardiac decompensation requiring
admission to hospital. Restenosis was defined
as a »50% stenosis of a previously stented
segment.

The statistical analysis was as follows.
Continuous variables were presented as mean
or median. Categorical variables were presen-
ted as counts and percentages. The weighted
arithmetic mean was calculated for individual
endpoints.

Results

The following are the results of trizls with
a reported 5-year outcome after STEMIin the
primary PCI era. & summary of these trials is
presented in Table 1.

Parodi et al. reported one of the first resul-
ts oflong-term outcome after p-PCl for STEML
Their prospective trial included 1,009 patients
treated with p-PCl who were followed for 51.0
menths as the mean period. The mean age
aof this cohort was £3.0 years and 23.0% were
women. The symptom-to-PCl time was 3.2
hours. Anterior myocardial infarction (AMI)
occurred in 52.0%, and 13.0% of patients suf-
fared from cardiogenic shack (C5). The overall
martality at 51.0 months in this trial was 20%,
and cardiac mortality was 16.0%. Non-fatal
reinfarcticn rate during this period was 5.0%,
and additional revascularization procedure ra-
te was 10.0%. Hospitalization for heart failure
was required in 4.0% of patients during the
S-year follow-up (71

Wang et al. evaluated the impact of can-
cer on long-term overall mortality and cardi-
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owvasoular outcome. This retrospective study
enrolled 2, 346 patients along with a cohort
of 263 patients with a history of cancer; we
present the overall results. For the purpose of
this review, the data mentioned are computed
from the cohort of 2,346 patients. For a better
overview, the weighted arithmetic mean was
calculated for individual endpoints. The medi-
an of the clinical follow-up was 74.4 months,
and the mean age was 64.3 years. Women ac-
counted for 28.3 %. The symptom-to-PCl time
was 6.3 hours, Patients suffering from AMI ac-
counted for 40.8%. No data regarding patients
in 5 were reported. The overall mortality at
S-year follow-up was 18.8 %, and cardiac maor-
tality was 5.6%. The cumulative incidence of
heart failure was 10.6%. The overall mortakity
at S-year follow-up in patients after primary PCI
for STEMI with a history of cancer was appro-
ximately twice as high as that in the control
group when compared to cardiac mortality,
which was similar in the two groups (Bl

Fokkema et al. evaluated the largest data-
set from the Swedish Coronary Angiography
and Angioplasty Registry (SCAAR). This regi-
stry gathers information from all catheteri-
zation laboratories in Sweden. Data were co-
llected prospectively, offering us a possibility
of multicenter evaluation of cardiovascular
outcome. With respect to these facts, a clinical
outcome of up to 6 years was evaluated from
the SCAAR. Out of a total of 70,479 patients,
22,126 (31.4%) were treated for STEMI, and
this subgroup was included in our analysis.
The median follow-up was 39.0 months. The
mean age was 66.8 years and women accoun-
ted for 29.3%. No data regarding patients
with AMI and C5 were reported. The overall
mortality rate at 5-year follow-up was 200%.
The cumulative incidences at 5-year follow-up
of myacardial infarction, in-stent-thrombasis,
restenasis, and heart failure were 18.0%, 2.6%,
7.8%, and 18.5%, respectively (9).

Pedersen et al. published the resul-
ts of aleng-term prospective trial from
Denmark's registries. This trial enrolled 2,304
patients treated with p-FC1 for STEML The me-
dian of the clinical follow-up was 56.4 months,
and the mean age was 62.7 years. Women ac-
counted for 28.5%. The symptom-to-PCl time
was 1.8 hours. The occurrences of AMI and C5
were 46.3% and 5.0%, respectively. Beyond
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30 days, the annual cardiac mortality rate was
< 1.5%; the weighted mean was 1.35%. The
causes of death that occurred after 30 days
were non-cardiac in 65 % of cases (mainky ma-
Bgnancies and pulmaonary diseases). The 5-ye-
ar allcause and cardiac mortality rates were
23.3% and 13.8%, respectively. The patients
wha survived the first month after STEMI trea-
ted with primary PCl had an excellent progno-
sis. Mon-cardiac causes were responsible for the
majarity of later deaths in these patients (10).

Yamashita et al. published the results of
a retrospective trial from the CREDO-Kyoto AMI
registry and assessed the S-year outcome of
3,942 patients enrolled. The madian of the cli-
nical follow-upof this cohort was 60.5 months,
and the mean age was 676 years. Women ac-
counted for 26.0%. The symptom-to-PC time
was 4.2 hours. The occurrences of AMI and
C5 IV wiere 46 % and 15 %, respectively. The
CREDO-Kyoto AMI registry evaluated both
short-term {within & months) and long-term
{beyond & months) incidences and causes of
deaths. Mon-fatal reinfarction rate at 5-year
follow-up was 6.2%, heart failure rate was
2.5%, additional revascularization procedure
rate was 37.1 %, and stroke rate was 6.1%. The
cumulative 5-year incidence of all-cause death
in the current study population was 20.4%, car-
diac death occurred in 12.2%, and non-cardiac
death in 9.4 %. The independent risk factors of
all-cause death were advanced age, previous
heart failure, renal dysfunction, and liver cirtho-
sis beyond & months after STEM. In STEMI pa-
tients who underwent primary percutaneous
coronary intervention, the long-term risk for
cardiac death was relatively low compared to
that for nen-cardiac death, which was respon-
sible for nearly teo-thirds of all-cause deaths
beyand & months (11).

Widimsky et al. in the PRAGUE-2 trial com-
pared the outcomes in patients after p-PCl
with those after thrombaolytic therapy. The
data published clearly demonstrated the su-
periority of p-PClin STEMI patients to throm-
bolytic therapy. This prospective trial enrolled
850 patients, and 429 of them were in the
p-PClcohort and were included in our raview.
The patients were followed for 50,0 months as
thie mean period. The mean age of this cohort
was 65 years and 30.0% were women. AMI
occurred in 41.0%. No data regarding patients
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in CS were reported. During the follow-up,
the cumulative incidence of the composite
endpaint (death from any cause or recurrent
infarction or stroke or revascularization) was
40.0% in p-PCl patients. The respective cu-
mulative incidence of death from any cause
was 19.0%, recurrent infarction was 12.0%,
stroke was B.0%, and revascularization was
34.0%(14).

Kozieradska et al. evaluated the long-term
outcome in a retrospective trial in a cohort
of 505 patients treated with p-PCl for STEML.
The median of the clinical follow-up of this
cohort was 636 months; the mean age was
5B.6 years. Women accounted for 24.5%. AMI
occurred in 42.9%. No data regarding pati-
ents in C5 were reported. The primary aim
aof this analysis was to assess the usefulness
of the GRACE, TIMI, Zwolle, and CADILLAC
risk scores for predicting 5-year mortality in
patients after p-PCl for STEMI. The GRACE,
TIMI, and Zwolle scoring systems had a good
predictive value for mortality during a 5-year
follow-up in patients treated with p-PCl for
STEMI. For the purpose of this review article,
only long-term outcome was of interest. The
5-year overall mortality was 21% (15).

Cui et &l. focused their trial on a significant
proportion of patients suffering from multi-
vessel disease (MWD The strategies of staged
p-PCland culprit-only p-PCl were compared in
this retrospective trial. This trial enrolled a to-
tal of 1,205 patients; 576 of them had staged
p-PCland 629 had culprit-only p-PCL For the
purpose of this review article, the weighted
mean was cakoulated for all analyzed endpo-
ints. The mean of the clinical follow-up was
60.1 months; the mean age was 60.0 years.
Women accounted for 20.7%. The symptom-
-to-PCl time was 5.0 hours. The occurrence
of AMI was 38.2%. The occurrence of C5 was
10,0 %. Overzll, staged complete revascula-
rization was associated with a bower risk of
MACE. The cumulative incidence of reinfar-
ction was 6.7 %, additional revascularization
was 77.8%, stroke was 2.6%, overall mortality
was 9.3%, and cardiac mortality was 4.7 %, all
at S-year follow-up (17).

Discussion
The long-term outcome at five and maore
years in patients who experienced STEMI has
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not yet been evaluated widely. Only a limited
number of studies are available at the mio-
ment, the results of which are summarized
from the perspective of individual endpoints
below.

Reinfarction

The incidence of reinfarction was ob-
served in a wide range from 5.0% to 18.0%
(7,9, 11, 14, 17). Recurrent infarction was defi-
ned individually in each trial. The wide range
of results was probably caused by different
definitions and lsboratory examinations used
lcreatine kinass, tropanin, different sensitivity
levels of troponin testing in time, etc.). The
facts above confirm that a significant porti-
on of patients underwent re-FCl or CABG at
S-year follow-up after STEMI. With respect to
the facts observed, we suppose that a closer
follow-up with routine or selective use of co-
ronary imaging has the potential to reduce the
incidence of adverse cardiac events.

Heart failure

Heart failure was defined as cardiac de-
compensation, requiring admission to hos-
pital. The incidence of heart failure was ob-
served in a wide range from 4.0% to 18.5% (7,
B, 9, 11). A detailed assessment of this MACE
was, in fact, problematic: 1) further details of
echocardiographic follow-up were not avai-
lable; 2} we were unable to evaluate what
was responsible for cardiac decompensation
-whether it was a higher demand on cardiac
output (infectious diseases, etc ) or worsening
of ejection fraction as a result of CAD progre-
ssion, or vahvular heart disease; 3) simultane-
ously, we had no data on the severity of heart
failure. We suppose that clinical follow-up
did include echocardiography, but no dats
are reported.

Additional revascularization
Fevascularization was defined individually
in each trial. The total amount of additional
revascularization was also observed in a wide
range from 19.0% 10 37.1 %(7, 11, 14, 17). When
CABG and PCl are compared, re-PCl is a more
commen method of revascularizatien ran-
ging from 22.0% to 34.0% (11, 14), opposed to
CABGwith a range from 3.1 % to 12.0%[11, 14].
It is probably partially caused by older age in
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this cohort of patients. We suppose that they
were less frequently indicated for CABG due
to characteristics of culprit lesions suitable
for PCI, comorbidities, and a lower chance to
benefit from open cardiac surgery.

Stroke

Stroke was also observed in a wide range
from 2.6% to 8.0% of patients [11, 14, 17].
Ischemic stroke is related to atherosclerotic
progression in the arteries. Patients with diffu-
se atheroscherotic disease of cerebral arteries
may benefit from secondary prevention fo-
cused on decreased hypertension treatment
and aggressive hypolipidemic treatment.
Due to a similar pathologic cause, intensive
and well up-titrated drug treatment of CVD
may lead to minimization of ischemic stroke.
Simultaneously, we have no data fora propor-
tion of cerebrovascular adverse events based
on cardioembaolism and hemorrhage.

Owerall maortality

The primary endpaint of this article is all-
-cause martality at 5-year follow-up. The ove-
rall mortality ranged from 9.3% to 23.3%in
our review (7,8, 10,11, 14,15, 17). Mortality da-
ta are consistently around 20.0 % in all studies
except the trial by Cui et al, with no obvious
explanation (17). The annual risk of mortality
beyond 1 year after STEMI was around 2.0%
per year (11, 16). Five trials reported a cause-of-
-death analysis (7, 8, 10, 11, 17), and cardiovas-
cular martality was the most important cause
of deathin thefirst year after STEML. The cause
of death beyond 1 year after STEMI was mostly
non-cardiac, predominantly cancer and pne-
umonia. The 1-year all-cause mortality after
STEMI ranged from 7.3% to 11.4% (7, 10, 11,
16}, and 1-year cardiovascular mortality after
STEMI was from 5.6% to 9.3 % (7, 10, 11, 16},

Cardiac mortality

Cardiac mortality at 5-year follow-up
was observed in a wide range from 4.7% to
16.0%. Similar results were found in trials (7,
10, 11) opposed to (8, 17). With respect to the
methods of research, for example, trials (8,
17} indluded only cardiac mortality opposed
1o trial (7). Parodi et al. defined cardiac death
as a death considered to be of cardiac origin
unless a non-cardiac cause was established
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clinically or at necropsy. The annual cardiac
martality in patients who experienced STEMI
was approximately from 1.1% to 1.5% (10,
11). it demonstrates that close follow-up in
patients with STEMI is effective and leads o
a decrease in significant cardiac damage. The
results above imply a significant proportion
of cardiovascular complications and deaths
in the long-term outcome.

Predictors of long-term mortality

The important risk factors are advanced
age =75 years, previous heart failure, dia-
betes mellitus, renal dysfunction with eGFR
<&0ml/s, prior PCI, cardiogenic shock, de-
layed treatment of STEMI < 360 minutes, and
liver cirrhosis [11, 16]. Patients with cancer
have a 5-year cardiac mortality similar to that
of the non-cancer control group (8).

The time from symptom to p-PFCl
The time delay from symptom onset to
p-PCl was observed in a wide range from 3.2
to 6.3 hours (7, 8, 10, 11, 17). ikmay have been
caused by different education of patients du-
ring the emergency call and by a different
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may affect the standard of medical care, and
the use of cardicprotective medication was
notinduded in our analysis. Similady, different
stents were likely used in different studies
with a potential to affect the rate of restenosis
(bare-metal versus drug-eluting stents) as well
as the rate of reinfarction/stent thrombosis
{first-generation versus second - or third-ge-
neratien drug-eluting stents). However, the
data from the SCAAR registry are relatively
recent (patient inclusion period from 2006
till 2010} and the cverall mortality in this large
and well-conducted trial is remarkably similar
to mast other studies included.

Conclusion

The overall long-term maortality after
STEMI remains high, around 20.0% at 5-year
follow-up, even in the current era of primary
POl Cardiovascular morbidity (re-infarction,
heart failure, additional revascularization or
stroke) is also significant. Further effort aimed

at this high-risk population is required.
Conflict of interest: Dr. Kofka reports
consulting for Medtronic, Abbott Vascular,
B Braun, Philips.
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KEYWORDS Long-term follow-up after primary percutaneous coronary intervention (pPCl) for ST-
Leang L segment elevation myocardial infarction (STEM) beyond 5 years is poorly described.
Fullore-ugp; There are no risk-stratification systems available for routine use. This retrospective,
STEMI;

academic, two-centre analysis included consecutive patients who presented with
B acute STEM between March 2008 and December 2019, In total, 5263 patients under-
went pPCl; all patients were included in the analysis only once. Baseline characteris-
tics were gathered from prospective local registries and based on initial hospitaliza-
tion. The study enrolled 5263 patients who had been treated with pPCl; it found that
cardiovascular mortality was the most freguent cause of death (65.0%) on long-term
follow-up to 12 years. Myocardial infarction associated mortality was 27.7%.
Cardiovascular mortality was dominant, including in the landmark analysis beyond
1 year Multivariate analysis identified significant predictors for long-term cardiovas-
cular mortality: age, history of diabetes mellives, history of renal insufficiency, his-
tory of heart failure, Killip class, and successful pPCl at presentation. A predictive
model was built to evaluate the risk of cardiovascular death with a high discrimina-
tion value (C-statistic = 0.84). Cardiovascular diseases remain the leading cause of
long-term mortality after pPCl in the Central European population. Our novel predic-
tive model provides risk stratification; it could identify patients who would experi-
ence the greatest benefit from aggressive secondary prevention measures.

Introduction

Primary percutaneous coronary intervention (pPCl) is a
wiell-established minimally imvasive non-surgical treatment
for ST-segment elevation myordial infarction (STEMI). To
our knowledge, there have been few long-term follow-up

“Carmmesponding author, Tel: 4420 728 929831, Fax: 4720 387 574302,
Email: klancik. vikior@seman. o

reports beyond Syears for STEM patients who underwent
pPCl. Previous studies have reported long-term S-year or
longer follbbw-ups and mortality rates after STEML.'?
Despite the use of pPCl, overall long-term mortality after
STEMI remains high: ~20.0% cver 5 years. ' The annual risk
of mortality between 1 and 5 years after STEMI was --2.0%
per year™™'" Cardiovascular mortality over 5years
of follow-up has been reported to range from 4.7% to
16.0%."**>5%% Annual cardiac mortality in STEMI patients

Publizhed on behalf of the European Society of Cardiology. All rights reserved. @ The Author(s) 2022.
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has been reported to range from 1.1% to 1.56.4%77 4
Swedish trial [3] reported the complete dataset of all
STEM patients who underwent pPCl between 2006 and
2010 from the national SWEDEHEART registry. A study of
cardiovasaular mortality after pPCl for STEMI [5] demon-
strated that cardiovascular problems were the leading
cawse of deathin the first 6 months.

A predictive model for the cardiovascular mortality risk
aver long-term follow-up may help to identify patient s who
could benefit from intensive secondary preventive care.
The aim of this study was to analyse missing information
concerning long-term outcomes in STEMI patients treated
with pPClin the Czech Republic.

Methods

This retraspective, two-centre analysis included all corsec-
utive patients who presented with acute STEMI between
March 2008 and December 2019, The study was approved
by the Ethics Committee of the Third Faculty of Medicine,
Charles University The study was performed in accordance
with the Declaration of Helsinki. All patients were treated
with pPCl and included in the study only once. Baseline
charactenstics were gathered from prospective local
registries and based on  initial-hospitalizadon  data.
Cardiovascular risk factors and comorbidities were evalu-
ated using medical histories obtained at the time of initial
presentation. Mortality data were extracted from the
State Institute of Health Information and Statistics of the
Czech Republic on 14 May 2021, The complete dataset
contained information regarding the date of death and pri-
mary cause of death on the basks of the Internaticnal
Classification of Diseases-10 (ICD-10). Cardiovascular mor-
tality was defined as ICD-10 cardiac categories [2xx, |4xx,
15xx, and |éxx. Tumour-associated mortality was defined as
1CD-10 tumour categories C and D. Standard definitions of
comaorbidities, time intervals, and inter pretations of cora-
nary angiography were used. Successful pPCl was defined
as final residual swenosis < 20% of the diameter and throm-
bolysk in myocardial infarction flow 3 by the operator.

The ejection fraction of the left ventricle was evaluated
based on echocardiography performed prior to discharge.
The Killip class of heart failure was determined at
admission in the catheterization laboratory (CathLab).
Symptoms-to-CathLab was defined as the interval between
patient symptom onset and patient arrival in the CathLab.
The STEMI localization was evaluated on the basis of the
type of myocardial infarction during discharge; only ante-
rior and inferior myocardial infarctions were included be-
cawse of clear identification on electrocardiography.
Coronary angiog raphy was used to assess the number of dis-
eased coronary arteries, regardless of the causative lesion.
Landmark analysiswas performed beyond 1 year to exclude
cardiovasaular mortality related vo the myocardial infarc-
tion at presentat ion.

Statistical analysis

The Kolmogoroy-Smirnov test for goodness-of-fit was wsed
to determine the normality of the data distribution.
Continuous variables are presented as mears and standard
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deviations. Continuous variables were analysed using
Student’s ¢-test or the Mann-Whitney U-test. Categorical
variables were analysed using the y* test and Fisher’s exact
test. Kaplan-Meder survival analysis was used to caloulate
the cumulative survival at different time intervals; the log-
rank test was used to assess differences in survival.
Landmark analysis was used to evaluate the impacts of pre-
dictors on mortality. Logistic regression was performed to
evaluate the effects of selected predictors on car diovascu-
lar mortality. Predictors of mortality in the univariate
analysis with Pvalues <0.05 were entered into a back-
wards stepwise logistic regression model. The predictors
that remained significant with P-values <0005 were
retained in the final model. A receiver operator character-
istic curve was used for the analysis of the risk scores'' to
assess discrimination; the Hosmer-Lemeshow g oodness-of -
fit test was used to assess calibration. ™ Results were con-
sidered statistically significant at P-values <0.05. All sta-
tistical analyses were performed using SPSS Statistics
software, version 26 (IBM Corp., Armonk, NY, USA).
Graphical analyses were performed using Sigma Plot,
wersion 14,

Results

In total, 5263 STEMI patients were treated with pPCl in
two centres between March 2008 and December 2019;
the mean follow-up duration was 5.1years. The mean
patient age was 63.9 years: of the patients, 29.3% were
women and 70.7% were men. The majority of the
patients exhibited Killip Class 1 heart failure at the time
of admission. The inferior/ posterior STEMIS were slightly
mare commaon than anterior STEMIs. Appraximately half
of the patients had single-vessel disease; two-thirds of
the patients had a good left ventricular ejection fraction
{LVEF) on discharge.

The baseline characteristics of the sample are shown in
Table 1.

Mortality data
Owverall mortality was 26.5% during 12 years of follow-up af -
ter pPCl. Approximately two-thirds of the patients (65%)
died of cardiovascular causes, while one-third of the
patients (35%) died of non-cardiovascular cawses.
Myocardial infarction-associated mortality was 27 2%,
Cardiovascular mortality after STEM was the main cawse of
death in the 15t year of follow-up. Kaplan-Meier analysis
demarstrated corsistently higher risk of cardiovascular
martality after pPCl, compared with tumour-related mor-
tality and ot her causes of martality.

The long-temn cardiovascular mortality data are shown
in Figure 1.

Cardiovascular mortality

Univariate predictors for long-term cardiovascular
mcrtality

Univariate analbysis revealed factors with asinificant influ-
ence on cardiovascular mortality: age, sex, arterial hyper-
tension, stroke, renal insufficiency, diabetes mellitus,
myocardial infarction, heart failure, active smoking, Killip
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Table 1 Baseline characteristics of the study population

Baseline characteristics
Age (years, mean = standard 639 =128
deviation)
Sex (female/male) 293X/T0. TR
Medical history at presentation
Known arterial hypertension 53.4%
Previous stmke 4.8%
[Knowen renal insufficiency 2.5%
Known diabetes melitus 22.0%
Previous myocardial infarction 14.8%
Previous heart failure 1.9%
Active smokers 56.T%
Climical characteritics at presentation
[Pain to Cathlab jmin, mean = 263.3 = 3666
standard deviation)
Killip class
Oass 1 B4.0%
Oass2 TOE
Oass 3 1.8%
Class 4 5.8%
STEMI localization
Anterior STEM 41.9%
Inferior { posterior STEM AT 6%
Other 10.5%
Caronary angiography
One-vesel dizease 48.5%
Two-vessel diseaze 29.0%
Three-vessel dizease 21.5%
Successful pPCI 95.9%
Climical characteristics during discharge
LVEF %
VEF =-50% 62.5%
VEF 30-49% 335%
WEF <30% 4.0%

Cathiab, cathetenization aborstory; IVEF, left ventriche ejection
fractian; pPCl, primary percutanents eoronary intervention; STEMI,
ST-segement ol evation myocardisl infarction.

score, STEM lacalizat ion, single- or multi-vessel disease,
successful pPCl, and LVEF Patients who were smokers at
the time of presentation demonstr ated significantly bet -
ter cardiovascular outcomes. Histories of stroke and re-
nal insufficiency were the strongest predictors for
cardiovascular outcomes, with an incidence approxi-
mately two-fold higher than in other patients. Patients
with cardiovascular mortality were significantly older
(73.7 years) at presentation, compared with the remain-
ing patients (61.9years). Cardiovascular mortality was
higher in women (24.3%) than in men (14.3%)
(P <0.0001). Women (77.2+ 11.2 years) were signifi-
cantly older (P = 0.0001) than men (71.2 £ 11.6years).
Mo significant differences were found in the symptoms-
to-CathLab time among survivors and deceased individu-
als (P=0.102). Most cardiovascular deaths were caused
by myocardial ischaemia and heart failures, while pul-
monary embolisms and strokes were reported as the
causesof death in 9 and 53 patients, respectively.

The predictors for adverse outcomes in STEM patients
after pPCl are shown in Table 2.

Multivariate predictors for long-term cardiovascular
mortality and predictive model

Multivariate analysis revealed independent predictors for
cardiovascular mortality (Table 3). Significant predictors
based on the regression analysis weme identified in the
Tollowing categories: age, diabetes mellites, renal insuffi-
clency, heart failure, Killip class, and successful/unsuc-
cessful pPCL A predictive model was built to evaluate the
risk of cardiovascular death with a high discrimination
value |C-statistic =0.84). The receiver operating charac-
teristic curve for the predictive model is shown in Flgure 2.
The equation to assess the long-term risk of cardiovascular
death is:

bgit p = —B.737 +(0.330 x known diabetes mellitus)
+10.731 x Killip class)
-+ (0.722 x known renal insufficiency)
+(1.246 x past heart failure |
+ (0015 x successful /unsuccessful pPCl)
+ (0091 x age)

Landmark analysis

Canrdiovascular mortality was assessed for 1 year and up to
12 years. Landmark analysis was performed beyond 1year
to exclude cardiovascular mortality related to myocardial
infarction at presentation. The presence of renal insuffi-
clency was the predictor with the worst outcome.
Landmark analysis demonstrated the following predictors:
diabetes mellitus, renal insufficiency, Killip class, and suc-
cessful/ unsuccess ful pPCl (Figure 3).

Discussion

Long-term mortality after STEM remains high. The result
of this tral is unique about the possibility of identifying
patients with a high risk of cardiovascular death with Llittle
of no symploms.

Cardiovascular diseases were responsible for most
deaths in our cohort, including in the landmark analysis af-
ter the 1st year.

We built a predictive model based on the multivariate
predictor analyss. This predictive model could identify
patients at high risk of cardiovasaular death in the long-
termperspective.

Geographical differences may influence cardiovascular
martality A Scandinavian study [4] found that non-
cardiovascular mortality was the major cause of death dur-
ing long-temn follow-up beyond 30days after pPCl for
STEMI; inour study, cardiovascular mortality was the major
cause of death. These findings could reflect different life-
styles among nations. In the Czech Republic, there isa high
prevalence of cardiovascular risk factors.” These geo-
graphical differences may have impacts on local primary
and secondary preventive care.

In a previous study [5], multivariate analysis showed that
independent risk factors for all-cause mortality on follow-
up beyond &months after pPCl for STEM included ad-
vanced age, previous heart failure, renal dysfunction, and
liver cirhosis. In our stwdy, multivariate analysis showed
that predictors for cardiovascular mortality were similar to
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Figure 1 [4] Long-tenm mart slity analysis scoording to the cawse of death. [By Landmark analys®s for lang-tenm car diovascular martality. pPCl, primary
pencutaneos cofonary inbervention; STEMI, ST segment sevation miyocar dial infar ction.

the predictors for all-cause mortality; they included age,
renal insufficiency, and previous heart failure (Table 3).
Predictors for 1-year cardiac mortality were ident ified in a
previous study'®: age, diabetes mellitus, Killip class, car-
diac arrest, creatinine, haemoglobin and troponin on ad-
mission, and left wentricular ejection fraction during
hospitalization. Predictors for long-term cardiovascular
mortality after the 1st year were age, diabetes mellitus,
renal irsufficiency, previows heart failure, Killip class at
presentation, and successful pPCl. Patients who were
smokers at presentation had better out comes than did non-
smokers. This parmadox was previously reported® ' it pre-
sumably arises because many patients quit smoking for sec-
ondary prevention.

With respect to the predictive model for cardiovascular
maortality presented above, patient stratification could
help to provide more focused secondary preventive care
for high-risk patients. Modern hypolipidaemic treatment
using PCSKY inhibitors is effective for high-risk patients.
For better follow-up, computed tomography angiography,
skress examinations, and other examinations may be wsed.

The Pain-to-Cat hLab time was not a significant predictor
for long-term cardiovascular mortality. In the event of
chest pain, early emergency calls could shorten the time
from pain to diagnosis. However, the quality of the time pe-
riod reported by the patients and physicians is also ques-
tionable. Mortality in women was higher because women in
the sample were significantly older (6.0years).

Recurrent angina is a significant symptom in long-term
follow-up in patients after pPCl for STEMI which may have
an important impact on the intensity of the follow-up.
Patients with recument stable angina are more Lkely to be
alder, women with previous heart failure, multi-vessel dis-
ease and have a higher risk of coronary revascularization in
long-term follow-up against patients without stable an-
gina."® The presence of stable angina is weakly associated
with cardiovascular mortality, myocardial infarction, and
stroke.'®

In the Czech Republic, patients have regular check-ups
via ambulatory cardiologists in secondary prevention of
cardiovascular morbidity and mortality. Patients with re-
current angina are often seen by an ambulatory cardiolo-
gist before an acute coronary syndrome occurs. The
question is how to identify patients with little or no
SYmpLoms.

The matter of more intensive long-term follow-up in
patients after STEM with the presence of severe comorbid-
ities ident fied via our trial is debatable. On the one hand,
the specific and more expensive treatment is usually re-
served for patients with better prognoses, mostly patients
with less comarbidities. But on the other hand, more inten-
sive follow-up may have an impact not only on the higher
usage of expensive medication but also may focus better
on compersation of blood pressure, diabetes mellitus, etc.
via standard medication resulting in better compensation
of comorbidities. These factors may have an impact on
long-term cardiovascular outcomes. Better compensation
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Table 2 Cardiovasoular mortality

Cardiovascular death Mo (n= 4352) Yes (n= %11} Pvalue
Baseline characteristics
Age (years, mean * standard 61.9 = 12.0 .7 = 11.7 <0001
deviation)
Sex (female/male) T5.TE/B5. T 243%/14.3% <0001
Medical history at presentation
Known arterial hypertension 14.0% 20.1% =10.001
Previous stro ke 22.3% 51.7% < 10.001
Known renal insufiiciency 12Tk 56.3% <0001
Known diabetes meltitus 153% 24.3% <0001
Previous myocardial 21.6% I5.1% =10.001
infarction
Previous heart failure 9.9% 18.5% <0001
Active smokers 15.9% 8% < 10.001
Clinical characteritics at
presentation
Pain to Cathlab {min, mean 261.6 * 269.6 269.0 = 256.4 0.102
+ standard deviation)
Killip dass <0001
Class 1 87 .6% 12.4%
Oass2 &4.6% 35.4%
Oass3 55.7% 44.3%
Class 4 4332% 56.8%
STEMI loclization 0.001
Anterior STEM 81.2% 18.8%
Inferior / posterior STEM B4.9% 15.1%
Coronary angiography =10.001
One-vezel disease BB.TR 11.3%
Two-vessel dissase 83.0% 17.0%
Three-vessel dizsease TOA% 29.9%
Successful pPCI B432% 15.8% <0001
Unsuccesful pPCI 49.2% 50.8%
LVEF % <0001
LVEF =50 MK B.8%
LVEF 30-49% TTi% 22.8%
IVEF <30% 97K 60.3%

Cathiab, catheterization aboratary, LVEF, left ventricle ejection fraction; pPCl, primary percutaneows cononary intervention; STEMI, ST-segment

eevatian myacardial infarction.

Table 3 Fredictive model for cardiovasoular mortality

Odds ratio 95% confidence interval P-value

Medical history at presentation

Age 1.0950 1.083%-1.1063 < 0. 0001

Known diabetes meltitus 1.3915 1.0873-1.7808 00314

Known renal insufliciency 2.0586 1.1224-3.7757 00202

Previous heart failure 31.4773 1.6171-T.4T74 00025
Clinical characteritics at

presentation

Killip class 2.0780 1.8760-2.3019 <0000

Successful funsuccessful pPCl 1.0153 1.004%-1.0259 0.00M%

PRI, primary pencutaneos cornary intervention.
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of cardiovascular morbidity may have an impact on the
whole outcome of patients. We suppose that modern treat-
ment for patients with hyperlipidaemia via PCSK91 and
SGLT2i for patients with diabetes mellitus or heart failure
may lead toa better cardiovascular outcome.

Age as a predictor of death should be assessed sepa-
rately. Older patients more often have multi-vessel
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ischaemic heart disease with calcified lesions that may not
be appropriate for revascularization. This may lead to a
more corservative approach.

Overall, centralized secondary prevention and complex
national registries could provide an opportunity and over-
view for better follow-up of high-risk patients; they might
enable more intensive and precise treatment of the under-
lying risk factors.

Limitations

This was a retrospective, academic study with a large sam-
ple from two cardiac centres. Our dataset only included
parameters from two independent hospital registries:
therefore, it did not include routinely collected data [e.g.
the type of stent wed (bare-metal or drug-eluting) and
whether only balloon angioplasty was conducted]. The
long -term outcomes were only evaluated from a mortality
pempective: data regarding morbidity and hospitalizations
were unavailable.

20| Conclusion
The mortality associated with myocardial infarction
o ! ! { | remains high despite intensive secondary preventive care.
o 20 a0 50 a0 100 Cardiovasaular diseases remain the leading cause of long-
1005 ) term mortality after pPClin the Central European popula-
pecificity tian. Qur novel predictive model provides risk stratification
Figwe 1 Receiver opersling characleristic curve Tor the predictive and could identify high-risk patients who might benefit
madel. from a more aggressive approach. Benefits may include
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Figure 3 [A) Patients witha history of disbetes mellitus at present stion. (B Patients with & history of renal igulficiency at presentation. (C) Killip clas-
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improvements inguality of life and life expectancy, aswell
a5 reduced soCioeCconomic CONSeqUences.
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ABSTRACT
Introduction: Cardiovascular diseases (CVDs) are the leading cause of cardiovascular mortality and a
major contributor to disability worldwide. The prevalence of CVDs is continuously increasing, and from
1990 to 2019, it has doubled. Global cardiovascular mortality has increased from 12.1 million in 1990 to
18.6 million cases in 2019. The development of therapeutic options for thesa diseases is at the forafront
of interest concerning the extensive socio-economic consequences. Modern endovascular transcatheter
therapautic options contribute to the reduction of cardiovascular marbidity and mortality.

Areas covered: The articde concentrates on the tnad of the most common causes of acute cardiovascular
maortality and morbidity - myocardial infarction, ischemic stroke, and pulmonary emibolism. Current evidence-
based indications, spacific intarventional techniques, and remaining unsolved issues are reviewed and
compared. A personal perspective on the possible implications for the future is provided.

Expert apinlon: Primary angioplasty for ST-seqment elevation myocardial infarction is a well-established
therapautic option with proven mortality benefits. Wi suppose that catheter-based interventions for acute
stroke will spread quickly from centers of excellence to routine dinical practice. We believe that ongoing
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KEYWORDS
Percutaneous; catheter;
Intervention; myacardial
Infarction; Ischemic stroke;
pulmanary embalism

research will provide a basis fior the expansion of interventional treatment of pulmonary embolism soon.

1. Introduction

Cardiovascular diseases (OVDs) are the leading causa of cardiovas-
cular mortality and a major contributor to disability worldwide.
WDs cause approwimately one-third of all deaths, with the domi-
nant proportion of myocardial infarction (M), ischemic stroke (5],
and pulmonary embolism (PEL. Over three-quarters of cardiovas-
cular mortality occurs in low- and middle-income countries [1,2].
The global prevalence of CVDs is continuously increasing, and from
1990 to 2019, has doubled, from 271 million in 1990 ta 522 million
casas in 2019, Global cardiovascular mortality has increasad from
121 million in 1990 to 18.6 million cases in 2019, At the same time,
the global trend for disability-adjusted life years (DALYs) has
doubled, and the yaars lived with a disability have also doublad [2].

Considering the possibilities of modam therapy, the total
rate of patients with cardicvascular diseases is increasing, and
thair survival time is extending. This may explain the two-fold
increase in prevalence and only a 50% increase in mortality.

MiniHnvasive ftranscatheter interventions are essential and
often life-saving therapeutic options for many cardiovascular dis-
eases, This review aims to summarize and compare the approach
to urgent catheter interventions for M, stroke, and PE.

2. Epidemiology

The overview is summarized in Table 1.

2.1. Myocardial infarction

Coronary artery disease (CAD), as a combination of acute and
chronic procasses, is the most common cause of death world-
wide [5]). Ml is the acute manifastation of CAD.

The prevalence of CAD is approximately 6.4%, and of Ml is
around 2.0% [&].

The incidence of Ml has decreased significantly in developed
countries, from 287 par 100,000 in 2000 to 208 par 100,000 in 2008
[7]. A significant decrease in the inddence of ST-elevation myocar-
dial infarction (STEMI) occurring after 1909 was observed, but the
inddence of non-5T-elevation myocardial infarction (NSTEMI) ver-
sus STEMI increasad threefold between 1980 and 2006 [8]. The
incidence of STEMI was 50 per 100,000 in 2008, and of NSTEMI was
132 per 100,000 in 2005 [7,9]. A significant contribution to higher
NSTEMI incidence is the detection of less severe Ml due to the
better sensitivity of laboratory tests. Concurrently, modem phar-
macotherapy probably reduces the risk of transition from NSTEMI
to STEMI [B].

The T-year mortality of patients after Ml of all types is
approximately 7.2%. 1-month total mortality after STEMI and
NSTEMI 5 approx. 6.7% and 4.7%, respectively. Long-term
total mortality up to 10 years after STEMI and NSTEMI is
approx. 196% and 22.8%, respectively [10]. The mortality
data are different in many other studies, and the most likely
explanation is the selection bias.
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Article highlights

» Cardiovascular diseases are the most significant worldwide cause of
rmrhldrt{land monzlity, contributing to one-thid of all deaths.

The global prevalence of cardiovascular diseases s constantly
Increasing.

MinHinvasive Interventions In acutely Ill patients wsually increase the
chance of a quick return to Independent Iife.

Primary percutanecus coronary Intervention 1s a well-established
method for treating acute myocardial Infarction with 5T-segment
elevations.

Transcatheter Interventions for acute siroke are concentrated In cen-
ters of emcellenca, but we belleve In thelr expansion Into routine
dlinical practica.

Intensive research on transcatheter therapy of pulmonary embollsm
with promising results 1s currently underway.

2.2, Ischemic stroke

Ischamic stroke is the sacond leading cause of cardiovascular
death and the major cause of disability worldwide and
accounted for approximately 116 million global DALYs in
206 [11].

The incidence of 15 is increasing worldwide, The estimated
incidence was 11.6 million in 2010 and increased to 13.7
million cases in 2016 worldwide. The highest increase in the
incidence of stroke is located in low- and middle-income
countries but is relatively stable in high-income countries
[11]. The stable incidence in high-income countries can be
attributed to better primary preventive care and therapy of
modifiable risk factors such as hyperlipidemia and arterial
hypertension.

The 1-year mortality of patients after IS is approximataly
236% [12] and is highly influenced by the level of medical
care, Thus, the risk of age-standardized stroke-related mortal-
ity is 3.6 timas higher in low-income countries than in high-
income countries [13,14].

Regarding the etiology of stroke, two major causes are
differentiated - ischemia, which is the cause in about B7% of
strokas and hemorrhage in the rest of the cases [11]. In this
article, we will only focus on the endovascular treatment of
ischemic strokes.

When comparing myocardial infarction and endovascular
stroka treatmeant, one major epidemiology difference must be
pointed out - the completely different ratio of patients eligible
for endovascular therapy. In STEMI patients, the vast majority
of cases can be treated endovascularly. This can be observed
in countries with developad primary percutaneous coronary
intervention (pPCl) network where wp to 92% of STEMI
patients receive pPCl as a primary treatment strategy [15].
On the other hand, the estimated proportion of IS that can
be treated endovascularly is only 10-15% of cases [16], and
the real practice data shows that an even much smaller

Tabile 1. Epidemiclogy of major oute cardiovascular diseases.

proportion of 1S patients (around 1.9% in Europe) are receiving
the endovascular treatment [17].

2.3. Pulmonary embolism

Pulmonary embolism is the third leading cause of cardiovas-
cular death and is associated with many inherited and
acquired risk factors.

The prevalance of pulmonary embolism in the global popu-
lation is not reliably described. Based on a study by Meignan
M. et al,, a high proportion of patients with deep vein throm-
bosis have asymptomatic PE [18].

The incidencea is estimated to ba approx. 60 to 70 cases per
100 000, corresponding to 10 million cases per year worldwide
[19-21]. The incidence of PE 5 increasing worldwide, but
according to the analysis of European, Asian, and Morth
American populations, the fatality of PE is decreasing. The
incidence of PE is increasing partly due to the increased
sensitivity of diagnostic methods, especially CT angicgraphy
of pulmonary arteries. On the other hand, this results in a
higher rate of less severe PE detection that corresponds with
lower fatality [19,21,22].

The 1-year mortality of patients after PE is approximately
23.0% [23]. The mortality is often caused by co-morbid condi-
tions causing PE

3. Pathophysiology
3.1. Myocardial infarction

Myocardial infarction is pathologically defined as myocardial
cell mecrosis caused by ischemia. The definition is based on
ESC criteria [24].

The long-standing presence of atherosclerosis in coronary
arteries and the sudden, unpradictable rupturs of a vulnerable
plague usually precede myocardial necrosis. The formation of
a thrombus and arterial occlusion follows. The human heart
has a poor native collateral supply, which is usually unable to
provide sufficient blood supply in acute vessel occlusion [25].

The necrosis spreads from the subendocardium, which is
maore vulnerable to ischemia due to the epicardial course of
mMajor coronary artaries.

One of the remaining issues in Ml interventional treatment
remains the topic of microvascular obstruction. This is char-
acterized by inadequate myocardial reperfusion at the micro-
drculatory level, after a successful reopening of the epicardial
infarct-related  artery, without evidence of a persistent
mechanical obstruction. No-reflow mechanisms are not fully
understood — distal thrombotic microembaolization, vascular
reperfusion imjury, adrenergic microvascular constriction, and
myocardial edema may contributa. Despite all efforts,

Incidence per 100,000 Prevalence 30-day mortality
Myncardial infarction 108 [7] 20% [€] 59% [10]
Ischemic stroke 156 [11] 1% [11] 15.0% 3]
Pulmonary embedism 70 [20] NA T0.7% [4]
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microvascular obstruction significantly adversely affects cardi-
ovascular mortality [26,27].

Due to recent advances in genatics and molecular biology,
the ability to regenerate cardiomyocytes in lower vertebrate
species has been proven. Current research focuses on the
possibility of inducing human regenerative abilities [28].

3.2. Ischemic stroke

Ischemic stroke is defined as neurological dysfunction caused
by impaired perfusion through the blood wvessels to the
rain [29].

The pathophysiology of IS differs in many regards from M,
which has direct conseguences in the traatmeant dacision-mak-
ing process.

The main difference is in the etiology of vessel occlusion.
As the Ml is dominantly caused by thrombaosis on the ruptured
atherosclerotic plague, the 15 is much more often caused by
embolization, whether from the cardiac or carotid orgin. This
diffarence led to the development of different tools and tach-
niquas used for |15 endovascular treatment, as mentioned
below.

After the large brain wvessel occlusion occurs, the dock
begins to tick. The perfusion of the tissue aftar the occlusion
reduces significantly, and when it drops below 22 ml/100 a/
min, neurons lose their function. Thus neurclogical symptoms
occur. When the perfusion is below 12 mi/100 g/min irrever-
sible necrosis begins to establish [20]. The well-known concept
of penumbra describes these pathophysiological facts. In the
center of ischemic tissue, the necrosis starts to sat and grows
to the periphery while raducing the amount of the tissue
potentially salvageable by recanalization. On average, every
1 minuta, 1.9 million neurons disappear due to ischemia [31].

The speed of nacrosis spread mostly depends on the qual-
ity of leptomeningeal and the circle of Willis collaterals [32].

All these facts have direct clinical consequences. Most of
the patients who will benafit from endovascular traatment are
those with small ischemic core and large salvageable penum-
bra. In the first six hours after symptom onset, the evaluation
of established ischemia is mainly done by Alberta Stroke
Program early native (T (ASPECT) score. Late presenters (6
24 hours after symptom onset) require more detailed penum-
brafischemic core evaluation by CT perfusion or diffusion-
weighted imaging MRI [33,24].

The second most important consequence is that the effect
of the endovascular treatment is highly time-dependent, and
the ralation batween timely reperfusion and clinical outcomes
is even more closely than in the case of Ml - up to 26%
dacrease in the probability of a good functional outcome far
eviery 30-minute delay of reperfusion was observed [35,36].

3.3. Pulmonary embolism

Pulmonary embolism is defined as an obstruction of pulmaon-
ary circulation, typically by a thrombus. The classical origin is
in the lower limb deep venous system. The size of venous
thrombus in PE patients is much larger than the arteral
thrombus in MI and 15.
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Significant thrombetic ocdusion of the pulmonary artery
leads to pulmonary hypertension, right ventricular afterload
increase, and may result in acute right ventricular failure. Due
to ventricular interdependancy, dilated and failing right ven-
tricle decreases the preload of the left ventricle, resulting in
hypotension and a decrease in coronary parfusion prassure,
thus further increasing the injury to the right ventricle. This
salf-perpetuating cyde leads to shock and is responsible for
the acute mortality of PE [20].

The outcome of the PE patient does not depend on the
extent of possible necrosis of the lung tissue but on hemody-
namic instability. Pulmonary infarction occurs in less than 30%
of patients with PE bacause of the dual blood supply to the
lungs via pulmonary and bronchial vessels [37].

4. Development of interventions

4.1. Cardiac catheterization

At the tum of the millennium, there was a dramatic change in
the management of patients with acute STEMI - the concept
of a mechanical re-opening of occuded coronary artery
emerged. The PRAGUE-1 trial demonstrated the superiority
of pPCl over thrombaolytic therapy in patients with acute
STEMI [38]. The PRAGUE-2Z trial and the DANAMI-Z trial
extanded this nowvel treatment also to patients requiring trans-
port from the local hospital [39,40]. Considering the results of
these trials, it was necessary to develop a methodology to
ensure the availability of catheterization laboratories. The fun-
damental pillars were establishad: 1) volume of pPO for STEMI
> G00Vyear per 1,000,000 inhabitants; 2) 24/7 hours of service;
1) availability for more than 70% of patients with STEMI [41].

The first generation of stents (bare metal stents) signifi-
cantly improved the safaty of coronary angioplasty. The
drug-eluting stents have addressed the issue of restenosis
due to necintimal hyperplasia [42]. The development of bior-
esorbable scaffolds was an intuitively very attractive idea, and
promising early results were also reported for STEMI treatment
[43.44). Due to a higher risk of scaffold thrombaosis and myo-
cardial infarction, bioresorbabla scaffolds were unfortunately
subsaquently withdrawn from the market in 2017 [42].

Thrembaspiration in pPCl seems a very intuitive and logical
option — removing the thrombus should prevent distal embo-
lization. Despite promising initial results, the results of two
large randomized trials, TASTE [45] and TOTAL [45], did not
demonstrate any benefit of thrombus aspiration cathaters,
and TOTAL showed an increase in IS, probably related to
embolization of extracted thrombotic material. Thus, throm-
baspiration is routinely not recommended [47].

4.2, Stroke catheterization

In the 19805 the first reports of endovascular stroke treatment
attemipts consisting of catheter-guided thrombolysis injected
in the proximal part of the thrombus were published [48].
Subsequently, this approach was investigated in a andomized
trial PROACT which revealed a significantly higher rate of
reperfusion compared to placebo but with a higher risk of
symptomatic intracranial hemorrhage [449].
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At tha beginning of the millennium, mechanical thrombect-
omy devices were introduced as promising tools for large
vassel occlusion reperfusion [50]. One of the first endovascular
devices was the retriever — a corkscrew-shaped nitinol wire
used to remove the clot from the vessal [51]. Based on the
results of the MERCI Trial, which showed a higher recanaliza-
tion rate comparing the historical cohort with an acceptable
risk of hemaorrhagic complications, the device was approved
for clinical use. Still, the recanalization rate of retriavers was
only 46% [52].

The most significant milestone in endovascular stroke treat-
ment was the introduction of second-generation stent retrie-
wars. In 20012 SWIFT Trial and TREVO 2 Trial showed superiority
ower the first generation of retrievars [53]. And in 2015, several
randomized trials using the second generation of stent retrie-
wars, showed clear superiority of endovascular treatment com-
pared to the best medical treatment (BMT), including
intravenous thrombolysis in tarms of 90 days functional neu-
rolegical outcomes [54-59].

Thesa trials completely changed the guidelines and prac-
tice and made endovascular stroke treatment the preferred
approach in eligible patients with large vessal occlusion [50].

Concurrantly with stent ratrievers, another techniqua con-
sisting of direct aspiration of clot using large bore aspiration
cathaters was evolving [61]. The results of the trials COMPASS,
ASTER, and ADAFT FAST confirmed the non-inferiority of
thrombus aspiration comparad to stent retrievers [61-63].

4.3. Pulmonary embolism catheterization

Catheter-based solutions for PE already began in the 1960s.
The first device was the large bore (12 French) suction cathe-
ter developad specifically for endovascular mechanical throm-
bectomy in PE. Then for many decades, the pharmacologic
approach to PE prevailed. Catheterization technigues gained
attention in 21. century again due to persistently high mortal-
ity of intermediate and high-risk subgroups of PE.

In 2013, the ULTIMA [64] randomized trial demonstrated
catheter-directad thrombolysis (CDT) facilitated by ultrasound
thrombus disruption as a superior method to anticoagulant
therapy with heparin alone in patients with intarmediate-risk
PE with the primary end-point being the reversal of right-
ventricular dilatation [64]. In 2015, the single-arm, non-

Table 1. Ovendiew of Interventional technigues.

randomized SEATTLE Il [65] and PERFECT [66] trials were pub-
lished, which demonstrated the safety of using CDT (with and
without ultrasound facilitation) in patients with massive and
sub-massive embolism, while no hemorrhagic stroke as a
complication occurred. COT enabled approximately up to a
three-quarter reduction in the dose of tissue-plasminogen
activator comparad to systemic thrombalysis [21]. Again, the
endpoints were surrogate, based on imaging of the night
ventricle and pulmonary pressure measurements, not clinical
ones.

A recent small pilot study compared catheter-directed
thrombolysis versus standard anticoagulation therapy again
with promising results in patients with intermadiate-high-risk
PE. There was no life-threatening bleeding, and a significant
dacrease in pulmonary artery systolic pressure and a signifi-
cant decrease in the right-ventricle/left-ventricle ratio at
24 hours were obsarved [57].

5. Catheterization techniques

The averview is summarized in Table 2.

5.1. Myocardial infarction

The pPCl is a well-establishad urgent procedurs performed on
patients receiving very efficient antithrombotic treatmant. The
radial access results in a lower rate of bleading complications
than the femaral artery puncture and is clearly recommended
by guidelines. A drug-eluting stent implantation is routine,
delayed stenting can be considered individually, but not as a
routine strateqy [47]. The use of drug-coated balloons seems
promising for a selected population and might warrant further
large randomized studies. Direct stenting with less wvessal
manipulation might prevent no-reflow and should be consid-
erad for _soft” thrombotic lesions. On the other hand, culprit
lesion calcification is severe or moderate in over 30% of STEMI
patients (and likely to become more fraquent in the future). It
is associatad with an increased risk of death, stent thrombosis,
and revascularization [78]. High-pressure predilatation with
non-compliant, cutting, or scoring balloons is routinely used,
but their role in the specific setting of primary PCl is not well
described. Rotational atherectomy and excimer laser atherect-
amy facilitate stent delivery and improve procedural rasults.

Myccardial Infarction Ischemic stroke Pulmanary embolism

ACCESS Radial Femoral Femoral/BrachizlRadial ~ FemaoralJuguilar

fartertal? fartarial) fremous)
Davice dimensions 4-8 FR [6E] E-9 FR [59] 4-26 FR [70-72)
lodine contrast medium 150 ml [73] 120 ml [74] 0-120 mil [75]

wolume
Technigues - Dract stenting - Stent retrievers - Suction thrombectomy
ithe most wsad) - Balloon pre-dilztation followed by - ADAPT technigua - Mechanical thrombectomy
stanting - Solumbra technigue - Catheter-directed thrombolysis + ultrascund

- Dug-coated balloon dilatation facilitation
Target time Dior-to-balloon [TE] Dioor-to-recanaltzation HA

%0 minutes [

%0 minutes

ADAFT - The direct aspirohion first pass technigue; FR — French
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Still, these complex adjunct procedures might increase the
rate of restenosis [79,80], and rotational atherectomy is rarely
used in STEMI due to the risk of no-reflow, it is contraindicated
in the presence of coronary thrombus. Intracoronary litho-
tripsy is another recently introduced option, this technique is
easy and quick to use, ie. suitable for the acute setting of
pPd, and the success rate was 9% in a recemt small
study [B1]

Cardiogenic shock complicating STEMI is a major cause of
in-hospital mortality. Intraaortic balloon pump is not routinely
recommended as it did not affect mortality at & years follow-
up [B2]. Bxtracorporeal membrane oxygenation and left-ven-
tricle assist devices like Impella provide excellent hemody-
namic support and are used on a case-by-case basis in
centers of excellence. The topics of hemodynamic support
optimal timing (before or after the opening of culprit wessal)
and patient selection are currently discussed, and invasive
assassment of left ventricle filling pressure might have a role.

5.2. Ischemic stroke

In the endovascular treatment of 15, three basic technigues are
used - stent retrievers, the direct aspiration first pass techni-
que (ADAPT) and the Solumbra techniqua.

Stent retrievers are soft self-axpandable meshes that are
released from the microcatheter at the side of the occlusion. A
few minutes after release, when the stent retriever achieves
the optimal radial force, it is pulled out together with the
microcatheter. In the ideal scenario, the occlusive thrombus
Is extracted together with a stent retrigver. Stent retriavers are
today routinely used together with balloon guide catheters.
These catheters tamporarily stap the blood flow in the internal
carotid artery during the extraction of the stent retriever and
facilitate the extraction of thrombus by aspiration from the
balloon guide catheters during the pull-out. Several trials
proved that using balloon guide cathaters achieves fastar
recanalization, more often first-pass effect and improved clin-
ical outcomes compared to proximal large-bore conventional
guide cathetars [83,24].

ADAPT technigue is based on the direct aspiration of the
thrombus by a large bore catheter placed at the proximal part
of the thrombus using a pump [85]. Solumbra technigue
combines both mentioned technigues when the stent retrie-
wer is used togather with aspiration from a large bore catheter.

Some data suggests that each technique could perform
better in different specific settings. Stent retrigvers seem to
perform bottar in cases when the thrombus is soft and red
blood cellrich (which is represented by hyperdense vessal
sign on initlal non-contrast CT or blooming/susceptibility
sign on magnatic resonance imaging). On the contrary, diract
aspiration seems to perform better in the case of fibrin-rich
thrombus when these imaging signs ara not prasant [86,87].

5.3. Pulmonary embolism

Endovascular treatment of PE is much less developed than MI
and I5. Two different patient populations are currently
targeted.
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{1} Catheter-based interventions are compared with standard
anticoagulation in intermediate-high nsk PE patients with
dilated and ischemic right ventride but stable hemody-
namics. An intemational multicenter randomized study
HI-PEITHO of catheter-diracted thrombolysis facilitated by
ultrasound started enrollment [88], and another rando-
mized academic multicenter study without ultrasound facil-
itation will begin soon (clinicaltrals.gov Mo: NCT05493163).
Both studies have dlinical endpoints, patient safaty with
low-dose local thrombeolysis is of paramount importance
in this hemodynamically stable patient cohort, and both
studies use small caliber and soft catheters. A recently
published case series with new endovascular catheter com-
bining mechanical a phamacological reperfusion was
reported, and this technigue awaits further evaluation [B9].
High-risk PE patients are defined by hemodynamical
instability and require urgent reperfusion of the pulmonary
artery tree. The standard treatment is systemic thrombaly-
sis, and mechanical reperfusion is reportad in case series of
thrombolysis contraindications or failure. The need for
immediate reparfusion dictates larger-sized catheters use
based on thrombus aspiration by suction, thrombus frag-
mentation by angioplasty balloons, rheclytic thrombect-
omy, and thrombus entrapment in nitinol-based systems,
etc. All these devices are reviewed in [90] and can be
combined with local thrombolytic administration [91].
These procedures are tachnically more complex, require
manipulation of larger devices in pulmonary arteries, and
have higher procedural costs.

(2

6. Outcomes and pitfalls

The averview of complications is summarizad in Table 3.

6.1. Myocardial infarction

Percutaneous coronary intervention and its high availability in
developed countries led to a gradual decrease in morbidity
and mortality due to STEMI and a simultaneous reduction of
its rsk of arrhythmic and mechanical complications.

Microvascular obstruction remains a complex problem. In
patients with STEMI treatad with pPCl is a majer cause of the no-
reflow phenomenon, and this is strongly assodated with mortality
and hospitalization for heart failure within 1 year [100].

Due to the increasing density of cardiccentars with 24/7 avail-
ability of catheterization laboratories, the time delay from emer-
gency calls to interventions is shortening. However, the variable
time delay from the onset of symptoms to the emergency call
ramains a problam, adversaly affecting patient outcomes. Batter
patient education about symptoms accompanying acute coronary
syndromes may lead to a shortening of this delay with the poten-
tial to lower cardiovascular morbidity and mortality.

6.2. Ischemic stroke

Endovascular treatment (ET) of 15 in the selected group of
patients with large wessel occlusion proved to be a better
option providing superior cdlinical outcomes compared to the
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Table 3. Complications of interventions.

Tatal rate Complications - overview Individual rate

Percutaneous coronary Intarvention I4-48% [1897) = Coronary perforation 0L19-15% [37]

= Coronary dissection 1.1% [93]

= Arrhythmias VI/VE 43% [34]

+ Mo-reflow 06-2.0% [95]

» Paricardial tamponade 0.12% [%6)

= Davice embolization 0.2% [95]
lschemic stroke Intervention 4.0-31.0% [97] = Intracerebral bleeding 1.9-158% [97]

» Subarachnoid bleading 10-5.5% [97]

+ Distal embolization 1.0-125% [97]

= Artenzl perforation 07-4.9% [97]

« Dissection 06-6.7% [97]

= Vasospasm 3.0-130% [97]

» Stent detachment 07-3.9% [97]
Catheter-directed Intervention for pulmonary embalism 24-36% [72] = Hemarrhagic stroka 04-0.6% [98]

= Pulmonary hemorrhage NA

= Perfortion or dissection of the pulmonary artery NA

= Arhythmlas NA

= Right-sidad valvular regurgttation LC)

= Paricardial tamponade HA
Other complications = Contrastanduced nephropathy <14.0% [99]

VT - ventricuwar tachycordia; WF - ventricwlar fbniiotion

bast medical treatment (BMT), including the administration of
intravenous thrombolysis. HERMES meta-analysis, which ana-
lyzed five randomized trials comparing ET vs. BMT, showed
good functional outcomes 90 days after stroke, defined as a
modifiad Rankin Scale (mRS) score 0-2 in 46% of patients in
the interventional group compared to 26.5% in the medical
group (OR 2.35 (1.85-2.98); p < 0.0001) [101].

The functional outcome of the individual patient after
endovascular treatment of IS depends on many variables. As
was already mentioned, time plays a key role. The sooner the
treatment is provided, the higher the odds of a good clinical
outcome [25,26].

Different occlusion anatomical localization also plays an
important role in terms of probabilities of good clinical out-
comes. Tha best results are observed in isolated middle care-
bral artery occlusion, contrary to much worse results in carotid
occlusions or posterior circulation strokes [102].

Even though the ET for 1S is an invasive procedure, the rate
of clinically ralevant complications using modarn devices does
not differ significantly when comparing patients treated by
intravenous thrombalysis. In above mentionad HERMES meta-
analysis, the risk of symptomatic intracranial hemorrhage was
4.4% in ET group compared to 4.3% in the BMT group [OR 1.07
{0.62-1.83); p = 0.81], and also the risk of parenchymal hema-
toma type 2 was comparable batwean the groups [101).

In comparison to other endovascular procadures, the risk of
peri-procedural complications in endovascular stroke treat-
ment is one of the highest, as shown in Table 3. Yet the risk
of complications is outweighed by the potential benefit of the
procadure in the well-indicated group of patients.

6.3. Pulmonary embolism

The endovascular approach for PE is associated with the risk of
bleeding and mechanical complications. Intracranial bleeding
is the most fearad complication.

The PEITHO [102] trial in 2014 demonstrated an increased
incidence of bleading in patients after systemic administration
of tenecteplase versus unfractionated heparin in the inter-
mediate-fisk population. Subsequently, the PERFECT [&6],
ULTIMA [54], SEATTLE Il [65] trials of low-dose catheter-direc-
ted thrombolysis did not find any increase in major or intra-
cranial bleeding.

Considering the larger dimensions of the devices used for
endovascular interventions in high-nsk PE cohorts, there is
also a higher risk of mechanical complications. Complications
presented in Table 3 have all been described [104], but the
incidence of these rare and often device-specific complica-
tions is not well described.

Although the results of ET in PE patients so far lock promis-
ing, it is still a subject of research consolidated in large cardi-
ovascular cemters with particular interest. The results await
confirmation in large studies with clinical end-points.

7. Expert opinion

Interventional cardiology is a very dynamic field with great
emphasis on treating acute cardiovascular diseases, whera the
largest mortality benefit is expacted. Acutaly ill patients often
benefit from the minimally invasive nature of thess proce-
dures with low procedural risk and usually rapid retum to
independent life. The interventional treatments of myocardial
infarction, stroke, and pulmonary embaolism differ in many
aspects — vascular access is arterial or venous, the size of the
cot and intervened vascular structures span a wide range,
techniques vary, and outcome measures are different
However, there are many apparent similarities:

- blood dlotting plays a major role in the pathophysiclogy

- all these interventions need to be provided on an urgent
basis with 24/7 availability of a highly skilled team of
health care professionals
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- all thasa interventions require basic vascular catheteriza-
tion skills, and many techniques are overlapping or at
least similar

- clinical results are cosely linked to the timely application of
the catheter-based intervention, espedally in myocardial
infarction and stroke patients (‘time is muscle,” ‘time is brain’)

- the cost is often high, possibly limiting the spread to low-
income countries — geographic variables and health care
organization dictate the awvailability, often resulting in
better coverage in densely populated regions

- research is often fast progressing, and evidence is mainly
based on high-quality outcome studies

Wa axpect that the interventional cardiologist of the future will
be educated and proficient in at least two of these vascoular
territories. Training should also include other nom-acute inter-
ventions, for example, the rapidly expanding field of structural
heart procedures. Training in imaging becomeas more important
- in fact, the knowledge of computad tomography provides a
dear advantage for stroke and pulmonary embalism interven-
tions. Novel software is already helping to interpret computed
tomography thrae-dimensional datasats, and automated analy-
sis based on artificial intelligence will likely become available
s00mn. These new skills will need to be incorporated into training
programs. We would like to discuss the topic of outcome mea-
sures briefly — mortality (both total and cardiovascular) is the
current gold standard in interventional cardiclogy. Rt will
undoubtadly remain an important major parameter in acute
life-thraatening cardiovascular diseases. Howaver, we feel that
softer paramatars, like speed of recovery, quality of Iife, treat-
ment cost etc, are likely to become important in the future.

In conclusion, primary PCI for STEMI is a well-established
and mature therapeutic option with clearlty proven mortality
benefits. We beliave that catheter-based interventions for
acute stroke will spread quickly from centers of excellenca to
routine clinical practice. Finally, we hope that ongoing
research will provide a basis for the expansion of interven-
tional treatment of pulmonary embolism soon.

Abbreviations

QVDs Cardiovascular diseases

Ml Myocardial infarction

15 Ischemic stroke

PE Pulmonary embolism
DALYs  Disability-adjusted life yaars

CAD Coronary artery disease

STEMI 5T-segment elevation myocardial infarction
MSTEMI  MNon-5T-segment elevation myocardial infarction
PPC Primary percutaneous coronary intervention
EMT Bast medical treatment

T Catheter-directed thrombolysis

ADAPT  The direct aspiration first-pass technique

ET Endovascular treatment
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