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Seznam pouzitych zkratek

ACE angiotenzin konvertujici enzym

AKS akutni koronarni syndrom

BNP natriureticky peptid typu B

CKD chronické onemocnéni ledvin

CRP C-reaktivni protein

DM diabetes mellitus

ECM extracelularni matrix

EF ejekeéni frakce

FAC fractional area change, frakéni zména plochy
FiS fibrilace sini

GLS globalni longitudinélni strain

HF heart failure, srde¢ni selhani

HFmrEF srdecni selhani s mirn€ sniZzenou ejekeéni frakci
HFpEF srde¢ni selhani se zachovalou ejekéni frakei
HFrEF srdecni selhani se snizenou ejekéni frakei
ICHS ischemicka choroba srdecni

ID iron deficiency, deficit Zeleza

IL interleukin

M infarkt myokardu

KCCQ Kansas City Cardiomyopathy Questionnaire
LK leva komora srde¢ni

MMP matrixové metaloproteinazy



NAP nestabilni angina pectoris
nonSTEMI  infarkt myokardu bez perzistujicich elevaci ST segmentu

NT-proBNP N-terminalni natriureticky propeptid typu B

PCI perkutanni koronarni intervence

PK prava komora srdecni

S-Fe sérové Zelezo

SGLT2 sodikovo-glukézovy kotransporter 2

STEMI infarkt myokardu s perzistujicimi elevacemi ST segmentu
sTfR solubilni transferinovy receptor

TAPSE tricuspid annular plain systolic excursion

TEE transesofagealni echokardiografie

TF tepova frekvence

TTE transtorakalni echokardiografie

WMSI wall motion score index, index skore hybnosti stén



Abstrakt

Ischemicka choroba srde¢ni, nejcastéji ve forme infarktu myokardu (IM), je hlavni
pricinou srde¢niho selhani (HF) ve vyspélych krajinach. Navzdory pokrokiim v 1é¢bé IM
zustava rezidualni riziko kardiovaskularnich ptihod u pacientli po prodélané piihodée
vysoké. Nejcastéjsi pri¢inou morbidity a mortality pacientti po IM je HF. Jeho rozvoj je
spojen s trojnasobné vyssim rizikem mortality bez ohledu na ejek¢ni frakci levé komory.

Cilem nasi prace bylo zjistit prognosticky vyznam korespondencni diagnostiky
symptomli a znamek HF jeden mésic po propusténi z nemocnice. Zjistili jsme, Ze
dotaznik Kansas City Cardiomyopathy Questionnaire (KCCQ) dokéze identifikovat
osoby ve zvySeném riziku umrti, a to nezavisle na dalSich rizikovych faktorech, které
ovliviiuji progndzu po IM. Toto zjisténi potvrzuje klinicky vyznam ¢asné diagnostiky HF
po IM.

Protoze ne vSechny komponenty dotazniku KCCQ jsou prognosticky dilezité¢ u
pacientt po IM, v dalsi praci jsme identifikovali 3 otdzky z KCCQ), které nejlépe predikuji
riziko mortality po IM. Jednalo se o miru omezeni pii chlizi po roving, pfitomnost otoki
dolnich koncetin a zménu symptoml v poslednich 2 tydnech. Ve valida¢ni kohorté jsme
identifikovali dalsi klinické proménné ovlivitujici mortalitu po IM. Kombinaci klinickych
proménnych a symptomt a zndmek HF jsme vytvofili nové prognostické skore —
PragueMi skore. Ve validacni kohorté naSe PragueMi skore mélo lepsi diskriminacni,
kalibra¢ni a reklasifikacni schopnosti neZ v soucasnosti doporucované GRACE (Global
Registry of Acute Coronary Events) skore.

V ramci hledani novych moznych terapeutickych cilti jsme analyzovali vztah
mezi deficitem Zeleza a rizikem celkové mortality po IM. ProtoZe v soucasné dobé
neexistuji kritéria deficitu Zeleza (ID) po IM zaloZené na tvrdych datech, analyzovali jsme
prediktivni hodnotu riznych parametri metabolismu zeleza. Na zaklad¢€ naSich analyz
jsme vytvofili nové kritérium ID nazvané PraguelD kritérium, které vychazi z hladiny
sérového zeleza a solubilniho transferinového receptoru. PraguelD bylo schopné
stratifikovat riziko mortality nezavisle na dalSich klinickych proménnych. V dalsi praci
bude nutné objasnit, zdali klinické rozhodovani a substituce Zeleza na zéklad€ PraguelD

dokaze zlepsit prognozu po IM.



V dalsi praci jsme poukazali na asociaci mezi aktivitou orexinového systému a

rizikem mortality po IM. Homozygoti pro minoritni alelu T v lokusu rs7767652, ktera se
nachazi v regulacni oblasti pro orexinovy receptor 2 a snizuje transkripci tohoto
receptoru, jako i1 pacienti s nizsi koncentraci orexinu A méli vyssi riziko mortality.
V nasi praci jsme dale prokazali, ze i v soucasné dob¢ je prevalence systolické dysfunkce
u pacientil po IM vysoka. Ti pacienti, u kterych doslo ke zlepSeni ejekéni frakce levé
komory, méli lepsi progndézu v porovnani s témi, u kterych ejekéni frakce levé komory
zlstala pod 40 %. Zanétliva reakce na IM, ale 1 zadvaznost koronarniho nalezu a vznik
fibrilace sini byly negativné asociovany se zlepSenim systolické funkce po IM.

Moje dizertacni prace poukazuje na klinicky vyznam casné diagnostiky
symptomu a znamek HF korespondencni cestou jeden mésic po propusténi z nemocnice.
Néami vytvoreny dotaznik PragueMi dokéze selektovat vysoce rizikové pacienty, kteti by
mohli profitovat z ¢asnéj$i ambulantni kontroly a titrace doporuc¢ené farmakoterapie.
Dale moje prace poukazuje na substituci Zeleza a zvySeni aktivity orexinového systému
jako na mozné nové terapeutické intervence pacientll s IM. K potvrzeni klinického

vyznamu téchto intervenci ale budou nutné randomizované intervenéni studie.
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Abstract

Ischemic heart disease, most commonly in the form of myocardial infarction (MI),
is the leading cause of heart failure (HF) in developed countries. Despite advances in the
treatment of MI, the residual risk of cardiovascular events remains high after MI. HF is
the most common cause of morbidity and mortality in patients after MI. Its development
is associated with a threefold higher risk of mortality regardless of left ventricular ejection
fraction.

The aim of our work was to determine the prognostic significance of the remote
diagnosis of symptoms and signs of HF one month after discharge from the hospital. We
found that the Kansas City Cardiomyopathy Questionnaire (KCCQ) can identify
individuals at increased risk of death independently of other risk factors that influence
prognosis after MI. This finding confirms the clinical importance of early diagnosis of
HF after MI.

Because not all components of the KCCQ questionnaire are prognostically
important in patients after M1, in further work we identified 3 questions from the KCCQ
that best predict the risk of mortality after MI. These included the level of limitation in
walking, the presence of lower extremity swelling, and the change in symptoms over the
past 2 weeks. In the validation cohort, we identified additional clinical variables
influencing mortality after MI. By combining clinical variables and symptoms and signs
of HF, we created a new prognostic score — the PragueMi score. In the validation cohort,
our PragueMi score had better discrimination, calibration and reclassification capabilities
than the currently recommended GRACE (Global Registry of Acute Coronary Events)
score.

As part of the search for new possible therapeutic targets, we analysed the
relationship between iron deficiency and the risk of total mortality after MI. As there are
currently no hard data-based criteria for iron deficiency (ID) after MI, we analysed the
predictive value of various parameters of iron metabolism. Based on our analyses, we
created a new ID criterion called PraguelD criterion, which is based on serum iron level
and soluble transferrin receptor concentration. PraguelD was able to stratify mortality risk
independently of other clinical variables. In further work, it will be necessary to clarify
whether clinical decision-making and iron substitution based on the PraguelD can

improve the prognosis after MI.
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In another work, we pointed out the association between the activity of the orexin
system and the risk of mortality after MI. Homozygotes for the minor T allele in the
1s7767652 locus, located in the regulatory region for orexin receptor 2 and reduces the
transcription of this receptor, as well as patients with lower orexin A concentrations, had
a higher risk of mortality.

In our work, we further demonstrated that the prevalence of systolic dysfunction
in post-MI patients is high even today. Those patients whose left ventricular ejection
fraction improved had a better prognosis compared with those whose left ventricular
ejection fraction remained below 40%. Inflammatory response to MI, but also the severity
of the coronary atherosclerosis and the development of atrial fibrillation were negatively
associated with the improvement of systolic function after MI.

My dissertation points to the clinical importance of early remote diagnosis of
symptoms and signs of heart failure after discharge from the hospital for MI. The
PragueMi questionnaire created by us can select high-risk patients who could benefit from
an earlier outpatient check-up and titration of the recommended pharmacotherapy.
Furthermore, my work points to iron substitution and increasing the activity of the orexin
system as possible new therapeutic interventions for patients with MI. However,
randomized intervention studies will be necessary to confirm the clinical significance of

these interventions.
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1.Uvod

Srdec¢ni selhani (heart failure, HF) je klinicky syndrom, ktery je charakterizovany
pfitomnosti  typickych symptomti a klinickych znamek, jakozto dusledku
strukturdlni/funkéni abnormality myokardu. Diagnéza HF je podpoiena elevaci
natriuretickych peptidii a/nebo objektivni evidenci o méstnani ve velkém ¢i malém
ob¢hu.[1] Mezi typické symptomy HF patii namahova dusnost, tnava a intolerance
zatéze. Klinické znamky jako zvySena napln krénich zil, hepatomegalie, hepatojugularni
reflux, ascites, fluidothorax, symetrické otoky dolnich koncetin jsou projevem kongesce
ve velkém ob&hu. Méstnani v plicnim fecisti je charakterizovano pfitomnosti chripkd,
ptipadné piskotii. Méné Casto se vyskytujici zndmky jako oligurie a chladnd akra koncetin
jsou projevem nizkého srde¢niho vydeje. Klinické projevy nebyvaji ptitomné
v ¢asné/kompenzované fazi HF, coz komplikuje jeho diagnostiku, zejména v piipadé
zachovalé ejekéni frakce levé komory (EF LK). Podle poslednich doporuéenych postupti
Evropské kardiologické spolecnosti (ESC) pro diagnostiku a 1é¢bu srde¢niho selhani je
mozné HF dle EF LK rozdélit do 3 skupin, které se vzajemné odliSuji progndzou, hlavni
vyvolavajici pfi¢inou a evidenci o 1éCbe: [2]

1) Srde¢ni selhani se snizenou EF LK (heart failure with reduced ejection fraction,
HFrEF), definovano poklesem EF LK <40 %

2) Srdec¢ni selhani s mirné€ snizenou EF LK (heart failure with mildly reduced ejection
fraction, HFmrEF), charakterizovaného rozpétim EF LK mezi 41-49 %

3) Srde¢ni selhadni se zachovalou EF LK (heart failure with preserved ejection, HFpEF) s
EF LK > 50 %).

HFrEF je podskupinou s nejvétsi mirou diikazii o 1écbé. Typickymi predstaviteli
jsou mladsi pacienti dominantné¢ muzského pohlavi s anamnézou prodélaného infarktu
myokardu (IM). Pacienti s HFmrEF maji podobné rizikové faktory jako HFrEF, i v této
skupin€ je dominantni pfi¢inou HF ischemicka choroba srde¢ni (ICHS).[3] Nemocni
s HFpEF jsou obvykle vyssiho véku, zenského pohlavi, s vys§im podilem komorbidit a
fibrilace sini. V pfipad€ 1écby pacienti s HFmrEF a HFpEF byl dosud prokazan
prognosticky benefit jedin€ u gliflozinii (empagliflozin a dapagliflozin).[4, 5] U obéznich
pacienti s HFpEF se velmi slibné jevi semaglutid, agonista receptorti pro glucagon-like

peptid, ktery ve studii STEP-HFpEF zlepSoval funkéni vykonnost i kvalitu Zivota.[6]
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Data o prognostickém benefitu obéznich pacienti s HFpEF z 1écby timto preparatem
zatim chybi.

HF je konecnym fenotypem vétsiny kardiovaskularnich onemocnéni. Mezi hlavni
priciny HF patii ICHS, arteridlni hypertenze, kardiomyopatie, chlopenni vady, arytmie,
vrozené srde¢ni vady, kardiometabolické nemoci (obezita a diabetes mellitus 2.typu) a
infekéni onemocnéni (napt. Chagasova nemoc). Prognoza HF je nepfizniva a je
porovnatelnd s malignimi onemocnénimi. Za 5 let od diagnézy HF totiz zemie az 50 %
nemocnych a deseti let se doziva jen 10 % z nich.[7] HF je hlavni pfi¢inou pozdni
mortality pacientti po IM. Rozvoj HF po IM je spojen s téméf trojndsobnym nardstem
mortality.[8] ZvySena mortalita u pacientd s HF po IM je nezavisla na EF LK.[9] HF je
obvykle diagnostikovano pozdé¢, az ve fazi, kdy jeho 1écba vyzaduje hospitalizaci. Takto
diagnostikovani pacienti maji vysokou miru rehospitalizaci (za 1 mésic je znovu pfiijato
ptiblizné 25 % nemocnych) a neptiznivou prognézu.[10, 11]

Vzhledem k zadvaznym spolecenskym a ekonomickym dopadim HF je dilezita
prevence a Casna 1écba. Je znamo, Ze ¢asna diagnostika HF u ambulantnich pacientt je
spojena s lepsi progndzou v porovnani s nemocnymi s diagnostikovanym HF az béhem
hospitalizace.[12] Protoze ICHS je nadale nejcastéjsi pricinou vzniku HF, moje prace se
zamétuje na problematiku rozvoje HF po infarktu myokardu, véetné moZnosti ¢asné
diagnostiky a terapeutické intervence. Tyto poznatky mohou zlepSit prognédzu pacientti

po infarktu myokardu.
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2. Piehled problematiky

2.1 Epidemiologie srde¢niho selhani

HF je pandemii 21.stoleti. V roce 2017 jim celosvétové trpélo 64 miliont
pacientt.[13] V Ceské republice timto onemocnénim trpi téméf 300 000 pacientii.[14]
Pocet nemocnych s HF bude nadéle stoupat, a to diisledkem starnuti populace, zlepSenim
1écby HF 1 IM a vzrlstajici prevalenci obezity a diabetu mellitu 2.typu. Dle predikci
Ustavu zdravotnickych informaci a statistiky se do roku 2040 o&ekava trojnasobny nartst
poctu pacientt se HF.

Z Framinghamské populaéni studie vyplyva, ze kazdy paty Ctyficatnik onemocni
HF.[15] HF je nejcastéjsi pfi¢inou hospitalizaci na internich oddélenich osob nad 65
zemich.[16] Riziko vzniku HF se neli§i mezi pacienty s IM s perzistujicimi elevacemi ST
segment (STEMI) a IM bez perzistujicich ST elevaci (nonSTEMI).[17, 18]

V ramci studii existuji vyznamné rozdily v incidenci HF po IM. Meta-analyza 33
studii zkoumajicich HF po IM (celkem témé&f 307 000 pacientl) prokdzala rozpéti
incidence HF mezi 3-53 % pacientd s IM.[8] Jednou z mnoha pfi¢in diskrepance
v incidenci je pouziti rozdilné metodologie stanoveni HF (Killipova klasifikace, NYHA
ttida, Bostonskd, Framinghamska, ESC kritéria), u které¢ho az do nedavné doby (na rozdil
od IM) neexistovala univerzalni definice.[7] V fad€ studii nebylo rozliSovano mezi
¢asnym (pfi pfijeti do nemocnice anebo béhem hospitalizace) a pozdnim vznikem HF.
ZlepSeni pfednemocni¢ni 1€¢by IM a pokroky v reperfuzni terapii vedly ke zvySenému
prezivani pacientd s rozsahlym IM, u kterych je vysoké riziko rozvoje HF. Na druhé
strané, rozvoj novych, citlivéjsich biochemickych metod stanoveni IM (vysoce senzitivni
troponin) kliniklim umoznil diagnostiku rozsahem mensich IM, které diiv nebylo mozné
detekovat konvencnimi metodami (aminotransferazy, kreatin kindza, CK-MB,
myoglobin) a které maji niz$i riziko rozvoje HF. Dal$im divodem vyznamné heterogenity
incidence HF po IM je riizna rizikovost sledovanych pacientii (pacienti v klinickych
studiich jsou obvykle mladsi a maji méné komorbidit nez nemocni v epidemiologickych

studiich), rozdilna délka jejich sledovani a obdobi, ve kterém byly studie provadeny.
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2.1.1 Srdecni selhani béhem hospitalizace pro infarkt myokardu

Prace od Killipa a Kimballa v roce 1967 byla jednou z prvnich, kterd analyzovala
incidenci a nepfiznivy prognosticky efekt HF béhem hospitalizace. V souboru 250
pacientt s konzervativné 1é¢enym IM az 2/3 z nich mélo HF (Killipova klasifikace II-
IV). Zatimco hospitalizacni mortalita pacientti bez HF byla 6 %, imrtnost nemocnych se
znamkami srde¢ni insuficience byla od 17 % (Killip II) do 81 % (Killip IV).[19]
Killipova klasifikace je dosud bézné pouzivana pii hodnoceni znamek HF béhem
hospitalizace pro IM (Killip I — bez znamek srdec¢ni insuficience, Killip II: chripky nad
bazemi plic; Killip III: plicni edém a Killip IV: kardiogenni $ok).
Vysoky vyskyt HF pii konzervativni 1é¢bé IM byl prokdzan i v populacni studii
Worcester Heart Attack Study, kdy az 40 % pacientdi s IM mezi léty 1975-1978
vykazovalo znamky HF béhem pobytu v nemocnici. Nemocni¢ni mortalita byla také
vysoka, ¢inila 19,9 %.[20] Zajimavym aspektem této studie je fakt, ze i o 25 let pozdéji
byla popisovana stejna incidence HF béhem hospitalizace (39,9 %), nicméné mortalita
pokleslana 12 %. Jednim z vysvétleni je o 8 let vy$si vék pacientl v kohorté z roku 2001
oproti letem 1975-1978; star$i pacienti méli vyss$i podil komorbidit (napt. diabetes
mellitus 2.typu).

Zavedeni trombolyzy jako hlavni metody 1écby IM vedlo k poklesu novych
pfipadtt HF béhem hospitalizace. V klinickych studiich analyzujicich riizna trombolyticka
agens byla incidence HF béhem hospitalizace pro IM mezi 19-23 %.[21-23] Podobny
vyskyt HF béhem hospitalizace (27 %) byl prokazan i v meta-analyze 4 studii s piiblizné
61 000 pacienty s IM 1é€enych trombolyzou.[24]

Zavedeni interven¢ni 1écby IM pomoci perkutanni koronarni intervence (PCI)
vedlo k dalsi redukci incidence HF bc&hem hospitalizace. V klinické studii Global
Registry of Acute Coronary Events (GRACE) s 13 707 pacienty s akutnim koronarnim
syndromem (STEMI, nonSTEMI, nestabilni angina pectoris) bez dosud znamého HF jen
6 % z nich rozvinulo znamky HF béhem hospitalizace.[25] V této studii bylo 59 %
pacientt léCenych PCI. Naproti tomu, v jiné studii s pfiblizn€ 2000 pacienty se STEMI,
kteti byli vSichni 1é¢eni pomoci PCI, byla incidence HF béhem hospitalizace jen 1 %.[26]

Tento ptiznivy trend poklesu novych ptipadii HF po IM byl prokazan i v riznych
populacnich studiich, kde incidence HF po IM byla uvadéna v rozmezi 4-12 %.[9] [27]

Inverzni vztah mezi podilem pacientt s IM 1é¢enych reperfuzni terapii (trombolyza, PCI)
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a incidenci HF béhem hospitalizace dokumentoval také §védsky registt SWEDEHEART
s témét 200 000 pacienty. Mezi 1éty 1996-2008 doslo k poklesu incidence HF béhem
hospitalizace pro IM ze 46 na 28 % (Obr.1).[28]
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Obr. 1 Vztah mezi podilem pacienti s IM 1é¢enych pomoci PCI a incidenci HF
behem hospitalizace (Adaptovano z Desta a kol., 2015) [28]

Opacny trend je patrny v piipad¢ vyskytu HF pfi piijeti pro IM. Pfi¢inou tohoto
zdéanlivé paradoxniho faktu je zlepSeni pfednemocnicni 1é¢by pacientti s IM, kdy se do
nemocnic dostavaji pacienti, kteti by dfive pfednemocni¢ni fazi IM nepfezili. Zatimco
mezi léty 1992-1996 mélo znamky HF pfi pfijeti jen 4 % pacienti s IM (60 % z nich
1éCeno trombolyzou), v jiz zminéné studii GRACE z pfelomu tisicileti byla incidence HF
pii piijjeti 13 %. [25, 29] Podobny vyskyt (12 %) HF pfii pfijeti pro IM byl popsén v
registru ACTION analyzujici témé&f 270 000 pacientl ptijatych pro STEMI 1 nonSTEMI
mezi léty 2007-2011. [30]

2.1.2 Srdecni selhani po hospitalizaci pro infarkt myokardu

Vyskyt novych ptipadi HF po hospitalizaci je nejvyssi v ¢asném obdobi po
propusténi (prvni mésic), nasledné incidence klesa.[27, 31, 32] Podobn¢ jako v ptipade
HF béhem hospitalizace, i v ptipad¢ jeho pozdniho rozvoje I1ze ve vétsin€ studii pozorovat
postupné klesajici incidenci HF, a to diky zlepSeni 1€cby IM. Ve studii Lichsteina a kol.
51 % pacientd s prodélanym IM (pfed rutinnim pouzivanim trombolytické terapie)

rozvinulo zndmky HF béhem 30-mési¢niho sledovani.[33] V této studii byl mimo jiné
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prokazan pozitivni efekt beta blokatorti na redukci mortality (o 39-55 %) a vyskytu HF
(0 25-45 %) ve vsech 3 skupinach EF LK (<30 %, 30-39 %, >40 %). Naproti tomu v éie
PCI byla v norské populacni studiit CVDNOR incidence HF 13 % pfii podobné délce
sledovani.[31] V souladu s pfedchozi evidenci v analyze pacienti s IM ze Zapadni
Australie doslo mezi 1éty 1996-2007 k poklesu incidence HF v prvnim roce po IM z 6,4
%na4,4 % (Obr. 2). V této studii az 85 % z ptipadt HF vzniklo v pribéhu prvniho mésice
po propusténi. [27]

Na druhé stran¢ v analyze 676 pacienti s IM z Framinghamské studie byla
popséana vzrustajici incidence HF po hospitalizaci pro IM. V této studii byli nemocni
rozdéleni do 3 dekéd podle vzniku IM: 1970-1979, 1980-1989 a 1990-1999. Zatimco po
adjustaci na vice proménnych byla 30-denni incidence HF po IM v prvni dekadé 10 %,
v druhé 14 %, v posledni dekadé ¢inila az 23 %. Podobny trend byl pozorovan i v pétileté
incidenci HF: 20 %, 22 % a 34 %. Soucasn¢ doslo k poklesu 30-denni mortality z 12 na
4 % a pétileté mortality z 29 % na 13 %. Tato vyssi incidence HF byla vysvétlovana
zvySenym piezivanim pacientl diky zlepsené 1é€be IM, zdokonalovanim diagnostiky HF

(pokrok v zobrazovacich metodach) a vys$§im povédomim o HF.[32]
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Obr. 2 Vztah mezi proporci pacientl s IM 1é¢enych PCI a incidenci pozdniho HF
(Adaptovano z Hunga a kol., 2013)
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2.2 Vyvoj lécby infarktu myokardu

Lécba IM prodélala za poslednich 100 let vyznamnou evoluci. V roce 1912
Herrick v ¢asopisu JAMA publikoval ¢lanek o tom, Ze trombdza véncitych tepen je
pti¢inou vzniku IM.[34] Herrick také navrhnul klid na lazku jako prevenci ruptury
myokardu. Tento postup ziistal hlavni 1é€ebnou modalitou nemocnych s IM po dobu
nasledujicich 50 let. V té dob¢ byla srde¢ni zastava na podklad¢ maligni arytmie ¢astou
pfi¢inou umrti pacientd; nemocni¢ni mortalita tehdy €inila az 30 %.[35] Jinou vyznamnou
komplikaci dlouhodobé imobilizace pacientli byla plicni embolie. Od padesatych let
minulého stoleti byla proto terapie IM rozsifena o antikoagulacni terapii z divodu
prevence tromboembolické nemoci. Zfizovani korondrnich jednotek s kontinualni
monitoraci EKG vedlo ke sniZeni mortality na polovinu diky €asné detekci a lécbé
komorovych arytmii a AV blokdd pomoci defibrilace/kardiostimulace. V 60.letech
20.stoleti se také postupné rozvijela kardiochirurgickd 1é¢ba ICHS pomoci bypassu,
nicméné se dominantn¢ jednalo o léCbu stabilni anginy pectoris. Postupné se také
zlepSovala pfednemocni¢ni péce; diraz byl kladen na rychlé vySetieni pacientl s bolestmi
na hrudi k potvrzeni ¢i vylouceni diagnozy akutniho koronarniho syndromu (AKS). Od
sedmdesatych let byla zkoumana trombolyticka 1é¢ba IM. Lécba IM pomoci
intrakorondrni aplikace streptokindzy byla poprvé publikovana v r.1976.[36] Tato metoda
1é¢by IM se ale globalné nerozsitila. Siroké vyuziti trombolytické 16¢by nastalo aZz po
publikaci studii GISSI a ISIS-2, ve kterych bylo trombolytikum podavéano
intraven6zné¢.[37]

Nejvyznamngj§im meznikem v 1é€bé IM bylo zavedeni PCIL[38, 39] PCI ma
oproti trombolyze fadu vyhod: niz§i riziko krvaceni, vyssi GspéSnost rekanalizace a mensi
procento rezidudlni stendzy postizené tepny. Vyuziti PCI vedlo k redukci mortality o
piiblizné¢ 2/3 v porovnani s trombolyzou.[40, 41] Revaskularizace byla provadéna
inicidln€ pomoci implantace metalickych stentti, které byly nasledn€ nahrazeny Iékovymi
stenty, které maji niz$i riziko rozvoje in-stent restenozy. Postupné se také zdokonalovala
farmakoterapie ve form¢ antiagregacni terapie — zpocatku byla pouzivana pouze
monoterapie kyselinou acetylsalicylovou,[42] pozdéji doslo k implementaci clopidogrelu
a nasledné 1 dalSich, potentnéjSich inhibitortt P.Y 12 receptorii (tikagrelor a prasugrel).

Zavedeni blokady osy renin-angiotenzin-aldosteron pomoci inhibitorti angiotenzin
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konvertujiciho enzymu (ACEi) ¢i inhibitortt AT receptort pro angiotenzin II (sartant) a
antagonist mineralokortikoidnich receptorti, ale také sympatoadrendlniho systému
pomoci beta blokatori vedlo kredukci rizika mortality a rozvoje HF u pacientt
s poinfarktovou dysfunkci diky ovlivnéni nepfiznivé remodelace myokardu.[43-47]
Inhibitory sodiko-gluk6zového kotransportéru 2 (SGLT2i) jsou posledni skupinou 1ékti
s pleiotropnim efektem, u kterych byl mimo jiné prokazan ptiznivy efekt na redukci
mortality a rozvoje HF u pacientl s anamnézou diabetu a vysokym kardiovaskularnim
rizikem (kde byli 1 pacienti s anamnézou IM). [48, 49] Na druhé strané, v recentnich
studiich DAPA-MI a EMPACT-MI nebyl prokazan pozitivni vliv dapagliflozinu nebo
empagliflozinu na redukci HF v piipad¢€ jejich nasazeni v akutni faze IM rezultujiciho

v systolickou dysfunkci LK.[50, 51]

2.3 Rizikové faktory rozvoje srdecniho selhani po infarktu myokardu

2.3.1 Vék

Vyssi vék je jednim z nejsilnéjSich prediktori vzniku HF po IM.[28, 31, 52]
Incidence HF pii ptijeti se zvySuje o 50 % a po propusténi o 30-40 % na kazdych 10 let
veéku.[18, 25, 52] Jednim z divodu vétsiho rizika vzniku HF je nizs$i utilizace
revaskularizace, optimalni farmakoterapie u starSich nemocnych a vétsi pocet komorbidit,
které samotné poskozuji myokard (diabetes mellitus, renalni insuficience).[53] Starsi
pacienti maji sniZzenou funkéni rezervu, kdy jiz rozsahem mensi nekréza myokardu vede

k rozvoji symptomatologie HF.

2.3.2 Zenské pohlavi

Navzdory protektivni roli zenskych pohlavnich hormonti (konkrétné estrogenu)
na indukci nepiiznivé remodelace myokardu,[54] fada studii popsala vyssi riziko rozvoje
HF u Zen.[18, 28, 52] Vysvétlenim muZe byt vyssi vék Zen v dobé manifestace IM, vyssi
prevalence komorbidit (diabetes mellitus, chronickd renalni insuficience, chronicka
obstruk¢ni plicni nemoc) a Castéjsi vyskyt atypické klinické prezentace IM.[55] Dalsim
predisponujicim faktorem vyssi incidence HF u Zen je i vyS$$i podil IM pifedni stény, nizsi
vyuzivani doporucené farmakoterapie a revaskularizacnich metod ve srovnani s pacienty

muzského pohlavi.[56, 57] Zeny jsou vic ohroZeny i rozvojem ¢asného HF bé&hem
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hospitalizace a reinfarktem (pomér rizik 1.28).[57] Na druhé strané, v této praci po

adjustaci na rizikové faktory se riziko rozvoje HF mezi muzi a Zenami nelisilo.[57]

2.3.3 Anamnéza predchoziho infarktu myokardu

ICHS mize vést k rozvoji asymptomatické dysfunkce myokardu. Tzv. ,,druhy
uder v podobé¢ recidivy IM miize vést k nepfiznivé remodelaci myokardu, ktera vede
k rozvoji pozdniho HF. Pacienti s anamnézou ICHS jsou nachylnégjsi také k rozvoji HF
beéhem hospitalizace. Na zaklad¢ dosud publikovanych studii je patrné, ze anamnéza IM

vede k 21-89% nértstu rizika HF komplikujiciho IM.[25, 28, 52, 58-60]

2.3.4 Chronické onemocnéni ledvin

Chronické onemocnéni ledvin (CKD) je -charakterizovano chronickym
systémovym zanétem, ktery piispivéa ke zvySené kardiovaskularni morbidité a mortalité.
Dusledkem akcelerované aterosklerézy u pacientt s CKD a IM je prognosticky
levé véncité tepny. Dusledkem nizSiho vyuzivani revaskularizacnich metod u pacientt
s CKD je vétsi rozsah infarktového loZiska rezultujici ve vyznamnégj$i systolickou
dysfunkci LK.[61, 62] V neposledni fadé existuje inverzni vztah mezi vyuZivanim
doporucené farmakoterapie po IM (ACEi, BB, antiagregace, statiny) a glomerularni
filtraci.[63] DalSimi patofyziologickymi mechanismy vysvétlujicimi vyssi riziko HF po
IM u pacienti s CKD je zvySena aktivita sympatiku a systému renin-angiotenzin-

aldosteron (RAAS), retence tekutin, anémie a sekundarni hypertenze.

2.3.5 Diabetes mellitus

Diabetes mellitus (DM) 2.typu je ¢astou komorbiditou pacienti s IM s prevalenci
13-43 %.[28, 31, 52, 59, 64] V rtuznych studiich bylo dokumentovano zvysené riziko jak
casn¢ho (o 27-33 %), tak pozdniho rozvoje HF (o 42-71 %).[25, 28, 52, 59, 64]
Diusledkem diabetické neuropatie je Castejsi atypicka prezentace IM s absenci stenokardii
vedouci k prodlouZeni doby ischemie.[64, 65] DM je asociovan se zvySenym vyskytem
extenzivngjSich aterosklerotickych 1ézi v€etné nemoci 3 tepen.[64] Pacienti s DM maji
vétsi rozsah infarktového loziska.[66] I pifi Usp&€Sné rekanalizaci a plném obnoveni
pritoku v epikardidlnich korondrnich tepnach, byla u diabetikli Castéji pozorovana

mikrovaskularni obstrukce se sniZenym prutokem v mikrocirkulaci.[67] ZvySena
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incidence HF po IM u diabetikl je z ¢asti vysledkem i koincidenci dalSich komorbidit
jako jsou arteridlni hypertenze, CKD, ale i pfimym plsobenim diabetu. Jednim
z patofyziologickych mechanismu rozvoje HF u DM je inzulinova rezistence, ktera vede
k hyperinzulinémii, nadmérné fibréze myokardu a hypertrofii kardiomyocyti. Druhym
mechanizmem je lipotoxicita zplisobend nadmérnou koncentraci volnych mastnych
kyselin, které vedou k indukci oxida¢niho stresu a k ektopickému ukladani tukd. Vyse
uvedené¢ zmény vedou k rozvoji diastolické dysfunkce, ktera je u nemocnych s IM a
diabetem Castéji pozorovana.[68] U diabetikli navic miizeme pozorovat zvysenou aktivitu

sympatoadrendlniho systému a RAAS.

2.3.6 Tepova frekvence

Vyssi tepova frekvence je odrazem zvySené sympatické aktivity jako
kompenzac¢niho mechanismu k zachovani srde¢niho vydeje pti rozsahlejsim IM. Kazdé
zvySeni tepové frekvence o 10/min pii piijmu je spojeno s 7-23% narlstem incidence

HF.[25, 59]

2.3.7 Fibrilace sini

Primomanifestace fibrilace sini (FiS) béhem hospitalizace je prediktorem rozvoje
jak casného, tak pozdniho HF. Jednou z pfi¢in vzniku FiS béhem IM je objemové
pfetizeni levé sin€é zpiisobené selhdvajici LK a/nebo mitralni regurgitaci. DalSim
indukujicim faktorem FiS je zanétliva reakce vznikajici po IM.[69] Pacienti s IM a nové
HF béhem hospitalizace.[70] Kromé& vyssiho rizika rozvoje HF maji tito pacienti vyssi
riziko nahlé srde¢ni smrti a cévni mozkové pithody.[70] Primozachyt FiS je asociovan

s 20-51 % zvySenim incidence HF po IM.[52, 71]

2.3.8 Rozsah postizeni koronarnich tepen a lokalizace infarktu

IM pfedni stény je vyznamnym prediktorem rozvoje ¢asného i pozdniho HF.[26,
58] Souvisi to srozsahem infarktového loZziska, které je nejvétsi v povodi ramus
interventricularis anterior.[72] IM ptedni stény je spojen s vy$S§im rizikem neptiznivé
remodelace LK.[73] Nemoc 3 tepen je odrazem pokrocilosti aterosklerotického postizeni.

Je Castéj$i u starSich lidi, nemocnych s DM a CHRI. Pfitomnost nemoci 3 tepen je spojena
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s pritomnosti Killipovy tfidy >1, vétsi mortalitou, niz§i EF LK a vyS$$im rizikem

nepiiznivé remodelace LK.[74, 75]

2.3.9 Predikce rizika po infarktu myokardu

Existuje n€kolik stratifikacnich nastrojti pro predikci rizika komplikaci pacient
po IM, které vychdzeji z klinickych proménnych. Pro predikci rizika celkové mortality
po IM, recentni doporuceni ESC doporucuji GRACE skore pro nejlepsi diskriminaéni

schopnost.[76]

2.4 Patofyziologie srde¢niho selhdni po infarktu myokardu

Z hlediska ¢asového vztahu HF a IM rozliSujeme: a) HF vzniklé pti rozvoji IM a
ptijeti do nemocnice, b) HF komplikujici hospitalizaci pro IM a c) HF rozvinuté po
propusténi z nemocnice.[16] Pozdni rozvoj srde¢niho selhani ma odlisnou patogenezi a

hors$i prognézu v porovnani s prvnimi 2 skupinami.[9, 16]

2.4.1 Casny rozvoj srdeéniho selhani

U HF vzniklého pfi rozvoji IM hraje roli preexistujici dysfunkce myokardu
(pfedchozi IM, jiz pfitomné HF/kardiomyopatie, pfipadné postizeni myokardu
zpusobeno plsobenim komorbidit — DM, arteridlni hypertenze, obezity) v kombinaci
s nekrozou a omracenim myokardu.[16] Jiz po 30 minutach od rozvoje ischemie dochazi
k strukturdlnim zménam kardiomyocytl, rozviji se jejich otok. Nastdva také posun
metabolismu myokardu z dominujici beta-oxidace mastnych kyselin na anaerobni
glykolyzu s produkci laktatu, ktera je vyrazn€ méné energeticky efektivni. Pfi
protrahované ischemii nastavd kumulace laktatu, coz rezultuje v dalsi pokles pH a
zvySeni koncentrace intracelularniho kalcia.[77] Nejdiive dochazi k diastolické
dysfunkci srde¢niho svalu, a posléze i k poruSe kontraktility. Po urcité délce trvani
ischemie, obvykle v fadu nékolika hodin, dochazi k rozvoji ireverzibilniho stavu, a to
bunécné smrti ve formé nekrdzy a apoptozy. Rychlost ireverzibilniho poSkozeni bunck
zavisi na lokalizaci a dynamice uzavéru/vyznamné stendzy véncité tepny, ale také na

pfitomnosti kolateral.
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Stejné faktory vedou i k rozvoji HF béhem hospitalizace, kde sehravaji roli i
mechanické komplikace IM (akutni mitralni regurgitace na podkladé¢ ruptury papilarniho
svalu, defekt interventrikularniho septa ¢i volné stény LK), arytmie (FiS, komorové
tachykardie, atrioventrikularni blokady), objemové pfetizeni (krystaloidy, kontrastni
latka) ¢i rendlni selhani (kontrastem indukovana nefropatie a kardiorenélni syndrom typu
1). Obnova pritoku v infarktové tepné (v soucasnosti zejména pomoci PCI) vede
k indukci reperfuzniho poskozeni myokardu. Jeho podkladem je poSkozeni
mikrocirkulace, kter¢ vede ktzv. ,no-reflow* fenoménu jakozto dusledku
mikrovaskularni obstrukce. Po obnoveni perfuze také dochazi k oxida¢nimu stresu
s formaci volnych radikali, které spole¢né se zvysenou koncentraci kalciovych kationtl
pronikaji pfes oteviené pory a vedou k poSkozeni mitochondrii. [35] Reperfuzni postizeni
muze tvofit az 50 % celkového rozsahu nekrézy kardiomyocyti.[ 78] Riziko ¢asného HF
zvysuji 1 komplikace PCI jako disekce intervenované tepny, akutni trombo6za a malpozice
stentu, uzavér odstupujici bocni vétve ¢i distadlni embolizace fragmentl

aterosklerotickych platd.[79]

2.4.2 Pozdni rozvoj srde€niho selhani

Rozvoj HF po hospitalizaci je konsekvenci ztraty kardiomyocytl protrahovanou
ischemii, hibernaci a nepfiznivou remodelaci myokardu (NRM).[80] Hibernace
myokardu je zpiisobena jeho protrahovanou hypoperfuzi, ptipadné¢ opakovanymi atakami
omrac¢eni. Hibernujici myokard je charakterizovan porusenou kontraktilni schopnosti,
kterd je protektivnim mechanismem vedoucim k omezeni spotieby energie. DalSim
ochrannym mechanismem je zmé&na hlavniho energetického substratu z mastnych kyselin
na glukézu, kterou jsou builky schopny metabolizovat 1 za hypoxickych podminek. Po
uspesné reperfuzi dochazi v tomto ptipadé k obnové kontraktility myokardu. Na druhé
strané, prohloubeni ischemie hibernujicich kardiomyocytl (progrese stendzy veéncité
tepny, vétsi energetické naroky napiiklad pii zvySeném napéti ve sténé myokardu) vede
k jejich nekroze.[77]
proces je charakterizovdn zménami srde¢niho svalu na makroskopické a mikroskopické
urovni, které vedou k dilataci a zméné geometrie LK, posléze k poruse jeji kontraktility.

NRM je disledkem komplexni interakce mezi bunéénymi elementy, extracelularni
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matrix, signalnimi molekulami a neurohumordlnimi systémy.[81] Vyznam maji i
genetické faktory a pohlavi — zeny jsou postizené méné vlivem estrogenu, ktery snizuje
miru zanétu, apoptozy a zmén v extracelularni matrix (ECM).[54]

Proces NRM mtizeme rozdélit na dasnou a pozdni fazi. Casna remodelace za¢ina
jiz n€kolik hodin po okluzi véncité tepny a trva ptiblizn¢ tyden.[77] Ischemické nekroza
kardiomyocytd indukuje zanétlivou reakci s migraci riznych bunécnych elementt do
infarktového loziska. Prvnimi zde pronikajicimi buikami jsou neutrofily, které odstranuji
nekrotické bunky. Jejich produktem jsou matrixové metaloproteinazy (MMP), které jsou
dalezitymi regulatory v procesu NRM. MMP jsou rodinou 25 proteolytickych enzymi,
které jsou produkovany fadou bunék, kromé neutrofili i makrofagy, endotelidlnimi
buitkami, kardiomyocyty a fibroblasty.[82] MMP narusuji extracelularni matrix, ktera je
za fyziologickych podminek oporou kardiomyocyti. Aktivita MMP spole¢né
s nadmérnym mechanickym nataZzenim zpusobuje ztenceni stény myokardu a expanzi
infarktového loziska. Kolem tfetiho dne do infarktového loziska migruji i makrofagy.
Fibroblasty, které jsou rekrutovany lokalné i z cirkulace, jsou ucinkem makrofagh
aktivovany na myofibroblasty. Ve stejnou dobu dochazi k aktivaci tkanovych inhibitorti
matrixovych metaloproteindz, které jsou protivahou MMP. Myofibroblasty jsou nesmirné
dilezité pro redukci expanze infarktu, jelikoz maji kontraktilni schopnosti a produkuji
bilkoviny ECM.[83, 84] Takto vznika €asna jizva, ktera je bohat4 na bunétné elementy.
K maturaci jizvy dochazi v fddu dvou tydni, kdy nastavad redukce poctu leukocytl a
myofibroblastii mechanismem apoptdzy.

Proces pozdni remodelace zacina v pribéhu tydni-mésici po IM a postihuje
vzdaleny, viabilni myokard.[85] Vyskytuje se predominantné u IM s vétSim rozsahem
nekrozy, typicky u transmurdlniho IM piedni stény. Dochéazi k hypertrofii
kardiomyocytt, ¢imz dle Laplaceova zédkona klesa napéti ve st€éné¢ myokardu. Kromé
hypertrofie kardiomyocytl ale dochazi také k jejich elongaci, ¢imz vznika excentricka
hypertrofie myokardu. Zpocatku se kontraktilita pii zvétSovani komory diky Frank-
Starlingové mechanismu (zmnoZeni interakci mezi aktinem a myozinem) zvySuje, ale po
prekroceni optimalni délky sarkomery naopak sila kontrakce myokardu kles4. DalSim
negativnim jevem je progrese mitralni regurgitace. Postupné se zvétSuje 1 endsystolicky
objem a dochazi k poklesu systolické funkce LK.

Velky vyznam v procesu NRM hraje zvySend aktivita sympatiku a RAAS. Jejich

kratkodoba aktivace je prospé$na, protoze pomaha udrzet srdecni kontraktilitu a
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adekvatni perfusi tkani. Sympatikus ucinkem na [-adrenergni receptory vede k
tachykardii a zvySeni kontraktility viabilntho myokardu, kompenzujici ischemickou
ztratu kardiomyocytl. Témito mechanismy se udrzuje adekvatni srdecni vyde;j.
Negativnim akutnim efektem adrenergni hyperstimulace je vyssi riziko tachyarytmii.
Aktivace RAAS vede k vazokonstrikei. Dlouhodoba hyperaktivita téchto fylogeneticky
starych mechanismt vede k progresi a akceleraci NRM. ZvySena aktivita sympatiku
zpusobuje desenzitizaci B-receptort jak snizenim jejich poctu, tak sniZzenim citlivosti.
Dochazi tim k odpojeni excitace od kontrakce kardiomyocyt. Negativnim ucinkem
dlouhodobé adrenergni stimulace je akcelerace apoptdzy kardiomyocytl a fibrozy.
Dalsim dusledkem je zvySena sekrece reninu, ¢imz dochazi k vystupiiovani aktivity
RAAS. Hlavnim mediatorem nepiiznivého ucinku systému RAAS je angiotenzin Il a jeho
pusobeni na AT1 receptory. Podili se na hypertrofii kardiomyocytti, nadmérné fibréze,
ma proapoptoticky efekt a naruSuje homeostaizu ECM. Indukuje také produkci

aldosteronu, ktery ma podobné neptiznivé ucinky na myokard.

2.5 Biochemické parametry

2.5.1 Biomarkery nekr6zy myokardu a natriuretické peptidy

Srde¢ni troponin je klicovym regulacnim proteinem kontrakce a relaxace
kardiomyocytl. Vysoce senzitivni srde¢ni troponin (hsTn) je v soucasnosti doporu¢enym
biomarkerem v ramci diagnostiky IM.[79] Hladiny hsTnT a hsTnl se prudce zvySuji jiz
do 1 hodiny po vzniku symptomti IM, maximéalnich hodnot dosahuji pfiblizné¢ po 12
hodinach a jejich zvyseni trva nékolik dni.[86, 87] U hsTnT byl popsan druhy vrchol po
77 hodinach.[87] Hodnoty hsTnT méfené 48-72 hodin (ve fazi plateau) koreluji
s velikosti IM stanovené pomoci magnetické rezonance a negativné s EF LK.[88]
Maximalni hodnoty troponinu T jsou prediktory mortality a HF po IM.[89]

Natriuretické peptidy jsou produkovany kardiomyocyty jako odpovéd’ na zvySené
napéti v cévni sténe. Dle Laplaceova zdkonu je napéti ve stén€ pfimo umérné poloméru
srdecni dutiny a intrakavitdlnimu tlaku a nepfimo imérné tloust'ce stény komory (Obr.3).
Biologickym efektem natriuretickych peptidi je zvySena diuréza, natriuréza,
vazodilatace, maji také antifibroticky efekt. Jsou protipolem RAAS a sympatodrenalniho

systému.
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HFpEF

HFrEF

Obr.3 Laplacelv zakon: napéti ve sténé¢ myokardu je vétsi u pacientti s HFrEF

vzhledem k vét§imu poloméru komory a mensi tloust'ce stén v porovnani s HFpEF

Dalsim stimulem k sekreci natriuretickych peptidi je ischemie myokardu.
Natriureticky peptid typu B (BNP) i jeho biologicky neaktivni N-termindlniho fragment
(NT-proBNP) koreluji s velikosti infarktového loziska a negativné s EF LK.[90, 91]
Hladiny BNP dosahuji vrchol za 16-18 h po vzniku IM a nésledné klesaji, ale piiblizné u
poloviny pacientd s IM dosahuji druhé maximum za 5 dni.[92] Tito pacienti s bifazickou
dynamikou BNP maji vysoké riziko NRM.[92] ZvySené hladiny BNP i NT-proBNP po

IM jsou asociovany s hor$i progndzou a vyssi incidenci HF.[93, 94]

2.5.1 Zanétlivé parametry

IM je asociovan srozvojem zanétlivé reakce, jejiz cilem je odstranéni
nekrotickych bunék a detritu s naslednou formaci jizvy k zachovani integrity stény
komory. Protrahovany zanét vede k expanzi infarktového loZiska a rozvoji NRM.[95]
Pii rozvoji IM miZeme pozorovat i zvySeny pocet bilych krvinek se zvySenym podilem
neutrofilnich granulocytl. V meta-analyze 14 studii s 10 000 pacienti po STEMI byl
zvyseny pomér neutrofilt ke lymfocytliim vyznamnym prediktorem nejen mortality, ale 1
rozvoje HF.[96]

C-reaktivni protein (CRP) je protein akutni faze, ktery je senzitivnim, ale malo
specifickym ukazatelem zanétu. Jeho syntéza v jatrech je ovliviiena hladinou interleukinii
1, 6 a tumor necrosis faktorem. Hladina CRP se zvySuje po 4-6 hodinach od vzniku IM,

maximalni hladiny dosahuje po 2-4 dnech a nésledné klesa k bazalnim hodnotam po 7-

27



10 dnech.[97] Stanoveni vysoce senzitivniho CRP (hsCRP) se ukazuje jako vhodny
parametr rizikové stratifikace pacientd s AKS nad ramec standardnich biochemickych a
echokardiografickych parametrt.[98, 99] Hodnoty hsCRP pfi piijeti pozitivné koreluji
s Killipovou tfidou a negativné s EF LK stanovenou 1 rok po IM.[100] Pacienti s IM a
hsCRP pfi pfijeti nad 10 mg/L méli 2,4 krat vétsi riziko rozvoje HF po IM v porovnani
s nemocnymi s nizkou hladinou hsCRP.[100] Ve studii CANTOS byly vyssi pocatecni
koncentrace hsCRP u pacientd sprodélanym IM asociovany s vétSim rizikem
hospitalizace pro HF.[101] Vyznamna je i prediktivni hodnota maximalni hladiny hsCRP
u pacientd s IM, kterd je asociovana s vyssi pravdépodobnosti NRM, hospitalizaci pro
HF, nemocniéni i dlouhodobou mortalitou. [102, 103]

Vznik IM vede ke zvySené tvorb& cytokint v srdei 1 cirkulujicimi buiikami
imunitniho systému.[104] Cytokiny hraji klicovou roli v indukei a regulaci zanétlivé
ma negativn¢ inotropni efekt.[105] U pacienti po STEMI vedlo podavani anakinry,
inhibitoru IL-1, k redukci zénétlivé reakce méfené pomoci hsCRP a sniZzeni incidence
HF.[105] IL-1 ovliviiuje syntézu IL-6, ktery je zastupcem cytokini s jak prozanétlivym,
tak protizanétlivym efektem. [106] Uginek IL-6 je zprostiedkovan vazbou na
membranovy receptor (klasicka signalizace) nebo solubilni formu receptoru. Jeho hladiny
dosahuji maxima mezi 1.-2.dnem po pftijeti pro IM.[107] IL-6 hraje diilezitou roli nejen
v procesu NRM, ale i pii reperfuznim poSkozeni myokardu.[108] Hladiny IL-6 koreluji
s rozsahem infarktového loziska.[109] Existuje evidence o pozitivni asociaci hladin IL-6
se zvySenou mortalitou a incidenci HF u pacientd po IM, i po adjustaci na hladiny
IL-10, ktery je produkovan makrofdgy a aktivovanymi T lymfocyty v infarktovém
lozisku. IL-10 brani rozvoji piehnané zanétlivé reakce po IM.[111] U mysi
s experimentalné indukovanym IM vedla administrace IL-10 kredukci zanétu a

NRM.[112]

2.5.3 Parametry metabolismu zeleza

Zelezo je esencialnim prvkem, ktery je diileZity pro syntézu bilkovin, nukleovych
kyselin, funkci imunitniho systému, erytropoézu, transport kysliku a v neposledni fad¢ je
kofaktorem enzymt Krebsova cyklu a soudasti dychaciho fetézce.[113] Zelezo ma tedy

vyznamnou roli pro tvorbu energie ve formé adenozintrifosfatu. Srdecni sval patii mezi
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organy nejvice zasazené sideropenii. Deficit Zeleza (iron deficiency, ID) je obvykle
diagnostikovan na podkladé¢ hladin feritinu (zasobni protein obsahujici zelezo) a saturace
transferinu (transportni bilkovina ptfenasejici zelezo ke tkdnim). Podstatou absolutniho ID
je nizka hladina feritinu, coz odrazi malé zasoby zeleza v organismu. V ptipad¢ relativni
sideropenie, ktera je charakterizovana nizkou saturaci transferinu, je dominantni snizena
dostupnost zeleza. Solubilni transferinovy receptor je parametr ID, ktery ukazuje na
zvysenou tkanovou poptavku po zeleze. Na rozdil od predchozich parametrii, neni
ovlivnén zéanétlivou reakci.[114] ID u pacientit s HF je ¢astou komorbiditou, ktera je
asociovana s horsi toleranci zatéze, horsi kvalitou zivota, zvySenou mortalitou a mirou
hospitalizaci.[115, 116] ID je Casty i u pacientii po IM — v meta-analyze 7 studii s 2821
pacienty Cinila prevalence ID u pacientli s AKS 43 %.[117] Na rozdil od HF, vliv ID na
prognoézu pacientl s IM je nedostateéné analyzovan a vysledky studii se 1i$i zejména v

disledku absence uniformni definice ID a malého poctu pacientt.[118-121]

2.5.4 Orexin

Orexin (hypokretin) je hormonem, ktery je produkovan neurony hypotalamu.
Existuje ve 2 izoformach (orexin A, orexin B), které piisobi pies orexinovy receptor 1 a
2. Oba orexinové receptory jsou piitomné i v srde€nim svalu. Tyto receptory patii do
superrodiny receptori sprazenych s G-proteinem, proto jsou schopny aktivovat celou
fadu signalnich drah. [122] Afinita orexinu A k obéma receptortim je podobna, zatimco
orexinu B se preferencné€ vaze na orexinovy receptor 2.[123] Mezi znamé uc¢inky orexinu
patii regulace spankového cyklu, apetitu i energetické homeostdzy. Nedavno byla
popsana funkce orexinu v regulaci kardiorespira¢niho systému spocivajici v interakci se
sympatikem.[124] U spontanné hypertenznich mysi vedlo podavani antagonisty obou
orexinovych receptort k poklesu krevniho tlaku a tepové frekvence.[125] U mysi s IM
indukovanym ligaci ramus interventricularis anterior méla aplikace orexinu B
kardioprotektivni efekt, protoze vedla k redukci infarktového loziska.[122] Ve vzorku
srdeniho svalu u lidi s HF podstupujicich CABG exprese receptoru 2 pro orexin
negativné korelovala s NYHA tfidou.[122] Vyznam orexinového systému u pacientil s

IM zatim nebyl popsan.
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2.6 Echokardiografie

Echokardiografické vySetieni je zdkladni zobrazovaci metodou myokardu na
principu ultrazvuku, ktera hraje fundamentalni roli v predikci kratkodobé a dlouhodobé
progndzy pacienti po IM.[126] V akutni fazi umoziuje posoudit celkovou systolickou
funkci LK, lokélni poruchy kinetiky, pfitomnost intrakavitalnich trombt (k vizualizaci
ouska levé sin€ je nutné transezofagealni vySetfeni) ¢i mechanickych komplikaci IM
(akutni mitralni regurgitace pfi ruptufe papilarniho svalu, defekt septa komor, ruptura
volné stény komory ¢i pseudoaneurysma). Nevyhodou echokardiografie je velka intra- i
interindividudlni variabilita.[127] Ejek¢ni frakce je nejcastéji pouzivanym parametrem
systolické funkce LK. Sestimési¢ni mortalita je vyrazné vyssi u pacientii s IM a EF LK
pod 40 % pied propusténim v porovnani s pacienty s EF nad 40 %.[128] Umrtnost
pacientii po IM je zvySend i v piipadé EF LK v rozmezi 41-49 %.[129] Kazdé snizeni EF
LK o 5 % je spojené se 7% narustem rizika HF u pacient po IM.[52] Nesmime
opomenout ulohu echokardiografie v hodnoceni funkce pravé komory (PK), kterd mtze
byt postizena infarktem pii soucasném IM spodni stény. Vzhledem k tvaru PK
pfipominajicim pyramidu je komplexni posouzeni jeji funkce slozité. Tricuspid annular
plain systolic excursion (TAPSE) je ukazatelem longitudinalni kontraktility PK.
Dysfunkce PK hodnocena pomoci TAPSE < 14 mm byla nezavislym prediktorem
mortality u 192 pacientli se STEMI komplikovanym kardiogennim Sokem.[130] Frakéni
zména plochy (fractional area change, FAC) je lepSim ukazatelem systolické funkce PK
nez TAPSE, protoze hodnoti 1 radidlni kontraktilitu. Ve studii analyzujici pacienty s IM
byla FAC <32 %, na rozdil od TAPSE, prediktorem mortality, HF hospitalizaci a
reinfarktu.[131]

Trojrozmérnd echokardiografie je pfesnéjsi metodou k posouzeni objemi LK ¢i
PK v porovnani s konvenéni 2D metodou, [132] nicméné jeji prediktivni hodnota u
pacientt s IM dosud nebyla analyzovana v Zadné klinické studii.

Utilizace levostranné echokontrastni latky zlepsuje viditelnost endokardu
v ptipad¢ Spatné vysSetfitelnosti pacientii, a tim pfesnéj$i posouzeni lokéalnich poruch
kinetiky ¢i EF LK. Dal§im benefitem kontrastni echokardiografie je zlepSena detekce
trombti a jejich odliSeni od artefaktli. Mezi méné vyuzivanymi vlastnostmi této metody
je detekce neperfundovanych segmenti LK (absence opacifikace po podani

echokontrastni latky), a tedy odliSeni infarktového loZiska od omracencho
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myokardu.[126] Absence opacifikace myokardu po podéani echokontrastu pfi normalnim
pritoku v epikardidlni koronarni tepné€ po PCI (disledkem mikrovaskularniho postizent)
je prediktorem pozdni NRM.[75]

Index hybnosti stén (wall motion score index, WMSI) je vypocitavan jako podil
souctu bodl za hybnost jednotlivych segmenti LK (1 bod: normalni kinetika, 2 body:
hypokinéza, 3 body: akinéza a 4 body: dyskinéza) a poctu segmentti. V akutni fadzi WMSI
1épe reflektuje zavaznost IM, protoze na rozdil od EF LK neni ovlivnén kompenzatorni
hyperkinézou ischemii nepostizenych segmentii myokardu.[126] Rzné studie prokazali
superioritu WMSI vici EF LK v predikei mortality ¢i rozvoje HF u pacientti po IM.[133,
134]

Speckle tracking je zastupcem deformaéni analyzy myokardu. Nejcastéji
hodnocenym parametrem pomoci této metody je globalni longitudinélni strain (GLS)
umoznujici detekci subklinické systolické dysfunkce LK. Oproti hodnoceni EF LK ma
prediktorem mortality a rozvoje ¢asného a pozdniho HF 1 pfi EF LK nad 40 %.[136, 137]
GLS vétsi nez -12,46 % byl také prediktorem NRM. [138] GLS mitiZe byt proto vhodnym
parametrem k identifikaci pacienti potencialné profitujicich z farmakologické
neurohumorélni blokady i pfi absenci snizené EF LK.

Echokardiografie umoziiuje 1 hodnoceni diastolické funkce LK. Diastolicka
dysfunkce 3.stupné (restriktivni plnéni LK), charakterizovana pomérem vin E:A > 2 a
decelera¢nim ¢asem viny E pod 140 ms, byla prediktorem mortality pacienti po IM
nezavisle na EF LK.[139] Pomoci dopplerovské echokardiografie 1ze odhadovat plnici
tlaky LK na zdklad€ poméru viny E (€asné plnéni komory na transmitralnim pritoku) a
e’ (tkanova dopplerovska analyza). ZvySené plnici tlaky definované pomérem E/e nad
15 byly asociovany se zvySenou mortalitou pacientli po IM a vyskytem HF bez ohledu na

EF LK.[140]
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3. Hypotéza

Navzdory zna¢nym pokrokiim ve farmakologické i intervenéni 1é¢bé je rezidualni
riziko pacientd s IM vysoké. Proto je dulezitd v€asna identifikace a intervence rizikovych
pacientli, jako 1 hledani novych patofyziologickych cest, které ovliviiuji prognodzu
pacientt po IM.

Srde¢ni selhani po IM je spojeno se zvySenym rizikem morbidity a mortality.
Casna identifikace a terapie HF proto nabizi piileZitost, jak zlepsit prognozu po IM.
V soucasné dobé¢ ale chybi jednoduché nastroje pro ¢asnou identifikaci pacientti s HF po
IM. Nasi prvni hypotézou proto bylo, Ze pouzitim dotazniku zaméteného na symptomy a
znamky srde¢niho selhdni dokazeme identifikovat osoby ve zvySeném riziku vzniku
komplikaci po IM. Pro tento ucel jsme pouzili dotaznik Kansas City Cardiomyopathy
Questionnaire (KCCQ), ktery se pouziva k hodnoceni kvality Zivota pacientd se srde¢nim
selhdanim. Vyznam pouziti KCCQ po IM je nejasny. Déle jsme piedpokladali, Ze
kombinaci symptomt a zndmek srde¢niho selhani s klinickymi proménnymi dokazeme
vytvofit stratifikaéni nastroj, ktery bude 1épe identifikovat rizikové osoby nez v soucasné
dobé doporucené GRACE skore.

Deficit zeleza u pacientli s HF je spojen s horsi prognozou a symptomatologii. U
pacientdl po IM je efekt sideropenie mén¢ prozkouman. Nasi druhou hypotézou je, ze
deficit zeleza ma neptiznivy efekt na prognozu pacientti s IM. Ocekavame, ze u pacientti
s IM bude potieba stanovit jinou definici deficitu Zeleza nez v ptipad¢ HF, jelikoZ jsou
tyto parametry ovlivnéné zanétlivou reakci. DalS$im problémem je, Ze sou€asné definice
ID nejsou zaloZené na morbi-mortalitnich datech. Pro budouci interven¢ni studie proto
bude dilezité porovnat prediktivni hodnotu riznych definici ID na prognézu pacienti
po IM.

Existuje evidence o vlivu orexinového systému na HF. ZvySena aktivita
orexinoveho systému méla kardioprotektivni efekt u HF. Zatim ale Zadna studie
nezkoumala efekt orexinového systému u pacienti po IM. Nasi tieti testovanou

hypotézou je, Ze orexinovy systém ovliviiuje prognoézu pacientii po IM.
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4. Cil prace

1. Posoudit prediktivni hodnotu dotazniku KCCQ (a jeho jednotlivych komponent) u
pacientt po IM.

2. Navrhnout nov¢ stratifikacni skore pro predikci rizika mortality po IM kombinujici

symptomy a znamky srde¢niho selhani a klinické proménné.

3. Porovnat asociaci riznych definici deficitu zeleza s rizikem celkové mortality u

pacientt s IM.

4. Popsat soucasny vyskyt systolické dysfunkce levé komory u pacientli po prvnim

infarktu myokardu a zjistit faktory asociované se zlepSenim ejekéni frakce.

5. Analyzovat vztah mezi aktivitou orexinového systému a pfezivanim pacientii po

infarktu myokardu.
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5. Metodika

5.1 Populace

Analyzovali jsme konsekutivni pacienty, ktefi byli pfijati na Kliniku kardiologie
IKEM s diagnézou IM od ¢ervna 2017 do roku 2023 a podepsali informovany souhlas se
zatfazenim do registru AMBITION. Tento prospektivni registr slouzi ke shromazd’ovani

klinickych dat a krevnich vzorka pacientt po IM.

5.2 Studijni procedury

Béhem hospitalizace byla od pacientli odebrana podrobnd anamnéza, prvni den po
pfijeti do nemocnice byl pacientim proveden odbér biologického materidlu k analyze a
alikvoty byly zmrazeny na teplotu minus 80 °C. 1 mésic po hospitalizaci pacienti
korespondencné vyplnili dotaznik KCCQ. Po 1 roce od hospitalizace pro IM byli pacienti
se systolickou dysfunkci a EF pod 40 % v dob¢ hospitalizace pozvani ke klinické kontrole
k posouzeni symptomil a znamek HF. Soucasti této kontroly bylo provedeni biochemické
analyzy, opétovné vyplnéni pacientského dotazniku KCCQ, analyza zdznamu EKG,
vyhodnoceni klinickych pacientskych udalosti od propusténi z nemocnice a

echokardiografické vysetfeni k posouzeni vyvoje EF.

5.3 Statisticka analyza

K provedenti statistické analyzy dat jsme pouzili programy R (R Foundation for
Statistical Computing, Viden, Rakousko), JMP 17, SPSS verze 25.0 (IBM Corporation,
Armonk, NY) a STATA verze 17. Podrobnéd charakteristika pouzitych statistickych

metod je uvedena v konkrétnich publikacich.
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6. Vysledky vyzkumné prdace

6.1 Prediktivni hodnota dotazniku KCCQ po infarktu myokardu

Pacienti po prodélaném IM jsou ve vysokém riziku nepfiznivych
kardiovaskularnich udalosti, véetn¢ HF. Riziko vzniku HF po IM je nejvyssi v prvnich
mésicich po IM.[27, 31] Casna kontrola pacienttl po prodélaném IM nebo s HF zlep3uje
jejich adherenci k 1écbé a snizuje riziko kardiovaskularnich hospitalizaci.[141, 142]
Kapacita zdravotnictvi ale neumoziuje, aby byli vSichni pacienti kardiologicky vysetieni
¢asn¢ po hospitalizaci pro IM.

KCCQ predstavuje vhodny nastroj k posouzeni tize a frekvence symptomd,
kvality Zivota a socidlnich limitaci u pacienti s HF.[143] Je vypliiovan samotnymi
pacienty, ¢imZ odpada zavislost na konkrétnim lékati. KCCQ ma vyssi citlivost a
spolehlivost k posuzovani symptomatologie nemocnych nez stanoveni NYHA tfidy.
Pozistava z 23 otazek, maximalni mozny pocet ziskanych bodu je 100; vic bodii znamena
lepsi kvalitu zivota. Existuje dobréd evidence o asociaci KCCQ s progndzou (mortalita,
hospitalizace pro HF) pacientl jak s akutnim, tak chronickym HF.[144-146] UZitecnost
KCCQ dotazniku v predikci prognézy v neselektované populaci pacientd s IM dosud
nebyla zkouména. Cilem nasi prace bylo analyzovat asociaci dotazniku KCCQ (celkové
souhrnné skore) a jeho individudlnich komponent s rizikem celkové mortality pacientl

po IM.

Metodika

Do studie jsme zatfadili 1721 pacientli, ktefi byli hospitalizovani na Klinice
kardiologie IKEM pro IM v obdobi od cervna 2017 do zafi 2022. Hodnotili jsme
nemocné, ktefi vyplnili dotaznik KCCQ 1 mésic po propusténi (papirovéa forma zaslana
postou nebo elektronicka forma pies aplikaci). Data o mortalité k 30.¢ervnu 2023 byla
ziskana z UZIS. Vyuzili jsme Coxtiv model proporciondlnich rizik k analyze asociace
celkového souhrnného skore KCCQ s rizikem mortality — neadjustovany a nasledné
adjustované na jednotlivé komponenty GRACE skore. Nasledn€ jsme pomoci dopiedné
krokové regrese identifikovali komponenty KCCQ dotazniku s nejvySsi asociaci

s rizikem mortality.
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Vysledky

Celkem 1135 pacientl (66 % opravnénych) vyplnilo dotaznik KCCQ. Primérny
vek pacientd byl 64 +12 let, 26,7 % tvortily zeny. Béhem medianu sledovani 46 mésicii
(mezikvartilové rozpéti 29-61) zemielo 146 pacientt (12,9 %). Pacienti, kteti KCCQ
nevyplnili, byli stars§i, méli vyssi zastoupeni Killipovy tfidy >1, systolické dysfunkce LK
s EF <40 %, ale jejich piezivani se signifikantné nelisilo od pacientt, ktefi tento dotaznik
zodpovedéli.

Z vysettenych pacienti mélo 30 (2,6 %) celkové souhrnné skore pod 25 bodl
odpovidajici velmi tézkému az tézkému postizeni, 114 (10 %) ziskalo 25-49 bodi
odpovidajici tézkému postizeni, 274 (24,1 %) mélo 50-74 bodl odpovidajici sttednimu
az lehkému postizeni a 717 (63,2 %) nemocnych po IM mélo skére 75-100 bodu
odpovidajici lehkému az zadnému postizeni. V adjustovaném modelu bylo KCCQ skoére
0-24 (HR 6.05, 95% CI 3,43-10,68, p <0.001) a 25-49 (HR 2.66, 95% CI 1.7-4.17, p
<0.001) nezavisle asociovano se zvySenym rizikem umrti ve srovnani s KCCQ skore >50.
Z dotazniku KCCQ, otoky dolnich kon¢etin, zména symptomil v poslednich 2 tydnech a

omezeni chlize nejlépe predikovaly zvySené riziko mortality pacientd po IM.

Zavér
Objektivizace symptomti a znamek srde¢niho selhani korespondencni cestou 1

mésic po propusténi z nemocnice pomoci dotazniku KCCQ dokaze identifikovat pacienty

ve zvySeném riziku celkové mortality po IM.

Publikace

Wohlfahrt P, Jenca D, Melenovsky V, et al.

Remote Heart Failure Symptoms Assessment After Myocardial Infarction Identifies
Patients at Risk for Death. J Am Heart Assoc. 2024;13(2):¢032505.
doi:10.1161/JAHA.123.032505

Kompletni znéni clanku v anglickém jazyce je prilozeno na konci prace.
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6.2 Prediktivni skore kombinujici klinické proménné a symptomy srdec¢niho selhani po
infarktu myokardu

GRACE skoére je doporucenym néstrojem k urceni rizika umrti u pacienti s
AKS.[86] Rozvoj HF po IM je hlavnim determinantem prognozy pacient.[16]
Ke zhodnoceni znamek HF béhem hospitalizace pro IM pouzivame Killipovu klasifikaci,
ktera hodnoti dominantné plicni kongesci. Pozdni rozvoj HF je spojen s horsi prognézou
v porovnani s HF beéhem hospitalizace, pfi¢emz riziko jeho vzniku je nejvyssi v prvnich
mésicich od propusténi.[9, 27] Patrani po znamkach a symptomech HF musi byt
nezbytnou soucasti ambulantnich kontrol u pacienti po IM. V predeslé praci jsme
prokézali, ze vzdalené¢ hodnoceni symptomtit HF pomoci dotazniku KCCQ 1 mésic po
hospitalizaci umoziiuje urcit pacienty po IM s vys$$im rizikem tmrti.

Cilem této prace bylo vytvofit a validovat prognostické skore k predikci mortality
pacientli po IM, které by kombinovalo vzdalen€ posuzované symptomy a znamky HF a

klinickeé rizikové faktory zjisténé béhem hospitalizace a porovnat ho s GRACE skore.
Metodika

Do analyzy jsme zafadili konsekutivni pacienty, kteti byli hospitalizovani na
Klinice kardiologie IKEM pro IM v obdobi mezi cervnem 2017 a zaii 2022. Celkem 1135
pacientli bylo ndhodné rozdéleno mezi derivacni (70 %) a validacni (30 %) kohortu.
Pomoci Coxovy regrese jsme identifikovali jednotlivé komponenty dotazniku KCCQ
zasilan¢ho 1 mésic po hospitalizaci a klinické parametry, které byly prediktory mortality
v derivacni kohorté. Podkladem nami vytvofeného PragueMI skore byly regresni

koeficienty jednotlivych prediktorti.

Vysledky

Primérny veék pacientit byl 64 + 12 let, 26.7 % tvofily Zeny. Model s nejlepsi
prediktivni hodnotou zahrnoval tyto klinické parametry: vék, anamnéza HF, kreatinin,
tepova frekvence pfi pfijeti, EF LK pfed propuSténim a nésledujici symptomy HF:
omezeni chlize, otoky dolnich koncetin a zména symptomt v poslednich 2 tydnech.

PragueMi skore bylo schopné stratifikovat riziko celkové mortality. VSichni
pacienti s pacienti PragueMi skére pod 13 bodt (n=196, 17,3 %) se dozili 2 let. Naproti

tomu pacienti s PragueMi skore nad 21 (n=115, 10,1 %) méli 22,2% ro¢ni mortalitu.
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Ve valida¢ni kohorté ndmi vytvorené PragueMi skore 1épe diskriminovalo riziko
mortality nez GRACE skore, a to jak v 6-mési¢nim sledovani (plocha pod ROC kiivkou
90,1; 95% CI 81,8-98,4 pro PragueMI vs. 77,4; 95% CI1 62,2-92,5 pro GRACE, p=0,004),
tak 1 v ro¢nim sledovani (plocha pod ROC kiivkou 89,7; 95% CI 83,5-96,0 vs. 76,2,
95%C1 64,7-87,7; p=0,004).

Zavér
PragueMI skore kombinujici symptomy HF a klinické parametry ma u pacienti

po IM vétsi prediktivni hodnotu nez v soucasnosti doporucené GRACE skore.

Publikace

Wohlfahrt P, Jenc¢a D, Melenovsky V, et al.

Development and validation of a prognostic score integrating remote heart failure
symptoms and clinical variables in mortality risk prediction after myocardial infarction.
The PragueMi score. Eur J Prev Cardiol. Published online March 18, 2024.
doi:10.1093/eurjpc/zwael 14

Kompletni znéni clanku v anglickém jazyce je priloZeno na konci prdce.
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6.3 Analyza parametrti deficitu zeleza a jejich vlivu na prognoézu pacientii po infarktu
myokardu

Deficit Zeleza (ID) je castou komorbiditou u pacientii s kardiovaskuldrnimi
onemocnénim, HF ¢i ICHS nevyjimaje. Podle doporuceni ESC jsou k diagnostice ID u
pacientli s HF standardné pouzivany hladiny feritinu a saturace transferinu, kdy absolutni
ID je stanovena na zéklad¢ hodnot feritinu pod 100 umol/L a relativni (funkéni) ID je
definovana hladinou feritinu od 100 do 299 pumol/L a saturaci transferinu pod 20 %.[2]
Vysetteni samotné hladiny sérového zeleza (S-Fe) k urceni diagn6zy ID neni dostacujici.
V ptipadé¢ IM dosud nebyla pfijata jednotnd diagnosticka kritéria ID, ktera by byla uréena
na zaklad¢ ,,tvrdych® endpointli. Nejéastéji byly ve studiich s pacienty po IM pouzity
stejné referencni meze pro diagnézu ID jako u HF. S-Fe, feritin 1 transferin jsou ovlivnény
zanétlivou reakci doprovazejici IM. Feritin je navic pfi IM uvoliiovan z nekrotickych
bun¢k.[147] Vhodné&jsim parametrem ID v piipadé IM mize byt solubilni transferinovy
receptor (sTfR), ktery neni proteinem akutni faze. Cilem této prace bylo analyzovat
rozdilné definice ID a ur€it, které jsou nejvhodnéjSimi ukazateli mortality pacientii po

IM.
Metodika

Analyzovali jsme 1156 konsekutivnich pacientdl pfijatych mezi ¢ervnem 2017 a
unorem 2023 s diagnézou IM 1.typu dle 4.univerzalni definice IM [79]. Vylou¢ili jsme
pacienty s anamnézou ICHS a hemolytickém sérem, které znemoznilo analyzu parametrti
metabolismu Zeleza. Odbér krve pro stanoveni parametrii metabolismu Zeleza jsme
provadeli 1. den po pfijeti do nemocnice. Stanoveni parametri probéhlo v lokalni
laboratofi. Pomoci modelu model ,,omezenych kubickych splajni“ (z angl. ,restricted
cubic splines) s adjustaci na v€k jsme analyzovali nelinearni asociaci mezi parametry
metabolismu Zeleza a mortalitou. K ureni idedlnich mezi ID jsme pouZzili metodu
rozhodovacich stroml. Coxtiv model proporcionalnich rizik jsme pouzili k analyze
asociace rozdilnych definic ID s mortalitou pacientd po IM. Udaje o mortalitd byly
ziskany z Ustavu zdravotnickych informaci a statistiky (UZIS) k 1.prosinci 2023.
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Vysledky

Primérny vék nemocnych s IM byl 64+12 let, muZi tvotili 75 % populace. Median
sledovani byl 3,4 let, béhem kterého zemielo 194 (16,8 %) pacientti. Hladina S-Fe <13
umol/L (HR 1.67, 95 % CI 1.19-2.34) a zejména kombinace S-Fe <12.8 pmol/L a sTfR
>3 mg/L. (HR 2.56, 95 % CI 1.64-3.99) byly nejvice asociovany se zvySenym rizikem
mortality 1 po multivariantni adjustaci (v€k, pohlavi, EF <35 9%, anamnéza HF,
glomerularni filtrace, systolicky krevni tlak a tepova frekvence pii piijeti, absence PCI,
Killipova tfida). Vytvofili jsme PraguelD kritéria se 4 skupinami pacientli: prvni skupina

méla S-Fe >12,8 umol/L a sTfR <3 mg/L, dals$i méla S-Fe < 12,8 umol/L a sTfR =3
mg/L, tfeti S-Fe >12,8 umol/L a sTfR =3 mg/L, posledni skupina méla S-Fe < 12,8 a

sTfR =3 mg/L. Nejrizikov¢jsi skupinou byli pacienti s nizkou hladinou sérového zeleza

a vysokou hladinou sTfR, ktefi méli po multivariantni adjustaci témeéf trojnasobné
zvysSené riziko imrti v porovnani s nemocnymi bez ID. Do stfedné rizikové skupiny
patfili nemocni, ktefi méli normalni hladinu sTfR a nizkou hladinu sérového zeleza a ti,
ktefi méli zvySenou hladinu sTfR a normalni hladinu Zeleza v séru.

Celkem 51,6 % pacientll mélo nizké hladiny sérového Zeleza (<13 umol/L) a 57,6
% melo ID podle Prague kritérii (2.-4.skupina). Nasli jsme jen slabou korelaci mezi
feritinem, sérovym Zelezem, saturaci transferinu a velikosti IM (hodnocené¢ maximalni

hladinou troponinu). Hladiny sTfR na rozsahu IM nezavisely.
Zavér

ID postihovala nadpoloviéni vétSinu pacientd s prodélanym IM 1.typu.

Kombinace sTfR a hladiny sérového Zeleza byla nejsiln€j$im prediktorem mortality.

Publikace

Jenca D, Melenovsky V, Mrazkova J, et al.
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Kompletni znéni clanku v anglickém jazyce je prilozeno na konci prace.

40



6.4 Vyvoj ejekéni frakce levé komory a jeho determinanty u pacientli s poinfarktovou
systolickou dysfunkci

Stanoveni EF je doporuceno u vsech pacientli po prodélaném IM.[86] Systolicka
dysfunkce LK je spojena se zhorSenym piezivanim pacientii po IM, vyssim rizikem HF a
nahlé smrti.[52, 148, 149] Casné po IM je EF ovlivnéna nejen velikosti infarktového
loziska, ale i reverzibilnim omra¢enim myokardu a na druhé stran¢ hyperkontraktilitou
nepostizenych segmentl myokardu. U pacienti s EF LK <40 % je indikovano kontrolni
zobrazovaci vySetfeni za 6-12 tydni k posouzeni jejiho vyvoje. Zlepseni EF LK je
spojeno s niz§im rizikem kardiovaskularnich pfihod a menSim vyskytem neptiznivé
remodelace myokardu.[150-152] Existuje pomérné malo dat o evoluci EF LK u pacientt
po IM léc¢enych pomoci PCI. Cilem nasi prace bylo posoudit vyvoj EF LK a urcit jeji

determinanty u pacientt po IM

Metodika

Z celkem 1593 konsekutivnich pacientti hospitalizovanych pro AKS na Klinice
kardiologie IKEM mezi ¢ervnem 2017 a listopadem 2021 jsme do studie zaradili celkem
1065 pacientli s diagnézou IM 1.typu. Vytadili jsme pacienty s anamnézou ICHS (n=268)
a HF ¢i kardiomyopatie (n=14), jakozto moZznych pficin preexistujici dysfunkce LK. EF
LK byla stanovena transtorakalni echokardiografii (TTE) béhem hospitalizace. V ptipadé
opakovaného TTE bé&hem hospitalizace jsme k analyze vyuzili vysledky posledniho
vySetfeni. U pacientli s EF LK <40 % bylo s odstupem provedeno kontrolni ambulantni
TTE. K porovnani rozdili mezi skupinami jsme pouZili ANOVA, Kruskal-Wallistiv
nebo chi-kvadrat test. Multivariantni logisticka regrese byla vyuzita k urceni prediktori
systolické dysfunkce LK béhem hospitalizace a zlepSeni EF LK pfi kontrolnim vySetieni.
Pomoci Coxova modelu proporcionalnich rizik jsme analyzovali vliv zlepSeni systolické

funkce LK na mortalitu pacientd.

Vysledky

Primérny vEk pacientil byl 64+12 let, 74,6 % tvofili muzi. STEMI tvotilo 65,4 %
ptipadl. Celkem 93,5 % nemocnych podstoupilo invazivni 1écbu IM: 901 (84,6 %) z nich
bylo 1é¢eno pomoci PCI, 89 (9,4 %) pomoci srdecniho bypassu a 6 pacienti (0,6 %) bylo
vyzadovalo 1é€bu obéma metodami. TTE bylo provedeno u vSech pacienti béhem

medidanu 1 dne od pfijeti (mezikvartilové rozpéti 0-2 dny). Systolickou dysfunkci s EF
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LK <40 % trpélo 238 nemocnych (22,3 %), lehce omezenou funkci (EF LK 40-50 %)
mélo 326 (30,6 %) a zachovald EF LK nad 50 % byla pfitomna u 501 (47,0 %) pacientd.
Pacienti se systolickou dysfunkci (EF LK <40 %) méli Castéji subakutni IM, STEMI
predni stény, znamky HF vyzadujici podavani intravenéznich diuretik, perikarditidu a
vy$$i maximalni troponin i TF pii pfijeti. Kontrolni TTE bylo dostupné u 169 pacientd,
median odstupu od IM byl 109 dni (mezikvartilové rozpéti 75-281). Normalizace EF LK
(nad 50 %) nastala u 39 nemocnych (23,1 %), mirné zlepSeni EF LK na 40-50 % bylo u
44 7z nich (26,0 %) a u 86 pacientt (50,9 %) perzistovala systolicka dysfunkce LK. Pfi
pouziti multivariantni analyzy mezi prediktory zlepSeni EF LK patiila mensi zdvaznost
koronarni aterosklerézy (definované pomoci Gensiniho skore), vyssi EF LK pii
hospitalizaci, nizs§i pocet leukocytl a absence rozvoje FiS béhem hospitalizace. ZlepSeni

EF LK vedlo ke snizeni mortality pacientii.

Zavér

I v soucasné éte 1€cby IM pomoci perkutannich korondrnich intervenci zastava
incidence systolické dysfunkce vysoka — 22,3 % pacientl po 1. IM mélo EF LK <40 %.
U pfiblizné % z téchto pacientl jsme dokumentovali normalizaci systolické funkce LK.
Mezi faktory asociované se zménou EF LK patfily mira zanétu, zdvaznost koronarniho

nalezu a primomanifestace FiS.

Publikace
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Kompletni znéni clanku v anglickém jazyce je prilozeno na konci prace.
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6.5 Vliv polymorfizmi orexinu na prognézu pacientti po IM

Orexin je hormon s pleiotropnimi vlastnostmi. Mezi jeho t€inky patii ovliviiovani
spankového cyklu, pfijmu potravy, energetické bilance organizmu, ale i gluk6zové
tolerance a systému odmény (a tim vliv na riziko vzniku drogovych zéavislosti). [153, 154]
Vyznam orexinového systému byl recentné zjistén i u HF. Perez a kol. identifikovali u
pacientti s HFrEF polymorfizmus lokusu rs7767652 v regulacni oblasti pro orexinovy
receptor 2 jako nejsilngjsi prediktor zlepSeni EF LK po farmakoterapii C¢i
resynchronizacni 1écbé. Ve funkcéni validacni studii vedla minoritni alela T k naruseni
vazebniho mista pro transkripéni faktor 4, ¢imz doSlo ke sniZzeni exprese genu pro
orexinovy receptor 2.[155] U mysi infuze orexinu A snizovala miru NRM po podani
angiotenzinu II a izoprotenerolu. [155] Vyznam orexinového systému u pacientd s IM
dosud nebyl prozkouman. Cilem nasi prace bylo posoudit vztah aktivitou orexinového
systému, hodnocenou na zdklad€ polymorfizmu v lokusu rs7767652 i cirkulujici hladiny

orexinu A, a mortalitou pacientti po IM.

Metodika

Pro analyzu jsme pouzili data konsekutivnich pacientli hospitalizovanych
v terciarnim kardiocentru od ¢ervna 2017 do listopadu 2021 pro IM 1.typu. Pacienti, ktefi
méli anamnézu ICHS a HF, byli z analyzy vylouc¢eni. DNA byla izolovéana z periferni
krve. Lokus rs7767652 v regula¢ni oblasti byl vySetfovan pomoci analyzy TagMan SNP
(single nucleotide polymorphism). Zastoupeni alel u naSich pacientli jsme porovnali
s jejim zastoupenim v ndhodné vybraném vzorku obecné populace (n=1953) ze studie
Czech post-MONICA (Monitoring of Trends and Determinants in Cardiovascular
Disease) pomoci chi-kvadrat testu. Zakladni charakteristiky jednotlivych genotypt (TT,
CT, CC) byly porovnany pomoci chi-kvadrat, ANOVA nebo Kruskal-Wallisova testu. V
podskupiné pacienti s EF LK <40 % (n=245) jsme stanovili hladinu orexinu A. Mortalitni
data byla zjisténa k 1.lednu 2022.
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Vysledky

Z celkem 1065 pacienti s IM 1.typu jsme analyzovali data 1009 subjekt
s dostupnou analyzou polymorfizmu rs7767652. 62 pacientti (6,1 %) byli homozygotnimi
nosici minoritni alely T (TT), 398 (39,4 %) byli heterozygoti (CT) a 549 nemocnych (54,5
%) byli homozygoti pro majoritni alelu C (CC). Tyto skupiny se podobaly vékem,
zastoupenim pohlavi, prevalenci komorbidit (arteridlni hypertenze, DM, CKD),
lokalizaci, velikosti IM a hodnotou EF LK pfed propuSténim. Zastoupeni alelickych
variant rs7767652 u pacientli s IM nebylo odlisné od vzorku z bézné populace.

Béhem medianu sledovani 27 mésict (mezikvartilové rozpéti 13-41) zemielo 8,4
% pacient. Homozygoti pro minoritni alelu (TT) méli vyS$si riziko mortality nez

heterozygoti (CT) ¢i homozygoti pro majoritni alelu CC (HR 2.83 [95% CI, 1,55-5,19],

p=0,001). Umrtnost nosi¢ti genotypu CT a CC se nelisila.
U podskupiny pacientl se systolickou dysfunkci LK se hladiny orexinu A mezi
jednotlivymi genotypy nelisily. Pacienti s hladinou orexinu A >1.0 ng/mL méli o 59 %

nizsi riziko mortality v porovnani nemocnymi s hladinou orexinu pod 1 ng/mL.

Zavér

Snizené orexinova signalizace je spojena se zvySenou mortalitou pacientii po IM.
Mezi piispivajici faktory patii zvySené arytmické riziko a niz§i mira zlepSeni systolické
funkce LK. Ovlivnéni orexinového systému se nabizi jako moZzny novy terapeuticky cil

pacientd s IM.
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Kompletni znéni clanku v anglickém jazyce je prilozeno na konci prace.
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7. Diskuze

V moji dizertatni praci jsem se zabyval piinosem vzdaleného hodnoceni
symptomii a znamek srde¢niho selhdni pro stratifikaci rizika pacientli po infarktu
myokardu, jako 1 hledanim novych terapeutickych cilti u téchto pacient.

V prvni praci jsme prokazali, ze vzdalené hodnoceni symptomt a znamek HF
pomoci dotazniku KCCQ jeden mésic po propusténi z nemocnice piedstavuje uzitecny
nastroj pro stratifikaci rizika pacienti po IM. Pacienti s hodnotou KCCQ <25 a KCCQ
25-49 méli 6,6-ndsobn¢ a 2,8-nasobné vyssi riziko celkové mortality nez osoby
s KCCQ>75 v plné adjustované analyze. Pfitom 2/3 pacientii s KCCQ pod 50 nemélo
zadné znamky HF be€hem hospitalizace pro IM (Killip tfida I). Nase pozorovani
poukazuje na prognostickou dillezitost hodnoceni symptomu a zndmek HF po propusténi
z nemocnice pro IM. V ptedchozi praci az 85 % ptipadi HF vzniklo v priibéhu 1. mésice
po propusténi. [27] Pfitom HF vznikajici po propusténi je spojeno s vyS$im rizikem
komplikaci nez HF vznikajici béhem hospitalizace.[9] Prvni mésic po propusténi proto
predstavuje unikatni piileZitost pro asny zachyt HF. Casny zachyt HF nésledovany
adekvatni terapeutickou intervenci miize zlepSit prognézu pacientd a snizit naklady za
lécbu a hospitalizace. Korespondenéni hodnoceni HF umoziluje standardizované
hodnoceni symptomt a zndmek HF, a to bez vyrazného zvySeni zatéZe na ambulantni
kardiology.

Dotaznik KCCQ byl ale vytvoten pro hodnoceni pacientii s HF. Proto ne vSechny
otazky jsou relevantni a maji prognostickou hodnotu u pacientli po IM. Redukce poctu
dotazovanych otdzek muze snizit zatéz a frustraci pacienti pii vypliovani. Ve druhé
navazujici praci jsme proto testovali hypotézu, ze kombinace symptomii a zndmek
srdecniho selhani a klinickych proménnych dokaZze 1épe predikovat riziko komplikaci nez
model pouZivajici pouze klinické proménné. Nami vytvotrené PragueMi skore mélo lepsi
diskriminac¢ni, kalibra¢ni a reklasifika¢ni schopnosti nez v soucasnosti doporuc¢ované
GRACE skore. Vykonnost PragueMi skore byla konzistentni napfi¢ riznymi
podskupinami pacientli (pohlavi, vék, EF LK, pfitomnost DM a CKD).

PragueMi pfedstavuje prvni dotaznik pro pacienty s IM, ktery kombinuje rizikové
faktory a symptomy HF hodnocené po propusténi z nemocnice. Je nenaro¢ny, protoze
poziistava z 8 bod, z kterych pacient hodnoti pouze 3 otazky tykajici se symptomut HF.

Pomoci tohoto dotazniku jsme byli schopni identifikovat rizikové pacienty (10 %
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z hodnocené¢ho vzorku) s 18% a 22% mortalitou béhem 6, respektive 12 mésicii.
V dalsich studiich bude nutné zjistit, zda klinické rozhodovani a v¢asnéd intervence
zalozena na pouziti PragueMi dokaze zlepsit prognozu po IM.

V ramci hledani novych terapeutickych cilli u pacientii s IM jsme se zabyvali
vlivem deficitu Zeleza na progndzu pacientii po IM. Protoze soucasné definice ID po IM
nejsou zalozené na tvrdych datech, v prvnim kroku bylo nutné porovnat asociaci riznych
kritérii ID s rizikem mortality po IM. Zjistili jsme, Ze feritin, ktery se nejcastéji pouziva
pro definici ID, neni asociovan s rizikem mortality po IM. Toto pozorovani Ize vysvétlit
faktem, ze feritin je reaktantem akutni faze, proto je jeho hodnota ovlivnéna zanétlivou
reakci po IM a neodrazi tizi ID. Toto pozorovani je v souladu s praci Gonzalez-
D’Gregorio a kol., ve které pouze saturace transferinu pod 20 % byla asociovana
s rizikem mortality po IM, nikoliv feritin. [119]. V nasi praci kombinace hladiny sérového
zeleza a sTTR nejlépe predikovaly riziko celkové mortality po IM. Hladina sTfR odrazi
zvySenou tkanovou poptavku po zeleze, a neni ovlivnéna zanétlivou reakcei a velikosti
IM. Zvysené hodnoty sTfR byly ve studii Weidmanna a kol. nezavislym prediktorem
kardiovaskularniho imrti a/nebo recidivy IM u pacientti s ICHS.[114] Na zéklad¢ hladiny
sérového zeleza a sT{R jsme vytvofili nové kritéria pro hodnoceni ID u pacienti po IM —
PraguelD kritéria, které odrazi riziko mortality.

Substituce zeleza u pacientd s ID po IM se muZze stat novou terapeutickou
intervenci ke sniZeni rizika komplikaci. V malé studii Floriana a kol. s 39 pacienty se
STEMI vedla jednorazova aplikace ultra malé molekuly superparamagnetického oxidu
zeleza 4 dny po IM k redukci infarktového loZiska a k pozitivni remodelaci myokardu
hodnocené magnetickou rezonanci v odstupu 3 mésicii.[156] Naopak, dieta s omezenim
zeleza u mysi vedla ke sniZeni aktivity kardioprotektivniho systému endotelialni NO
syntazy/solubilni guanylat cyklazy a proteinkinazy G. V praci Dziegaly a kol. byl u mysi
v hypoxickych podminkach pozorovan nepiiznivy vliv ID na ptezivani kardiomyocytt
zpusobeny nadmérnou aktivitou apoptotickych drah.[157] V dal$i praci bude nutné
objasnit, zdali pouziti nasich PraguelD kritérii k rozhodnuti o substituci Zeleze u pacientli
po IM povede ke zlepSeni progndzy.

Ve ¢tvrtém clanku jsme navzdory o¢ekdvanim ukazali, ze i v moderni éfe 1écby
IM zistava incidence systolické dysfunkce LK po IM vysoka. Ptiblizné Ctvrtina pacienta
s IM méla EF LK <40 % i pfi vysoké utilizaci revaskulariza¢nich metod, dominantné

PCIL. Vyskyt systolické dysfunkce v ndmi studované populaci byl porovnatelny se
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star§imi studiemi z pielomu 20. a 21.stoleti.[ 158, 159] Tento fakt l1ze vysvétlit zlepSenim
pfednemocnicni péce, zavedenim PCI i pouzitim mechanickych srde¢nich podpor u
rozsahlych IM s kardiogennim Sokem. Proto piezivaji i vysoce rizikovi pacienti, ktefi by
diive umfteli. Dalsi moznou pfi¢inou vysokého zastoupeni systolické dysfunkce po IM je
vysoka prevalence komorbidit, zejména diabetu, ktery je asociovan s vétSim rozsahem
infarktového loziska, zvySenym rizikem mikrovaskularni obstrukce a NRM. Az 5/6
analyzovanych pacientl se systolickou dysfunkci mélo IM ptedni stény, % vykazovala
znamky HF (Killip >1) pfi pfijeti, coz odrazi vysokou rizikovost nemocnych.

U piiblizné 1/2 pacientli s EF LK <40 % nedoSlo pfi nasledné echokardiografické
kontrole k upravé EF LK ad integrum i pies fakt, ze byli adekvatné 1éceni pomoci
farmakoterapie blokujici RAAS a sympatoadrenalni systém - 72,4 % znich uZivalo
ACEi/sartan, 83,1 % beta blokator a 69,8 % meélo zavedenou terapii spironolactonem.
Podil pacientii s plnym obnovenim systolické funkce je ptitom nizsi nez v recentni studii
Wu a kol., ktera studovala dynamiku vyvoje EF LK u mladsich pacienti s IM do 50 let.
V této studii byla incidence snizené EF LK (pod 50 %) 29 %, ale az u 42 % nemocnych
doslo k jeji normalizaci. I v této praci mezi prediktory rozvoje systolické dysfunkce LK
patfil rozsah IM charakterizovany maximalni hodnotou troponinu, STEMI, vyssi
Gensiniho skore a diabetes. [151] I kdyZ jsme v naSi analyze nepozorovali pfimy vliv
véku na zlepSeni EF LK, star§i pacienti méli vic komorbidit, které pfispély k niZsi
odpovédi EF LK na zavedenou terapii. Na druhé strané, 51% zastoupeni pacientil se
zlepsenim EF LK >40 % je dvojndsobné v porovnani se studii Ottervangera a kol., ktera
analyzovala dynamiku zmén EF LK u pacientii 1éenych PCI koncem 90.1et.[159] V této
studii bylo jen 44 % pacientil pti propusténi 1é€eno ACEi.

Mezi faktory ovliviiujici zlepSeni EF LK v nasi studii patfila mira zdnétlivé reakce
kvantifikovana pomoci poctu leukocytl. Protrahovany zanét vede k expanzi infarktového
loZiska a k rozvoji NRM, které predisponuji k rozvoji HF. Cytokiny, hrajici diileZitou roli
v regulaci zanétu po IM, predstavuji mozny cil farmakoterapeutického ovlivnéni.
Kanakinumab, monoklonalni protilatka proti IL-1b, vedl ve studii CANTOS u pacientli
po IM kredukci kardiovaskularnich pifihod. [160]V prespecifikované exploratorni
analyze této studie byl prokdzan na davce zavisly efekt kanakinumabu na redukci HF
hospitalizaci. [101] Administrace inhibitoru IL-6, tocilizumabu, vedla k redukci
ischemicko-reperfuzniho poskozeni myokardu (meéteného pomoci troponinu) a

mikrovaskularni obstrukce.[106, 161]. Potencidl monoklonalnich protiladtek v supresi
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nadmérné zanétlivé reakce po prodélaném IM s cilem zachovani systolické funkce LK u
pacienti po IM je nutné ovéfit v randomizovanych klinickych studiich. DalSim
negativnim prediktivnim faktorem byl primozachyt FiS béhem hospitalizace, ktery byl
asociovan s témeéf trojnasobné nizsi pravdépodobnosti zlepSeni EF LK. Tato arytmie je
indukovéna zéanétlivou reakci po IM, objemovym pfetizenim, ischemii sini a
perikarditidou, tudiz ji lze povazovat za dusledek rizikovych faktori spojenych
s rozvojem HF. Rozvoj FiS negativné ovliviiuje hemodynamiku ztratou sinové kontrakce,
vyssi tepovou frekvenci a nepravidelnou komorovou odpovédi, kterd ma dopad na jeji
plnéni.[162]

Tretim Cinitelem ovliviiujicim zlepSeni systolické funkce byla zavaznost
koronarni aterosklerdzy, kterd byla stanovena s vyuzitim Gensiniho skore. Toto skore
charakterizuje zdvaznost korondrni aterosklerdzy pfesnéji nez prostd kvantifikace poctu
postizenych véncitych tepen, protoze zohlediuje nejen lokalizaci a zdvaznost stenozy, ale

1 pfitomnost kolateral.[163]

Jako mozny dalsi terapeuticky cil u pacientli po IM jsme analyzovali orexinovy
systétm. Jako prvni jsme prokazali vztah mezi polymorfizmem lokusu rs7767652
v regulacni oblasti pro orexinovy receptor 2 s rizikem umrti pacienti po IM. Tento efekt
byl nezavisly na tradi¢nich rizikovych faktorech a komorbiditach. To naznacuje novy
patofyziologicky mechanizmus, ktery ovliviiuje prognozu po IM. Pacienti s variantou TT
méli vy$si riziko vzniku fibrilace komor béhem hospitalizace a zvySené hladiny
triglyceridi. To miZe odrazet vyssi katecholaminergni zatéz rezultujici ve zvySenou
lipolyzu. Jiz dlouho je zndma asociace zvySenych koncentraci volnych mastnych kyselin
a rizika ndhlé srde¢ni smrti u pacientti po IM. [164] Dalsim faktorem vysvétlujicim horsi
progndzu homozygotnich nosi¢l minoritni alely je mensi vzestup EF LK pfi kontrolnim
TTE v porovnani s nosi¢i alel CT a CC. SniZzenad EF LK po IM a absence jejiho zlepSeni
jsou vyznamnymi prediktory neptiznivych kardiovaskularnich udalosti u pacientti s IM.
[128, 151, 165] Dal§im naSim pozorovanim, které potvrzuje vliv orexinového systému na
progndzu pacientli po IM bylo zjisténi, Ze hladina orexinu A >1.0 ng/mL je spojena
s niz§im rizikem mortality. Tento nalez je ve shodé se studii analyzujici 113 pacientl
s HFrEF, u kterych byly hladiny orexinu A nad 1,04 ng/mL prediktorem reverzni

remodelace LK na farmakoterapii nezdvisle na tradi¢nich biomarkerech posSkozeni
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(troponin) a pietizeni kardiomyocyti (NT-proBNP) i fibrézy myokardu (galektin,
soluble suppression of tumorigenesis-2 [sST2]).[166]

Ptiznivy efekt zvySené orexinové signalizace u pacienti s IM ¢i HF je zptisoben
aktivaci riiznych signalnich drah s ptiznivym plisobenim na myokard. Jednou z nich je
draha PI3K/Akt (fosfatidylinositol-3-kin4dza), ktera ma pozitivni vliv na redukci
ischemicko-reperfuzniho poskozeni. [122] Aktivator této drahy, glucagon-like peptide 1,
vedl u pacient po IM ke zlepSeni systolické funkce LK. [167] Stimulace orexinového
receptoru 2 vede také k aktivaci drahy ERK1/2 (extracellular signal-regulated kinase),
regulujici kontraktilitu pomoci pfimé fosforylace Ca?"/kalmodulin-dependentni kinazy.
[168] Modulace orexinového systému k ovlivnéni reverzni remodelace LK a prognézy u

pacientli po IM miize byt vhodnym cilem klinickych studii.
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8. Zavery

1. Dotaznik KCCQ zasilany 1 mésic po hospitalizaci pro IM ptedstavuje vhodny nastroj
k rizikové stratifikaci pacient po IM. Pacienti, ktefi trpi vyraznymi symptomy HF
(celkové sumarni skore pod 50), maji zvySenou mortalitu v porovnani s pacienty s mensi
limitaci. Otoky dolnich koncetin, zména symptomil v poslednich 2 tydnech a omezeni

chiize jsou parametry predikujici prognézu pacientt po IM.

2. PragueMi predstavuje jednoduchy nastroj integrujici klinické rizikové faktory a
symptomy HF k identifikaci nejvic ohrozenych pacienti s IM. Toto skore ma lepsi

diskriminac¢ni vlastnosti nez dosud doporu¢ené GRACE skore.

3. Nedostatek Zeleza je u pacientl po prodélaném IM asociovan se zhorSenou prognozou.
Kombinace hladiny sérového zeleza a solubilniho transferinového receptoru je

nejvhodnéjsim prediktorem mortality pacientti v této skupiné.

4. 53 % pacientl po prodélaném IM ma urcity stupenn systolické dysfunkce LK. U
pfiblizné % pacientl s inicidlni EF LK pod 40 % dochazi k normalizaci jeji hodnoty. Mezi
prediktory zlepSeni EF LK nad 40 % patfi FiS, mira zdnétu a zavaznost koronarni

aterosklerozy.

5. Orexinova signalizace ovliviluje prognézu pacientii po IM. Homozygotni nosici
minoritni alely T v regula¢ni oblasti pro orexinovy receptor 2 (lokus rs7767652) maji
pfiblizn€ trojndsobnou mortalitu v porovnani s ostatnimi pacienty. Pacienti s nizsi

hladinou orexinu A maji zvySené riziko imrti.
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9. Conclusions

1. KCCQ questionnaire administered one month after hospitalisation due to myocardial
infarction represents an appropriate tool for risk stratification of patients. The patients
with low KCCQ overall summary score < 50 points have higher mortality risk compared
to those with less symptoms. Leg swelling, change in symptoms during the past 2 weeks
and walking impairment are the items that predict prognosis of patients after myocardial

infarction.

2. PragueMi is a simple tool integrating clinical risk factors and HF symptoms to identify
MI patients at highest risk of mortality. This score has better discriminatory properties

than the currently recommended GRACE score.

3. Tron deficiency is associated with worse prognosis in the patients with MI. The
combination of serum iron and soluble transferrin receptor is the best predictor of all-

cause mortality of these patients.

4. 53 % of patients suffer from systolic dysfunction after MI. Approximately %4 of patients
with initial EF LV below 40 % achieve full recovery of left ventricular systolic function.
Atrial fibrillation, severity of inflammatory response and coronary atherosclerosis are the

predictors of improvement of EF LV above 40 %.

5. Orexin signalling affects the prognosis of patients with MI. Homozygous carriers of
minor allele T in the regulating domain for orexin receptor-2 have almost threefold
increase in all-cause mortality compared to others. The patients with a lower

concentration of orexin A have a higher mortality risk.
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Abstract

Aims The aim of the present paper was to provide an up-to-date view on epidemiology and risk factors of heart failure (HF)
development after myocardial infarction.

Methods and results Based on literature review, several clinical risk factors and biochemical, genetic, and imaging bio-
markers were identified to predict the risk of HF development after myocardial infarction.

Conclusions Heart failure is still a frequent complication of myocardial infarction. Timely identification of subjects at risk for
HF development using a multimodality approach, and early initiation of guideline-directed HF therapy in these patients, can

decrease the HF burden.

Keywords

Received: 21 July 2020; Revised: 14 October 2020; Accepted: 15 November 2020

Heart failure; Clinical risk factors; Biomarkers; Genetics; Adverse remodelling

*Correspondence to: Peter Wohlfahrt, Centre for Cardiovascular Prevention, First Faculty of Medicine and Thomayer Hospital, Charles University, Videnska 800, 140 59
Prague 4, Czech Republic. Tel: +420 261 083 694; Fax: +420 261 083 821. Email: wohlfp@gmail.com

Introduction

Despite the remarkable advances in the treatment of coro-
nary artery disease and acute myocardial infarction (MI) over
the past two decades, Ml remains the most common cause of
heart failure (HF).' According to the time sequence of Ml
occurrence and HF development, three clinical presentations
differing in pathophysiology, clinical characteristics, and
outcomes can be identified: (i) HF onset at the time of Ml pre-
sentation, (i) HF developing during hospitalization for MI, and
(iii) HF onset after discharge from the index hospitalization.

Heart failure developing at the time of
myocardial infarction hospitalization

The factors that contribute to the pathogenesis of HF devel-
opment at the time of the MI hospitalization include myocar-
dial compromise due to myocardial necrosis, myocardial
stunning, and mechanical complications such as papillary

muscle rupture, ventricular septal defect, and ventricular free
wall rupture. Within 30 min of ischaemia, cardiomyocyte
structural changes and oedema develop, leading to progres-
sive myocyte death after 3 h of ischaemia. Reperfusion itself
causes a second wave of injury through the production of
reactive oxygen species. Despite successful epicardial reper-
fusion, the embolization of thrombotic debris leads to ongo-
ing microvascular dysfunction and myocardial ischaemia.?
The inflammatory response to myocyte death also contrib-
utes to HF development. Furthermore, HF at this stage can
be also triggered by exacerbation of pre-existing HF and co-
morbidities, for example, anaemia, chronic kidney disease
(CKD), or chronic obstructive pulmonary disease.

Opposing trajectories of HF incidence presenting at Ml
admission and during a hospital stay have been observed in
the last decades. While the proportion of HF cases at MI
admission has increased (from 4% in 1992-19963 to 12-13%
in 2001-201143), the proportion of HF cases developing dur-
ing the hospital stay has decreased (from 39%3 to 4-28%¢¢).
The increase in HF at Ml presentation may be explained by
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recent improvements in pre-hospital care, which led to a
decrease in out of hospital mortality.”s On the other hand,
the decrease in in-hospital HF may be caused by the introduc-
tion of percutaneous coronary intervention (PCl), which leads
to more substantial myocardial salvage as compared with
thrombolysis. In the nationwide SWEDEHEART registry,¢ the
incidence of in-hospital HF complicating Ml has fallen from
46% in the thrombolytic era (the year 1996) to 28% in PCI
era (the year 2008) (Figure 1). Higher myocardial salvage by
PCl can also explain the increase in the proportion of patients
with HF with preserved ejection fraction, which increased
from 18% in 1998 to 30% in 2008. The second explanation
for the in-hospital HF decrease may be the change in MI diag-
nosis, which is currently based on troponin level and allows
the detection of less severe MI cases with a lower risk of HF
development.

Heart failure developing after myocardial
infarction hospitalization

Heart failure developing after Ml hospitalization is a
consequence of cardiomyocyte death and scar formation,
which triggers chronic neurohumoral activation (renin-
angiotensin-aldosterone and sympathetic nervous system
up-regulation) and ventricular remodelling. Left ventricular
(LV) remodelling is more pronounced in men, patients with
larger infarct size, and late or unsuccessful reperfusion of epi-
cardial or microvascular bed.? Ventricular remodelling
changes ventricular geometry and leads to wall thinning, isch-
aemic mitral regurgitation, and further cardiomyocyte loss.
Heart failure development after hospital discharge is very
prevalent. It is diagnosed in approximately 13% of patients
at 30 days and 20-30% at | year after discharge for Ml.1o1i
The incidence of HF after MI discharge is highest in the first

Figure | Percentage of patients with index myocardial infarction under-
going percutaneous coronary intervention (PCl) (orange line) and with
in-hospital heart failure (HF) (blue line)—adapted from SWEDEHEART
study.®
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months, and then it drops and remains stable at a rate of
1.3-2.2% per year afterwards.!

Clinical impact of heart failure after myocardial
infarction

The development of HF after Ml has a significant impact on
outcomes, regardless of the HF type.2 Among patients with
a history of MI, HF development increases total mortality risk
three-fold and cardiovascular mortality four-fold. The timing
of HF development also has an impact on adverse events.
HF developing more than 3 days after Ml is associated with
a 43% higher mortality risk as compared with patients with
HF developing in the first 3 days after ML.'12 This may be
explained by different risk factors and mechanisms leading
to HF at different time points.

The need for heart failure screening and
prevention

As recognized by both the European Society of Cardiology's
and the American Heart Association,'# HF prevention is an ur-
gent public health need. The population of patients after Ml
represent a high-risk group for HF development, in which
HF screening and prevention is of particular importance.
Missed or delayed diagnosis of HF compromises patient prog-
nosis and increases therapy costs. This underscores the need
for close follow-up of MI patients at risk for HF development,
which has been shown to result in improved patient adher-
ence, higher prescription of recommended therapy, and
lower cardiovascular hospitalizations. 5717

The present paper reviews risk factors and biomarkers
associated with HF development after Ml and suggests a
multimodality approach for screening (Figure 2). This infor-
mation is intended to assist clinicians in identifying patients
at particular risk of HF development after Ml and early initia-
tion of guideline-directed HF therapy in these patients at high
risk of adverse clinical events.

Clinical risk factors

The impact of different clinical risk factors on the HF risk after
Ml is shown in Table 1.

Age

The incidence of in-hospital HF is three times higher in
patients 75-85 years old as compared with those 25-54 years
old. After hospital discharge, HF incidence is six times higher
in the older age group.'' After multivariate adjustment, the

ESC Heart Failure 2021; 8: 222-237
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Figure 2 Multimodal approach for prediction of heart failure after myocardial infarction (MI).
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Table 1 Clinical risk factors for HF

Increase in risk of

Clinical risk factors post-MI HF
Age, increase by 10 years 20-50%
Female sex 15-34%
History of previous MI 21-89%
Hypertension 7-70%
Diabetes 30-42%
Glomerular filtration, decrease by 10 mL/ 10%
min/1.73 m?

Heart rate, increase by 10 b.p.m. 7-23%
Atrial fibrillation 20-51%

HF, heart failure; MI, myocardial infarction.

in-hospital HF risk increases by approximately 50%s and post-
discharge HF by 20-50%'82 for every 10 years of age.

Gender

Female sex was found to be independently associated with
increased HF risk after Ml in some studies, but not in
others.!#192173 |n the studies that reported higher risk asso-
ciated with female sex, the excess HF risk ranged from 15% to
34%.6,20,24

66

Several reasons may explain higher HF risk in women. Com-
pared with men, female patients presenting with Ml are older
and have a higher prevalence of co-morbidities and worse
functional status. The impact of co-morbidities such as dia-
betes, hypertriglyceridemia, and metabolic syndrome on car-
diovascular risk appears to be higher in women than men.
rurthermore, geﬁder, d'sparitieF in Ml presentation26?7 é"“d
ess aggressivé hospital care of female ‘patients,? including
the underuse of revascularization, may further contribute to
the higher HF risk in women.

Number and location of infarct-related artery

Multi-vessel disease (MVD) reflects the high atherosclerotic
burden with more prominent endothelial dysfunction and
systemic inflammation.? Patients with MVD are generally
older and have diabetes and renal impairment as common
co-morbidities. MVD is associated with lower ejection
fraction222 and increased risk of major adverse cardiovascu-
lar events (MACE), including HF, by 80%.2 Anterior Ml is as-
sociated with a higher risk of adverse remodelling: and HF.3!
The higher risk of HF associated with anterior Ml is caused by
the greater magnitude of irreversible LV damage, as com-
pared with other Ml locations.3?

ESC Heart Failure 2021; 8: 222-237
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Prior myocardial infarction

A history of MI increases the risk of HF by 21—
89%.56182124333¢ Excess risk may be explained by pre-
existing systolic and/or diastolic dysfunction.

Arterial hypertension

Many studies reported that arterial hypertension increases
the risk of HF. The excess risk associated with arterial hyper-
tension ranged from 7% to 70%.¢'82021 More common micro-
vascular injury and myocardial haemorrhage contribute to the
excess HF risk in patients with arterial hypertension.s Further-
more, higher neurohormonal activation and more common LV
remodelling was described in hypertensive patients after MI.3

Higher heart rate

A higher heart rate at admission was a risk factor for HF after
acute Ml in several studies.s>8212233 The risk rises by 7-23%
for every 10 beats.52'2 Tachycardia may reflect Ml severity
and imminent cardiac dysfunction.

Atrial fibrillation

New-onset atrial fibrillation complicates 2-21% cases of Ml
and may reflect left atrial pressure increase and atrial fluid
overload during MI.37 Atrial fibrillation increases the risk of
HF after MI by 20-51%.!8:33

Diabetes

After MI, the incidence of HF among diabetic patients is
60-70% higher than in patients without diabetes.# After ac-
counting for other co-morbidities associated with diabetes,
its presence still results in 30-42% higher risk of HF after
MI.s63940 Compared with non-diabetic patients with similar
infarct size, similar systolic function, and infarct-related cor-
onary artery patency rate,? diabetic patients develop more
often adverse LV remodelling and HF.4 This may be
explained by a more common microvascular obstruction®
and diastolic dysfunction in those with diabetes.# The excess
risk seems to be similar in patients with pre-existing diabetes
and diabetes diagnosed at the time of Ml.44

Chronic kidney disease

Chronic kidney disease increases the risk of HF development
after Ml approximately two-fold.20 Excess HF risk in CKD can
be explained by accelerated atherosclerosis, more common

MVD, atypical MI presentation, and lower odds of revascular-
ization, which results in larger infarct size and more severe
ventricular dysfunction. Moreover, CKD leads to fluid
overload, secondary hypertension, anaemia, chronic inflam-
mation, and alterations of the renin-angiotensin-aldosterone
system.447 Lower prescription of evidence-based medica-
tions in CKD patients has also been reported.4

Ischaemic preconditioning and heart failure after
myocardial infarction

Preconditioning is the process by which brief, repetitive
episodes of ischaemia reduce the size of a subsequent
MI. Compared with those without antecedent angina,
patients with angina have a decreased risk of HF develop-
ment during MI, lower risk of mortality or adverse LV re-
modelling after Ml, and enhanced recovery of cardiac
contractile function after MI.#50 The protective effect of
angina has been described up to 3 months prior to ML5!
The difference in outcomes in patients with and without
angina preceding MI may be explained by ischaemic pre-
conditioning or a larger extent of collateral circulation in
patients with antecedent angina.

Whether the ischaemic preconditioning data could be
applied to clinical care to improve outcomes remains to be
seen. Remote ischaemic conditioning with transient ischaemia
and reperfusion of the arm or leg has been shown in several
small randomized controlled trials to reduce myocardial infarct
size and increase myocardial salvage in patients with
ST-segment elevation MI (STEMI).5253 However, in the recent
large CONDI-2 trail among 5401 STEMI patients, remote isch-
aemic conditioning by intermittent ischaemia and reperfusion
applied to the arm did not decrease the risk of death or
hospitalization for HF.s4

Coronavirus disease 2019

Coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 likely affects the risk of
HF development after MI. However, hard clinical data are
still lacking. There are several mechanisms by which
COVID-19 pandemic may influence the risk of HF develop-
ment after ML

First, the incidence of acute coronary syndrome (ACS)
increases in the setting of viral infection, likely due to
inflammation-mediated plaque destabilization. The risk in the
setting of COVID-19 infection is unknown, but other viruses
are associated with a 3-fold to 10-fold increased risk.ss
However, a decrease in MI hospitalizations was observed in
several countries,ss8 with a parallel increase in fatality and
complication rates. Also, both patient-related and
system-related delays were noted, with a 40% increase in
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symptom onset to coronary angiography time during the
COVID-19 pandemic. Thus, the absence or delay in coronary
revascularization during Ml may increase the proportion of
patients with HF.

Second, there is growing evidence that COVID-19 leads to
direct myocardial injury. Within 24 h from admission for
COVID-19, troponin elevation is present in 36% of patients.s
Among recovering patients evaluated a mean of 71 days after
confirmed COVID-19 diagnosis, 78% of patients have demon-
strable cardiac involvement via cardiac magnetic resonance
imaging (MRI), 76% have detectable high-sensitivity troponin,
and 60% have evidence of active myocardial inflammation.s
The mechanisms responsible for myocardial injury during
COVID-19 infection may include inflammation, cytokine storm,
hypercoagulable state with formation of microthrombi and
macrothrombi, direct viral invasion of the myocardium, and
myocardial supply/demand imbalance.® Ml in the setting of
COVID-19 infection likely increases not only the mortality
riskss but also the risk of subsequent HF development.

Biochemical markers
Biomarkers of infarct size

Cardiac troponin, a biomarker of choice in MI diagnostics,
measured at plateau phase (48-72 h after Ml symptom
onset) is associated with MRI determined infarct size.¢!
Similarly, peak levels of creatine kinase (CK) and CK-MB are
associated with infarct size on single-photon emission
computed tomography.¢ Several studies have shown the
association of troponin or CK-MB level with MACE, including
HF.19636¢ Yet the association of peak troponin or CK-MB with
HF has not been seen in all investigations.¢s

Natriuretic peptides

Alongside troponin, natriuretic peptides are associated with
infarct size and cardiac dysfunction.¢”¢ In addition to the
magnitude of natriuretic peptides elevation,s¢ its pattern
is also associated with adverse events. While in some patients
the brain natriuretic peptide increase after Ml has a
monophasic pattern with a peak at 16 h after admission, in
others, the rise is biphasic with a second peak at 5 days.
Patients demonstrating the biphasic pattern have a higher
risk of LV remodelling and HF.707" Additionally, premorbid
N-terminal prohormone brain natriuretic peptide levels, as
well as high-sensitivity troponin T levels measured at a me-
dian time of 6 years before MI, have also been associated
with adverse events, including HF.”

68

Inflammation markers

There is growing evidence that prolongation or expansion of
the post-infarction inflammatory response significantly con-
tributes to LV remodelling and HF development.” Numerous
methods of inflammatory response quantification have
shown promise in HF prediction. C-reactive protein level pre-
dicted the risk of adverse events after MI, including HF, in
several studies.”77 The neutrophil-to-lymphocyte ratio, an
indicator of systemic inflammation, predicted MACE and HF
in a meta-analysis of 14 studies.

Cytokines are strategic regulators of inflammation. In a
study of 4939 patients with ACS, pro-inflammatory cytokine
interleukin 6 (IL-6) was an independent predictor of MACE
and HF.7IL-32 is a relatively novel pro-inflammatory cytokine
that induces the release of other inflammatory cytokines such
as tumour necrosis factor-a, IL-1B, IL-6, IL-8, and IL-18. Xuan
et al. showed that IL-32 is an independent predictor of car-
diac death and HF among patients after MI.&

Renal biomarkers

The estimated glomerular filtration rate (eGFR) is indepen-
dently associated with HF risk after MI. Fox et al. used a
creatinine-based MDRD equation for eGFR calculation to
show that, after multivariate adjustments, the excess risk of
HF attributable to renal dysfunction ranged from 30% to
90% depending on CKD stage.8' Similar results were reported
from the VALIANT study where the risk of HF rose by 10% for
each 10 mL/min/1.73 m2decrease in eGFR.'8

Cystatin C is a sensitive marker of renal impairment that,
unlike creatinine, is not affected by age, sex, and muscle
mass. In the SOLID-TIMI 52 study among patients with ACS,
cystatin C provided incremental information for risk stratifica-
tion, including HF hospitalization, independent of other
biomarkers including eGFR.&

Biomarkers of fibrosis

Suppressor of tumourigenesis (ST2) is a member of the IL-I
receptor family that is involved in the process of myocardial
remodelling and fibrosis.,s+ It has two isoforms: transmem-
brane ligand and soluble form. Binding of the soluble form
(sST2) to IL-33 prevents the beneficial effect of this IL on the
reduction of cell death and fibrosis. While several studies dem-
onstrated the prognostic utility of sST2 testing in HF, there is
less evidence for the predictive value of sST2 after MI. Among
consecutive MI patients from the Mayo Clinic, sST2 elevation
was independently associated with excess risk of death and
HF. Patients in the upper tertial of sST2 had three-fold the risk
of HF as compared with the lowest tertial.s
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Galectin-3, a B-galactoside-binding lectin mainly secreted
by activated macrophages, is also reflective of fibrosis and
cardiac remodelling in response to myocardial injury.# The
American College of Cardiology/American Heart Association
guidelines recommend measurement of both sST2 and
galectin-3 for risk prediction in patients with HF.¢7 A recent
study suggested an independent predictive value of
galectin-3 also among unselected MI patients. In a prospec-
tively enrolled incident MI cohort, galectin-3 was associated
with increased risk of death and HF even after adjustment
for MI severity, co-morbidities, and sST2.88

Other biomarkers

Matrix metalloproteinases (MMPs) are proteolytic enzymes
that degrade collagen and other proteins of the extracellular
matrix. After MI, MMPs regulate the remodelling process by
facilitating extracellular matrix turnover and inflammatory
signalling. MMP-8 and MMP-9 were shown to predict LV
remodelling®9 and adverse outcomes, including HF
development.?!

Clusterin is a protein that regulates complement activity,
apoptosis, and lipid transport. Proteomic analysis of plasma
from patients after the first anterior Ml identified increased
plasma levels of clusterin to be associated with LV
remodelling.®> Whether clusterin is also associated with the
risk HF after Ml needs to be determined.

The prognostic utility of serial biomarker measurement
and multi-marker approach after Ml was evaluated by
Reinstadler et al.,”* who measured several biomarkers as
aspartate and alanine aminotransferases, high-sensitivity tro-
ponin T, N-terminal prohormone brain natriuretic peptide,
lactate dehydrogenase, and high-sensitivity C-reactive protein
daily for 4 days after admission for an MI. They reported that
the peak level of the biomarkers studied was associated with
LV remodelling, while the admission value was not. Further-
more, combined biomarker analysis was superior to any of
the individual biomarkers.” Thus, not only the selection of
a biochemical biomarker but also timing of the measurement
after Ml may be of importance in HF risk prediction.

Genetic aspects

There is a paucity of data on genetic predictors of HF devel-
opment after MI.

A recent study using weighted gene co-expression network
analysis identified genes BCL3, HCK, PPIF, SI00A9, SERPINAI,
and TBCID9B to be involved in the inflammatory response,
apoptosis, and HF development after MI.%

MicroRNAs are products of non-coding DNA transcription
consisting of approximately 22 nucleotides that act as signifi-
cant regulators of mRNA translation. In the heart, they
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control various processes including cardiac cell death, cardio-
myocyte regeneration, and cardiac fibroblast transformation
into cardiomyocytes.’s A study by Niu et al. recognized miR-
142-3p as a contributor to HF after MI.% Shah et al. identified
lower concentrations of miR-17-5p, miR-20a-5p, and miR-
106b-5p to be associated with a higher incidence of HF after
ML% In a study by Lakhani et al., miRNA-24 and 29a levels
were reduced in patients with acute Ml and low ejection frac-
tion, whereas miRNA-34a, miRNA-208b, and miRNA-126
were increased in these patients.”

Imaging
Echocardiography

Echocardiography is a commonly used imaging method after
MI. In regard to HF prediction, optimal timing of echocardiog-
raphy is not well defined, as the early post-MI examination
may underestimate systolic function due to myocardial stun-
ning. Therefore, repeated echocardiographic examinations af-
ter Ml are recommended.s

Systolic function
Reduced LV ejection fraction (LVEF) is associated with the risk
of HF development.is2124 A 5% decrease in LVEF determined
by ventriculography performed during the Ml hospitalization
increases the risk of HF development after the hospital dis-
charge by 12-18%.2224 Similarly, a 5% decrease in LVEF eval-
uated by echocardiography 5-20 months after Ml increases
the risk of HF by 20%.'8

The wall motion score index (WMSI) reflects wall motion
abnormalities better than LVEF because compensatory hyper-
kinesia of non-affected regions may compensate for the im-
paired systolic function.’®% In a study of 144 patients with
MI, WMSI > 1.5 identified people at increased risk of cardiac
death, unstable angina, and HF, independent of LVEF.'® In a
study by Mgller et al., each 0.2 increase in WMSI was associ-
ated with hazard ratio of 1.21 (95% confidence interval
1.07-1.37, P = 0.002) for HF development and hazard ratio
of 1.15 (95% confidence interval 1.10—1.21, P < 0.0001) for
mortality.” A study by Jurado-Roman et a/. deemed WMS a
more powerful predictor of mortality and HF than LVEF. !

Right ventricular (RV) dysfunction significantly contributes
to HF development after MI. The tricuspid annular plane sys-
tolic excursion (TAPSE) is the most commonly used parameter
to evaluate RV systolic function. In patients after Ml, RV dys-
function defined by TAPSE < 14 mm was able to predict early
cardiac events, including cardiogenic shock.!2 However,
TAPSE assesses only longitudinal contraction of RV and as
such provides only partial information on RV function. Frac-
tional area change reflects RV function better than TAPSE.
In several studies among patients after MI, decreased
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fractional area change was associated with an increased risk
of adverse events, including HF.103:104

Diastolic function

Standard Doppler examination of transmitral flow provides
valuable information in patients after MI. A meta-analysis of
12 studies by Maller et al. found that restrictive filling pattern
is associated with an increased risk of all-cause mortality and
HF.1os Tissue Doppler-derived parameter of E/e' over 15 is also
a strong predictor of mortality and HF development after MI.106

Left ventricular remodelling

Left ventricular remodelling is commonly defined as a 20%
increase in LV end-diastolic volume.? Post-MI remodelling is
exacerbated by a larger infarct size, transmural MI, microvas-
cular obstruction, myocardial haemorrhage, and advanced
age. In the contemporary era, almost half of patients after
MI demonstrate LV remodelling on echocardiography within
| year from MI. Among patients with LV remodelling, the risk
of hospitalization for HF is 2.7 times higher than in those
without LV remodelling.1o7

Speckle tracking echocardiography

Speckle tracking echocardiography (STE) measures regional
and global myocardial deformation. Global longitudinal
(apico-basal) strain is the most used and is superior to LVEF
measurement, especially in the early phases of systolic dys-
function. In a study by Ersball et al. among MI patients with
LVEF > 40%, global longitudinal (apico-basal) strain higher
than —14 was associated with a five times higher risk of HF
and 12 times higher risk of cardiac death.!®¢ 3D STE is a novel
method offering more realistic and accurate models of LV
than 2D STE.'® Global area strain, one of the 3D STE param-
eters, combines both longitudinal and circumferential strains.
Among patients after MI, global area strain is an independent
predictor of MACE and HF hospitalization, superior to
conventional 2D echocardiography parameters.!oii

Myocardial contrast echocardiography

Myocardial contrast echocardiography (MCE) visualizes myo-
cardial perfusion by intravenous or intracoronary infusion of
microbubbles. MCE can distinguish reversible and irreversible
ischaemia, thus detecting myocardial viability.* Lack of per-
fusion signals caused by microvascular obstruction on MCE
is consistent with the results of cardiac magnetic
resonance.”® To detect no-reflow, MCE should be ideally per-
formed 24-48 h after coronary intervention for MI. In several
studies, no-reflow after Ml was an independent predictor of
LV recovery and adverse outcomes including HF.112113

Stress echocardiography

Dobutamine stress echo-derived parameters such as infarc-
tion zone non-viability and ischaemia/infarction at a distance
were identified as independent predictors of adverse
outcomes, including HF, in patients 2 to 7 days after MI.14
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Cardiac magnetic resonance

Infarct size
Magnetic resonance imaging is currently the gold standard
imaging modality for quantifying infarct size using late gado-
linium enhancement. According to a meta-analysis of studies
measuring infarct size by MRI or single-photon emission com-
puted tomography in patients after STEMI, for every 5%
increase in MI size, the risk of hospitalization for HF increases
by 20%.115

On the other hand, a recent prospective study showed no
additional long-term prognostic value of infarct size mea-
sured by MRI over LVEF in patients after non-STEMI.!'¢ The
difference in prognostic value in STEMI and non-STEMI may
be explained by a different magnitude of myocardial damage.

Microvascular obstruction

Microvascular obstruction refers to the lack of perfusion in
the coronary microcirculation, despite revascularization of
the epicardial vessels. Microvascular obstruction can be
identified as a hypointense core within the area of
hyperenhancement on either early (referred to as early
microvascular obstruction) or late gadolinium enhancement
(late microvascular obstruction). Microvascular obstruction
is associated with larger Ml size and adverse remodelling. In
a recent individual patient data meta-analysis, microvascular
obstruction increase by 10% elevated the risk of hospitaliza-
tion for HF by 80% and all-cause mortality by 114%.117

Intramyocardial haemorrhage

If the microvascular injury after Ml is severe and the integrity
of microcirculation is compromised, extravasation of red
blood cells into the myocardium can occur. Red blood cell
extravasation is referred to as intramyocardial haemorrhage
and can be detected by MRI as a hypointense zone within
the MI core on T2* imaging or mapping. Several studies sug-
gest that iron deposits from red blood cells trigger
pro-inflammatory response and lead to adverse LV
remodelling."8119 Smaller studies in patients after STEMI
suggested that myocardial haemorrhage was more closely as-
sociated with adverse outcomes, including HF, than microvas-
cular obstruction. 2, 12!

Multiple scars

A MRI substudy of the third Danish Study of Optimal Acute
Treatment of Patients with ST-segment Elevation Myocardial
Infarction (DANAMI 3) proved that multiple scars (character-
ized by late gadolinium enhancement in more than one myo-
cardial areas remote from acute infarction area) were
associated with almost three-fold risk of all-cause mortality
and HF hospitalization after adjustment for clinical risk factors
and Ml size.'2
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Molecular imaging

Molecular imaging is an emerging method studying different
phases of the post-MI period at a molecular level. The princi-
ple is based on the existence of specific tracers that bind to
molecules of interest. Various methods of nuclear medicine
have shown potential to predict adverse LV remodelling [e.
g. tracers binding to MMP-2 or MMP-9 within the infarct
zone, angiotensin-converting enzyme inhibitor (ACEi) and
angiotensin receptor antagonist-based tracers, growth factor
receptors, and a,Bs integrin tracers].'s Currently, data show-
ing predictive value of these methods for HF prediction after
MI are lacking.

Remote monitoring

Among patients with established HF, various remote monitor-
ing strategies have been tested to detect worsening of HF
and reduce the risk of HF readmission. Several implantable
(using data from cardioverter defibrillators and cardiac
resynchronization therapy) and wearable'ss devices have
shown the capability to detect HF exacerbation.

However, most of the studies with implantable
devices could not detect the mortality benefit of
telemonitoring.'267128 The exception was IN-TIME trial
(Biotronik Home Monitoring technology), which documented
improvement of a composite clinical score and particularly
all-cause mortality in remote monitoring group of patients.'2
Pooled analysis of the three trials with the same monitoring
system with daily transmissions (TRUST, ECOST, and IN-TIME)
confirmed 38% and 36% reduction of all-cause mortality and
the composite endpoint of all-cause mortality or hospitaliza-
tion for HF worsening, respectively. The benefit of this form
of monitoring appears to be driven by the prevention of HF
exacerbation, mainly due to early detection of arrhythmias
and/or loss of biventricular pacing.'® Another technology
that was capable to reduce HF hospitalizations was the
CardioMEMS device—an implantable pulmonary artery pres-
sure monitor.’3' Yet no remote monitoring study has so far
targeted at-risk population after MI.

Guideline-recommended therapies
Pharmacotherapy

Beta-blockers

Beta-blockers interfere with the harmful effects of sustained
activation of the sympathetic nervous system, particularly
by blocking the Bi-adrenergic receptors. Together with ACEi,
angiotensin receptor blockers, and statins, beta-blockers indi-
rectly inhibit MMPs. 132
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The evidence for the favourable effect of beta-blockers on
post-MI outcomes comes mainly from the pre-thrombolytic
era. In a meta-analysis of 3| randomized studies, long-term
beta-blocker use reduced all-cause mortality after Ml by
23%.133 However, none of the studies specifically involved
patients with systolic dysfunction and HF during Ml
hospitalization.!34

In the SAVE and AIRE studies, which originally analysed the
effect of ACEi in Ml patients with LV systolic dysfunction,
beta-blocker use reduced the risk of progression to severe
HF by 21% and 42%, respectively.!3513¢ |n the CAPRICORN
study, carvedilol administered in Ml patients with systolic
dysfunction (LVEF < 40%) reduced all-cause mortality by
23% and HF hospitalization by 14% compared with
placebo.’ This effect was additional to ACEi.'3

Angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers

Activation of the renin-angiotensin-aldosterone system
actively participates in the process of LV remodelling, myo-
cardial fibrosis, and HF development after MI. ACEi by
blocking conversion of angiotensin | into angiotensin Il
supresses vasoconstriction and aldosterone secretion medi-
ated by angiotensin Il. Angiotensin receptor blockers block
this action of angiotensin Il by interfering with the binding
of angiotensin Il to its receptor.

Early initiation of ACEi within 0-36 h from MI symptom on-
set reduces 30 day mortality and HF by 7% and 4%,
respectively.'¥” The absolute benefit is greater in high-risk
groups (such as Killip Class II/lll, heart rate >100 b.p.m. at en-
try) and anterior MI. Importantly, 40% of the survival benefit
occurred on the first day of treatment, underscoring the
value of initiating ACEls early, as long as patients have ade-
quate blood pressure.!3” The positive effect of ACEi post-MI
was proved also in long-term studies.!387140 ACEls started
between 3 and 16 days post-MI reduce the relative risk of
mortality by 26% and readmission for HF by 27%.4!

Angiotensin receptor blockers are used in patients with
intolerance of ACEi. Various studies have shown favourable
effect of losartan or valsartan on mortality and HF
hospitalization.»#

Mineralocorticoid receptor antagonist

Aldosterone by its action on distal nephron increases sodium
and water reabsorption leading to an expansion of the extra-
cellular fluid. In the heart, mineralocorticoid receptor activa-
tion triggers inflammation, hypertrophy, and fibrosis.
Mineralocorticoid receptor antagonist eplerenone was tested
in the EPHESUS study, in which patients after Ml with
LVEF < 40% and HF or diabetes were enrolled. As compared
with placebo, eplerenone reduced all-cause mortality and HF
hospitalization by 15% and death from cardiovascular causes
by 17%.14 This effect was present only if eplerenone was
administered in the first 7 days after Ml.1+
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Statins

Statins are lipid-lowering drugs with pleiotropic effects.
Besides inhibition of 3-hydroxy-3-methylglutarylcoenzyme A
reductase, the key enzyme in cholesterol synthesis, statins
exert endothelium-stabilizing, anti-inflammatory, and anti-
proliferative effects on cells involved in atherosclerosis. 4
In the IDEAL and PROVE IT-TIMI 22 studies, high doses of
statin (atorvastatin 80 mg daily) decreased HF risk by 26%
and 45% as compared with low to moderate statin dose,
respectively. 46147 Early administration of statins (within
24 h of hospitalization) is associated with a 2.5-fold risk
reduction of HF hospitalization and a three-fold reduction in
in-hospital mortality. 4

Percutaneous coronary intervention

A decrease in HF after Ml since the adoption of PCl has been
well documented.!o4-151 In population-based studies from
Sweden, Western Australia, Denmark, and Olmsted County
in the USA, increase in PCl rates led to 20-41% reduction in
HF after M.'%145-15!

Conclusions

Development of HF after Ml is associated with adverse
events, impaired quality of life, and lower survival. As
reviewed in this paper, a wide range of clinical, laboratory,
and diagnostic findings are associated with HF development
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Remote Heart Failure Symptoms
Assessment After Myocardial Infarction
|dentifies Patients at Risk for Death
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BACKGROUND: Heart failure is a common complication after myocardial infarction (Ml) and is associated with increased mor-
tality. Whether remote heart failure symptoms assessment after Ml can improve risk stratification is unknown. The authors
evaluated the association of the 23-item Kansas City Cardiomyopathy Questionnaire (KCCQ) with all-cause mortality after MI.

METHODS AND RESULTS: Prospectively collected data from consecutive patients hospitalized for Ml at a large tertiary heart
center between June 2017 and September 2022 were used. Patients remotely completed the KCCQ 1 month after discharge.
A total of 1135 (aged 64112 years, 26.7% women) of 1721 eligible patients completed the KCCQ. Ranges of KCCQ scores
revealed that 30 (2.6%), 114 (10.0%), 274 (24.1%), and 717 (63.2%) had scores <25, 25 to 49, 50 to 74, and =75, respectively.
During a mean follow-up of 46 months (interquartile range, 29-61), 146 (12.9%) died. In a fully adjusted analysis, KCCQ scores
<50 were independently associated with mortality (hazard ratio [HR], 6.05 for KCCQ <25, HR, 2.66 for KCCQ 25—49 versus
KCCQ =50; both P<0.001). Adding the 30-day KCCAQ to clinical risk factors improved risk stratification: change in area under
the curve of 2.6 (95% CI, 0.3-5.0), Brier score of —0.6 (95% CI, -1.0 to —0.2), and net reclassification improvement of 0.71
(95% Cl, 0.45-1.04). KCCQ items most strongly associated with mortality were walking impairment, leg swelling, and change
in symptoms.

CONCLUSIONS: Remote evaluation of heart failure symptoms using the KCCQ among patients recently discharged for Ml iden-
tifies patients at risk for mortality. Whether closer follow-up and targeted therapy can reduce mortality in high-risk patients
warrants further study.

Key Words: heart failure m KCCQ m mortality m myocardial infarction m prognosis m symptoms

disease symptoms is time demanding and influ-

nced by provider skills and subjective interpreta-
tion." Accordingly, it has been shown to be inaccurate
as physicians may fail to recognize patients’ functional
disabilities.? Patient-reported outcomes (PROs) pro-
vide a standardized, valid, reproducible, and sensitive
way to capture patient symptoms, function, and quality
of life.3 Importantly, PROs can also predict the risk of
adverse clinical events.*® In connection with modern

T raditional, unstructured patient questioning on
e

telemedicine options, PROs may provide the opportu-
nity to remotely identify patients who are more symp-
tomatic and at increased risk for complications who
could benefit from targeted and timely therapy.

The Kansas City Cardiomyopathy Questionnaire
(KCCAQ) is a heart failure (HF)—specific PRO that pre-
dicts adverse events in patients with acute” and chronic
HF .48 After myocardial infarction (MI), KCCQ has only
been used in a substudy of EPHESUS (Eplerenone
Post-Acute Myocardial Infarction Heart Failure Efficacy
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CLINICAL PERSPECTIVE
What Is New?

Heart failure is a common complication of my-
ocardial infarction associated with increased
mortality risk.

= Whether remote evaluation of heart failure symp-
toms using the Kansas City Cardiomyopathy
Questionnaire (KCCQ) can identify patients at
increased mortality risk is unknown.

= Inthe present study, we show that remote eval-
uation of HF symptoms using the KCCQ score
among patients recently discharged for myo-
cardial infarction identifies patients at risk for
mortality.

What Are the Clinical Implications?

= The KCCQ can be part of a toolkit for risk strati-
fication after myocardial infarction.

= Whether closer follow-up and targted therapy
can decrease mortality risk in patients with
KCCQ score <50 after myocardial infarction
warrants further investigation.

Nonstandard Abbreviations and Acronyms

EPHESUS Eplerenone Post-Acute Myocardial
Infarction Heart Failure Efficacy and
Survival Study

GRACE Global Registry of Acute Coronary
Events
KccQ Kansas City Cardiomyopathy

Questionnaire
NRI net reclassification improvement
PRO patient-reported outcome

and Survival Study) among patients with manifest
HF and reduced ejection fraction.® Yet, it is unknown
whether the KCCQ can be used in the general popu-
lation of patients with Ml to identify those at increased
mortality risk.

Several prognostic models that aim to estimate the
risk of all-cause mortality, or the combined risk of all-
cause mortality or Ml in patients after MI, have been
developed. Among them, the Global Registry of Acute
Coronary Events (GRACE) risk score has been recom-
mended in the latest European Society of Cardiology
guidelines, " as it offers the best discriminative perfor-
mance.""2The GRACE 2.0 score uses 8 clinical vari-
ables (age, systolic blood pressure, heart rate, Killip
class, creatinine, ST elevation, elevated troponin level,
and cardiac arrest at admission) to predict the risk of
in-hospital, 6-month, 1- and 3-year mortality, or death

J Am Heart Assoc. 2024;13:€032505. DOI: 10.1 161/JAHA.123.0325§EI

KCCQ After Ml Predicts Mortality Risk

or Ml at 1 year."™ Yet, it is unknown whether the evalua-
tion of HF symptoms has an additional predictive value
to variables used in the GRACE score. HF is common
after MI, developing in up to 40% of patients,'* and sig-
nificantly increases mortality.’> However, HF is often di-
agnosed late, at a stage requiring hospital admission,
which may increase mortality risk and elevate costs.
We hypothesized that early HF symptoms, evaluated
with the KCCQ 1 month after hospital discharge for MI,
could identify patients at increased mortality risk and
improve risk stratification beyond risk factors used in
the GRACE score.

The aim of this study was to examine the associ-
ation of the KCCQ Overall Summary score with total
mortality risk in a consecutive group of patients hospi-
talized for MI at a large tertiary heart center.

METHODS

Data Availability

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Population

This study used data from the prospective Institute for
Clinical and Experimental Medicine Acute Myocardial
Infarction Registry (AMBITION).'® The registry collects
clinical data and biospecimens from consecutive pa-
tients hospitalized for acute coronary syndrome since
June 2017 at the Institute for Clinical and Experimental
Medicine, Prague, Czech Republic, a tertiary heart
center with around-the-clock coronary intervention
service. The Fourth Universal Definition of Myocardial
Infarction has been used."” Patients underwent a de-
tailed interview during their hospital stay, and additional
information was obtained from medical record abstrac-
tion and laboratory studies. We included consecutive
patients enrolled between June 2017 and September
2022 with death ascertainment through June 2023.
Data from consecutive patients hospitalized for Ml
were used in this analysis. Only patients with missing
KCCQ score or patients who died within 1 month of
hospital discharge were excluded. The study complies
with the Declaration of Helsinki. The institutional review
board approved the study, and all participants signed
informed consent.

Kansas City Cardiomyopathy
Questionnaire

One month after discharge, patients were asked to
complete the 23-item KCCQ. Because the majority of
patients did not have HF, in the questionnaire we re-
placed heart failure with heart disease. The patients
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had a choice of completing the KCCQ through an online
application or on a paper form returned by regular mail.
For the present analysis we used the KCCQ Overall
Summary score, which we refer to as the KCCQ score.
The KCCAQ score ranges from 0 to 100, where higher
scores indicate better function, fewer symptoms, and
higher quality of life. Using published recommenda-
tions,'® scores were categories into ranges of very poor
to poor (<25), poor to fair (25—49), fair to good (50-74),
and good to excellent (=75) health status.

Outcomes

The primary outcome of this study was all-cause mor-
tality. Mortality data were provided by the Institute
of Health Information and Statistics of the Czech
Republic, which keeps a list of all deceased persons in
the Czech Republic by law. Deaths in this study were
through June 30, 2023.

Statistical Analysis

Descriptive statistics are reported as meantSD, me-
dian (interquartile range), or frequency (percentage).
The primary outcome was all-cause mortality, and
Cox proportional hazard models were used to assess
the association of KCCQ score categories with total
mortality in an unadjusted model followed by adjust-
ment for components of the validated GRACE score'?
(age, heart rate, and systolic blood pressure at hospital
admission, creatinine, maximal troponin level, double
log-transformed value, ST-segment—elevation Ml, car-
diac arrest at admission and Killip class). Rather than
adjusting for the GRACE score, we used adjustment
for covariates used in the model. This had 2 reasons.
First, the follow-up varied in the registry, thus trim-
ming to the prespecified time point used in the score
would decrease the sample size and statistical power.
Second, the GRACE score would need recalibration to
our population before net reclassification improvement
(NRI) could be calculated.

To account for nonlinearity, we tested restricted
cubic splines adjusted for the continuous variables of
age and 30-day KCCQ scores with total mortality risk.
To identify the most predictive items of the KCCQ, we
used backward selection adjusted for age.

The proportional hazard assumption fulfilled the
Schoenfeld residuals test. The modifying effect of
age, sex, and ejection fraction on the association be-
tween KCCQ score and mortality risk was tested using
interactions.

To examine the added prognostic value of KCCQ to
established risk factors used from the GRACE score,
we used the C index, Brier score, and NRI. The con-
tinuous NRI was calculated using the R survNRI pack-
age. All statistical tests and Cls were 2-sided with a
significance level of 0.05. Statistical analyses were
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conducted with R statistical software version 4.2.2
(R Foundation for Statistical Computing), SPSS version
25.0 (IBM), and STATA version 17 (StataCorp).

RESULTS

Between June 2017 and September 2022, 1769 pa-
tients were hospitalized for MI. Of these, 69 (3.9%) had
missing KCCQ scores due to death within 1 month
of hospital discharge. In total, 1135 (66.8% of eligible
patients) patients completed the KCCQ 1 month after
hospital discharge. Comparison of patients with avail-
able and missing KCCQ is shown in Table S1. Patients
with missing KCCQ scores were slightly older and
more often required cardiopulmonary resuscitation
before hospital admission, while maximal troponin
and mortality was similar in patients with and without
KCCQ.

The mean age of the studied population was
64+12 years, with 26.7% being women, 60% having an
ST-segment-elevation MI, and 82% with Killip class .
At 30days, 30 (2.6%) participants had a KCCQ <25,
114 (10.0%) had scores of KCCQ 25 to 49, 274 (24.1%)
had scores of KCCQ 50 to 74, and 717 (63.2%) had
KCCQ scores 275. Table 1 describes demographic
and clinical characteristics by KCCQ categories.

Outcome and KCCQ Predictive Value

During a median follow-up of 46 months (IQR, 29-61),
146 (12.9%) patients died. In the nonlinear analysis ad-
justed for age (Figure 1), the mortality risk increased
with decreasing KCCQ score. Kaplan—Meier survival
curves for KCCQ categories are shown in Figure 2.
After adjusting for clinical variables included in the
GRACE score, KCCQ score<50 was independently
associated with mortality risk (Table 2). There were
no significant interactions between the KCCQ score
categories and age (P for interaction 0.86), sex (P for
interaction 0.72), or systolic dysfunction with ejection
fraction <40% (P for interaction 0.53).

Improvement in Discrimination,
Calibration, and Stratification

In assessing mortality risk at 2 years after MI, the AUC
for the 3 KCCQ score categories (KCCQ <25, 2549,
and 250) was 67.9 (95% ClI, 61.9-73.9). The addition
of 3 KCCQ categories to components of the GRACE
score associated with the outcome (age, Killip class,
ST-segment—elevation MI, heart rate, creatinine level)
significantly improved the C index (from AUC, 82.6
[95% CI, 78.0-87.3] to AUC, 85.3 [95% Cl, 80.5-90.0];
delta AUC, 2.6 [95% CI, 0.3-5.0], P=0.03); and Brier
score by —0.6 [95% CI, -1.0 to —0.2, P=0.01]). KCCQ
score categories improved the continuous NRI by 0.71
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Table 1. Population Demographics by KCCQ Score Categories

KCCQ score KCCQ score KCCQ score 50— KCCQ score P for linear
<25 (n=30) 25 to 49 (n=114) 74 (n=274) 275 (n=717) Total (N=1135) | trend
Age, y 70.5+11.4 63.3+12.6 67.2+11.9 63.2+11.6 64.4+11.9 0.001
Female sex, n (%) 14 (46.7) 36 (31.6) 89 (32.5) 164 (22.9) 303 (26.7) 0.001
BMI, kg/m? 28.2+4.9 28.9+4.7 28.615.3 28.9+4.8 28.8+4.9 0.373
CPR, n(%) 0(0) 4 (3.5) 8(2.9) 22 (3.1) 34 (3.0) 0.699
Admission SBP, mm Hg 148+28 142429 147429 145+24 145427 0.904
Admission DBP, mm Hg 7817 7914 79+14 80+13 79+13 0.407
Admission HR, beats/min 87+15 80+19 76+19 7518 76+18 0.001
Maximal troponin, log (ng/L) 6.68+1.82 6.87+1.49 6.85+1.63 6.87+1.51 6.86+1.55 0.690
Creatinine, umol/L 108.8+75.7 106.9+105.6 100.7+69.4 87.8+35.2 93.4157.1 0.001
HbA., mmol/mol 50.93+£18.56 46.60+16.09 44.85+11.46 44.91+12.64 45.21+12.96 0.042
STEMI, n (%) 12 (40.0) 65 (57.0) 143 (52.2) 462 (64.4) 682 (60.1) 0.001
Killip class I, n (%) 14 (46.7) 81(71.1) 217 (79.2) 619 (86.3) 931 (82.0) 0.001
EF, % 4111 43+11 4610 46+10 46110 0.001
EF <40%, n (%) 12 (40.0) 36 (31.6) 65 (23.7) 141 (19.7) 254 (22.4) 0.001
Discharge medication
ACEI/ARB, n (%) 20 (66.7) 77 (67.5) 213(77.7) 563 (78.5) 873(76.9) 0.011
p-Blocker, n (%) 27 (90.0) 88 (77.2) 217 (79.2) 585 (80.8) 917 (80.8) 0.679
Statin, n (%) 24 (80.0) 105 (92.1) 264 (96.4) 690 (96.2) 1083 (95.4) 0.001
Furosemide, n (%) 20 (66.7) 37 (32.5) 74 (27.0) 120 (16.7) 251 (22.1) 0.001
Verospirone, n (%) 10(33.3) 35 (30.7) 60 (21.9) 135(18.8) 240 (21.1) 0.001

Data are presented as mean+SD unless otherwise indicated. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BMI, body mass index; CPR, cardiopulmonary resuscitation; DBP, diastolic blood pressure; EF, ejection fraction; HbA,., glycated hemoglobin; HR, heart rate;
KCCQ, Kansas City Cardiomyopathy Questionnaire; SBP, systolic blood pressure; and STEMI, ST-segment—elevation myocardial infarction.

(95% Cl, 0.45-1.04), with a significant improvement in 0.18). Calibration plots for both models are shown in
nonevent NRI of 0.79 (95% CI, 0.50-1.00), but with- Figure S1. In a sensitivity analysis, the 12-item KCCQ
out change in event NRI of —0.10 (95% ClI, -0.35 to predictive value was similar to the 23-item KCCQ.

12.2 =

74

45 -

Hazard ratio

0.61 -
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Figure 1. The association of Kansas City Cardiomyopathy Questionnaire (KCCQ) score
with mortality risk after myocardial infarction.

Data are adjusted for age. Gray shaded area represents KCCQ histogram in the population.
Light blue area is the 95% CI. The reference value is the KCCQ median of 81.
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1135 consecutive patients hospitalized for myocardialinfarction
Remote KCCQ evaluation 1 month after hospital discharge

Kaplan—Meier survival estimates
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Figure 2. Kaplan-Meier survival curves for Kansas City
Cardiomyopathy Questionnaire (KCCQ) score categories.
HR indicates hazard ratio.

KCCQ ltems and Mortality

To identify KCCQ items most strongly associated with
mortality after Ml, we used forward stepwise Cox re-
gression adjusted for age. We found that responses to
3 questions were independently associated with mor-
tality. These items included walking limitations, change
in symptoms during the past 2weeks, and leg swelling.

DISCUSSION

Optimally managing patients recovering from M| war-
rants building a longitudinal infrastructure to assess

Table 2. Risk of Mortality by KCCQ Score Categories
Model Variable HR (95% ClI)
Unadjusted KCCQ score

KCCQ <25 10.52 (6.05-18.27)
KCCQ 25-49 3.24 (2.05-5.12)
KCCQ 50-74 1.89 (1.28-2.80)
KCCQ 275 1 (reference)
Adjusted* KCCQ score
KCCcQ <25 6.64 (3.67-12.01)
KCCQ 25-49 2.78 (1.72-4.49)
KCCQ 50-74 1.18 (0.78-1.77)
KCCQ 275 1 (reference)

*Adjusted for age, sex, ejection fraction, heart rate and systolic blood
pressure at hospital admission, creatinine, maximal troponin level (double log-
transformed value), ST-segment—elevation myocardial infarction, cardiac arrest
at admission, and Killip class. KCCQ indicates Kansas City Cardiomyopathy
Questionnaire.
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patients’ risk over time so that proactive interventions
can be offered to optimize patients’ symptoms, func-
tion, and survival. To advance current strategies, we
examined the prognostic significance of assessing
patients’ health status with the KCCQ 1 month after
hospital discharge in a large, prospective cohort of
consecutive patients recovering from an Ml. We found
that lower KCCQ scores, particularly <50, were inde-
pendently associated with mortality risk, above and
beyond clinical risk factors alone.

This study extends the field of risk stratification after
hospital discharge for an MI, as we are unaware of
other studies using health status measures after dis-
charge to assess patients’ long-term prognosis. Two
prior publications from the EPHESUS trial did show
the KCCQ to be independently prognostic of cardio-
vascular death and hospitalizations, but this was in
a select group of patients with diabetes or HF during
their MI hospitalization.®® Similarly, Dunlay et al exam-
ined the prognostic significance of the KCCQ after an
admission for HF and, like the current study, found it
was independently associated with survival and hos-
pitalization.?® Thus, these findings of the prognostic
significance of postdischarge KCCQ assessment in
all-comers with Ml further supports the routine use of
PROs in designing holistic, patient-centered strategies
to optimize patients’ outcomes.

HF-related quality-of-life impairment is common in
patients after MI.2" In the present study, KCCQ scores
<50 were present in =13% of patients 30 days after
their MI. Interestingly, 66% of these patients were Killip
class | during the hospital stay, suggesting that a large
proportion of patients either developed HF symptoms
after hospital discharge, or that the Killip class is in-
sufficiently sensitive to HF symptoms. Furthermore,
the KCCQ’s predictive value was independent of age,
sex, and left ventricular ejection fraction at hospital
discharge, suggesting that the KCCQ may be a use-
ful patient-centered tool for identifying patients at in-
creased mortality risk following MI.

We identified that the 3 most predictive items of
the KCCQ were walking impairment, leg swelling,
and change in symptoms. These symptoms are not
novel and have been used by clinicians for decades;
however, unstructured questioning of HF symptoms
is time-consuming, is influenced by physician subjec-
tive interpretation, and may not be consistently per-
formed in all patients, and, as such, limits actionability.
Therefore, a structured application of the KCCQ score
after Ml may be helpful in consistent symptom assess-
ment and in subsequent decision-making.

Currently, the guidelines recommend evaluation of
HF symptoms during hospital stay using Killip class.
The Killip classification describes lung congestion
or cardiogenic shock presence, with a Killip class >I
being a marker of increased risk of future events.?
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However, evaluation of HF symptoms early after hos-
pital discharge is not routinely or systematically per-
formed, even though Ml is a common cause of HF, with
HF developing in 13% of patients 1 month after hos-
pital discharge.?® A large proportion of patients with
newly developed HF may therefore be missed if the
infrastructure is not in place to consistently assess it,
something that remote monitoring with the KCCQ can
accomplish. Interestingly, the risk of death associated
with HF after Ml is independent of ejection fraction and
greater for delayed- versus early-onset HF."> Thus, not
identifying HF symptoms early after hospital discharge
represents a missed opportunity to identify patients
at increased risk in which guideline-directed medical
therapy could be proactively initiated.

Finally, we also demonstrate the feasibility of re-
motely assessing patients’ health status, which may
decrease the burden on patients and medical staff and
increase the consistency of HF symptom assessment
in the post-MI period. Implementation work is needed
to test that early identification of patients who develop
HF symptoms after Ml and are at increased risk for
mortality will lead to clinical action, including additional
diagnostics and targeted interventions and a subse-
quent favorable effect on mortality.

Study Limitations

The primary objective of the present study was total
mortality rather than cardiovascular mortality since
the cause of death could not be reliably ascertained.
Nevertheless, early after acute coronary syndrome, car-
diovascular deaths are the major cause of mortality,?*
and we therefore believe most deaths were related to pa-
tients’ cardiovascular disease. Due to the observational
nature of the analysis, we cannot exclude an effect of
unmeasured confounding. However, when adjusting for
the most common clinical variables used to risk stratify
patients with an MI, the 30-day KCCQ scores carried in-
dependent prognostic significance. The registry enrolled
consecutive patients with MI, but =34% of patients did
not complete KCCQ within 30 days of discharge. While
most clinical variables were similar in both groups, we
cannot exclude an influence of a selection bias. Finally,
as a single-center study, validation of these findings is
warranted to support their generalizability.

CONCLUSION

PROs provide a practical and inexpensive means to
identify HF symptoms. We show that remote evalua-
tion of HF symptoms using the KCCQ score among
patients recently discharged for Ml identifies patients
at risk for mortality. Whether closer follow-up and tar-
geted therapy can reduce mortality in these at-risk pa-
tients warrants further investigation.
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Aims While heart failure (HF) symptoms are associated with adverse prognosis after myocardial infarction (Ml), they are not rou-
tinely used for patients’ stratification. The primary objective of this study was to develop and validate a score to predict
mortality risk after MI, combining remotely recorded HF symptoms and clinical risk factors, and to compare it against
the guideline-recommended Global Registry of Acute Coronary Events (GRACE) score.

Methods A cohort study design using prospectively coIIected data from consecutive patients hospitalized for Ml at a large tertiary heart
and results centre between June 2017 and September 2022 was used. Data from | 135 patients (aged 64 + 12 years, 26.7% women),
were split into derivation (70%) and validation cohort (30%). Components of the 23-item Kansas City Cardiomyopathy
Questionnaire and clinical variables were used as possible predictors. The best model included the following variables:
age, HF history, admission creatinine and heart rate, ejection fraction at hospital discharge, and HF symptoms | month after

discharge including walking impairment, leg swelling, and change in HF symptoms. Based on these variables, the PragueMi
score was developed. In the validation cohort, the PragueMi score showed superior discrimination to the GRACE score

for 6 months [t [zhe area under the receiver operating curve %’\UC 90.1, 95% confidence interval (Cl) 81.8-98.4 vs. 77 4,
95% Cl 62.2-92.5, P = 0.04) and |-year risk prediction (AUC 89.7, 95% C183.5-96.0 vs. 76.2, 95% Cl 64.7-87.7,P = 0. 004)

Lay summary e The prognosis of patients after myocardial infarction is heterogeneous. Thus, risk stratification is needed to identify and
intervene patients at increased risk. While heart failure (HF) symptoms are associated with adverse prognosis, they are
not used for patients’ stratification.

® We have developed and internally validated the PragueMi score, which integrates clinical risk factors at the time of hos-
pitalization and HF symptoms determined remotely by a questionnaire | month after hospital discharge.

® PragueMiscore was able to better stratify patients’ risk as compared with the currently recommended Global Registry of
Acute Coronary Events score.
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Graphical Abstract

PragueMi score

Prediction model after Ml combining clinical risk factors and remotely determined HF symptom

1,135 consecutive patients after Ml
Age: 64 (25-91) years

Men: 73.3%

Derivation cohort (N= 795)
Validation cohort (N= 340)

Total mortality

Kaplan—Meier survival estimates
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Analysis time (months)

Number at risk

PragueMi = <13 196 181 129 54
PragueMi = 13-18 700 621 410 181
PragueMi = 19-21 122 98 64 20

PragueMi = >21 115 76 50 14

PragueMi score combining:

Age, HF history, admission creatinine
and heart rate, ejection fraction at
discharge, HF symptoms 1 month after
discharge: walking impairment, leg
swelling, and change in heart disease
symptoms.

Conclusion

PragueMi score has a better predictive value than the GRACE score.

PragueM = <13
PragueM = 19-21

PragueM = 13-18
PragueM = >21

Keywords

Introduction

For optimal management of patients recovering from a myocardial
infarction (MI), identification of individuals at increased risk of adverse
outcomes is essential. This allows targeted proactive interventions in
at-risk patients to improve their symptoms, function, and survival.
The Global Registry of Acute Coronary Events (GRACE) score has
been recommended by the guidelines to stratify patients’ risk after
ML.! However, discrimination of the GRACE model for |-year mortality
evaluated by the area under the receiver operating curve (AUC) is
within the 0.82-0.89 range.2 Thus, a better performing model is of
clinical need.

Heart failure (HF) is a common complication of Ml, developing in up
to 40% of patients and increasing total mortality risk by three-fold.3 The
GRACE score evaluates HF using the Killip class. However, the Killip
classification evaluates only pulmonary congestion, neglecting other
HF symptoms. Furthermore, many patients develop HF symptoms
early after hospital discharge. Interestingly, HF developing later after
Ml is associated with higher mortality risk as compared with HF devel-
oping at Ml presentation.# Thus, evaluation of HF symptoms and signs is
an important goal of post-discharge visits.

For decades, clinicians have been using unstructured questions on HF
symptoms. Nevertheless, unstructured questioning is time-consuming,
influenced by the physician’s subjective interpretation, and may not be
consistently done in all patients, and as such limits actionability. Our
previous research showed that structured HF symptom evaluation
using the Kansas City Cardiomyopathy Questionnaire (KCCQ) identi-
fies HF symptoms in two out of five patients after MI5 and identifies pa-
tients at increased mortality risk.6 VWe hypothesized that the integration
of HF symptoms with clinical risk factors may provide superior risk pre-
diction after Ml beyond the GRACE score. This may better define a
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high-risk group that may benefit from a more proactive approach
and pharmacological and non-pharmacological therapy of HF.

The objectives of this study were as follows: (i) to select KCCQ items
and clinical factors associated with total mortality risk after Ml, (ii) to
create a prognostic score (PragueMI score) based on identified vari-
ables in the derivation cohort, and (jii) to compare the predictive value
of the PragueMi score against the GRACE score in the validation
cohort.

Methods

Population

In this cohort design study, we have used data from the prospective
Institute for Clinical and Experimental Medicine Acute Myocardial
Infarction Registry (AMBITION registry).” The registry collects clinical
data and biospecimens from consecutive patients hospitalized for acute
coronary syndrome since June 2017 at the Institute for Clinical and
Experimental Medicine, Prague, Czech Republic, a tertiary heart centre
with around-the-clock coronary intervention service. The Fourth
Universal Definition of Myocardial Infarction has been used.® Patients
underwent a detailed interview during their hospital stay, and additional in-
formation was obtained from medical record abstraction and laboratory
studies. One month after discharge, patients were asked to complete the
23-item KCCQ. Because most patients did not have HF, in the question-
naire, we have replaced ‘heart failure’ with ‘heart disease’. The patients
had a choice of completing the KCCQ through an online application or
on a paper form returned by regular mail.

The inclusion criterion was hospitalization for MI between June 2017 and
September 2022. Patients with missing KCCQ were excluded from this
analysis. Death was ascertained through June 2023. Mortality data were
provided by the Institute of Health Information and Statistics of the
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Czech Republic (UZIS), which keeps a list of all deceased persons and dates
of death in the Czech Republic by law. This study was approved by a local
ethics committee and complies with the Declaration of Helsinki.

Primary outcome
The primary outcome of the analysis was all-cause mortality.

Global Registry of Acute Coronary Events

score

The Eagle model estimates for death within 6 months after discharge was
used.? Variables included in the model were age, heart rate, systolic blood
pressure, creatinine level, troponin elevation, ST segment depression on ini-
tial electrocardiogram (ECG), previous history of Ml and HF, and percutan-
eous coronary intervention (PCI).

Statistical methods

Continuous variables are presented as mean and SDs or medians and inter-

quartile range (IQR). Nominal variables are shown as counts and percentages.
All consecutive patients hospitalized for Ml between June 2017 and
September 2022 were included in this analysis. No formal power calculation
was performed.

To identify factors associated with mortality risk after M, we have used
restricted cubic splines adjusted for age. This allowed us to detect non-
linear associations and to categorize continuous variables. We have used
Cox regression with both forward and backward selection to identify fac-
tors independently associated with the mortality risk. Potential variables se-
lection was based on a literature search and included the following factors:
age, admission heart rate, systolic blood pressure, creatinine level, fasting
glycaemia, glycated haemoglobin, haemoglobin, maximal troponin level,
ST segment depression on initial ECG, ST-elevation myocardial infarction
(STEMI), previous history of MI, HF or PCI, ejection fraction at hospital dis-
charge, and KCCQ items. Variables independently associated with the mor-
tality risk in the derivation cohort were used for the PragueMi score
creation. We have used regression coefficients to create relative weights
for each category. To compare the performance of the PragueMi score
as compared with the GRACE score, we have used the following methods:
(i) assessment of the difference in the area under the receiver operating
characteristic curve (AUC), (i) the Brier score, and (iii) the continuous
net reclassification improvement (NRI).

The AUC is an overall measure of model discrimination. It measures the
model’s ability to distinguish between patients with and without events. The
AUC ranges from 0 to |, where 0.5 indicates a random classification and |
signifies a perfect classifier. To compare differences in AUC, we have used
the Delong—Delong test using the R riskRegression package. !0

The Brier score is a measure of model calibration. It is calculated as the
mean squared difference between the predicted probability and the actual
outcome. The Brier score for a perfectly calibrated model is 0.!' The
riskRegression package was also used to calculate the Brier score at differ-
ent time points.'?

The NRI quantifies how well a new model reclassifies subjects—either
appropriately or inappropriately—as compared with an old model.'2 We
have used the R nricens package for continuous NRI calculation.

Statistical analyses were conducted with R statistical software version
4.2.2 (R Foundation for Statistical Computing, Vienna, Austria), SPSS ver-
sion 25.0 (IBM Corporation, Armonk, NY, USA), and STATA version 17
(StataCorp, College Station, TX, USA). All statistical tests and confidence
intervals were two sided with a significance level of 0.05.

Results

Population

Between June 2017 and September 2022, 1769 patients were hospita-
lized for MI. Of these, 69 (3.9%) had missing KCCQ due to death within
I month after hospital discharge. In total, | 135 (66.8% of eligible) pa-
tients had available both clinical data and KCCQ that patients filled |
month after hospital discharge. A comparison of patients with available
and missing KCCQ is shown in Supplementary material online, Table S|.

&9

Table 1 Characteristic s of the derivati n and
validation cohort

Derivation Validation
..................................... cohort ... Gohort
Total, No 795 340
Age, years 647 £ 11.5 63.7 £ 128
Female sex, n (%) 208 (26.2) 95 (27.9)
Risk factors
Current smoking, n (%) 331 (41.6) 126 (37.1)
Arterial hypertension, n (%) 507 (63.8) 208 (61.2)
Diabetes, n (%) 153 (19.2) 72 (21.2)
CVD history
Previous Ml, n (%) 96 (12.1) 36 (10.6)
Heart failure history, n (%) 31 3.9) 13 (3.8)
Previous PCl, n (%) 112 (14.1) 41 (12.1)
Previous CABG, n (%) 34 (43) 1132
Previous stroke, n (%) 49 (6.2) 23 (6.8)
Clinical characteristics at Ml presentation
STEMI, n (%) 471 (59.2) 211 (622)
Heart rate, b.p.m. 76+ 18 77+ 19
Systolic BP, mmHg 144 + 26 146 + 25
Cardiac arrest, n (%) 23 (2.9) 1132
Killip class

I, n (%) 650 (81.8) 287 (84.4)
I, n (%) 115 (14.5) 42 (12.4)
11, n (%) 21 (2.6) 9 (2.6)
IV, n (%) 9 (I.1) 2 (0.6)
Creatinine, mmol/L 83.8 (71.5-100.5)  83.1 (70.5-100.6)
ST depression, n (%) 125 (15.7) 40 (11.8)
EF below 35%, n (%) 112 (14.1) 44 (12.9)
Outcomes
Primary composite outcome, 105 (13.2) 43 (12.6)
n (%)
Death, n (%) 103 (13.0) 43 (12.6)

CABG, Coronary artery bypass grafting; STEMI, ST-elevation myocardial infarction; BP,
blood pressure; EF, ejection fraction.

Patients not included in this analysis due to missing KCCQ were slightly
older and required more often cardiopulmonary resuscitation before
hospital admission, while maximal troponin and mortality were similar
in those included and not included in this analysis. The study
CONSORT diagram is shown in Supplementary material online,
Figure S1.

During a median follow-up of 46 months (IQR 29-61), 146 (12.9%)
patients died. The study population was randomly split into derivation
(70%, n = 795) and validation cohort (30%, n = 340).

Model development

Demographic characteristics of the 795 patients in the derivation co-
hort are shown in Table . Restricted cubic splines for age and
age-adjusted continuous variables are shown in Figure |. Based on cubic
splines, categories of continuous variables were created and used in the
multivariate Cox model. Forward and backward variable selection was
used to create the final model. The final model included the following
variables: age, HF history, admission creatinine and heart rate, ejection
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Figure 1 Restricted cubic splines of continuous variables association with all cause death.

Downloaded from https://academic.oup.com/eurjpc/advance-artile/GoiM0.1093/eurjpc/zwae1 14/7630700 by guest on 18 June 2024

10 39 MYBYOM 'd




‘(£ 91gp1) 24025 IDVYYD Y3 Yyum paJedwod

24003s d3sougoud e jo uonepijea pue JusawdolPAsqg

IS8 é ny Tso =
%o!-é’ § g aa % g g © ~ o [ EN w N - g o
88 x508 £c 5 o
B0 =_ o a g 3 ()
] - = 73 °
2325228 %3 & 8 s 83 £ a3z a 2 << 3
2 s O o o -g, a0 S ; = 4 9 3 - 2 - 5 o < N
o = 1S o3 2 @ 3 a - 0 8, 0q o 3 e - P 0q
0 2 o= =8 3 m = @ - = o = 3 a ' =| e
w »n g_ o B 5 =T ~ n o c m o o ) ®
Zoaag. 2 ® 5 o B n 8 g joa 3 al = T cZ
3 o 5 o % = » T 0 o Qo - 3 ] ;
S o392 = = N 2 0o S o 3 5 2. 3 @ .
Bgug S 28 S s Y 5 & 3 g 8
= o =
R EEEE 33 2 8 83 s 53 " 3
$222%, et 3 5 333 o ®
S ~30 > = o 3 5 o
6'3‘035-0- SHa! _-Z‘onmg:_-zﬂzﬂz~<3mEZﬂzom:-<ZVI/\IV\IU"/\Iv——/\I\/\lU"-FI/\
S o 2. a3 < = X T C < = = L o » = X 3o ~ o o v o Z S o o
058055 T (3 3B 2538858582883 %822888 532" %58 ad Ll
BoE gy Y R PR R L N R § 3
353823 s |3 ;8&88<333 82033838 -388<5°7 T
528,079 3 w8 3599325888383 aleoFgzzF : e
B asx<X23 s £ 3229988 =733 N ® s 2%s2 5835 3 32 ‘e
o I3 3 o 3 s 0 p 9 S = T T 03 0 = g o O & = g e
Sos2ia s |F:i353%52359% s 8538 RBRE :
2 [0 o O % ) g oa g ©o § o g 8 é é e °§ 23
323 355 I o 3 ?n’ 2 T = ® ¢ 338
S vgap = B o ® 5 a ® 58
g 8 2q =5 = o @ S o an®
8532338 3 5 5 33
330650 9 S o p 3 :
= [a N 3 .
8 8_ - B 2 _—_- - - W W N — — NN W w S @ — — NN N & W — — W N AW =N DN w - = o AN - W0
20 0 >3O - ] z o : 8
o >&— o 3 X > g [ -t
S 0 agF g =3 [ T o
8BS 82808
Table 3 Grace and PragueMi scores comparison in the derivation (Table A) and validation cohort (Panel B)
M ode Idiscr imin ation Mo del calb ration Re cla ssificat io n
Time (months) Grace score AUC (95% CI) PragueMi score AUC (95% CI) P Delta Brier score P NRI NRI+ NRI-
Table A
6 75.1 (64.7-85.4) 95.0 (91.5-984) <0.0001 -0.4 (-0.7 to -0.1) 0.0l1 2.00 (1.98-2.00) 1.00 (1.00-1.00) 1.00 (0.98-1.00)
12 74.7 (66.7-82.7) 90.1 (84.5-95.7) <0.0001  -0.8(-1.3t0-02) 0004  2.05(1.97-223) 111 (1.00-127) 094 (0.93-1.00)
18 73.4 (66.0-80.8) 87.0 (81.1-92.9) <0.0001 -1.3(-2.0to -0.6) <0.001 247 (226-3.11) 1.60 (1.40-2.20) 0.87 (0.83-0.92)
24 72.2 (65.1-79.3) 86.4 (80.9-91.9) <0.0001 -1.3(-2.0to -0.6) <0.001 2.39 (2.08-2.54) 1.57 (1.28-1.71) 0.82 (0.80-0.85)
36 67.9 (61.4-74.4) 82.3 (76.4-88.1) <0.0001 -1.7(-2.6 to -0.8) <0.001 1.85 (1.66-2.83) 1.45 (1.28-2.30) 0.39 (0.39-0.52)
Table B
6 77.4 (62.2-92.5) 90.1 (81.8-98.4) 0.04 -05(-1.1t00.1) 0099  1.13(042-134) 054 (0.16-080)  0.59 (0.25-0.72)
12 76.2 (64.7-87.7) 89.7 (83.5-96.0) 0004  -07(-141t000) 0.068  1.15(085-1.72)  0.56 (0.20-1.00)  0.59 (0.51-0.78)
18 71.8 (60.7-82.8) 85.6 (76.5-94.6) 0.002 -14(-23to0 -04) 0.005 1.14 (0.88-1.40) 0.54 (0.30-0.88) 0.60 (0.38-0.65)
24 73.3 (64.0-82.5) 84.3 (76.5-92.1) 0.003 -14(-24t0 -04) 0.007  0.97 (0.64-1.38) 0.39 (0.08-0.74) 0.58 (0.54-0.65)
36 69.0 (59.7-78.2) 80.1 (72.1-88.2) 0.0009 -1.6 (-2.8to -0.3) 0.016 0.85 (0.55-1.05) 0.27 (-0.02-0.49) 0.58 (0.52-0.68)
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Kaplan—Meier survival estimates
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Figure 2 Kaplan—Meier survival curves by PragueMi categories.

Table 4 PragueMi score performance in diffel ent

subgroups

Variables AUC (95% CI) P

Sex
Male 0.87 (0.85-0.89) 041
Female 0.91 (0.87-0.94)

Age, years
<60 0.94 (0.91-0.96) 0.19
>60 0.84 (0.81-0.87)

eGFR, mL/min/1.73 m?
<60 0.83 (0.78-0.87) 0.87
260 0.84 (0.82-0.87)

Diabetes
No 0.89 (0.87-0.91) 0.63
Yes 0.86 (0.81-0.90)

Ejection fraction, %
>40 0.87 (0.84-0.89) 0.58
<40 0.89 (0.85-0.93)

Ml type
Non-STEMI 0.86 (0.83-0.89) 041
STEMI 0.90 (0.88-0.92)

eGFR, estimated glomerular filtration rate; STEMI, ST-elevation myocardial infarction.

Model validation

The validation cohort included 340 patients. The PragueMi score
showed superior discrimination and calibration as compared with the
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GRACE score (Table 3). Over several study time points, PragueMi im-
proved the continuous NRI, significantly improving both event and non-
event NRI (Table 3). While the AUC and Brier scores were similar in
the derivation and validation cohort, NRI was lower in the validation co-
hort probably due to lower statistical power in a smaller cohort.

Risk categories of the PragueMi score

Due to similar model performance in the derivation and validation co-
hort, we have combined them and created PragueMi risk categories
based on observed risk. The Kaplan—Meier curves by PragueMi score
categories are shown in Figure 2. The 196 patients (17.3% of the study
cohort) with PragueMi score of <13 had excellent prognosis, with
100% event-free survival at 2 years. On the other hand, event-free sur-
vival in patients with PragueMi > 21 (10% of the study cohort) was
82.1% at 6 months and 77.8% at | year. The PragueMi score perform-
ance was consistent in different subgroups (Table 4).

Discussion

In this study, we show that HF symptoms evaluated remotely using a
questionnaire possess an important prognostic value that adds to
clinical risk factors. Our PragueMi score based on five clinical variables
and three HF symptoms has superior discrimination, calibration, and
risk reclassification properties as compared with the currently
guideline-recommended GRACE score based only on clinical risk
factors.

The prognosis of patients after Ml is very heterogeneous.!? Thus, the
identification of patients at increased mortality risk is of clinical need.
This allows a personalized approach to secondary prevention with
intervention targeted at individuals that benefit the most.

Until now, the prediction models after Ml have been only based on
clinical risk factors, neglecting patients’ symptoms. However, for
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decades, clinicians have been searching for HF symptoms in patients
after Ml to identify at-risk individuals and to modify treatment accord-
ingly.'4 Yet, this approach is time-consuming, influenced by provider
skills and subjective interpretation.'> Patient-reported outcomes
coupled with modern telemedicine options allow the remote collection
of patients’ symptoms and empower patients to become a valuable
source of clinically important data, without increasing the burden on
the provider.!'3

Several previous studies have shown the utility of the KCCQ to pre-
dict prognosis in patients after M1.61617 No previous study evaluated
the utility of combining patient-reported outcomes with clinical risk fac-
tors after MIl. As KCCQ was developed for HF patients, not all items are
relevant in patients after M. In this study, we have identified that among
the 23 KCCQ items, walking limitation, leg oedema, and change in heart
disease symptoms over the last 2 weeks have the greatest predictive va-
lue among patients after MI.

In the present study, we have decided to evaluate HF symptoms
| month after hospital discharge instead of evaluating them during
the hospital stay. This decision was based on the fact that in many pa-
tients, HF symptoms develop later after discharge due to left ventricular
remodelling. Furthermore, functional requirements for everyday living
are higher outside of the hospital; thus, the patient may not recognize
the newly developed limitations during the hospital stay.

In clinical settings, the PragueMi score may be particularly useful
during post-discharge outpatient visits and also for remote monitoring
of patients after discharge to identify high-risk patients who may bene-
fit from closer follow-up and advanced therapies. As compared with
other prediction scores that are based only on clinical variables, a po-
tential barrier of the PragueMi score is that it also requires patients’
symptoms evaluation. However, it includes only three easy-to-answer
questions, which may also be answered remotely before the out-
patient visit using an online questionnaire or dedicated app, thus
decreasing the burden on providers. Furthermore, identifying HF
symptoms before the outpatient visit may help to streamline the visit
to this important issue.

Among discharged patients, the PragueMi score > 21| identified 10%
of the population as very high risk, with 18% 6-month and 22%
[2-month mortality rates, respectively. Timely identification of these
patients followed by initiation or up-titration of HF pharmacotherapy
and referral for advanced HF therapies such as heart transplant and
left ventricular assist device has the potential to improve prognosis in
these high-risk patients. Based on results of the STRONG-HF!8 study
with rapid up-titration of HF pharmacotherapy, a meta-analysis of so-
dium-glucose transport protein 2 inhibitors use in HF,!? and sacubi-
tril-valsartan studies results, 2% we estimate that a multifactorial
intervention targeted at these high-risk patients may decrease the mor-
tality risk by at least 20-30%. Future randomized studies will be needed
to test whether clinical decision-making based on the PragueMi score
will lead to an improvement in clinical outcomes.

Study limitations

First, this is a single-centre study; thus, the model performance was only
internally validated. Because no previous study systematically collected
KCCQ | month after hospital discharge, we were unable to externally
validate our model. This may limit the generalizability of our findings.
However, the characteristics of our cohort are very similar to other re-
cent cohorts of patients after MI.2! In the future, the performance of
our model needs to be tested in other cohorts. Second, due to missing
KCCQ in some patients, our results may be the subject of a selection
bias. However, while there were some statistically significant differ-
ences between patients with and without KCCQ available, clinically
these differences are negligible. Thus, we assume that these missing
data do not affect the generalizability of our results. Furthermore, in
this study, we have identified the three most predictive items of the

93

KCCQ. This reduction in the number of questions may improve the re-
sponse rate in future studies. Third, data required for the PragueMi
score were collected at different time points. Automated data collec-
tion of in-hospital data together with remote HF symptoms evaluation
online or using an app may help to integrate PragueMi score into every-
day practice without additional burden on clinicians.

The strengths of our study include a well-defined systematically col-
lected cohort of consecutive Ml patients with multiple clinical factors
and remote HF symptoms evaluated as possible predictors of mortality
risk.

Conclusion

Heart failure symptoms evaluated remotely using a questionnaire pos-
sess an important prognostic value that adds to clinical risk factors. The
PragueMi risk score combines these predictors and has superior dis-
crimination, calibration, and risk reclassification properties compared
with the guideline-recommended GRACE score. Future studies will
have to address whether clinical decision-making based on the
PragueMi score can significantly improve the care of patients after Ml.
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Supplementary material is available at European Journal of Preventive
Cardiology.
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ARTICLE INFO ABSTRACT

Keywords: Background: Data on the clinical significance of iron deficiency (ID) in patients with myocardial infarction (MI)

Myocardial infarction are conflicting. This may be related to the use of various ID criteria.

Iron deficiency We aimed to compare the association of different ID criteria with all-cause mortality after M1

SAU ICTOTCS Methods: Consecutive patients hospitalized for their first MI at a large tertiary heart center were included. We
ortall
Cmeﬁaty evaluated the association of different iron metabolism parameters measured on the first day after hospital

admission with all-cause mortality.

Results: From the 1,156 patients included (aged 64%12 years, 25 % women), 194 (16.8 %) patients died during
the median follow-up of 3.4 years. After multivariate adjustment, iron level £13 umol/L (HR 1.67, 95 % CI 1.19—
2.34) and the combination of iron level =12.8 umol/L and soluble transferrin receptor (sTfR) 23 mg/L (HR 2.56,
95 % CI 1.64-3.99) termed as PraguelD criteria were associated with increased mortality risk and had additional
predictive value to the GRACE score. Compared to the model including iron level, the addition of sTfR improved
risk stratification (net reclassification improvement 0.61, 95 % CI 0.52-0.69) by reclassifying patients into a
higher-risk group. No association between ferritin level and mortality was found. 51 % of patients had low iron
levels, and 58 % fulfilled the PraguelD criteria.

Conclusion: Tron deficiency is common among patients with the first MI. The PraguelD criteria based on iron and
soluble transferrin receptor levels provide the best prediction of mortality and should be evaluated in future
interventional studies for the identification of patients potentially benefiting from intravenous iron therapy.

carboxymaltose in patients with HF and ID improves symptoms, func-
tional capacity, and quality of life, and reduces the risk of hospital ad-

1. Introduction

Iron is an essential element required for normal mitochondrial
function [1,2] oxygen transport, synthesis of proteins and nucleic acids,
and normal immune system function. Although iron is environmentally
abundant, iron deficiency (ID) is one of the most common nutritional
deficits worldwide affecting approximately two billion people [3].

In cardiovascular disease, the effect of ID has been best described in
patients with heart failure (HF) [4]. ID affects approximately 50 % of HF
patients and is associated with worse functional capacity, impaired
quality of life, increased mortality, and hospitalization rate, irrespective
of anemia presence [5]. Treatment with intravenous ferric

missions for HF and cardiovascular causes [6,7] Despite that, there is no
consensus on ID definition in HF [8,9] The most commonly used are the
guideline-recommended ID criteria based on ferritin and transferrin
saturation [8,10] However, other criteria have been used as well [9,11]

Much less is known about ID effects in patients with myocardial
infarction (MI). A systematic review and meta-analysis of 7 studies
including a total of 2821 patients described worse long-term outcomes
in the ID population, whereas short-term outcomes were heterogeneous
across studies [ 12]. However, ID did not affect prognosis in MI patients
with cardiogenic shock [13]. A small sample size and different criteria
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Fig. 1. Restricted cubic splines of different iron metabolism parameters and all-cause mortality after myocardial infarction.
for ID definitions may explain this heterogeneity in study outcomes. laboratory from blood samples collected on the morning of the first day
Furthermore, several criteria use ferritin to define ID. Nonetheless, after hospital admission. Death was ascertained through December 1st,
ferritin is a positive acute phase reactant, thus the inflammatory reaction 2023. Mortality data were provided by the Institute of Health Infor-
to MI may influence it [14]. Besides, ferritin has been suggested as a mation and Statistics of the Czech Republic (UZIS), which keeps a list of
leakage product from damaged cells [ 15]. Therefore, ferritin may not be all deceased persons and dates of death in the Czech Republic by law. All
a good marker of ID in patients with ML patients signed informed consent. This study was approved by a local
For selecting patients potentially benefiting from intravenous iron ethics committee and complies with the Declaration of Helsinki.
therapy, the definition of ID is important. However, ID criteria currently
used are based only on a consensus, while ID definition based on hard 2.2. Primary outcome
outcomes is missing. Misclassification of patients may dilute the therapy
effect. This issue is further supported by an animal model of MI, which The primary outcome of the analysis was all-cause mortality.

has shown no effect of iron supplementation in normal iron status [16].
Thus, the correct definition of ID is of great clinical importance. Until
now, no previous study compared the association of different ID criteria
with total mortality after MI.

To address this issue, the present study aimed to compare the

2.3. GRACE score

The Eagle model estimates for death within 6 months after discharge
S . o ; . was used [19]. Variables included in the model were age, heart rate,
prognostic significance of diverse criteria of iron deficiency measured on . .. . .

systolic blood pressure, creatinine level, troponin elevation, ST segment

the.ﬁrst day fafte.r hospital édmlss1on ina l'arg§ cohqr‘c of consecutive depression on initial ECG, previous history of MI and heart failure, and
patients hospitalized for their first myocardial infarction at a large ter- PCI

tiary heart center.
2. Methods 2.4. Statistical methods

Continuous variables are presented as mean and SDs or medians and
IQRs. Hazard ratios (HR) are shown with a 95 % confidence interval
(CI). Nominal variables are shown as counts and percentages.

We have used restricted cubic splines adjusted for age to detect a
nonlinear association between different parameters of iron metabolism
and the primary outcome. Furthermore, we have used decision tree
analysis to set the cut points for ID definition. The Cox regression model
was used to analyze the association of different ID criteria with the
outcome.

The Global Registry of Acute Coronary Events (GRACE) score has
been recommended by the guidelines to stratify patients’ risk after MI
[20]. To analyze the additional predictive value of different ID criteria to
the GRACE score, we have used the difference in the area under the
receiver operating characteristic curve (AUC), the Brier score, and the
continuous net reclassification improvement (NRI).

Statistical analyses were conducted with R statistical software

2.1. Population

This study used data from the prospective Institute for Clinical and
Experimental Medicine Acute Myocardial Infarction Registry (AMBI-
TION registry) [17]. The registry collects clinical data and biospecimens
from consecutive patients hospitalized for acute coronary syndrome
since June 2017 at the Institute for Clinical and Experimental Medicine,
Prague, Czech Republic, a tertiary heart center with around-the-clock
coronary intervention service. The Fourth Universal Definition of
Myocardial Infarction has been used [ 18]. Patients underwent a detailed
interview during their hospital stay, and additional information was
obtained from medical record abstraction and laboratory studies. For
this analysis, we included consecutive patients enrolled between June
2017 and February 2023 with type I MI and no previous history of
coronary artery disease. Iron metabolism was measured in the central
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Table 1
Population demographics.

European Journal of Internal Medicine xxx (xxxx) xxx

Characteristics Iron >12.8 & sTfR<3 (n = Iron £12.8 & sTfR<3 (n = Iron >12.8 & sTfR23(n = Iron £12.8 & sTfR23 (n = p
490) 394) 83) 189)

Age (years) 62.0 £ 119 64.3 £ 12.7* 66 + 12.7* 67.6 £ 12.2% < 0.001
Male sex, n (%) 376 (77 %) 292 (74 %) 60 (72 %) 139 (74 %) 0.68
STEMI, n (%) 304 (62 %) 279 (71 %)* 45 (54 %) 125 (66 %) 0.001
Anterior M1, n (%) 195 (40 %) 175 (44 %) 38 (46 %) 97 (51 %) 0.052
Subacute MI, n (%) 33 (7 %) 81 (21 %)* 8 (10 %) 41 (22 %)* <0.0001
Multi-vessel disease, n (%) 138 (28 %) 121 (31 %) 26 (31 %) 74 (39 %) 0.052
CPR before admission, n (%) 14 (3 %) 31 (8 %)* 1 (1 %) 13 (7 %) 0.001
Admission HR, min—! 74 £ 16 80 + 20* 77 £ 17 82 + 18* <0.0001
Admission SBP, mmHg 145426 138+£29% 149423 142424 0.0002
Admission DBP, mmHg 80£13 78%15 82+14 79%14 0.10
Creatinine, pmol.1-! 81 (70-93) 86 (72-102)* 86 (70-101) 91 (75-118)* <0.0001
CKD-EPI, ml/s/1.73m? 1.39 + 0.30 1.28 % 0.39* 1.26 + 0.37* 1.16 £ 0.42* <0.0001
Fasting glucose, mmol/L 7.93 342 8.78 * 3.81* 8.24 * 3.19 9.72 & 4.84* <0.0001
HbAlc, mmol.mol~! 41 (38-46) 42 (39-47) 41 (37-49) 44 (40-53)* <0.0001
Maximal hsTroponin T, ng/L 1047 (314-3088) 2256 (825-5159)* 813 (255-2183) 2011 (685-4045)* <0.0001
Total cholesterol 4.99 % 1.16 4.57 £ 1.12* 5.09 = 1.25 4.60 £ 1.26* <0.0001
LDL cholesterol 3.34 + 1.01 2.96 * 1.03* 3.45 * 1.23 2.97 * 1.16* <0.0001
Leukocyte count, 10°.1-! 10.5 (8.4-15.2) 11.7 (9.5-15.0)* 10.0 (7.4-11.8) 11.8 (9.1-14.0)* <0.0001
Hemoglobin, g/L 145 £ 13 141 £ 15*% 144 £ 19 137 & 21%* <0.0001
Hemoglobin <120, n (%) 12 (3 %) 38 (10 %)* 7 (9 %)* 38 (20 %)* <0.0001
LV EF (%) 50 (40-55) 40 (35-50)* 50 (40-55) 40 (35-50)* <0.0001
LV EF =40%, n (%) 69 (14 %) 125 (32 %)* 16 (19 %) 61 (32 %)* < 0.0001
PCI or CABG, n(%) 479 (98 %) 355 (90 %)* 76 (92 %)* 165 (87 %)* < 0.0001
Killip class I, n (%) 427 (87 %) 276 (70 %)* 75 (90 %) 114 (60 %)* <0.0001
Risk factors
Arterial hypertension, n (%) 270 (55 %) 228 (58 %) 54 (65 %) 135 (71 %)* 0.001
Diabetes mellitus, n (%) 88 (18 %) 82 (21 %) 19 (23 %) 82 (43 %)* <0.0001
Current smoking, n (%) 247 (51 %) 184 (47 %) 32 (39 %) 66 (35 %)* 0.002
BMI, kg/m? 28.6 £ 45 28.5 * 438 30.3 * 6.4* 293 52 0.006
COPD, n (%) 28 (6 %) 24 (6 %) 5(6 %) 11 (6 %) 0.996
Atrial fibrillation history, n 17 (4 %) 18 (5 %) 7 (8)* 24 (13 %)* <0.0001

(%)
Medications on admission
ACE inhibitors or ARB, n (%) 212 (43 %) 168 (43 %) 36 (43 %) 95 (50%) 0.31
Statins, n (%) 85 (17 %) 76 (19 %) 15 (18%) 49 (26 %) 0.08
Antiplatelet therapy, n (%) 47 (10 %) 54 (14 %) 11 (13 %) 45 (24 %)* 0.002
Anticoagulants, n (%) 20 (4 %) 19 (5 %) 11 (13 %)* 21 (11 %)* 0.0002
Discharge medication*
ACE inhibitors or ARB, n (%) 382 (78 %) 282 (74 %) 70 (84 %) 144 (79 %) 0.16
Beta blocker, n (%) 382 (78 %) 296 (78 %) 68 (82 %) 151 (83 %) 043
Statins, n (%) 480 (98 %) 365 (96 %) 79 (95 %) 168 (92 %)* 0.004
Aspirin, n (%) 474 (97 %) 349 (91 %)* 77 (93 %) 158 (86 %)* <0.0001
Clopidogrel, n (%) 88 (18 %) 136 (36 %)* 34 (41 %)* 73 (40 %)* <0.0001
Prasugrel, n (%) 19 (4 %) 51 %) 34 %) 2 (1 %) 0.05
Ticagrelor, n (%) 365 (75 %) 226 (59 %)* 44 (53 %)* 88 (48 %)* <0.0001
Anticoagulation, n (%) 52 (11 %) 85 (22 %)* 15 (18 %) 55 (30 %)* <0.0001
Tripple therapy, n (%) 33 (7 %) 48 (13 %)* 10 (12 %) 23 (13 %)* 0.02
Iron metabolism
Iron, umol/L 19.8 £ 7.0 8.4 £29* 17.6 * 4.1* 7.5 £ 2.9% <0.0001
Ferritin, pug/L 240 (138-391) 292 (180-490)* 189 (97-278)* 230 (103-412) <0.0001
Transferrin, g/L 2.25 %035 2.1 £ 0.39*% 2.4 % 0.36* 2.31 x 0.46* <0.0001
TIBC, umol/L 56.6 + 89 53.0 £ 9.8% 60.6  9.2* 58.1 £ 11.6 <0.0001
TSAT.% 359 %137 16.2 * 5.6* 29.6 = 7.1%* 13.6 £ 53* <0.0001
sTFR, mg/L 2.23 * 040 2.33 £ 0.37 3.60 * 0.85* 4.0 £ 1.62% <0.0001
Scores
GRACE 114 £ 23 122 + 26* 121 * 25 129 * 26* <0.0001
Outcome
Death, n (%) 36 (7 %) 74 (19%)* 19 (23 %)* 65 (34 %)* <0.0001

*p < 0.05 vs. Iron >12.8 & sTfR<3 group.
#missing in patients with in-hospital death.

version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria),
JMP 17, SPSS version 25.0 (IBM Corporation, Armonk, NY), and STATA
version 17 (StataCorp, College Station, TX). All statistical tests and
confidence intervals were 2-sided with a significance level of 0.05.

up of 1224 days (IQR 626-1782), 194 (16.8 %) patients died.

Fig. 1 presents restricted cubic splines of the association between
different parameters of iron metabolism and all-cause mortality risk.
While there was no association between ferritin level and all-cause
mortality, low iron, transferrin, TSAT, total iron binding capacity
3. Results (TIBC), and high sTfR were associated with increased mortality risk.

In total, 1156 patients (mean age 64 years, 75 % male) hospitalized
for their first type I myocardial infarction between June 2017 and
February 2023 were included in this analysis. During the median follow-

3.1. Development of pragueid criteria

In the decision tree model, among the analyzed iron metabolism
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Fig. 2. Kaplan-Meier survival for iron (Panel A) and PragueID (Panel B) categories.

Table 2
Association of different iron deficiency criteria with all-cause mortality.
Iron deficiency Prevalence Unadjusted Adjusted® Adjusted™*
criteria n(%) HR (95% CI) HR (95%CI)  HR (95 % CI)
Iron =13 pumol/L 598 (51.7) 2.78 2.06 1.67
(2.03-3.82) (1.50-2.84) (1.19-2.34)
TSAT <20 % 468 (40.5) 2.46 1.89 1.38
(1.85-3.28) (1.41-2.53) (1.01-1.90)
Ferritin <30 pg/L 20 (1.7) 1.44 1.58 1.55
(0.59-3.50] (0.64-3.84) (0.63-3.80)
Ferritin <100 ng/ 157 (13.6) 1.50 1.37 1.36
L (1.05-2.13) (0.96-1.95) (0.93-1.98)
Guideline ID 357 (31.0) 1.69 1.57 1.34
definition (1.28-2.24) (1.19-2.08) (0.99-1.82)
Prague ID criteria
2. Iron =12.8 394 (34.1) 2.79 2.07 1.75
umol/L & (1.87-4.15) (1.38-3.10) (1.16-2.64)
sTfR<3 mg/L
3. Iron >12.8 83 (7.2) 327 2.64 2.05
umol/L & (1.88-5.70) (1.51-4.61) (1.15-3.64)
sTfR23 mg/L
4. Iron £12.8 189 (16.3) 5.76 3.72 2.56
umol/L & (3.83-8.66) (2.46-5.63) (1.64-3.99)
sTfR23 mg/L

* Adjusted for GRACE score.

" Adjusted for age, gender, HF history, CKD-EPI, admission systolic blood
pressure and heart rate, absence of PCI, Killip class, ejection fraction <35 at
discharge

A 95 % confidence interval is shown in bracelets. Guideline 1D criteria were
ferritin <100 ug/L or TSAT <20 % if ferritin was 100-299 nug/L.

parameters (iron, transferrin, TSAT, TIBC, TfR), the combination of iron
<12.8 umol/L and sTfR 2 3.0 mg/L showed the best association with
total mortality risk. Based on these cut-points, we have created 4 groups
— group 1 with normal iron and normal sTfR, group 2 with low iron and
normal sTfR, group 3 with normal iron and high sTfR, and group 4 with
low iron and high sTfR. We have termed this classification as PraguelD
criteria. Population demographics by PraguelD criteria are shown in
Table 1.

As shown in Fig. 2, the addition of sTfR to iron level can reclassify the
risk associated with low iron to intermediate and high, while high sTfR
in the presence of normal iron is associated with an intermediate risk.

3.2. Comparison of ID criteria

After adjustment for the GRACE score or other variables affecting
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mortality risk after M1, all ID criteria except for ferritin were indepen-
dently associated with the total mortality (Table 2). The hazard ratio
was highest for the Prague ID criteria and iron level. As assessed by the
AUC and Brier score (Table 3), only the iron level and Prague ID criteria
had additional prognostic value to the GRACE score. When the addi-
tional prognostic value of iron or PraguelD was compared, there was no
difference in AUC, but there was a borderline difference in the Brier
score and an improvement in net reclassification improvement (NRI) in
favor of the PraguelD criteria. Beyond the iron level, PraguelD correctly
reclassified cases patients into the higher-risk group (Table 4).

4. Discussion

In the present study, we have analyzed the association of different ID
criteria with all-cause mortality in patients hospitalized for their first MI.
We show that ID is common among these patients, but the prevalence
and prognostic implications differ by the criteria used. Among several
criteria evaluated, only iron level and particularly the combination of
iron level and soluble transferrin receptor were independently associ-
ated with the risk of all-cause mortality and improved risk prediction
beyond the guidelines recommended GRACE score.

While ferritin is a guideline-recommended parameter for ID diag-
nosis in HF, we did not find any association between ferritin level and
mortality risk. This finding among MI patients may be explained by the
effect of cell necrosis and inflammatory response on ferritin levels. Thus,
ferritin should not be used to define ID after MI.

Our observation is in line with previous studies. In patients with
chronic HF, TSAT <20 % and serum iron £13 mmol/L were indepen-
dently associated with death, but lower serum ferritin concentrations
were paradoxically associated with better survival [9]. In a study of the
prognostic value of temporal changes of iron metabolism parameter in
patients with acute coronary syndrome, a decrease in TSAT and iron
levels, but not changes in ferritin levels were associated with an
increased risk of cardiovascular death and nonfatal ACS [21]. Among
patients with coronary artery disease, sTfR was independently associ-
ated with an increased risk of cardiovascular death or MI [22]. We add
to this evidence the observations that among several criteria of 1D, the
combination of low iron and high sTfR can identify patients at increased
mortality risk, which may have the biggest benefit from iron
supplementation.

To the best of our knowledge, this is the first large-scale study among
consecutive MI patients evaluating the prevalence and prognostic sig-
nificance of different ID criteria. We found that 51 % of patients after MI
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Table 3
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Additional predictive value of different iron deficiency criteria to the GRACE score 6 months (Table A) and 12 months (Table B) after hospital discharge.

Table A
6 months
AUC A AUC P A Brier p
Iron =13 umol/L 82.6 (77.1—88.0) 2.5(1.1—-39) 0.001 —0.1(—0.2— —0.001) 0.01
TSAT <20 % 81.7 (76.2—87.2) 1.6 (0.1—3.2) 0.04 —0.1 (—0.2——0.01) 0.047
Ferritin <30 pg/L 79.9 (74.3—85.6) —0.2 (—0.3—0.001) 0.04 0.01 (—0.001—0.001) 0.74
Ferritin <100 Hg/L 80.0 (74.3—85.8) —0.1 (—0.6—0.5) 0.90 —0.001 (—0.1—0.01) 0.19
Guideline 80.5 (74.7—86.2) 0.4 (—0.7—1.5) 0.5 —0.1 (—0.2——0.1) 0.02
Prague criteria 82.9 (77.5—88.2) 2.8 (0.9—4.7) 0.004 —0.3 (—0.4 ——0.1) 0.0003
Table B
12 months
AUC A AUC p A Brier P
Iron =13 umol/L 81.9 (77.0—86.9) 2.1 (0.7—3.6) 0.004 —0.2 (—0.3——0.1) 0.005
TSAT <20 % 81.5 (76.6—86.4) 1.7 (0.2—3.2) 0.03 —0.1 (—=0.3—0.1) 0.096
Ferritin <30 Hg/L 79.8 (74.8—84.8) —0.01 (—0.4—04) 0.96 0.01 (—0.001—0.001) 0.90
Ferritin <100 Hg/L 79.8 (74.7—84.9) 0.001(—0.5—0.5) 1.0 —0.001 (—0.1—0.01) 0.19
Guideline 80.2 (75.1—85.3) 0.4 (—0.6—1.4) 0.4 —0.1 (—=0.2 — —0.1) 0.044
Prague criteria 82.4 (77.6—87.2) 2.6 (0.7—4.5) 0.007 —0.3 (—0.6——0.1) 0.001
A 95 % confidence interval is shown in bracelets.
Table 4
Comparison of model discrimination, calibration, and reclassification.
Discrimination Calibration Reclassification
Time AUC Iron AUC PraguelD AUC P Brier P NRI NRI+ NRI-
6 months 82.6 (77.1-88.0) 82.9 (77.5-88.2) 0.3 (—1.1-1.7) 0.70 —0.1 (—0.3-0.01) 0.06 0.56 (0.34-0.87) —10-"5 (—0.20-0.28) 0.56 (0.52-0.59)
1 year 81.9 (77.0-86.9) 82.4 (77.6-87.2) 0.5 (—1.0-1.9) 0.50 —0.2 (—0.3-0.01) 0.06 0.66 (0.62-0.81) 0.64 (0.55-0.78) 0.01 (—0.004-0.08)
2 years 81.5(77.3-85.6) 82.2 (78.1-86.3) 0.7 (—0.6-2.1) 0.30 —0.3 (—0.5-0.001) 0.04 0.60 (0.49-0.76) 0.57 (0.44-0.67) 0.03 (—0.01-0.09)
3 years 79.8 (75.6-84.0) 80.3 (76.0-84.6) 0.5 (—0.8-1.9) 0.40 —0.3 (—0.6-0.01) 0.06 0.61 (0.52-0.69) 0.56 (0.50-0.63) 0.04 (—0.009-0.08)

A model with Grace score and Iron class (Iron <13 umol/L vs. Iron >13 pumol/L) was compared with a model including Grace score and PraguelD class. A 95 %

confidence interval is shown in brackets.
AUC — area under the curve, NRI — net reclassification improvement.

have iron =13 umol/L and 58 % have ID if PraguelD criteria are used.
Thus, more than 50 % of patients with the first MI are affected by ID.
This is similar to the ID prevalence in HF, among which 43 % of men and
54 % of women had iron =13 mmol/L [9]. After adjustment for other
covariates, the mortality risk associated with low iron level in our study
was increased by 67 %, and by 156 % in patients with low iron and high
sTfR. Interestingly, this risk in MI patients is higher than the 37 % risk
increase associated with iron =13 pmol/L among patients with HF [9].
This difference may be partially explained by the addition of antiplatelet
therapy in MI patients, which may further worsen the pre-existing ID.

In previous studies, MI was associated with serum iron, TIBC, and
TSAT decrease and ferritin increase, with MI severity affecting the
magnitude of this change [23,24] Thus, low iron levels may be only a
marker of MI severity. However, sTfR as a marker of iron demand is not
affected by inflammation [22] and MI severity (Supplementary
Table 1). This suggests that ID is not only a marker of MI severity but
also a risk factor that may be intervened. Previous studies suggest the
biological plausibility of this concept. In an animal model, the delete-
rious effect of ID was at least in part explained by increased oxidati-
ve/nitrosative stress and altered antioxidant defense caused by
inhibition of the endothelial nitric oxide synthase (eNOS)/ soluble
guanylate cyclase/protein kinase G pathway, leading to eNOS degra-
dation via ubiquitin/proteasome system [25]. Altered energy meta-
bolism is another possible explanation of the deleterious effect of ID in
CAD [26,27] In a small study among STEMI patients, application of
ultrasmall superparamagnetic iron-oxide within 4 days following an
acute myocardial infarction led to smaller infarct size [28]. While our
observational study is not able to answer the question of whether ID is a
risk marker or a risk factor after M1, identifying ID criteria with the best
predictive value sets the ground for future interventional studies with
iron supplementation.
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4.1. Strengths and limitations of the study

We must admit several limitations of our study. First, iron meta-
bolism was measured at a single time point one day after hospital
admission. Because iron parameters dynamically evolve after MI, we
were unable to determine how measurements at different time points
would affect the prognostic value of ID criteria.

Nevertheless, in a previous study using serial measurement in ACS
patients, iron status patterns did not differ in those with and without
events [21].

Second, we have used all-cause, rather than cardiovascular mortal-
ity, as we were unable to ascertain the cause of death. On the other hand,
cardiovascular death is the leading cause of mortality in patients in the
first four years after MI [29]. Based on previous studies analyzing the
association of ID with total and cardiovascular mortality, we believe that
changing the primary study objective would not affect our results [12,
30]

Third, due to the observational nature of our study, no causal in-
ferences can be drawn from our results. Future interventional studies
will be needed to evaluate the effects of iron supplementation in patients
with ID defined by our criteria.

Fourth, we did not measure hepcidin level, which is considered a key
regulator of iron homeostasis [31]. However, in a previous study hep-
cidine level was not independently associated with the outcome of pa-
tients with coronary heart disease [32].

Fifth, because we did not have data on iron supplementation during
the study follow-up, we were unable to account for this effect.

The strengths of our study include analysis of various iron status
parameters including sTfR and the large single-center cohort of
consecutive MI patients with a relatively long follow.
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5. Conclusion

The present study among consecutive patients hospitalized for their
first myocardial infarction shows that iron deficiency is present in over
50 % of patients. Among several iron deficiency criteria, the combina-
tion of low iron level and high soluble transfer receptor were indepen-
dently associated with mortality risk and improved risk stratification.
The clinical benefit of iron supplementation decision-making based on
our criteria will have to be addressed in future studies.
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Josef Kautzner®®

'Department of Preventive Cardiology, Institute for Clinical and Experimental Medicine (IKEM),
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Background: Left ventricular ejection fraction (EF) is an independent predictor
of adverse outcomes after myocardial infarction (MI). However, current data
on trajectories and determinants of EF are scarce. The present study aimed to
describe the epidemiology of EF after M.

Methods: Data from a single-center prospectively-designed registry of
consecutive patients hospitalized at a large tertiary cardiology center
were utilized.

Results: Out of 1,593 patients in the registry, 1,065 were hospitalized for Ml
type | (65.4% STEMI) and had no previous history of heart failure or MI. At
discharge, EF < 40% was present in 238 (22.3%), EF 40-50% in 326 (30.6%) and
EF >50% in 501 (47.0%). Patients with EF < 40% were often those who suffered
subacute and anterior STEMI, had higher heart rate at admission and higher
maximal troponin level, and had more often HF signs requiring intravenous
diuretics. Among subjects with EF < 40%, the follow-up EF was available in
166 (80% of eligible). Systolic function recovered to EF > 50% in 39 (23.1%),
slightly improved to EF 40-50% in 44 (26.0%) and remained below 40% in 86
(50.9%). Systolic function improvement to EF > 40% was predicted by lower
severity of coronary atherosclerosis, lower leukocyte count, and the absence
of atrial fibrillation.

Conclusions: Despite recent improvements in in-hospital Ml care, one in
five patients has systolic dysfunction at hospital discharge. Out of these, EF
improves in 51%, and full recovery is observed in 23%. The severity of coronary
atherosclerosis, inflammatory response to MI, and atrial fibrillation may affect
EF recovery.

myocardial infarction, ejection fraction (EF%), systolic dysfunction, inflammation,
atrial fibrillation, epidemiology
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® EF <40% = EF 40-50% = EF >50%

At hospital discharge

22% H

Follow-up 23%
Patients with EF <40% at discharge
109 days (IQR 75-281) after MI

Factors associated with lack of EF improveme!

Atrial fibrillation

Inflammation Coronary atherosclerosis

GRAPHICAL ABSTRACT
Trajectories and determinants of EF after the first MI.

Introduction

Left ventricular ejection fraction (EF) is a guideline-
recommended tool for risk stratification of patients with acute
myocardial infarction (MI) (1). Numerous studies have shown
that low EF after MI is associated with an increased risk of
cardiovascular and total mortality, heart failure, and sudden
cardiac death (2-5). Several studies have also shown that EF
may improve after hospital discharge, and such EF recovery is
associated with a lower risk of cardiovascular events (6-9) and
improved quality of life (10). The phenotype of heart failure with
improved ejection fraction has been recently recognized by the
guidelines and refers to patients with previous heart failure with
reduced ejection fraction who have an LVEF >40% (11, 12).

In the last 20 years, the implementation of evidence-based
therapy as primaty percutaneous coronary intervention (PCI),
dual antiplatelet therapy, and statin therapy have significantly
improved MI mortality (13, 14). This may have also influenced
systolic dysfunction prevalence and trajectories after MI.
However, epidemiologic studies evaluating systolic dysfunction
prevalence and trajectories coming from the contemporary era
of MI therapy are scarce. Therefore, we sought to evaluate
the incidence, trajectories, and determinants of left ventricular
cjection fraction among consecutive patients hospitalized for
their first M1

Methods

Population

This study utilized data from the prospective AMBITION
registry (Institute for Clinical and Experimental Medicine Acute
Myocardial Infarction Registry), which collects clinical data

and biospecimens from all consecutive patients hospitalized
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for acute coronary syndrome at a tertiary heart center since
June 2017. During the hospital stay, all patients underwent
detailed interviews, and additional information was obtained
through manual chart abstraction and laboratory studies. For
this analysis, data from individuals without previous history
of heart failure and coronary artery disease, hospitalized for
type I MI between June 2017 and November 2021 were used.
The institutional review board of the Institute for Clinical and
Experimental Medicine approved the study, and all participants

signed informed consent.

Left ventricular ejection fraction

Left ventricular EF was measured using transthoracic
echocardiography. In patients with several in-hospital EF
measurements, the last one before hospital discharge was used
as the baseline value. According to baseline EF, patients were
categorized as having systolic dysfunction (EF < 40%), mid-
range EF (EF 40-50%), or preserved systolic function (EF
> 50%). In patients with systolic dysfunction at the time of
MI hospitalization, optimal medical therapy with angiotensin
converting enzyme inhibitor, beta-blocker and spironolactone
was initiated. However, in patients with contraindications
as hypotension or bradycardia/bradyarrhythmia this was not
initiated. The patient was discharged with the recommendation
for OMT therapy up-titration by an outpatient cardiologist.
In patients with EF <40% at hospital discharge, follow-up EF
beyond 6 weeks from the index hospitalization was recorded. By
the follow-up EF, patients with systolic dysfunction at hospital
discharge were categorized as having full EF recovery (follow-
up EF > 50%), slightly improved EF (follow-up EF 40-50%), or
persistent systolic dysfunction (follow-up EF < 40%)).

Definition of comorbidities

History of diabetes was defined by the use of oral antidiabetic
drugs or insulin at the time of hospital admission or by
glycated hemoglobin 248 mmol/L at the time of hospitalization.
Arterial hypertension was defined as self-reported use of
antihypertensive drugs at admission. Self-reported history of
smoking was used. A person was considered a current smoker if
smoking at least one cigarette per day during the last 12 months.
Positive family history of CVD was defined by MI or stroke in
the first-degree relatives before 55 years in males and before 60
years in females, respectively.

Coronary artery stenosis degree was based on percent
diameter stenosis by visual estimation done by an experienced
invasive cardiologist. Culprit lesion intervention was performed
during the index hospitalization. In patients with multiple
vessel disease, additional interventions of non-culprit lesions

were done during the index-hospitalization or patients were
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invited for additional elective procedure, aiming for complete
revascularization. During the follow-up, in none of the studied
patient additional intervention was required due to restenosis,
in-stent thrombosis or recurrent MI.

Gensini score was used to quantify the overall severity
of coronary artery atherosclerosis, while accounting for lesion
location, as previously described (15, 16). Mortality data were
provided by the Institute of Health Information and Statistics,
keeping a list of all deceased by law.

Statistical methods

Data are presented as mean % standard deviation, median
(interquartile range—IQR), or frequency (percent). Analysis of
variance (ANOVA), Kruskal-Wallis or chi-square tests were
used to compare differences across the three EF groups, as
appropriate. Multivariate logistic and linear regression were
used to assess factors associated with systolic dysfunction
at baseline and EF recovery at follow-up. Factors with a
significant association (p<0.05) in the univariate analysis
(Table 1; Supplementary Table 1) were used as inputs for the
multivariate model. Log-rank test was used to compare survival
by EF categories. Cox proportional hazard model was used to

assess the prognostic value of EF.

Results

Of 1,593 patients in the AMBITION registry, 1,347 had type
I MI. Of these, 268 had a previous history of coronary artery
disease, and another 14 had chronic heart failure history. Of the
1,065 eligible patients (65.4% STEMI), all had available EF at the
time of MI hospitalization.

Systolic dysfunction at the time of Ml
hospitalization

Baseline echocardiography was performed on the median
1 day QR 0-2) after MI. Systolic dysfunction with EF below
40% was present in 238 (22.3%), mid-range systolic function
with EF 40-50% in 326 (30.6%) and EF above 50% in 501
(47.0%), respectively. Population demographics by EF categories
are shown in Table 1. In the multivariate analysis (Table 2),
patients with systolic dysfunction at the time of hospitalization
(EF < 40%) were more likely to experience subacute and
anterior STEMI, had higher heart rate at admission and higher
maximal troponin level, more often clinical signs of heart
failure requiring intravenous diuretic therapy and more often
pericarditis. After adjustment for age and gender, we found a

non-linear association between discharge EF and mortality risk,

with increased mortality in subjects with EF < 40% (Figure 1).
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FIGURE 1
Association between discharge ejection fraction and
mortality risk.

In the multivariate model, discharge EF was an independent

predictor of total mortality risk after MI (Table 3).

Recovery of systolic function

Of the 238 patients with EF < 40% at the time of
hospitalization, follow-up EF was not available in 26 due to
in-hospital death or death within 6 months since the hospital
discharge. Of the 212 eligible patients, follow-up EF was
collected in 169 (80% of eligible). The follow-up systolic function
evaluation was done on a median of 109 days IQR 75-281) after
MI. During this period, systolic function recovered to EF > 50%
in 39 (23.1%), slightly improved to EF 40-50% in 44 (26.0%) and
remained below 40% in 86 (50.9%).

Characteristics of patients by EF improvement at follow-
up are shown in the Supplementary Table 1. In the multivariate
analysis, improvement in systolic function to EF > 40% was
predicted by lower severity of coronary artery atherosclerosis
(lower GENSINI score), a higher discharge EF, lower leukocyte
count and the absence of atrial fibrillation (AF) during MI
hospitalization (Table 4). These factors were confirmed in the
sensitivity analysis with the absolute change in EF as a dependent
variable, with the addition of female gender associated with
EF improvement (Supplementary Table 2). Recovery of systolic
function was associated with lower mortality risk (log-rank p =
0.012) (Figure 2).

Discussion

The present study shows that in the current era of MI
therapy, one in five patients after the first MI has reduced
EF. In the months following the MI, one in four patients
will fully recover EF, with severity of coronary atherosclerosis,
inflammatory response, and AF being associated with lack of

EF improvement.
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TABLE 1 Population demographics by left ventricular ejection fraction at the time of hospitalization.

Variable

Age, years

Male gender, n (%)

Risk factors

Arterial hypertension, 7 (%0)
Diabetes, n (%)

Current smoking, n (7o)
Statin use before admission, n (%)
Family history of CVD, n (%)
COPD, 1 (%)

AF history, n (%)

Index event

CPR before admission, n (%)
STEML, n (%)

Subacute MI, n (%)

Killip class >1, n (Vo)
Selective coronarography, n (%)
PCI, n (%)

CABG, n (%)

In-hospital AF, n (%)
Pericarditis, n (o)
Intravenous diuretics, n (%)
Anterior M1, n (%)
Admission SBP, mmHg
Admission DBP, mmHg
Admission heart rate, min™!
Max Troponin natural log, ng/I.
CKD EPI, ml/min/1.73 m?
BMI, kg/m?

HbA1c, mmol/I./mol
Fasting glycemia, mmol/L
Total cholesterol, mmol/L.
Triglycerides, mmol/L
HDL cholesterol, mmol/L.
LDL cholesterol, mmol/L.
Leukocytes, 109/,
Erythrocytes, 1012/L
Hemoglobin, g/I.
Discharge medication
ACFi/ARB, n (%)
Beta-blocker, n (7o)

Statin, 1 (%)

Furosemide, n (%)
Spironolactone, 7 (%)
Acetylsalicylic acid, n (%)
Clopidogrel, n (7o)
Prasugrel, n (7o)

Ticagrelor, n (%o)

Warfarin, n (%)

Apixaban, n (%)
Dabigatran, n (%)
Rivaroxaban, n (%)
Outcome

Death, n (%)
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EF <40
N =238

66.2 £ 12.6
177 (74.4)

106 (44.7)
65 (27.3)
101 (42.4)
35 (14.7)
68 (28.6)
15 (6.3)
11 (4.6)

19 (8.0)
202 (84.9)
63 (26.5)
114 (47.9)
233 (97.9)
196 (82.4)

17 (7.1)

44 (18.5)

14 (5.9)
135 (56.7)
186 (78.2)

1382 + 254

79.9 £ 159

85.2 %202

7.58 % 1.56

73.9 £ 232
283 £ 48

459 £133
9446
49%£13
1717
12£03
32+ 11
124+43
4706

141.9 £ 16.8

163 (72.4)
187 (83.1)
209 (92.9)
143 (63.6)
157 (69.8)
208 (92.4)
87 (38.7)
52.2)
119 (52.9)
24 (10.7)
4(1.8)
627
52.2)

39 (16.4)

EF 40-50
N =326

62.8 £122
249 (76.4)

145 (44.5)
84 (25.8)
168 (51.5)
46 (14.1)
75 (23.0)
22 (6.7)
15 (4.6)

14 (4.3)
252 (77.3)
51 (15.6)
59 (18.1)
323 (99.1)
277 (85.0)
35 (10.7)
46 (14.1)
7@
64 (19.6)
134 (41.1)
140.4 % 263
785 £ 141
76.8 + 168
747 £1.30
785 £ 221
28.6 £ 49
457 %139
84%39
49+12
1.6£10
12£03
3311
12.0 £ 40
4705
142.8 £ 16.7

258 (79.4)
279 (85.8)
314 (96.6)
56 (17.2)
45 (13.8)
306 (94.2)
83 (25.5)
5(1.5)
222 (68.3)
29 (8.9)
3(0.9)
6(1.8)
5(1.5)

18 (5.5)

04

105

EF > 50
N =501

634 %117
368 (73.5)

193 (38.6)
122 (24.4)
218 (43.5)
112 (22.4)
151 (30.1)
26 (5.2)
24 (4.8)

20 (4.0)
242 (48.5)
35 (7.0)
47 (9.4)
500 (99.8)
434 (86.6)
43 8.6)
40 8.0)
6(1.2)

53 (10.6)
142 (28.3)
147.5 £ 26.8
79.6 %125
73.9 £ 16.4
64+ 14
786 £ 213
28.9 %49
445 £124
7.8 %32
48+12
19£13
1.1£03
32%11
11.3 £ 207
46 %05
142.2 £ 14.6

377 (75.9)
384 (77.3)
485 (97.6)
30 (6.0)
16 (3.2)
481 (96.8)
132 (26.6)
16 (3.2)
335 (67.4)
17 (3.4)
3(0.6)
4(0.8)
8 (1.6)

32 (6.4)

10.3389/fcvm.2022.1051995

p for linear trend

0.012
0.654

0.074
0.380
0.801
0.003
0.371
0.457
0.905

0.032
0.0001
0.0001
0.0001

0.009

0.129

0.732
0.0001
0.0001
0.0001
0.0001
0.0001

0.958
0.0001
0.0001

0.014

0.135

0.145
0.0001

0.829

0.048

0.002

0.998

0.309

0.683

0.939

0.538
0.017
0.003
<0.001
<0.001
0.009
0.004
0.285
0.001
<0.001
0.147
0.049
0.614

0.0001

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1051995
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wohlfahrt et al.

10 ERETRRRTRTY
08
E log-rank p=0.012
E 0,6
3
(]
E o4
3
8]
0,2/ _rgFea0% at follow-up
~TVEF>40% at follow-up
- ,00-censored
0,0/ —+1.00-censored
0 6 12 18 24 30 36 42 48 54
Time (months)
FIGURE 2
The influence of EF improvement on mortality risk in patients
with EF <40% at hospital discharge.

TABLE 2 Multivariate logistic regression of factors associated with EF
< 40% at the time of hospitalization.

Variable OR (95% CI) p

Anterior MI 8.39 (5.57-12.65) 0.001
Admission heart rate 1.01 (1.00-10.2) 0.01
STEMI 2.57 (1.60-4.14) 0.001
Subacute MI 1.95 (1.20-3.20) 0.01
Pericarditis 3.13 (1.12-8.74) 0.029
Intravenous diuretics 3.64 (2.16-6.13) 0.001
Maximal troponin level 1.22 (1.07-1.40) 0.003
Killip class above I 2.00 (1.15-3.45) 0.013

There is a lack of historical data on left ventricular systolic
function after MI, because EF was not routinely measured in the
past. In the Euro Heart Survey analyzing MI management in the
year 2000 in 25 European countries, only 73% of STEMI and 61%
of non-STEMI patients had EF measured (17). Thus, reported
data may be a subject of a selection bias. This may bias direct
comparison of historical data coming from the thrombolysis era
with data observed in our study.

In the present study, 53% of patients at hospital discharge
had EF < 50%. This is very similar to the 46—-60% prevalence
observed in the thrombolysis era (18-20). Similarly, the 22%
prevalence of EF < 40% in our study is close to the 27—
36% range observed at the turn of the century (21-24). Thus,
despite significant improvements in MI management, systolic
dysfunction immediately after MI is still common, with a
prevalence similar to that observed in the thrombolysis era.
There are several explanations for this finding. First, recent
improvements in pre-hospital care led to a decrease in out of
hospital mortality (25, 26). Second, introduction of PCI has
decreased in-hospital mortality (27, 28). Thus, more patients
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TABLE 3 Cox regression of factors associated with mortality after
myocardial infarction.

Variable HR (95% CI) p
Age 1.047 (1.021-1.74) 0.001
CKD EPI 0.978 (0.968-0.989) 0.001
Current smoking 1.875 (1.153-3.048) 0.011
LV EF 0.004
EF < 40% vs. EF > 50% 1.841 (1.065-3.184) 0.029
EF 40-50% vs. EF > 50% 0.669 (0.357-1.251) 0.208
AF during hospitalization 1.688 (1.024-2.785) 0.040
Glycemia 1.063 (1.019-1.110) 0.005
Killip class >1 2.339 (1.402-3.900) 0.001
STEMI 0.510 (0.322-0.809) 0.004
TABLE 4 Multivariate logistic regression of factors associated with
systolic function improvement to EF to >40% during follow-up.
Variable OR (95% CI) P
Coronary atherosclerosis 0.983 (0.969-0.997) 0.017
severity (GENSINI
score)
Leukocyte count 0.827 (0.735-0.931) 0.002
AF during 0.359 (0.130-0.995) 0.049
hospitalization
Left ventricular ejection 1.212 (1.100-1.337) 0.001

fraction

that would previous die pre- or in-hospital are discharged with
systolic dysfunction. Third, the landscape of MI patients is
changing, (29) with risk factors as obesity and obesity-related
comorbidities increasing especially in young patients with MI
(30). Therefore, the higher burden of metabolic risk factors may
have influenced systolic dysfunction prevalence.

Among patients with EF < 40% at the hospital discharge,
we have observed full EF recovery in 23%. This is much lower
than the 42% EF recovery rate observed in a retrospective cohort
study of consecutive young patients aged <50 hospitalized for
their first MI (9). While we did not find any direct effect
of age on EF recovery in the present study, the different
burden of comorbidities affecting EF recovery in younger
subjects may explain this difference. On the other hand, the
observed 51% proportion of patients with systolic function
>

improvement to EF 40 in the present study is higher
than the 24% proportion observed at the turn of the century
(24). In other recent studies, the proportion of patients
with systolic function improvement varies around 50% (8,
31, 32). This suggests that implementation of evidence-based
therapy may have increased the proportion of patients with

EF recovery. Recent recommendation to use Sodium-glucose
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Cotransporter-2 (SGLT2) inhibitors and angiotensin receptor-
neprilysin inhibitor (ARNI) in patients with heart failure with
reduced ejection fraction may further increase the proportion
of patients with EF improvement after MI (11). However, the
PARADISE-MI study in patients with acute MI did not show
superiority of ARNI on cardiovascular mortality and incident
heart failure as compared to ramipril (33).

In the present study, we have identified several factors
that may influence the course of EF recovery. Increased
leukocytes count as a proxy of excess innate immunity activation
was associated with a lower likelihood of EF improvement
at follow-up. Lately, the importance of inflammation in
patients after MI has been increasingly recognized (34). Due
to excessive and prolonged inflammatory response to MI
leukocytes infiltrate viable border zone of the infarction, thereby
extending ischemic injury beyond the original MI zone (35).
Prolonged inflammation also triggers adverse left ventricular
remodeling. In the CANTOS study among patients after MI,
monoclonal antibody targeting 1L-1B significantly reduced
recurrent major adverse cardiovascular events (36). Similarly, a
low-dose colchicine, a potent anti-inflammatory drug affecting
inflammasome, has decreased risk of ischemic cardiovascular
events in patients after recent MI (37). Our results suggest
that targeting of the inflammatory resolution pathways may
influence EF recovery in patients with systolic dysfunction and
increased inflammatory response to M1

Another factor identified in the present study, that increased
mortality risk by 69% and decreased EF improvement odds by
64%, was the new onset of AF during the MI hospitalization.
On the other hand, pre-existing AF was not associated with
mortality risk or EF recovery. This is in line with a previous
study, in which mortality risk associated with a new onset
AF during MI was 87% higher as compared to pre-existing
AF (38). Several mechanisms such as atrial ischemia, volume
overload, inflammation, and pericarditis have been described
to trigger AF during MI (39). Thus new onset AF may be a
marker of risk factors, which are known to affect EF recovery
and increase heart failure risk. However direct hemodynamic
cffects of AF caused by the loss of atrial contraction, heart rate
irregularity and increased heart rate may negatively influence
EF recovery (40). Whether targeting patients with new onset AF
can decrease mortality risk and improve EF after MI needs to be
further evaluated.

In our sensitivity analysis, female gender was associated
with a higher increase in EF during follow-up. This is in line
with a meta-analysis of 18 studies, in which females had a
higher odds of EF recovery (41). The gender difference may
be explained by a higher level of signaling molecules with
anti-inflammatory effects and more reparative immune cells in
females (42).

Our study evaluating EF trajectories after MI is limited
by the echocardiographic method of EF measurement. A large

intra- and inter-individual variability in echocardiographic EF
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measurement has been reported (43). Despite this limitation,
our and other studies have shown the prognostic value of this
parameter. Because follow-up EF was available in 80% of eligible
patients, our results may be influenced by the selection bias. The
major strength of our study is the use of prospective registry
which collects data of all consecutive patients hospitalized for
MI at a high-volume center. This precludes several sources of
bias. Furthermore, all patient records were adjudicated by the
study physicians, which is more accurate that data derived from
billing codes.

In summary, systolic dysfunction after the first MI is still
common, with 1 in 5 patients having EF < 40%. Severity of
coronary atherosclerosis, inflaimmatory response to MI, and AF
may all affect EF recovery. These observations provide novel

therapeutic targets for EF recovery.
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Attenuation of Hypocretin/Orexin Signaling
Is Associated With Increased Mortality After
Myocardial Infarction

Peter Wohlfahrt’®, MD, PhD; Dominik Jen¢a (*, MD; Vojtéch Melenovsky =, MD, PhD; Petr Jarolim &, MD, PhD;
Dana Dlouha®, Mgr; Marek Sramko, MD, PhD; Martin Kotré @, MD; Michael Zelizko, MD; Jolana Mrazkova @,
Mgr; Jan Pitha®®, MD, PhD; Véra Adamkova ', MD, PhD; Josef Kautzner, MD, PhD

BACKGROUND: The hypocretin/orexin system has been shown to play a role in heart failure. Whether it also influences myocar-
dial infarction (MI) outcomes is unknown. We evaluated the effect of the rs7767652 minor allele T associated with decreased
transcription of the hypocretin/orexin receptor-2 and circulating orexin A concentrations on mortality risk after MI.

METHODS AND RESULTS: Data from a single-center, prospectively designed registry of consecutive patients hospitalized for
MI at a large tertiary cardiology center were analyzed. Patients without previous history of Ml or heart failure were included.
A random population sample was used to compare allele frequencies in the general population. Out of 1009 patients (aged
64112 years, 74.6% men) after Ml, 6.1% were homozygotes (TT) and 39.4% heterozygotes (CT) for minor allele. Allele frequen-
cies in the MI group did not differ from 1953 subjects from general population (x? P=0.62). At index hospitalization, Ml size
was the same, but ventricular fibrillation and the need for cardiopulmonary resuscitation were more prevalent in the TT allele
variant. Among patients with ejection fraction <40% at discharge, the TT variant was associated with a lower increase in left
ventricular ejection fraction during follow-up (P=0.03). During the 27-month follow-up, there was a statistically significant as-
sociation of the TT variant with increased mortality risk (hazard ratio [HR], 2.83; P=0.001). Higher circulating orexin A was
associated with a lower mortality risk (HR, 0.41; P<0.05).

CONCLUSIONS: Attenuation of hypocretin/orexin signaling is associated with increased mortality risk after MI. This effect may be
partially explained by the increased arrhythmic risk and the effect on the left ventricular systolic function recovery.

Key Words: hypocretin/orexin receptor-2 m hypocretin/orexin system m inflammation m mortality m myocardial infarction m outcomes m
recovery

Outside of the central nervous system, the impact
of the H/O system has been recently recognized
in patients with heart failure (HF). In an unbiased

H/O) system regulates sleep—wake cycles and me-

Ln the central nervous system, the hypocretin/orexin
bolism. The loss of orexin-producing neurons in the

hypothalamus causes narcolepsy with cataplexy (narco-
lepsy type 1)." On the other hand, orexin receptor antag-
onists have been used for insomnia treatment.? Other
studies suggested the role of the brain’s H/O system in
feeding behavior and propensity for weight gain, with
orexin signaling acting through a net increase in energy
expenditure.®

systems-biology search, Perez et al identified the
rs7767652 locus in the regulating domain of HCRTR-2
(hypocretin receptor-2) as the strongest predictor of
left ventricular ejection fraction (EF) improvement in
response to HF pharmacotherapy.* In the functional
validation study, the rs7767652 minor allele T was
associated with disruption of a transcription factor
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CLINICAL PERSPECTIVE
What Is New?

= In patients after myocardial infarction, attenua-
tion of hypocretin/orexin signaling is associated
with increased mortality risk.

What Are the Clinical Implications?

= Orexin receptor agonists may improve out-
comes after myocardial infarction, but further
research is needed.

Nonstandard Abbreviations and Acronyms

AMBITION Institute for Clinical and
Experimental Medicine Acute
Myocardial Infarction Registry
HCRTR-2 hypocretin orexin receptor-2
H/O hypocretin/orexin

4 binding site, leading to decreased transcription of
HCRTR-2. Impact of the H/O system on HF was fur-
ther confirmed in an animal model of HF, in which
orexin administration improved left ventricular EF. In
a human HF study, subjects with a higher circulat-
ing orexin A concentration (=1.04 ng/mL) had more
significant reduction in left ventricular end-diastolic
and end-systolic volume and a trend toward greater
improvement in left ventricular EF in response to HF
therapy.®

Myocardial infarction (Ml) is one of the most com-
mon causes of HF development and is associated
with increased mortality risk.® Until now, no study
has evaluated the effect of the H/O system on Ml
outcomes. The aim of the present prospective study
was to describe the effect of the H/O system on total
mortality among consecutive patients hospitalized
for their first Ml. To overcome typical biases associ-
ated with biochemical biomarker measurements that
may impact results validity, we have used a genetic
variant in the regulating domain of the HCRTR-2
gene, which is associated with attenuated HCRTR-2
signaling. Because of Mendelian inheritance laws,
genetic variants are randomly distributed in the pop-
ulation. Unlike biochemical variables, genetic vari-
ants are not confounded by environmental and other
factors. As a sensitivity analysis to further confirm
the impact of the H/O system on survival, we have
also measured circulating orexin A levels in a high-
risk subgroup of patients with systolic dysfunction
after Ml.

J Am Heart Assoc. 2023;12:€028987. DOI: 10.1 161/JAHA.122.028%8{1
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METHODS

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author, upon reason-
able request.

Population

This study used data from the prospective AMBITION
(Institute for Clinical and Experimental Medicine Acute
Myocardial Infarction Registry) registry,” which has
been collecting clinical data and biospecimens from
all consecutive patients hospitalized for acute coro-
nary syndrome at a tertiary heart center since June
2017. The methods of this study were previously de-
scribed.® During the hospital stay, all patients under-
went detailed interviews, and additional information
was obtained through manual chart abstraction and
laboratory studies.

For this analysis, data from individuals without a
previous history of HF and coronary artery disease
hospitalized for type 1 Ml (caused by atherosclerotic
plaque rupture and thrombosis)® between June 2017
and November 2021 were used. The institutional re-
view board of the Institute for Clinical and Experimental
Medicine approved the study, and all participants
signed informed consent. The investigation conformed
to the principles outlined in the Declaration of Helsinki.

To identify the impact of rs7767652 on Ml risk, we
compared allele frequencies in the general population
and patients after MI. As a control group, we used data
from the Czech post-MONICA (Monitoring of Trends
and Determinants in Cardiovascular Disease) study,
which examined a 1% random population sample in 9
districts of the Czech Republic. Methods of the Czech
post-MONICA study were previously reported.'®

Definition of Comorbidities

History of diabetes was defined by oral antidiabetic
drugs or insulin use at the time of hospital admission
or by glycated hemoglobin 248 mmol/mol at the time
of hospitalization. Arterial hypertension was defined
as self-reported use of antihypertensive drugs at ad-
mission. Self-reported history of smoking was used.
A person was considered a current smoker if smoking
at least 1 cigarette per day during the past 12 months.
Positive family history of cardiovascular disease was
defined by MI or stroke in first-degree relatives be-
fore age 55 years in men and before age 60 years in
women, respectively.

rs7767652 Genotyping

DNA was isolated from peripheral blood. The
rs7767652 locus in the regulating domain of
HCRTR-2 was analyzed using the TagMan SNP assay
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No.C_ 29161754 20. Genotyping was performed ac-
cording to the manufacturer’s protocol on an ABI 7300
real-time polymerase chain reaction instrument.

Orexin A Concentration Measurement

In 245 patients with systolic dysfunction and EF <40%
at hospital discharge, we measured the concentra-
tion of orexin A in blood samples drawn on the first
day after hospital admission using the ELISA method
(Phoenix Pharmaceuticals, Burlingame, CA).

Outcomes

The primary outcome of this study was all-cause mor-
tality. Mortality data were provided by the Institute of
Health Information and Statistics, which keeps a re-
cord of all deceased individuals by law.

Statistical Analysis

Data are presented as meantSD, median (interquartile
range [IQR]), or frequency (percent). ANOVA, Kruskal-
Wallis, or x? tests were used to compare differences
across the 3 allele variants, as appropriate. A log-rank
test was used to compare survival by allele variants.
A Cox proportional hazard model was used to as-
sess factors influencing survival after MI. The propor-
tional hazard assumption was checked and fulfilled.
Follow-up was defined as the time from hospital dis-
charge to death ascertained to January 1, 2022, with-
out censoring for any additional events.

Statistical analyses were performed using SPSS
version 25.0 (IBM, Armonk, NY), Stata version 17
(StataCorp, College Station, TX), or R software version
3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria). Statistical significance was set at P<0.05. The
same threshold was used for variables to enter the
multivariable analyses.

RESULTS

Of the 1593 patients in the AMBITION registry, 1347
had type 1 MI. Of these, 268 had a previous history of
coronary artery disease, and another 14 had chronic
heart failure and were therefore excluded. Of the 1065
eligible patients, rs7767652 allele variants were avail-
able in 1009 patients. The study flowchart is shown in
Figure 1. The main study findings are summarized in
Figure 2.

rs7767652 Allele Variants in M| and the
General Population

In 1009 patients from the MI population, 6.1% patients
were homozygotes (TT) and 39.4% heterozygotes
(CT) for the hypofunctional rs7767652 minor T allele.
Similarly, in 1953 subjects from the general population
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Hypocretin/Orexin System and Mortality After Mi

of the Czech post-MONICA study, 6.6% were homozy-
gotes and 37.8% were heterozygotes for the rs7767652
minor allele. Allele frequencies in the Ml and general
population were not statistically different (x? P=0.62),
suggesting that rs7767652 does no increase M risk.

Traditional Risk Factors and MI
Complications by rs7767652 Allele
Variants

Demographic characteristics by allele variants are
shown in Table 1. There were no statistically significant
differences in traditional risk factors such as diabetes,
body mass index, glycemia or low-density lipoprotein
cholesterol by the rs7767652 allele variants. Similarly,
there was no statistically significant difference in Ml size
as assessed by maximal troponin level or discharge
EF. However, subjects with the TT variant more often
experienced ventricular fibrillation (12.9% versus 4.8%,
P=0.01) and more often required cardiopulmonary re-
suscitation (16.1% versus 7.0%, P=0.02), as compared
with the CT and CC variants combined. Among the 243
patients with EF <40% at hospital discharge and avail-
able follow-up EF measured on a median of 128 days
(IQR, 98-395 days) after the baseline EF measure-
ment, minor allele homozygotes had a lower increase
in EF during the follow-up (2.5+11.0% versus 8.419.4%,
P=0.04, for TT versus CT and CC combined).

rs7767652 Allele Variants and Total
Mortality

During the median follow-up of 27 months (IQR, 13-
41 months), the total mortality rate was 8.4% (n=83).
Homozygotes for the rs7767652 minor and hypofunc-
tional allele had a higher mortality risk as compared
with heterozygotes (P=0.001) and homozygotes for the
major allele (P=0.001), with no statistically significant
difference between heterozygotes and major allele
homozygotes (P=0.836) (Figure 3). After multivariable
adjustment, minor allele homozygotes remained at
increased mortality risk (hazard ratio, 2.83 [95% ClI,
1.55-5.19]) (Table 2).

Orexin A Concentration and Mortality

To further confirm the effect of the H/O system on mor-
tality after MIl, we measured orexin A levels in 245 pa-
tients with systolic dysfunction and EF <40% at hospital
discharge. At baseline, patients with the rs7767652 TT
allele variant had no statistically significant difference
in orexin A concentrations from those with the CT
(0.76£0.26 versus 0.80+0.28 ng/mL, P=0.82) and CC
(0.76£0.26 versus 0.84£0.29 ng/mL, P=0.48) variants,
respectively. In the analysis adjusted for age, mortality
risk was lowest in subjects with orexin concentration
21.0ng/mL (Figure 4). After multivariable adjustment,
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N=1,593
Patients in the AMBITION registry
N=246
Other that type 1 Ml
N=1,347
Type 1 myocardial infarction
N=268
Previous history of CAD
N=14
Previous history of heart failure
N=56
Not genotyped for rs7767652
N=1,009
Patients used for this analysis
N=243 N=245
EF<40% at discharge EF<40% at discharge &
& blood Orexin A
available follow-up EF concentration
Figure 1. Study flowchart.

AMBITION indicates Institute for Clinical and Experimental Medicine Acute Myocardial Infarction Registry;
CAD, coronary artery disease; EF, ejection fraction; and MI, myocardial infarction.

the mortality risk among patients with orexin A con-
centration 21.0 ng/mL was 59% lower than in patients
with orexin <1.0ng/mL (Table 3).

DISCUSSION

This is the first study to describe the influence of the
H/O system on the prognosis of patients after the first
MI. We have shown that the rs7767652 minor allele,
which is associated with attenuated H/O signaling,
does not increase Ml risk and is not associated with
traditional risk factors. Although MI size was similar,
the long-term outcome differed by rs7767652 allele

J Am Heart Assoc. 2023;12:€028987. DOI: 10.1161/JAHA.1 22.028%8{3

variants. Minor allele homozygous, which confers with
lower HCRTR-2 transcription,* and subjects with lower
circulating orexin A level were at increased total mortal-
ity risk. This effect of the H/O system on mortality may
be partially explained by the increased arrhythmic risk
and the impact on the left ventricular systolic function
recovery.

The H/O system was first described almost 25 years
ago by 2 independent groups searching for a possible
treatment for obesity. De Lecea et al named discov-
ered proteins hypocretins because of their location in
the hypothalamus and amino acid similarities with a
gut hormone secretin.!'! Sakurai et al named peptides
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Figure 2. Main study findings.
EF indicates ejection fraction; and MI, myocardial infarction.

orexins after the Greek word for appetite, because
their application induced feeding in rats.'? It was dis-
covered that the proteins identified by these groups
were identical.

In the following years, the research on the central ner-
vous system described involvement of the H/O system
in maintaining wakefulness, food intake, energy homeo-
stasis, reward-seeking, stress, motivation, and drug ad-
dictions." Outside the central nervous system, the H/O
system may influence the risk of digestive tract cancer,
inflammatory bowel syndrome, and glucose metabo-
lism."In humans, orexin deficiency is associated with
glucose intolerance and insulin resistance.® In rodents,
orexin overexpression protects from diet-induced obesity
and improves glucose control.'” This is related to orexin-
induced increase in GLUT4 (glucose transporter type 4)
expression in the liver and increased insulin secretion.'®1°

J Am Heart Assoc. 2023;12:€028987. DOI: 10.1 161/JAHA.122.028%8f4

The involvement of the H/O system in heart disease
has been recognized only recently among patients
with HF 4520 We added to this evidence by showing
for the first time that the H/O system also influences
prognosis after MI.

Several possible mechanisms may mediate the
influence of the H/O system on mortality after MI.
First, this effect may be caused by long-term expo-
sure to classical risk factors. Association of the H/O
system with metabolic syndrome and insulin sensi-
tivity was described in previous studies,®'® both of
which influence outcomes after MI.2' However, we
did not find any difference in diabetes, glucose, or
body mass index by the rs7767652 allele variants in
the present study. Although the H/O system influ-
ences drug addiction, including smoking,'* there was
no difference in the proportion of smokers by allele
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Table 1. Demographic Characteristics by rs7767652 Allele Variants (N=1009)

Variable CC, N=549 CT, N=398 TT, N=62 P for linear trend
Age, y 63.6+12.6 63.5+11.7 66.5£12.0 0.078
Male sex 414 (75.4) 294 (73.9) 46 (74.2) 0.843
Risk factors
Arterial hypertension, n (%) 309 (56.4) 236 (59.4) 44 (66.1) 0.268
Diabetes, n (%) 131(23.9) 106 (26.6) 18 (29.0) 0.491
Current smoking, n (%) 248 (45.2) 186 (46.7) 27 (43.5) 0.799
Statin use before admission, 91 (16.6) 72 (18.1) 14 (22.6) 0.242
n (%)
Family history of CVD, n (%) 145 (26.4) 117 (29.4) 13(21.0) 0.348
AF history, n (%) 24 (4.4) 20 (5.0) 4 (6.5) 0.470
Index event
Cardiopulmonary resuscitation, 34 (6.2) 32 (8.0) 10 (16.1) 0.005
n (%)
Ventricular fibrillation, n (%) 23 (4.2) 22 (5.5) 8(12.9) 0.004
In-hospital AF, n (%) 65 (11.8) 52 (13.1) 7(11.3) 0.890
STEMI, n (%) 361 (65.8) 262 (65.8) 38 (61.3) 0.481
Subacute MI, n (%) 78 (14.2) 54 (13.6) 10 (16.1) 0.674
Killip class >1, n (%) 108 (19.7) 78 (19.6) 14 (22.6) 0.584
Selective coronarography, n (%) 546 (99.5) 393 (98.7) 61 (98.4) 0.410
PCI, n (%) 460 (83.8) 346 (86.9) 53 (85.5) 0.744
CABG, n (%) 54 (9.8) 31(7.8) 5(8.1) 0.659
Pericarditis, n (%) 11(2.0) 9(2.3) 5(8.1) 0.004
Intravenous diuretics, n (%) 130 (23.7) 91 (22.9) 15 (24.2) 0.922
Anterior MI, n (%) 241 (43.4) 173 (43.5) 26 (41.9) 0.769
Admission systolic BP, mmHg 143.6+26.2 142.4+26.6 142.2+29.8 0.697
Admission diastolic BP, mmHg 80.0+14.0 78.6+13.5 77.6+14.6 0.193
Admission heart rate, min™' 77.9£19.2 76.9£17.0 77.4£16.2 0.851
Maximum troponin natural log, 7.00+1.53 7.01£1.54 6.76+1.38 0.242
ng/L
Discharge EF, % 44.9£10.1 45.3+10.3 46.1£10.9 0.382
CKD EPI, mL/min per 1.73m? 77.6122.2 77.9+22.7 75.8+19.9 0.528
BMI, kg/m? 28.614.7 28.9+5.1 28.3t5.7 0.564
HbA1c, mmol/L per mol 44.5+11.6 45.8+14.5 44.9+11.8 0.852
Fasting glycemia, mmol/L 8.3+3.8 8.4+3.8 8.1£3.2 0.743
Total cholesterol, mmol/L 4.86+1.15 4.89+1.34 4.63+1.08 0.153
Triglycerides, mmol/L 1.7£1.0 1.8+1.4 1.9+1.3 0.031
HDL cholesterol, mmol/L 1.144£0.34 1.12+0.31 1.06+0.27 0.047
LDL cholesterol, mmol/L 3.25+1.11 3.21+1.11 2.99+0.97 0.075
Leukocytes, 10°/L 11.37+3.97 11.37+4.04 10.73+3.64 0.234
Hemoglobin, g/iL 142.7+15.6 141.4+16.1 142.0+15.9 0.759
Discharge medication
ACEI/ARB, n (%) 397 (73.7) 309 (78.2) 49 (81.7) 0.177
{B-Blocker, n (%) 436 (80.9) 327 (82.8) 49 (81.7) 0.894
Furosemide, n (%) 106 (22.3) 67 (19.3) 13(23.6) 0.792
Spironolactone, n (%) 100 (21.0) 67 (19.3) 13(23.6) 0.634
Statin, n (%) 520 (96.5) 377 (95.4) 58 (96.7) 0.929

Echocardiography follow-up*
EF change, % 9.048.7 8.0+9.2 2.5¢11.0 0.019

(Continued)
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Table 1. Continued
Variable CC, N=549 CT, N=398 TT, N=62 P for linear trend
End-diastolic diameter change, 2.2+56 2.615.6 4.8+9.4 0.146
mm
Outcome
30-d mortality 14 (2.6) 9(2.3) 3(4.8) 0.276
Death, n (%) 43 (7.8) 30 (7.5) 13(21.0) <0.001

ACEIi/ARB indicates angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; AF, atrial fibrillation; BMI, body mass index; BP, blood pressure;
CABG, coronary bypass grafting; CKD EPI, Chronic Kidney Disease Epidemiology Collaboration; CVD, cardiovascular disease; EF, ejection fraction; HbA1c,
glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; PCI, percutaneous coronary intervention; and

STEMI, ST-segment—elevation myocardial infarction.

*Analyzed in 243 patients with discharge EF <40% and available follow-up echocardiography.

variants. Second, infarct size, assessed by EF, tropo-
nin release, or medication use, was not affected by
the rs7767652 polymorphism, indicating that infarct
size per se does not explain the difference in survival.
Third, the orexin system effected arrhythmia risk. We
found a higher prevalence of ventricular fibrillation in
rs7767652 minor allele homozygotes. Minor allele ho-
mozygotes had also higher triglyceride levels at the
time of MI, which may reflect increased lipolysis in
subcutaneous and epicardial adipose with release of
nonesterified fatty acids and adipokines that promote
arrhythmogenesis.?? Fourth, on the effect on inflam-
mation, we found that pericarditis was more prevalent
in minor allele homozygotes despite a similar Ml size,

suggesting a higher inflammatory response to MI. This
may be explained by an immunomodulatory effect of
the orexin system.?® Several recent studies have de-
scribed the effect of the inflammatory response on
outcomes after MI.?* Fifth, we found that the H/O
system affects EF recovery after MI, which is asso-
ciated with improved survival.?® Previously, variation
in rs7767652 identified superresponders to pharma-
cotherapy, who had improved EF because of reverse
remodeling.* In the present study among patients
with EF <40% at hospital discharge, rs7767652 minor
allele homozygotes had a lower increase in EF during
follow-up. This is also supported by the fact that 30-
day mortality did not differ by allele variants, whereas

Kaplan—Meier survival estimates for rs7767652 allele variants
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Figure 3.

Kaplan-Meier survival estimates for rs7767652 allele variants.

Patients with the rs7767652 TT allele combination (red line) are at higher mortality risk as compared with
those with the CC (blue line) and CT (green line) allele combination (both log-rank P<0.001).
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Table 2. Factors Associated With Mortality Risk After
Myocardial Infarction (N=1009)

Variable HR (95% CI) P value
Age 1.052 (1.027-1.78) <0.001
CKD EPI 0.973 (0.962-0.984) <0.001
Smoking 1.741 (1.080-2.807) 0.023
Left ventricular EF 0.016
EF <40% vs EF >50% 1.628 (0.977-2.714) 0.061
EF 40%-50% vs EF >50% 0.699 (0.378-1.294) 0.254
Glycemia 1.061 (1.016-1.108) 0.008
Killip class >I 2.551 (1.562—4.166) <0.001
rs7767652 minor allele 2.833 (1.545-5.194) 0.001
homozygote

CKD EPI indicates Chronic Kidney Disease Epidemiology Collaboration;
EF, ejection fraction; and HR, hazard ratio.

there was a difference in long-term mortality. The va-
riety of mechanistic links connecting orexin signaling
with increased mortality risk in our study may seem
tricky at first. However, a multitude of downstream
orexin signaling that involves SGK-1 (serum and
glucocorticoid-regulated kinase-1)%; HIF-1 (hypoxia-
inducible factor-1)%; phospholipase A2, C, and D;
diacylglycerol lipase; Ca2+; and adenylyl cyclase cas-
cades?®may explain this variety of orexin signaling ef-
fects. In a recent study by Patel et al, orexin B but not
orexin A had a direct cardioprotective effect in human
heart samples that was mediated by the ERK1/2
(extracellular signal-regulated kinase 1 and 2) phos-
phorylation.?° ERK1/2 phosphorylation is involved in
the activation of contractile responses through direct

Hypocretin/Orexin System and Mortality After Mi

Table 3. Factors Associated With Mortality Risk in
Patients With Systolic Dysfunction at Hospital Discharge
(n=245)

Variable HR (95% Cl) P value
Age 1.029 (1.003-1.055) 0.030
CKD EPI 0.274 (0.140-0.535) <0.001
Admission heart rate 1.012 (1.003-1.024) 0.013
Killip class >I 2.862 (1.710-4.792) <0.001
Orexin 21.0ng/mL 0.413 (0.186-0.914) 0.029

CKD EPI indicates Chronic Kidney Disease Epidemiology Collaboration;
and HR, hazard ratio.

phosphorylation of the Ca2+/calmodulin-dependent
MLC (myosin light chain) kinase.?”

Our findings have several clinical implications.
Orexin receptor antagonists are widely used for in-
somnia treatment and in patients with Ml. Whether
their use may influence outcomes after Ml needs to be
examined. In addition, targeting the H/O system and
increasing its activity by oral receptor antagonists, cur-
rently developed for treatment of narcolepsy, may be
a novel therapeutic pathway to decrease the mortality
risk and improve myocardial recovery after MI.

Study Limitations

Although this is an observational study, the use of a
genetic instrumental variable with natural randomiza-
tion of individuals under the Mendel law of segrega-
tion and independent assortment excludes the effect
of confounding factors on our results. Although our

22 -
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Hazard Ratio

1.0

04 06

T T T T
08 1.0 12 14

Orexin (ng/mi)

Figure 4. Circulating orexin A concentrations

and mortality risk after myocardial infarction.

The relationship between circulating orexin A concentration assessed at the time of myocardial infarction

and total mortality hazard ratio. Data are adjusted
and the light blue area is the 95% CI.

for age. The gray area represents orexin A histogram,
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study is relatively small by genetic standards and uses
only a single nucleotide polymorphism, the effect of
this polymorphism on survival is substantial, thus re-
quiring a lower sample size. As a sensitivity analysis,
we have confirmed the impact of the H/O system on
survival using circulating orexin A concentrations. Our
results are consistent with those observed in patients
with HF.

CONCLUSIONS

The present study shows for the first time the effect
of the attenuation of H/O signaling on increased mor-
tality risk after myocardial infarction. Several mecha-
nisms may mediate this association, of which the
effect on left ventricular systolic function recovery and
ventricular fibrillation risk seems promising. Future
studies will have to address potential relevance of the
H/O axis pharmacomodulation on post-MI remodeling
and survival.
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