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1. Wprowadzenie

Niniejsza rozprawa doktorska pt.: ,, Wewngtrzszpitalny przebieg chorob
Sercowo-naczyniowych u pacjentow ze wspolistniejgcym zakazeniem SARS-CoV-2”
powstala w oparciu o monotematyczny cykl czterech artykuldéw opublikowanych
w czasopismach naukowych, sposrod ktorych 3 sa czasopismami migdzynarodowymi,

recenzowanymi i indeksowanymi w bazie PubMed.



2. Wykaz i punktacja publikacji wchodzacych w sklad rozprawy

1.

Wojcik M, Gasior A, Karpiak J, Chlebus M, Romanek J, Rak M, Kolowca M,
Widenka K, Przybylski A. Treatment outcomes of COVID-19 infected patients
in bi-disciplinary cardiological and cardiac surgery ward. Kardiol Pol (Polish
Heart Journal). 2021.

Wojcik M, Karpiak J, Zargba L, Przybylski A. High in-hospital mortality
and prevalence of cardiogenic shock in patients with ST-segment elevation
myocardial infarction and concomitant COVID-19. Advances in Interventional
Cardiology /  Postgpy w Kardiologii Interwencyjne;. 2023.
doi:10.5114/aic.2023.124212.

Wojcik M, Karpiak J, Zargba L, Przybylski A. The GRACE risk score in patients
with ST-segment elevation myocardial infarction and concomitant COVID-19.
Arch Med Sci — Atheroscler Dis. 2022 Aug 10;7(1):116-23.

Wojcik M, Wilczynska A, Chlebus M, Przybylski A. Electrotherapy
and electrophysiology problems of COVID-19 infected patients in bi-disciplinary
cardiological and cardiac surgery ward. W Dobrym Rytmie. 2022;4(61):14-8.

Nr publikacji IF MEIN
1 3,71 100
2 1,06 40
3 - 5
4 - 20
L.acznie 4,77 165
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4. Wykaz skrétow

ACEI

ARB

AUC

Cl
COVID-19

GRACE

hsCRP
hs-Tnl
LVEF

NT-pro-BNP

PCR
PCT
SD

STEMI

TIMI

WBC

angiotensin-converting  enzyme inhibitor  (inhibitor  konwertazy

angiotensyny);

angiotensin Il receptor blocker (antagonista receptora angiotensyny I1);
area under the curve (pole pod krzywa);

confidence interval (przedziat ufnosci);

coronavirus disease (choroba koronawirusowa);

The Global Registry of Acute Coronary Events (Globalny Rejestr Ostrych

Zespotow Wiencowych);

high-sensitivity C-reactive protein (wysokoczute biatko C-reaktywne);
high sensitivity troponin | (wysokoczuta troponina I);

left ventricular ejection fraction (frakcja wyrzutowa lewej komory);

N-Terminal prohormone of Brain Natriuretic Peptide (N-koncowy

propeptyd natriuretyczny typu B);

polymerase chain reaction (reakcja tancuchowej polimerazy)
procalcitonin (prokalcytonina);

standard deviation (odchylenie standardowe);

ST-segment elevation myocardial infarction (zawat mig$nia sercowego

z uniesieniem odcinka ST);
Thrombolysis In Myocardial Infarction

white blood cell (biate krwinki);



5. Wistep

Pod koniec 2019 roku w Chinach pojawit si¢ nowy patogen pod postacig wirusa
SARS-CoV-2, ktérego rozprzestrzenianie si¢ doprowadzito do powstania $wiatowej
pandemii poczawszy od 2020 roku i gwaltownych zmian w organizacji opieki
zdrowotnej™. Bardzo szybko okazalo sig, ze choroba koronawirusowa (COVID-19) ma
zwigzek z powiklaniami sercowo-naczyniowymi, ktore stanowig najczestsza przyczyne
hospitalizacji i zgonéw w Polsce i na $wiecie>*. Ewoluujace koncepcje patogennosci
wirusa prowadzily przez atypowe zapalenie pluc, uszkodzenie s$rodblonka, az do
mikroangiopatii powodujacej uszkodzenie wielonarzadowe 1 rdéznorodny obraz
kliniczny®®l. Pojawilo si¢ rowniez kilka hipotez dotyczacych przyczyn uszkodzenia
migénia sercowego towarzyszacego tej jednostce chorobowejl’l. Dotycza one
m.in. niedotlenienia, burzy cytokinowej, powiktan farmakoterapii, zaburzen
elektrolitowych, zapalenia migs$nia sercowego, kardiomiopatii takotsubo czy tez
niedokrwienia mig$nia sercowego spowodowanego peknieciem blaszki miazdzycowej
lub wzmozonej trombogennoscil®). Nowy, nieznany dotychczas patogen i zarysowujacy
si¢ jego zwigzek z chorobami sercowo-naczyniowymi oraz funkcjonowanie ochrony
zdrowia w skrajnie odmiennych niz dotychczas warunkach doprowadzity do powstania

koncepciji tej rozprawy doktorskiej.



6. Zalozenie i cele pracy

Celem niniejszej rozprawy doktorskiej byla prezentacja charakterystyki
klinicznej pacjentow z chorobami sercowo-naczyniowymi i wspolistniejgcym
zakazeniem SARS-CoV-2, ktorzy wymagali hospitalizacji w trakcie trwania pandemii
w oddziale o profilu kardiologicznym oraz poszukiwanie czynnikow ryzyka ztego
rokowania w tej grupie chorych. Ocenie poddane zostaly dane demograficzne,
przyczyny hospitalizacji, czynniki ryzyka chorob sercowo-naczyniowych, choroby
wspotistniejgce, wyniki badan laboratoryjnych, frakcja wyrzutowa lewej komory, obraz
angiograficzny naczyn wiencowych, farmakoterapia i przeprowadzona zostata
szczegdtowa analiza zabiegow z zakresu kardiologii inwazyjnej, elektrofizjologii
1 elektroterapii. Glownym punktem koncowym byla $Smiertelnos¢ wewnatrzszpitalna
(z dowolnej przyczyny) z uwzglednieniem skali ryzyka GRACE dla ostrych zespotow
wiencowych. Dodatkowe punkty koncowe obejmowaly obecno$¢ wstrzasu
kardiogennego i konieczno$¢ zastosowania wentylacji mechanicznej. Porownano grupy
pacjentow, ktoérzy nie przezyli, z ozdrowiencami. Grupg kontrolng w przypadku
chorych z zawatem mig$nia sercowego z uniesieniem odcinka ST byla grupa pacjentow
hospitalizowanych w tym samym czasie (a wigc z podobnym dostepem do opieki

medycznej w czasach pandemii) bez wspotistniejgcego zakazenia SARS-CoV-2.



7. Material i metody badawcze

23 pazdziernika 2020 roku z uwagi rosnaca liczbe zakazen SARS-CoV-2
w  Klinicznym  Szpitalu Wojewddzkim Nr 2 w Rzeszowie utworzono
dwuspecjalistyczny  oddziat o  profilu kardiologiczno-  kardiochirurgicznym
dla pacjentow ze wspoélistniejacym zakazeniem wirusowym. Oddzial ten funkcjonowat
do 23 kwietnia 2021 roku, czyli dokfadnie przez 6 miesigcy. W tym samym czasie
dziatat réwniez oddziat dla chorych nie wymagajacych izolacji. Jednocze$nie
rozpoczgto  prospektywne gromadzenie zanonimizowanych danych klinicznych
wszystkich kolejno przyjmowanych pacjentéw. Nie stosowano kryteriow wylaczenia
z badania. Przyczyng hospitalizacji bylo nagle zachorowanie lub  zaostrzenie
przewlektych choréb sercowo-naczyniowych. Wszyscy chorzy przy przyjeciu mieli
wykonany test w kierunku zakazenia SARS-CoV-2 metodga Real Time PCR

1w zaleznosci od jego wyniku poddawani zostawali stosownej izolacji lub nie.

Czynniki  ryzyka sercowo-naczyniowego 1 choroby  wspolistniejace
zdefiniowano zgodnie z wytycznymi Europejskiego Towarzystwa Kardiologicznego
1 rozpoznano w oparciu o anamneze¢, wczesniejszg diagnostyke i1 stosowang terapig.
Podczas przyjecia do szpitala pobrano probki krwi zylnej 1 wykonano
elektrokardiogram przezklatkowy. Frakcja wyrzutowa lewej komory (LVEF) zostata
zmierzona za pomocg metody dwuplaszczyznowej Simpsona w trakcie echokardiografii
przezklatkowej wykonanej aparatem Philips Affiniti CVx (Philips Healthcare,
Amsterdam, Holandia). Koronarografie wykonano z wykorzystaniem aparatu Philips
Azurion (Philips Healthcare, Amsterdam, Holandia). Przeplyw w naczyniach
wiencowych oceniano za pomoca skali TIMI zaréwno w trakcie koronarografii, jak i po
wykonaniu angioplastyki wiencowej. Ryzyko zgonu wewnatrzszpitalnego u chorych

z ostrym zespolem wieicowym oceniano za pomoca skali ryzyka GRACE [,

Analiza statystyczna zostala przeprowadzona z wykorzystaniem PQStat v.1.8.2
Software (Poznan, Polska). Jako istotng statystycznie przyjeto wartos¢ dwustronnego
p<0.05 1 95% przedzialu ufnosci. Szczegdlowy opis technik statystycznych zostat
opisany w artykulach stanowiacych prace doktorska.
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8. Wyniki

W trakcie 6 miesigcznej dziatalnosci oddziatu izolacji wymagato 227 pacjentow.
Smiertelno$é wewnatrzszpitalna w tej grupie wyniosla 21% (48 z 227 pacjentow).
Najczestszg przyczyna hospitalizacji byly ostre zespoty wiencowe (28%), a choroba
towarzyszacg nadci$nienie tetnicze (70%). Zmarli Pacjenci mieli wyzszy poziom
troponiny | oznaczonej metoda wysokoczulg (hsTnl), N-koncowego propeptydu
natriuretycznego typu B (NT-pro-BNP), liczbe biatych krwinek (WBC), kreatyniny,
biatka C-reaktywnego (hsCRP) i prokalcytoniny (PCT). B-blokery i inhibitory
konwertazy angiotensyny (ACEI) byly rzadziej stosowane w tej grupie chorych
w przeciwienstwie do antybiotykow. Konieczno$¢ zastosowania tlenoterapii byla
niezbedna w 64% przypadkoéw. 9% 0s0b wymagalo wentylacji mechanicznej, a 11%
wysokoprzeptywowej tlenoterapii donosowej. Wiek >65 lat (OR, 2.33; 95% CI, 1.09-
497, p=0.029) i LVEF < 50% (OR, 3.94; 95% CI, 1.9-8.18; p<0.001) byly
niezaleznymi predyktorami $miertelnosci wewnatrzszpitalnej podczas gdy stosowanie
ACEIs/ARBs (OR, 0.32; 95% Cl, 0.16-0.62; P<0.001) lub B-blokeréw (OR, 0.34; 95%
Cl, 0.17-0.68; p=0.002) bylo zwigzane z nizszym ryzykiem zgonu i wentylacji
mechanicznej (OR, 0.16; 95% CI, 0.05-0.5; p=0.002 i OR, 0.31; 95% CI, 0.12-0.79;
p=0.014, odpowiednio). Najczgséciej wykonywang procedurg byta koronarografia (37%
chorych).

25 chorych miato rozpoznany zawal mig$nia sercowego z uniesieniem odcinka
ST (STEMI) i wspotistniejgcym zakazeniem SARS-CoV-2. U wszystkich wykonano
koronarografig. Smiertelno$é wewnatrzszpitalna w tej grupie chorych wyniosta az 48%.
Zmarli pacjenci w mieli wyzszy poziom CRP, D-Dimeréw, obnizong LVEEF,
a w wykonanej koronarografii rzadziej obserwowano przeplyw na poziomie TIMI 3 po
interwencji wiencowej. Wsrod zgondéw obserwowano wyzszy wynik w skali ryzyka
GRACE ($rednia = odchylenie standardowe; 210 + 35 vs. 169 + 42, p=0.014). Analiza
za pomocg krzywej ROC okreslita optymalny poziom odcigcia na poziomie 176
punktow (pole pod krzywa 0,788) z czuloscia 92% i swoistoscia na poziomie 69%.

Pacjenci z zawalem mig$nia sercowego =z uniesieniem odcinka ST
1 wspolistniejagcym zakazeniem SARS-CoV-2 w poréwnaniu do chorych bez zakazenia
1 hospitalizowanych w tym samym czasie, a wigc z podobnym dostepem do zasobow

opieki zdrowotnej charakteryzowali si¢ znacznie wigksza Smiertelnos$cig (48% vs. 10%,
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p<0.0001). Nie wynikata ona z r6znicy czaséw od wystapienia objawow do reperfuzji
(mediana (Q1-Q3); 165 (130-202) vs. (170 (123-210), p=0.86) i od przyjecia do szpitala
do napetnienia balonu (25 min. (21-35) vs. 29 min. (21-59), p=0.26). Pacjenci COVID-
19 (+) mieli wyzszy wynik w skali ryzyka GRACE (mediana (Q1-Q3); 180 (154-226)
vs. 155 (132-181); p<0.0001). Wstrzgs kardiogenny byt bardziej powszechny w tej
grupie chorych (32% vs. 13%, p=0.035). Charakteryzowat ich wyzszy poziom CRP
i D-Dimer6éw oraz obnizona LVEF. Po interwencji wiencowej rzadziej obserwowano

przeptyw na poziomie TIMI 3 w tetnicach nasierdziowych w tej grupie chorych.

Jesli chodzi o zaburzenia rytmu serca to najczesciej obserwowane byty
migotanie lub trzepotanie przedsionkow (34%), czestoskurcze komorowe (21%) i blok
przedsionkowo-komorowy (co najmniej Il stopnia) (13%). Ponad potowa pacjentow
w tej grupie chorych wymagala tlenoterapii (53%), a $miertelno$¢ wewnatrzszpitalna

wyniosta 18%.
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9. WhnioskKi

Wspolistnienie zakazenia SARS-CoV-2 i choroby sercowo-naczyniowej
u chorych nieszczepionych wigzato si¢ z bardzo wysoka $miertelnoscia, ktora dotyczyta
glownie pacjentow >65 roku zycia. W przypadku chorych z zawalem mig$nia

sercowego z uniesieniem odcinka ST $§miertelno$¢ wewnatrzszpitalna wynosita az 48%.

Nieprawidtowosci w wynikach badan laboratoryjnych pobranych przy przyjeciu,
obnizona frakcja wyrzutowa lewej komory oceniana w echokardiografii przezklatkowej
I pozabiegowy przepltyw w naczyniach wiencowych w klasie nizszej niz TIMI 3

pozwalaja zidentyfikowac grupe Pacjentow z gorszym rokowaniem.

Skala ryzyka GRACE jest dobrym  predyktorem $miertelnosci
wewnatrzszpitalnej w grupie chorych z zawalem miegénia sercowego z uniesieniem

odcinka ST i1 wspotistniejagcym zakazeniem SARS-CoV-2.

Wyzszy poziom D-dimerdw i uposledzony przeptyw w naczyniach wiencowych
po zabiegach angioplastyki wiencowej wigzat si¢ z czgstszym wystepowaniem wstrzgsu
kardiogennego i1 nie wynikal z czasu od wystgpienia objawow do reperfuzji. Moze to

wskazywac na zwigkszong trombogennos$¢ w przebiegu COVID-19.
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10. Streszczenie w jezyku polskim

Wprowadzenie: Choroba koronawirusowa jest zwigzana 2z niewydolnoscia
wielonarzadowa w tym z powiklaniami sercowo-naczyniowymi. Burza cytokinowa,
niedotlenienie, zaburzenia elektrolitowe czy wzmozona trombogenno$¢ prowadzi do
uszkodzenia migsnia sercowego. Pojawienie si¢ nowego, nieznanego patogenu
i pierwsze doniesienia o wysokiej $miertelnoSci W grupie pacjentow z chorobami
sercowo-naczyniowymi stworzyly konieczno$¢ poszukiwania przyczyn takiego

zwigzku.

Zalozenie i cele pracy: Celem niniejszej pracy byla prezentacja charakterystyki
Klinicznej pacjentow z chorobami sercowo-naczyniowymi i wspoltistniejgcym
zakazeniem SARS-CoV-2. Analizie poddano wyniki badan laboratoryjnych, frakcje
wyrzutowa lewej komory, obraz angiograficzny, farmakoterapie i przeprowadzone
zabiegi z zakresu kardiologii inwazyjnej, elektrofizjologii i elektroterapii. Glownymi
punktami koncowymi byly $miertelno$¢ wewnatrzszpitalna, koniecznos¢ wentylacji

mechanicznej 1 obecno$¢ wstrzasu kardiogennego.

Material i metody: Bylo to badanie jednoosrodkowe dotyczace pacjentéw przyjetych
do szpitala z powodu choréb sercowo-naczyniowych i wspolistniejacego zakazenia
SARS-CoV-2 w ciggu 6 miesi¢cy funkcjonowania dedykowanego dla nich oddziatu (od
23 pazdziernika 2020 do 23 kwietnia 2021). Dane gromadzono w sposob
zanonimizowany i prospektywny. Poréwnano grupy ozdrowiencow ze zmartymi,
a w przypadku zawatu mig$nia sercowego z uniesieniem odcinka ST stworzon0 rowniez
grupe kontrolng chorych hospitalizowanych w trakcie pandemii bez wspoétistniejacego
zakazenia SARS-CoV-2.

Wyniki: Do oddzialu przyjeto 227 pacjentéw, sposréd ktorych 21% zmarlo.
Najczestszg przyczyna hospitalizacji byl ostry zespot wiencowy (28%). Zmarli mieli
wyzszy poziom troponiny, NT-pro-BNP, WBC, D-Dimerow, CRP i PCT niz
ozdrowiency. Wiek powyzej 65 lat (OR, 2.33; 95% CI, 1.09-4.97; p=0.029) i frakcja
wyrzutowa lewej komory <50% (OR, 3.94; 95% CI, 1.9-8.18; p<0.001) byly
niezaleznymi predyktorami §miertelno$ci wewnatrzszpitalnej, podczas gdy stosowanie
ACEI/ARB (OR, 0.32; 95% CI, 0.16-0.62; P<0.001) lub B-blokeréw (OR, 0.34; 95%
Cl, 0.17-0.68; p=0.002) bylo zwigzane z nizszym ryzykiem zgonu i wentylacji
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mechanicznej (OR, 0.16; 95% CI, 0.05-0.5; p=0.002 i OR, 0.31; 95% CI, 0.12-0.79;
p=0.014, odpowiednio).

48% pacjentow ze STEMI i wspotistniejacym zakazeniem SARS-CoV-2 zmarlo.
Po wykonaniu angioplastyki wiencowej w grupie zmartych rzadziej obserwowano
przeptyw na poziomie TIMI 3 (p=0.039). Wsroéd zgondéw stwierdzono wyzszy wynik
w skali ryzyka GRACE ($rednia £ odchylenie standardowe; 210 +35 vs. 169+42,
p=0.014). Analiza za pomoca krzywej ROC okreslita optymalny poziom odcigcia
na poziomie 176 punktow (pole pod krzywa 0,788) z czuloscig 92% 1 swoistoscig
na poziomie 69%.

Pacjenci ze STEMI i wspdlistniejacym zakazeniem SARS-CoV-2
charakteryzowali si¢ znacznie wigkszg $miertelno$¢ wewnatrzszpitalng (48% vs. 10%,
p<0.0001) i wynikiem w skali ryzyka GRACE (180 (154-226) vs. 155 (132-181),
p<0.0001) niz pacjenci bez wspotistniejgcego zakazenia. Czesciej obserwowano U hich
wstrzas kardiogenny (32 % vs. 13%; p=0.035). Mieli podwyzszony poziom CRP
(p<0.0001), D-Dimeréw (p=0.003) i obnizong frakcje wyrzutowg lewej komory
(p=0.037). Po interwencji wiencowej rzadziej obserwowano przeptyw wiencowy na
poziomie TIMI 3 w tetnicach nasierdziowych (p=0.044). Nie stwierdzono za to r6znic
w zakresie czaséw od wystgpienia objawow do reperfuzji (mediana (Q1-Q3); 165 (130-
202) vs. (170 (123-210), p=0.86) i od przyje¢cia do szpitala do napetnienia balonu (25
min. (21-35) vs. 29 min. (21-59), p=0.26).

17% pacjentdw hospitalizowanych bylo z powodu zaburzen rytmu serca albo

koniecznosci implantacji, usunigcia badz wymiany urzadzenia wszczepialnego.

Podsumowanie: Wspotistnienie zakazenia SARS-CoV-2 i choroby sercowo-
naczyniowej prowadzito do bardzo wysokiej $miertelnosci, ktdra dla Pacjentow ze
STEMI wynosita az 48%. Nieprawidlowosci w badaniach laboratoryjnych, obnizona
frakcja wyrzutowa lewej komory i przeptyw w naczyniach wieficowych po zabiegu
angioplastyki pozwalaja zidentyfikowaé grupe Pacjentéw ze ztym rokowaniem. Skala
ryzyka GRACE jest dobrym predyktorem $miertelno$ci wewnatrzszpitalnej w grupie
chorych z zawalem serca. Wysoka $miertelno$¢ wewnatrzszpitalna nie wynikala
bezposrednio z opdznien w leczeniu w tej grupie chorych, ale mogta mie¢ zwigzek ze

wzmozong trombogennoscia.
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Stowa kluczowe: COVID-19, $miertelno$¢ wewnatrzszpitalna, zawal migé$nia

sercowego, zaburzenia rytmu serca
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11. Summary

Introduction: COVID-19 has been associated with multiorgan dysfunction with a wide
variety of clinical manifestations including myocardial injury. Myocarditis, cardiac
arrhythmias, stress cardiomyopathy and myocardial infarction have been commonly
observed in this group. Decreased healthcare resources led to a reduction in invasive

cardiology procedures and increased mortality due to cardiovascular diseases.

Aim: This study aimed to describe the clinical characteristics, the course
of hospitalization, outcomes, angiographic findings, cardiac arrhythmias and risk factors
of death among patients with cardiovascular diseases and concomitant SARS-CoV-2

infection.

Materials and methods: This was a single-center study of consecutive patients
admitted to a multi-specialist hospital from October 23 2020 to April 23 2021
(exactly 6 months). Data were collected into a prospective registry. Outcomes were
in-hospital mortality, mechanical ventilation and a prevalence of cardiogenic shock.

The GRACE risk score was calculated in patients with myocardial infarction.

Results: 227 patients were admitted to the ward and completed their course
(i.e. discharge or death). Overall, in-hospital mortality was 21%. Non-survivors had
a higher level of troponin I, NT-pro-BNP, WBC, D-dimer, CRP and PCT than
survivors. Age over 65 years (OR, 2.33; 95% CI, 1.09-4.97; p=0.029) and ejection
fraction <50% (OR, 3.94; 95% CI, 1.9-8.18; p<0.001) were independent predictors
of in-hospital death, whereas treatment with ACEIS/ARBs (OR, 0.32; 95% ClI,
0.16-0.62; P<0.001) or PB-blockers (OR, 0.34; 95% CI, 0.17-0.68; p=0.002) were
associated with a lower risk of in-hospital death and mechanical ventilation (OR, 0.16;
95% CI, 0.05-0.5; p=0.002 and OR, 0.31; 95% CI, 0.12-0.79; p=0.014, respectively).

48% patients with STEMI and concomitant COVID-19 died. Postprocedural
TIMI 3 flow grade was less frequently observed in non-survivors (p=0.039).
There was a higher GRACE risk score in this group (mean + SD; 210 £35 vs. 169442,
p=0.014). In ROC analysis, GRACE score predicted in-hospital death with an AUC
of 0.788 (95% CI: 0.6-0.98, p=0.014). A score of 176 was identified as the optimal
cut-off with a sensitivity of 92% and specificity of 69%.
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When compared COVID-19 positive and negative patients we found that there
were no differences with regard to the time from symptom onset to reperfusion (median
(Q1-Q3); 165 (130-202) vs. (170 (123-210), p=0.86) and door-to-balloon time between
the compared groups (25 (21-35) vs. 29 (21-59), p=0.26). There was a higher GRACE
risk score and mortality in the COVID-19 positive patients (180 (154-226) vs. 155
(132-181) and 48% vs.10%, respectively, both p<0.0001). Cardiogenic shock occurred
more often in this group (32 % vs. 13%; p=0.035). COVID-19 positive patients had
elevated hsCRP (p<0.0001) and D-Dimer (p=0.003) and reduced left ventricle ejection
fraction (p=0.037). Postprocedural TIMI 3 flow grade was observed less frequently
in this group (p=0.044).

17% of COVID-19 positive patients were hospitalized due to cardiac
arrhythmias or the need for cardiac implantable electronic devices implantation,

replacements or removal.

Conclusions: The coexistence of COVID-19 and cardiovascular disease lead to a high
in-hospital mortality rate which in patients with ST-elevation myocardial infarction was
48%. Laboratory tests, reduced left ventricle ejection fraction and coronary flow grade
help identify patients with a poor prognosis. The GRACE risk score is a good predictor
of in-hospital mortality in patients presenting with STEMI and concomitant COVID-19.
High in-hospital mortality in this group did not result from delays in standard
management and could be related to increased thrombogenicity. Cardiac arrhythmias

are one of the major cardiovascular complications of COVID-19.

Key Words: COVID-19, in-hospital mortality, myocardial infarction, cardiac

arrhythmias
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acute respiratory syndrome, emerged at the
end of 2019 and triggered a pandemic forcing
rapid changes in the organization of public
healthcare both at the national and in-hospital
level [1]. Patients infected with COVID-19 un-
derwent treatment in designated hospitals
and other existing facilities with infectious
diseases departments.

Patients with either exacerbation of chron-
ic heart disease or patients recently affected
by acute cardiac disorders are at high risk of
death if infected with SARS-CoV-2 [2]. Unfor-
tunately, in Poland, some COVID-19 desig-
nated hospitals do not have medical facilities
to conduct highly specialized cardiological
therapies. A transfer to COVID-19 dedicated
cardiology or cardiac surgery units reduces an
opportunity to achieve optimal medical out-
comes [3]. Depending on available healthcare
resources, urgent cardiac procedures with doc-
umented efficacy should be continued during
consecutive waves of the COVID-19 pandemic
[4].To provide prompt treatment and diminish
therisk of the virus spread, our hospital, which
is a multi-specialist non-COVID-19 dedicated
hospital, established a combined unit for
COVID-19 patients. The ward functioned for
6 months (from October 23, 2020 to October
23, 2021) during the 2 waves of the highest
intensity of the pandemic in Poland.

The study aims to present the clinical
characteristics, the course of hospitalization,
outcomes, and risk factors of death among
our patients.

METHODS

The cases comprised 227 patients hospitalized
in the newly created ward for exacerbation
of chronic cardiovascular diseases or acute
illnesses and requiring urgent cardiac surgery
or cardiac invasive procedure. Patients were
diagnosed with COVID-19in accordance with
the recommendations of the Polish Associa-
tion of Epidemiologists and Infectiologists
with the use of the real-time polymerase
chain reaction method [5]. Others who test-
ed negative on admission were hospitalized
separately and tested regularly twice a week
or in case of any infection symptoms.

Patients were hospitalized for acute heart
failure (New York Heart Association [NYHA]
class lll or 1IV), acute coronary syndrome,
pulmonary embolism, infective endocarditis,
arrhythmia, hypertension crisis, myocarditis,
pericarditis, a need for urgent cardiac sur-
gery, post-sternotomy complication treated
with vacuum-assisted closure (VAC) therapy,
or pneumonia in patients with multiple
cardiovascular comorbidities. There were no
exclusion criteria.

Both risk factors and cardiovascular diseas-
es were identified based on a medical history
of prior diagnosis or treatment and defined
according to the current European Society of
Cardiology guidelines [6].

Blood samples were drawn on admission
using a minimal stasis and atraumatic veni-
puncture from an antecubital vein.

Left ventricular ejection fraction was as-
sessed using transthoracic echocardiography
and the biplane Simpson method with Philips
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Table 1. Demographic and clinical characteristics of the studied groups

Variable All patients Survivors (n=179) | Non-survivors (n =48)
(n=227)
Age, years 69.6 (13.4) 68.5(13.7) 73.4(11.8) 0.028
Male sex, n (%) 150 (66) 115 (64) 35(73) 0.26
Body mass index, kg/m? 30.3(6.2) 31.0(6.5) 28.1(4.4) 0.069
Length of hospital stay, days 14 (9-22) 14 (11-22) 13 (6-21) 0.12
Left ventricular ejection fraction, % 50 (35-56) 50 (40-60) 40 (20-48) 0.003
Main cause of hospitalization, n (%)
Acute coronary syndrome?® 64 (28) 46 (26) 18 (38) 0.11
Heart failure 58 (26) 45 (25) 13(27) 0.78
Pulmonary embolism 13 (6) 10 (6) 3(6) 0.74
Infective endocarditis 11 (5) 7 (4) 4(8) 0.25
Arrhythmia® 26 (11) 23 (13) 3(6) 0.2
Hypertension 6(3) 6(3) 0(0) 0.35
Urgent cardiac surgery© 17 (7) 17 (9) 0(0) 0.027
Pneumonia 30(13) 23 (13) 7(15) 0.75
Peri/Myocarditis 2(1) 2(1) 0(0) 1.00
Risk factors and comorbidities, n (%)
Diabetes mellitus 76 (33) 55 (30) 21 (44) 0.09
Arterial hypertension 158 (70) 127 (71) 31(65) 0.39
Heart failure 109 (48) 84 (47) 25(52) 0.53
Coronary artery disease 49 (22) 34 (19) 15(31) 0.07
Atrial fibrillation 95 (42) 69 (39) 26 (54) 0.051
Cardiac pacing 16 (7) 13(7) 3(6) 1.00
Rheumatic disorder 12(5) 10 (6) 2(4) 1.00
Obesity 60(26) 48 (27) 12 (25) 0.80
Pulmonary disease 9 (4) 7 (4) 2(4) 1.00
Laboratory parameters on admission
Hemoglobin, g/dI 12.76 (2.25) 12.82(2.22) 12.56 (2.39) 0.49
Platelets, 10%/I 198 (142-261) 204 (153-264) 169 (117-239) 0.015
White blood cells, 10%/1 7.1(5-9.8) 6.8 (4.7-9.1) 8.8(6-13.8) 0.002
Creatinine, umol/I 86.2 (67.4-120.3) 82.2 (65.0-109.6) 109.6 (81.8-150.8) <0.001
hsCRP, mg/I 39(13-87) 29 (9-66) 86 (44-154) <0.001
Maximum hsCRP, mg/I 67 (24-131) 49 (17-108) 128 (84-187) <0.001
Procalcitonin, ng/ml 0.14 (0.07-0.42) 0.1 (0.06-0.24) 0.35(0.15-1.38) <0.001
NT-pro-BNP, pg/ml 4018 (985-13273) 2720 (701-6586) 12974 (4510-35000) <0.001
hsTnl, ng/I 73 (19-754) 43 (14-463) 585 (116-7316) <0.001
D-dimer, ng/ml 1165 (652-5303) 1008 (570-3652) 3381 (1160-19943) <0.001
TSH, miu/I 1.08 (0.48-1.88) 1.1(0.54-1.9) 0.92 (0.28-1.51) 0.089
Therapy, n (%)
Noninvasive oxygen therapy 125 (55) 101 (56) 24 (50) 0.51
Mechanical ventilation >24 hours 21(9) 1(1) 20 (42) <0.001
Antiplatelet therapy 92 (41) 71 (40) 21 (44) 0.61
Anticoagulants 191 (84) 147 (82) 44 (92) 0.11
-blockers 179 (79) 149 (83) 30 (63) 0.002
ACEls/ARBs 125 (55) 109 (61) 16 (33) <0.001
Statin 120 (53) 97 (54) 23 (47) 0.44
Antibiotics 140 (62) 97 (54) 43 (90) <0.001
Steroids 122 (54) 92 (51) 30 (63) 0.17
Convalescent plasma 17 (7) 11 (6) 6(12) 0.21
Remdesivir 64 (28) 50 (28) 14 (29) 0.87
Procedure during hospitalization, n (%)
Coronary angiography 83 (37) 64 (36) 19 (40) 0.62
PCI 54 (24) 41(23) 13(27) 0.54
CIEDs implantation 11(5) 11 (6) 0(0) 0.13
Temporary cardiac pacing 3(1) 1(1) 2(4) 0.1
CIEDs removal 3(1) 2(1) 1(2) 0.51
Cardiac ablation 4(2) 4(2) 0(0) 0.58
Cardiac surgery® 20 (9) 20(11) 0(0) 0.009

Values are given as mean (standard deviation [SD]), number (percentage), or median (interquartile range [IQR])

2Acute myocardial infarction or unstable angina according to the fourth universal definition of myocardial infarction; ®Atrioventricular block at least the second degree, ventri-
cular arrhythmias including electrical storm, symptomatic bradycardia, atrial fibrillation, atrial flutter or reentrant supraventricular tachycardias; “Coronary artery bypass graft,
valve repair or replacement, ascending aortic replacement, thoracic endovascular aortic repair, transcatheter valve implantation or VAC therapy

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors, ARBs, angiotensin receptor blockers; CIEDs, cardiac implantable electronic devices; hsCRP, high-sensitivity
C-reactive protein; hsTnl, high-sensitivity troponin I; NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide; PCl, percutaneous coronary intervention; TSH, thyroid-
stimulating hormone
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Affiniti CVx (Philips Healthcare, Amsterdam, The Nether-
lands).

The analyzed endpoint in our study was in-hospital
mortality from any cause. We have also analyzed the need
for oxygen supplementation i.e. non-invasive oxygen
therapy (including Optiflow® High Flow Nasal system),
mechanical ventilation, duration of hospital stay, use of
cardiovascular drugs grouped into drug classes (3-blockers,
angiotensin-converting enzyme inhibitors/angiotensin re-
ceptor blockers [ACEIs/ARBs], statins, anticoagulation treat-
ment, and antiplatelet therapy), and other recommended
therapy (steroids, antibiotics, convalescent plasma, and
remdesivir) [7]. The last part of Table 1 summarizes invasive
procedures performed throughout the hospitalization.

Statistical analysis

Statistical analysis was performed using PQStat v.1.8.2. Soft-
ware (Poznan, Poland). Continuous variables are presented
as a mean and standard deviation if parametric (assessed
using the Shapiro-Wilk test) or as a median and interquartile
range (IQR) for continuous variables. Categorical variables
are presented as numbers and percentages. The ¥ test,
Fisher's exact test, Student’s t-test, and the Mann-Whitney
U-test were used, as appropriate, for group comparison.
The univariate logistic regression was applied to assess
predictors of in-hospital death or mechanical ventilation.
The results were presented as odds ratio (OR) with 95%
confidence intervals (Cl). A two-sided P-value of <0.05 was
considered statistically significant.

RESULTS AND DISCUSSION
Demographic and clinical characteristics of survivors and
non-survivors are presented in Table 1. From October 23 to
April 23 227 patients were admitted to the bi-disciplinary
cardiology and cardiac surgery ward and completed their
hospital course (i.e. discharge or death). Most of the cases
were tested positive on the first day of hospitalization (me-
dian [IQR], 1 [1-4] day), hence they were defined as com-
munity-acquired infections. The median hospitalization
duration was 14 (9-22) days. Overall, in-hospital mortality
was 21% (48 of 227 patients). Seventy-nine percent of
non-survivors were older than 65 years (38 of 48 patients).
There was no difference between the survivor and non-sur-
vivor groups with respect to sex (17% in female vs 23% in
male; P >0.05), the body mass index, and the duration of
hospital stay (Table 1). Reduced left ventricular ejection
fraction was observed in the non-survivor group.

There were no intergroup differences regarding the
main cause of hospitalization. The most frequent reasons
for hospitalization were acute coronary syndromes (28%),
acute heart failure (26%), and pneumonia (13%) in patients
with multiple cardiovascular comorbidities. The most
prevalent cardiovascular risk factor or disease was arterial
hypertension (70%), followed by heart failure (48%), atrial
fibrillation (42%), diabetes mellitus (33%), obesity (26%),

and coronary artery disease (22%). Seven percent of pa-
tients had a cardiac pacemaker orimplantable cardioverter
defibrillator previously implanted.

Our data confirm that elderly patients with numerous
comorbidities are at the highest risk of hospitalization [8].

Non-survivors had a higher level of troponin |, N-termi-
nal prohormone of brain natriuretic peptide, white blood
cells count, creatinine, D-dimer, C-reactive protein, and
procalcitonin on admission than survivors. B-blockers and
ACEIs/ARBs were used more frequently by survivors than
by non-survivors. By contrast, antibiotics were used less
frequently by survivors than by non-survivors. No differ-
ence amongst the groups was observed regarding using
steroids, convalescent plasma, or remdesivir.

Oxygen supplementation was necessary for 64% of
patients (n = 146). Mechanical ventilation (>24 hours
to exclude resuscitation and perioperative period) was
applied in 21 cases (9%). Nasal high-flow oxygen therapy
(including prone position) was applied in the preceding
stage of invasive ventilation and also in 26 patients (11%).
The mortality rate was high in patients requiring mechan-
ical ventilation (95%).

Age over 65 years (OR, 2.33;95% Cl, 1.09-4.97; P=0.029)
and ejection fraction <50% (OR, 3.94; 95% Cl, 1.9-8.18;
P <0.001) were independent predictors of in-hospital
death, whereas treatment with ACEIs/ARBs (OR, 0.32; 95%
Cl, 0.16-0.62; P <0.001) or B-blockers (OR, 0.34; 95% Cl,
0.17-0.68; P = 0.002) were associated with a lower risk of
in-hospital death and mechanical ventilation (OR, 0.16;
95% Cl,0.05-0.5; P=0.002 and OR, 0.31;95% Cl, 0.12-0.79;
P =0.014, respectively).

The most frequently performed procedures were
coronary angiography in 83 patients (37%), percutaneous
coronary intervention in 54 patients (24%), and cardiac
surgery in 20 patients (9%), most of whom underwent
coronary artery bypass grafting or valve replacement/re-
pair procedure (75%). It is worth noting that there were
no deaths among patients in the cardiac surgery group.

Our study presents data of the unique group of patients
both with SARS-CoV-2 infection and acute cardiac disor-
ders or exacerbation of chronic heart diseases treated in
a bi-disciplinary unit of the multi-profile tertiary referral
hospital that was not solely dedicated to COVID-19 pa-
tients. Establishing such a department made it possible
to effectively separate infected patients from healthy ones
and to maintain access to highly specialized procedures.
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Abstract

Introduction: Published data suggest worse outcomes in acute coronary syndrome (ACS) patients with concomitant coronavirus
disease (COVID-19) due to delays in standard management caused by burdened healthcare.

Aim: To report the demographics, angiographic findings, and in-hospital outcomes of COVID-19 ST-elevation myocardial in-
farction (STEMI) patients and to compare these with the non-COVID-19 cohort hospitalized during the same period with the same
access to medical care.

Material and methods: From October 23, 2020 to April 23", 2021 (exactly 6 months) data were collected into a prospective
ACS Registry. STEMI patients underwent invasive coronary angiography and were tested for COVID-19. Outcomes were in-hospital
mortality and prevalence of cardiogenic shock.

Results: 125 patients, of whom 25 were COVID-19 positive, were admitted to the cardiology ward, and completed their hos-
pital stay (i.e. discharge or death). There were no differences with regard to the time from symptom onset to reperfusion (median
(Q1-Q3); 165 (130-202) vs. 170 (123-210), p = 0.86) and door-to-balloon time between the compared groups (25 (21-35) vs. 29
(21-59), p = 0.26). There was a higher GRACE risk score and mortality in the COVID-19 positive patients (180 (154-226) vs. 155
(132-181) and 48% vs. 10%, respectively, both p < 0.0001). Cardiogenic shock occurred more often in this group (32% vs. 13%;
p = 0.035). COVID-19 positive patients had elevated high-sensitivity C-reactive protein (hsCRP) (p < 0.0001) and D-dimer (p = 0.003)
and reduced left ventricular ejection fraction (p = 0.037). Postprocedural TIMI 3 flow grade was observed less frequently in this
group (p = 0.044).

Conclusions: High in-hospital mortality in patients with STEMI and COVID-19 did not result from delays in standard manage-
ment, and could be related to increased thrombogenicity.

Key words: COVID-19, myocardial infarction, in-hospital mortality, ST-elevation myocardial infarction.

Summary

Our study demonstrates high in-hospital mortality and prevalence of cardiogenic shock in subjects with ST-elevation
myocardial infarction (STEMI) and concomitant COVID-19 compared to non-COVID-19 STEMI patients hospitalized at the
same time, which eliminates differences resulting from reduced resources of burdened healthcare when compared to the
pre-COVID era. The strength of this study is that it presents real-world consecutive data from all patients with STEMI admit-
ted to a single center during the COVID-19 outbreak. Infected patients had elevated GRACE risk score, high-sensitivity C-re-
active protein, and D-dimer, and postprocedural TIMI 3 flow grade was less frequently observed in this group. They required
prolonged hospitalization and often mechanical ventilation.

Introduction disease (COVID-19) caused by severe acute respiratory
Almost three years from the beginning of the pan-  syndrome coronavirus 2 (SARS-CoV-2). Broadening of
demic much remains to be discovered about coronavirus  knowledge was accompanied by different evolving con-
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and concomitant COVID-19

ceptions from atypical pneumonia, endothelial damage,
and micro- and macrovascular thrombotic angiopathy
leading to multiorgan dysfunction with a wide variety of
clinical manifestations [1, 2]. There is also a large diversi-
ty of concepts concerning commonly observed myocardi-
al injury in the course of SARS-CoV-2 infection including
myocarditis, stress cardiomyopathy, and ischemic injury
[3, 4]. Systemic viral infections may generate plaque rup-
ture, thrombosis or mismatch between coronary oxygen
supply and demand, leading to three different types of
myocardial infarction (MI): type 1, type 2 and type 4b [5,
6]. Symptomatic arterial thrombosis occurs in approxi-
mately 4% of critically ill COVID-19 patients [7]. COVID-19
is associated with similar risk of arterial thrombosis as
with influenza [8]. There is a commonly known connec-
tion between influenza vaccination and a lower risk of Ml
or stent thrombosis [9, 10]. Kazir6d-Wolski et al. found
no significant association between periprocedural death
during acute coronary syndromes (ACS) and vaccinations
against COVID-19 in 6 weeks of observations; however,
their protective role observed in a long-term perspective
as in the case of vaccinations against influenza remains
unknown [11]. Despite the existence of various tools for
primary prevention and treatment, COVID-19 still repre-
sent a major worldwide problem and its long-term im-
pact on health remains unclear [12].

ACS are one of the most life-threatening cardiovascu-
lar emergencies and represent a major cause of mortality
and morbidity all over the world [13, 14]. A variety of
angiographic findings are observed during catheteriza-
tion in patients with acute coronary syndrome and con-
comitant COVID-19 including obstructive coronary artery,
angiographically normal epicardial arteries, and high
thrombus burden [15, 16].

The reduction in hospital admissions due to ACS
during the COVID-19 pandemic has been widely de-
scribed [17-19]. Bryndza et al. reported a significant in-
crease in the rate of mechanical complications following
myocardial infarction during the first two months of the
COVID-19 pandemic [18]. Based on the Polish National
PCl Registry (ORPKI) both Tokarek et al. and Kaziréd-Wol-
ski et al. conducted multi-center studies evaluating fac-
tors influencing perioperative mortality in the catheter-
ization laboratory in COVID-19 positive patients [20, 21].
However, in-hospital outcomes, laboratory parameters
and GRACE risk scores were not available.

Aim

As there are limited reports regarding the abovemen-
tioned factors and cardiogenic shock (CS) occurrence in
the Polish population comparing STEMI patients with
and without concomitant COVID-19 treated with percu-
taneous coronary intervention (PCl), we aimed to present
real-world data from all consecutive patients with STEMI
admitted to a single center.

Material and methods

This was a single-center study of 125 consecutive
patients admitted to a multi-specialist hospital during
a period of 6 months when two cardiology departments
operated simultaneously: for patients with COVID-19 and
COVID-19 negative [22]. The ward functioned from Octo-
ber 23, 2020 to April 23, 2021 (exactly 6 months). Data
were collected prospectively in an anonymized fashion
without any sensitive data, therefore not requiring insti-
tutional review board approval. We designed the study to
assess the in-hospital mortality and prevalence of CS in
individuals with STEMI in the subgroups with and without
concomitant SARS-CoV-2 infection. Our goal was to com-
pare baseline characteristics, angiographic view, proce-
dural characteristics alongside clinical outcomes. In-hos-
pital death from any cause was the analyzed endpoint.
Patients were confirmed as having SARS-CoV-2 infection
through positive result on polymerase chain reaction test-
ing of a nasopharyngeal sample in the post-catheteriza-
tion period, in accordance with the recommendations of
the World Health Organization [23]. None of the patients
had been fully vaccinated against SARS-CoV-2. STEMI
was defined based on the presence of typical symptoms
associated with ST-segment elevation in a 12-lead elec-
trocardiogram in accordance with the fourth universal
definition of myocardial infarction [6].

CS was defined as systolic blood pressure (SBP)
< 90 mm Hg for > 30 min or inotropes/vasopressors need
to maintain SBP > 90 mm Hg with signs of hypoperfusion
(cool extremities, oliguria or anuria, or elevated lactate
levels).

Both risk factors and cardiovascular disease were
identified based on a medical history or prior diagnosis
or treatment and defined according to the current Euro-
pean Society of Cardiology guidelines [24].

On-hours admissions were defined as admissions
from Monday to Friday between 7 am and 3 pm and off-
hours as admissions between 3 pm and 7 am, during the
weekend and nonworking holidays.

Laboratory investigations

Blood samples were drawn on admission before
cardiac catheterization using a minimal stasis and at-
raumatic venipuncture from an antecubital vein. EDTA
tubes were used for automatic blood count. Blood cell
count, glucose, creatinine, high-sensitivity troponin I (hs-
Tnl), procalcitonin (PCT), N-terminal prohormone of
brain natriuretic peptide (NT-pro-BNP) and lipid profile
were measured using routine laboratory techniques. The
blood count was measured using a Siemens high volume
hematology analyzer (ADVIA 2120i). A sodium citrate
tube and ACL TOP 500 analyzer were used for quanti-
tative D-dimer measurement. High-sensitivity C-reactive
protein (hsCRP) was measured by immunoturbidimetry
(Roche Diagnostics GmbH, Mannheim, Germany).
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Statistical analysis

Categorical variables are presented as numbers
and percentages. To identify the normal distribution
the Shapiro-Wilk test was applied. Student’s t-test was
used for variables with normal distribution and the val-
ues were presented as mean + standard deviation (SD).
Continuous variables without normal distribution were
analyzed using the Mann-Whitney U test and the ob-
tained values were presented as median (50*) values
and interquartile ranges (25" and 75%). Qualitative data
were compared by the y? test and Fisher’s exact test.
A two tailed p-value < 0.05 was considered statistical-
ly significant and confidence intervals (Cl) were 95%.
Data were analyzed using PQStat v.1.8.2.232 Software
(Poznan, Poland).

Interventional procedures

According to the Polish National PCI Registry (ORPKI)
all invasive cardiologists in this study performed at least
1000 trans-radial procedures in the last 5 years on their
own. All of them had valid qualifications from the As-
sociation of Cardiovascular Interventions of the Polish
Cardiac Society.

During the study period all health-care workers in
cases of confirmed or suspected COVID-19 positive pa-
tients wore full personal protective equipment using FFP
2/N95 masks, eye protection, gowns and gloves during
cardiac interventions.

Obstructive coronary artery disease was defined
based on the angiographic evidence of stenosis > 50% on
visual estimation. All patients underwent urgent coronary
angiography and no one was treated with fibrinolysis.

The interventional strategy including the use of direct
stenting, pro-/post-dilatation, aspiration thrombectomy,
the use of glycoprotein (GP) IIb/llla inhibitors and type of
stent was at the discretion of the operator and according
to guidelines. All patients received a loading dose of as-
pirin 300 mg and either clopidogrel (600 mg), ticagrelor
(180 mg) or prasugrel (60 mg). Maintenance therapy con-
sisted of a daily dose of 75 mg aspirin and either clopido-
grel (75 mg), ticagrelor (90 mg twice a day) or prasugrel
(10 mg). During primary PCl unfractionated heparin was
administered intravenously in a loading dose of 70 to
100 U/kg or 50 to 70 U/kg in the case of use of GP llb/
[lla inhibitors.

Left ventricular ejection fraction was assessed us-
ing transthoracic echocardiography and the modified
biplane Simpson’s method with a Philips Affiniti CVx
(Philips Healthcare, Amsterdam, The Netherlands). Mea-
surements were performed by two independent cardiol-
ogists on the first day of hospitalization and their means
were used. To detect and treat potential mechanical
complications, control echocardiography was carried out
before discharge and in case of deterioration of the gen-
eral condition.

Advances in Interventional Cardiology

and concomitant COVID-19

Calculation of the GRACE risk score

To predict in-hospital mortality the GRACE risk score
was use [25]. The calculation was performed by identifying
the score for each individual predictive factor (age, heart
rate, systolic blood pressure, initial serum creatinine level,
Killip class, cardiac arrest at hospital admission, elevated
cardiac markers, and ST-segment deviation) and summing
the individual factor scores to obtain a total score.

Results
Patients’ characteristics

Demographic and clinical characteristics of the stud-
ied groups are presented in Table I. From October 23" to
April 23 2021, 125 patients were admitted to the car-
diology ward and completed their hospital stay (i.e. dis-
charge or death). SARS-CoV-2 infections were communi-
ty-acquired as a positive result was obtained on the first
day of stay. All patients were Caucasian. The overall me-
dian age was 68 +12 and there were no intergroup differ-
ences with regard to the age and body mass index (BMI).
Most of the patients were male, with a slight advantage
in the COVID-19 group (92% vs. 71%, p = 0.03). Infected
patients stayed longer in the hospital (median (Q1-Q3);
13 (6-20) vs. 5 (4-7), p < 0.0001), more frequently re-
quired mechanical ventilation (56% vs. 4%; p < 0.0001)
and CS occurred more often in this group (32% vs. 13%;
p = 0.035). 13 out of 21 patients with CS died (61.9%)
and the mortality was higher in the COVID 19(+) group
(75% vs. 53%); however, the difference did not reach
statistical significance (p > 0.05). We analyzed the occur-
rence of mechanical complications (rupture of the free
wall, rupture of the ventricular septum and acute mitral
regurgitation due to rupture of the papillary muscles) in
both groups. Only one case of acute mitral regurgitation
was found in every group. Apart from the use of an in-
tra-aortic balloon pump in those 2 cases, no other me-
chanical circulatory support such as Impella, left ventricle
assist device or veno-arterial extracorporeal membrane
oxygenation was used. We found no differences with re-
gard to the time of mechanical ventilation between the
groups (median (Q1-Q3); COVID-19 positive: 1.5 days
(1-7) vs. COVID-19 negative: 3.5 (2.5-4.25); p = 0.87). Left
ventricle ejection fraction was significantly lower in the
COVID-19 patients (median (Q1-Q3); 35 (33-43) vs. 45
(33-50), p < 0.0001). The number of pre-hospital cardiac
arrests were similar in both groups. There was a high-
er GRACE score and mortality in the COVID-19 positive
patients (median (Q1-Q3); 180 (154-226) vs. 155 (132-
181) and 48% vs. 10%, respectively, both p < 0.0001).

There was no significant difference between the
COVID-19 positive and non-COVID-19 groups when com-
paring the number of admissions during on-hours with
off-hours (63% vs. 52%; p = 0.31). The difference in mor-
tality in these groups did not reach statistical significance
(15.8% vs. 25.6%; p = 0.51).
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and concomitant COVID-19

Table 1. Characteristics of the studied groups

Variable All patients Non-COVID-19 COVID-19 positive P-value
n=125 n =100 n =25
Age [years] 67.78 +12.23 67.3 £12.92 69.64 +8.91 0.39
Male sex, n (%) 94 (75) 71 (71) 23 (92) 0.03
Body mass index [kg/m?] 27.33 +4.67 26.87 +4.20 29.50 +6.34 0.09
Length of hospital stay [days] 5 (4-7) 5 (4-7) 13 (6-20) < 0.0001
Mechanical ventilation, n (%) 18 (14) 4 (4) 14 (56) < 0.0001
Ejection fraction (%) 40 (33-50) 45 (33-50) 35 (33-43) 0.037
Cardiogenic shock, n (%) 21 (17) 13 (13) 8 (32) 0.035
Cardiac arrest, n (%) 9 (7) 7 (7) 2(8) 1
GRACE score 158 (133-188) 155 (132-181) 180 (154-226) 0.004
Off-hours admission, n (%) 76 (61) 63 (63) 13 (52) 0.31
Deaths, n (%) 22 (18) 10 (10) 12 (48) < 0.0001
ECG presentation, n (%):
Anterior 71 (56) 58 (58) 13 (52) 0.59
Inferior 42 (34) 35(35) 7 (28) 0.51
Lateral 7 (6) 4 (4) 3(12) 0.14
Posterior 5 (4) 3(3) 2 (8) 0.26
Risk factors and comorbidities, n (%):
Diabetes mellitus 61 (49) 49 (49) 12 (48) 0.93
Arterial hypertension 80 (64) 63 (63) 17 (68) 0.64
Obesity 32 (26) 22 (22) 10 (40) 0.065
Coronary artery disease 23 (18) 17 (17) 6 (24) 0.40
Smoking 40 (32) 33 (33) 7 (28) 0.63
Previous stroke 11 (9) 7(7) 4 (16) 0.23
Dyslipidemia 72 (58) 65 (65) 7 (28) 0.0008
Rheumatic disorder 7 (6) 6 (6) 1(4) 1
Atrial fibrillation 21(17) 14 (14) 7 (28) 0.13
Pulmonary disease 9 (7) 8 (8) 1(4) 0.69
Laboratory parameters on admission:
Hemoglobin [g/l] 13.75 (12.6-14.73) 13.8 (12.6-14.9) 13.4 (12.7-14.1) 0.15
Platelets [x 10%/1] 237 (199-284) 240 (207-276) 207 (172-352) 0.31
White blood cells [x 10°/1] 11.68 (8.8-15.04) 12 (9.30-15.16) 10.37 (7.68-14.18) 0.18
Creatinine [umol/|] 70.29 (59.24-85.59) 68.08 (59.24-82.67) 74.27 (60.13-103.45) 0.40
hsCRP [mg/] 12.1 (4-58) 6.2 (4-31.4) 84.7 (12.8-179.8) < 0.0001
Procalcitonin [ng/ml] 0.24 (0.04-0.97) 0.19 (0.04-1.00) 0.24 (0.07-0.089) 0.81
NT-pro-BNP [pg/ml] 3234 (788—6544) 1375 (454-5647) 3644 (2568—6939) 0.15
hsTnl [ng/ml] 14528 (1579-25000) 20988 (1487-25000) 8259 (2501-23527) 0.24
Maximum hsTnl [ng/ml] 25000 (8259-25000) 25000 (7268-25000) 14632 (8849—-25000) 0.23
D-dimer [ng/ml] 1339 (555-11080) 722 (412-1356) 11573 (1383-52785) 0.003
Fibrinogen [g/|] 3.13(2.5-4.2) 3.37 (3-4.4) 2.9 (2.3-4.0) 0.19
LDL [mg/dl] 106.54 +38.3 111.33 +36.81 80.88 +36.94 0.002

Data are given as mean + standard deviation, median (interquartile range) or number (percentage).

No differences were observed in the ECG presenta-
tion. The most common was an infarction of an anterior
wall (56%), followed by an inferior wall (34%).

The most prevalent cardiovascular risk factor was ar-
terial hypertension (64%). Dyslipidemia was significantly
more common in the non-COVID-19 patients (65% vs.
28%, p = 0.0008).

Laboratory parameters are presented in Table I.
COVID-19 patients had elevated levels of hsCRP (median

(Q1-Q3); 84.7 (12.8-179.8) vs. 6.2 (4-31.4), p < 0.0001)
and D-dimer (11573 (1383-52785) vs. 722 (412-1356),
p = 0.003) and a lower level of LDL (mean + SD; 80.88
+36.94 vs. 111.33 +36.81, p = 0.002).

Procedural characteristics and treatment

Coronary angiography and percutaneous coronary in-
tervention were performed in all patients (Table Il). There
were no differences with regard to the time from symptom
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onset to reperfusion (median (Q1-Q3); 165 (130-202) vs.
170 (123-210), p = 0.86) and door-to-balloon time be-
tween the compared groups (25 (21-35) vs. 29 (21-59),
p = 0.26). The radial approach was by far the most com-
mon in both of them (94%). We found that patients
with a femoral access had higher in-hospital mortality
(p = 0.032). However, according to Table Il, there were no
differences in the type of vascular access between the
compared groups (p = 0.66).

We found no differences with regard to the culprit
artery. The left anterior descending artery was the most
often responsible for myocardial infarction (53%) fol-

Table Il. Procedural characteristics and treatment

and concomitant COVID-19

lowed by the right coronary artery (30%) and circumflex
artery (13%). Similar levels of baseline TIMI flow grade,
the rate of aspiration thrombectomy use and successful
stent implantation were observed in both groups. Post-
procedural TIMI 3 was observed slightly less frequently in
the COVID-19 positive patients (72% vs. 90%, p = 0.044).
Only second-generation drug-eluting stents were insert-
ed, from which sirolimus was the most common anti-pro-
liferative agent (52%). Median radiation exposure was
greater in the COVID-19 positive group in comparison to
non-COVID-19 (median (Q1-Q3); 465 (232-732) vs. 283
(169-446), p = 0.026).

Variable All patients Non-COVID-19 COVID-19 positive P-value
n=125 n =100 n=25
Symptom onset to reperfusion [min] 170 (128-206) 165 (130-202) 170 (123-210) 0.86
Door-to-balloon time [min] 26 (21-36) 25 (21-35) 29 (21-59) 0.26
Access, n (%):
Radial 117 (94) 94 (94) 23 (92) 0.66
Femoral 8 (6) 6 (6) 2(8) 0.66
Culprit vessel, n (%):
LMS 5(4) 4 (4) 1(4) 1
LAD 66 (53) 55 (55) 11(44) 0.32
Cx 16 (13) 12 (12) 4 (16) 0.74
RCA 38 (30) 29 (29) 9 (36) 0.50
Three-vessel disease (3VD), n (%) 33 (26) 25 (25) 8 (32) 0.48
Baseline TIMI flow grade, n (%):
0-1 71 (57) 60 (60) 11 (44) 0.15
2 47 (38) 35 (35) 12 (48) 0.23
3 7 (6) 5(5) 2 (8) 0.63
Postprocedural TIMI 3 flow grade, n (%) 108 (86) 90 (90) 18 (72) 0.044
GP IIb/Illa inhibitor use, n (%) 43 (34) 32 (32) 11 (44) 0.34
Aspiration thrombectomy use, n (%) 20 (16) 15 (15) 5 (20) 0.55
Stent implantation, n (%) 120 (96) 98 (98) 22 (88) 0.054
Second generation DES, n (%):
Sirolimus 65 (52) 53 (53) 12 (48) 0.65
Zotarolimus 29 (23) 25 (25) 4 (16) 0.34
Everolimus 26 (21) 20 (20) 6 (24) 0.66
Radiation exposure [mGy] 299 (186-479) 283 (169-446) 465 (232-732) 0.026
Therapy, n (%):
ASA + clopidogrel 40 (32) 23 (23) 17 (68) < 0.0001
ASA + ticagrelor 82 (66) 75 (75) 7 (28) < 0.0001
ASA + prasugrel 3(2) 2(2) 1(4) 0.49
Anticoagulants 33 (26) 15 (15) 18 (72) < 0.0001
B-blockers 103 (82) 85 (85) 18 (72) 0.15
ACEIs/ARBs 95 (76) 80 (80) 15 (60) 0.036
Statins 122 (98) 99 (99) 23 (92) 0.1
Steroids 22 (18) 6 (6) 16 (64) < 0.0001
Convalescent plasma 1(1) 0 (0) 1(4) 0.2
Remdesivir 9 (7) 0 (0) 9 (36) < 0.0001
Catecholamines 27 (22) 16 (16) 11 (44) 0.002

Data are given as mean #+ standard deviation, median (interquartile range) or number (percentage).
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In the COVID-19 positive group a therapeutic dose
(with eGFR dose adjustment) of low molecular weight
heparin was used subcutaneously in all patients treat-
ed with anticoagulants. In the COVID-19 negative group
5 (33%) patients received LMWH, 8 (53%) of them non vi-
tamin-K antagonists oral anticoagulants (4 rivaroxaban,
3 apixaban, 1 dabigatran), and 2 (13%) of them received
unfractionated heparin infusion.

The most commonly used P2Y12 inhibitor in the
COVID-19 group was clopidogrel (68%) (often accom-
panied by anticoagulants), whereas ticagrelor was the
main choice in others (75%). Angiotensin-converting en-
zyme inhibitors (ACEls)/angiotensin Il receptor blockers
(ARBs) were used less often by COVID-19 patients (p =
0.036), whereas the use of catecholamines and steroids
was the opposite (p = 0.002 and p < 0.0001; respective-
ly). Regarding vasoactive medications, patients with CS
were treated with norepinephrine, dopamine, and dobu-
tamine. None of the patients received milrinone, levosi-
mendan, vasopressin or isoproterenol.

Discussion
Treatment delay and clinical outcomes

In our study, we investigated and compared demo-
graphic, angiographic, and periprocedural characteristics
along with in-hospital mortality in patients with STEMI
and with or without concomitant COVID-19 in the Pol-
ish population. Hawranek et al. in the early stage of the
pandemic described the treatment logistics and baseline
characteristics of the abovementioned patients [26]. Kite
et al. in “International Prospective Registry of Acute Cor-
onary Syndromes in Patients with COVID-19” compared
these patients with historical pre-COVID-19 cohorts [27].
To eliminate the differences resulting from reduced re-
sources of burdened healthcare in the COVID-19 era and
their impact on patient mortality, we compared patients
hospitalized at the same time, which makes this publica-
tion unique in this area. The best example is a similar time
from symptom onset to reperfusion in our study between
the non-COVID-19 and COVID-19 positive group (median
(Q1-Q3); 165 (130-202) vs. 170 (123-210), p = 0.86), in
contrast to the abovementioned study by Kite et al. [27].
Significantly prolonged delays in patients seeking med-
ical care may directly translate into excessive mortality
in myocardial infarction and influence other measured
parameters [28]. Despite a comparable delay, COVID-19
patients had significantly higher mortality rates in our
study, 48% vs. 10%, which is in the wide range observed
around the world when compared to the pre-COVID-19
era. (15.4-79.9%) [12]. This allowed us to exclude delay
as a cause of increased mortality in this group.

Time of admission

Sorita et al. observed that patients with acute coronary
syndromes admitted to hospital during off-hours have

higher mortality and patients with STEMI have longer door-
to-balloon times [29]. In our study there was no difference
between the COVID-19 positive and non-COVID-19 groups
with regard to the number of off-hours admissions. There-
fore, the differences we observed between the groups did
not arise from the time of hospital admission. The non-sig-
nificantly higher off-hours mortality might reach statistical
significance in a larger sample size.

Cardiogenic shock

Prediction of in-hospital mortality based on the Glob-
al Registry of Acute Coronary Events (GRACE) risk score
in COVID-19-positive patients has already been assessed
positively by Wéjcik et al. [30]. This is most likely relat-
ed to the more frequent occurrence of CS (13% vs. 32%;
p = 0.035), i.e. lower systolic blood pressure and low-
er left ventricular ejection fraction (median (Q1-Q3);
35 (33-43) vs. 45 (33-50); p = 0.037), which may affect
the class on the Killip scale [31]. These parameters are
used in the calculation of the GRACE risk score [25]. High-
er CS incidence could be related to lower rates of post-
procedural Thrombolysis in Myocardial Infarction 3 (TIMI)
flow grade (90% vs. 72%; p = 0.044). Several reports not-
ed a higher thrombus burden in COVID-19 positive STEMI
patients [15, 32]. In the study performed by Choudry
et al. myocardial blush grade was significantly lower and
correlated with D-dimer level [15]. All of that can suggest
that increased thrombogenicity is a direct effect of the
SARS-CoV-2 infection. It not only appears as a venous
thromboembolism disease but may trigger an arterial
thrombosis and lead to a lower observed postprocedural
TIMI-3 flow grade and higher incidence of CS [33].

We noted high in-hospital mortality in patients with
CS (61.9%) and it was higher in the COVID-19(+) group
(75% vs. 53%); however, the difference did not reach
statistical significance (p > 0.05). Advances in reperfu-
sion therapy have been associated with improvements
in survival, but in-hospital mortality remains high in this
state (27-51%) [34]. The first attempts to use veno-arte-
rial extracorporeal membrane oxygenation in COVID-19
positive patients with cardiogenic shock as a treatment
of the last possible choice showed high 30-day mortality,
but availability and rapid initiation of other methods of
mechanical cardiac support or widespread use of levo-
simendan could improve outcomes in this group of pa-
tients [35-38].

Despite common knowledge about milder infection
courses in patients using ACEls or ARBs, they were used
less frequently by non-COVID-19 patients (60% vs. 80%;
p = 0.036) [39]. Hypotension observed in CS, which is
a contraindication to the use of this group of drugs, could
directly contribute to such observations [40]. As regards
antiplatelet therapy, clopidogrel was the most frequent-
ly chosen P2Y12 (68%) in COVID-19 positive patients,
which coincides with the frequency of the use of antico-
agulants (68% and 72%).
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Radiation exposure

Radiation exposure was higher in the COVID-19 posi-
tive group. It could be related to technical difficulties that
may emerge while wearing personal protective equip-
ment in contact with COVID-19 suspected patients. On
the other hand, during the epidemic wave, infection sta-

and concomitant COVID-19

tus was often unknown on admission and it was widely
used in all cases. Therefore, higher radiation exposure
could be related to a diverse level of PCl complexity and
lesion morphology [41]. Our study however did not pro-
vide these detailed data. Tokarek et al. suggested that
invasive cardiologist experience might be related to the

Table Ill. Baseline characteristics, laboratory parameters and percutaneous coronary intervention details after

propensity score matching

Variable Non-COVID-19 COVID-19 positive P-value
n=25 n=25
Length of hospital stay [days] 5 (4-7) 13 (6-20) 0.002
Mechanical ventilation, n (%) 1(4) 14 (56) < 0.0001
Ejection fraction (%) 45 (40-50) 35 (33-43) 0.018
Cardiogenic shock, n (%) 2(8) 8(32) 0.033
Cardiac arrest, n (%) 2(8) 2(8) 1
GRACE score 155 (131-189) 180 (154-226) 0.04
Off-hours admission, n (%) 11 (44) 13 (52) 0.57
Deaths, n (%) 2(8) 12 (48) 0.002
Laboratory parameters on admission:
Hemoglobin [g/l] 14.2 (13.4-15.2) 13.4 (12.7-14.1) 0.08
Platelets [x 10%/1] 245 (216-273) 207 (172-352) 0.36
White blood cells [x 10%/1] 12.09 (9.38-13.46) 10.37 (7.68-14.18) 0.46
Creatinine [umol/l] 75.16 (62.78-81.35) 74.27 (60.13-103.45) 0.85
hsCRP [mg/l] 11.5 (4-35.5) 84.7 (12.8-179.8) 0.016
Procalcitonin [ng/ml] 0.16 (0.05-0.3) 0.24 (0.07-0.089) 0.40
NT-pro-BNP [pg/ml] 1764 (777-4123) 3644 (2568-6939) 0.069
hsTnl [ng/ml] 20988 (2351-25000) 8259 (2501-23527) 030
Maximum hsTnl [ng/ml] 25000 (8389-25000) 14632 (8849-25000) 0.41
D-dimer [ng/ml] 822 (572-2722) 11573 (1383-52785) 0.01
Fibrinogen [g/l] 3(2.7-3.4) 2.9 (2.3-4.0) 0.75
LDL [mg/dl] 98.32 +27.85 80.88 +36.94 0.06
Procedural characteristics and treatment:
Symptom onset to reperfusion [min] 144 (130-193) 170 (123-210) 0.64
Door-to-balloon time [min] 26 (22-33) 29 (21-59) 0.34
Access, n (%):
Radial 24 (96) 23 (92) 1
Femoral 1(4) 2(8) 1
Culprit vessel, n (%):
LMS 1(4) 1(4) 1
LAD 13 (52) 11(44) 0.32
Cx 4 (16) 4 (16) 1
RCA 7(28) 9 (36) 0.54
Three-vessel disease (3VD), n (%) 6 (24) 8 (32) 0.52
Baseline TIMI flow grade, n (%):
0-1 23 (92) 11 (44) 016
2 8 (32) 12 (48) 0.25
3 1(4) 2(8) 0.63
Postprocedural TIMI 3 flow grade, n (%) 24 (96) 18 (72) 0.048
GP lIb/Illa inhibitor use, n (%) 8 (32) 11 (44) 0.38
Aspiration thrombectomy use, n (%) 3(12) 5 (20) 0.7
Stent implantation, n (%) 24 (96) 22 (88) 0.6

Data are given as mean + standard deviation, median (interquartile range) or number (percentage).
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mortality in patients with CS and STEMI [41]. All of the in-
vasive cardiologists in our study were highly experienced
in PCl; however, we cannot rule out that higher radiation
exposure might also be related to some differences in
proficiency among them.

Conclusions

Our study demonstrates high in-hospital mortality
and prevalence of CS in subjects with STEMI and con-
comitant COVID-19 compared to non-COVID-19 STEMI
patients hospitalized at the same time, which eliminates
differences resulting from reduced resources of burdened
healthcare when compared to the pre-COVID era. The
strength of this study is that it presents real-world con-
secutive data from all patients with STEMI admitted to
a single center during the COVID-19 outbreak. Infected
patients had elevated GRACE risk score, hsCRR, and D-di-
mer, and postprocedural TIMI 3 flow grade was less fre-
quently observed in this group. They required prolonged
hospitalization and often mechanical ventilation.

Limitations of the study

It is a relatively small, monoethnic, observational
study in a single center and therefore has several limita-
tions of this kind of analysis. Nonrandomized design is
crucial; however, we confirmed most of the differences
and similarities between the groups in propensity score
matching (Table Ill). Another major limitation is lack of
long-term follow-up. All of the invasive cardiologists in
our study were highly experienced in PCl, but we cannot
rule out that the differences we found could be related
to their individual predispositions. Moreover, we have
not got any specific information about possible technical
problems which could lead to no-reflow syndrome and
increased periprocedural mortality. The clinical relevance
of our findings needs to be further explored in a larger
number of patients in a multicenter study.
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Abstract

Introduction: Acute coronary syndrome represents a major cause of mortality
throughout the world. To date, there are only a few reports of ST-segment ele-
vation type 1 myocardial infarction in patients with COVID-19. The aim of this
study was to describe the clinical and angiographic characteristics alongside
the prediction of in-hospital mortality using the GRACE risk score in this group.
Material and methods: This was a single-center, retrospective study of con-
secutive patients admitted to a multi-specialist hospital with confirmed
ST-segment elevation myocardial infarction (STEMI) and treated with pri-
mary percutaneous coronary intervention. Demographic, clinical and angio-
graphic characteristics were compared between survivors and non-survivors.
Results: Twenty-five patients, of whom 23 (92%) were men, with confirmed
STEMI and COVID-19, with a median age of 70 years and high comorbidity
burden, were included in this study. They were treated with percutaneous
coronary intervention and 12 (48%) of them died. Non-survivors had ele-
vated high-sensitivity C-reactive protein (hsCRP) (p = 0.026) and D-dimer
(p = 0.042) and reduced left ventricular ejection fraction (30 £9 vs. 41 +7;
p = 0.003). Postprocedural TIMI 3 flow grade was less frequently observed in
this group (p = 0.039). There was a higher GRACE score in the non-survivor
group (mean + SD; 210 +35 vs. 169 #42, p = 0.014). In ROC analysis, GRACE
score predicted in-hospital death with an AUC of 0.788 (95% Cl: 0.6-0.98,
p = 0.014). A score of 176 was identified as the optimal cut-off with a sen-
sitivity of 92% and specificity of 69%.

Conclusions: The GRACE risk score is a good predictor of in-hospital mortal-
ity in patients presenting with STEMI with concomitant COVID-19.

Key words: COVID-19, GRACE score, myocardial infarction, in-hospital
mortality.

Introduction

Cardiovascular complications develop frequently in patients with
coronavirus disease 2019 (COVID-19) [1]. Acute coronary syndromes
(ACS) remained the leading cause of death and disability all over the
world [2, 3]. Systemic viral infections may generate plaque rupture and
thrombosis [4, 5]. Notably, patients with COVID-19 and ACS have rarely
been described in reports [6-9].
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All ST-segment elevation myocardial infarction
(STEMI) patients should undergo an early assess-
ment of both short-term risk on admission and
long-term risk at discharge [10]. Selecting the
group of patients with an unfavorable prognosis
makes it possible to take actions that can potential-
ly prevent the occurrence of adverse events. These
actions include prolonged monitoring of basic vital
parameters such as electrocardiogram (ECG), Sa0,,
blood pressure or delayed discharge after myocar-
dial infarction. Prognostic scoring systems includ-
ing the Global Registry of Acute Coronary Events
(GRACE) risk score and thrombolysis in myocardial
infarction (TIMI) risk score have been reported to
be useful in predicting in-hospital and long-term
mortality among patients with ACS [11, 12]. There
are eight parameters used to calculate the Glob-
al Registry of Acute Coronary Events (GRACE) risk
score — age, heart rate, systolic blood pressure, ini-
tial creatinine level, Killip class, pre-hospital cardiac
arrest, elevated cardiac markers and ST-segment
elevation or depression — which are evaluated to
calculate the risk of in-hospital mortality [11, 13].
The original GRACE data did not include patients
with concomitant SARS-CoV-2 infection.

Sparse reports of cardiac catheterization in pa-
tients with concomitant COVID-19 reveal a variety
of angiographic findings in patients with ACS in-
cluding obstructive coronary disease (type 1 myo-
cardial infarction), angiographically normal epicar-
dial arteries (e.g. stress-induced cardiomyopathy)
or high thrombus burden [14, 15]. In others, fibri-
nolytic therapy was the main treatment strategy
so there is no information regarding coronary ar-
teries [16].

As there are limited reports on patients with
STEMI and COVID-19 treated with percutaneous
coronary intervention (PCl), we aimed to describe
their demographic, angiographic and peripro-
cedural characteristics along with their clinical
outcomes. Moreover, the present study aimed to
examine the association between the GRACE risk
score and in-hospital mortality in this group of pa-
tients, which, to our best knowledge, has not been
done so far.

Material and methods

This was a single-center, retrospective study of
25 patients admitted to a multi-specialist hospi-
tal where a cardiology ward for COVID-19 patients
was established. The ward existed from October
23, 2020 to April 23, 2021 (exactly 6 months).
Anonymized data were gathered retrospectively.
This study was designed to assess the mortality
rate in the group of patients with both STEMI and
COVID-19 and to compare baseline characteristics,
the angiographic view, and procedural and clinical
outcomes between survivors and non-survivors.

The analyzed endpoint was in-hospital mortality
from any cause. None of the patients had been ful-
ly vaccinated against severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2). Patients were
diagnosed as having COVID-19 infection through
positive results on PCR testing of nasopharyngeal
samples in the post-catheterization period. STEMI
was defined based on the presence of typical chest
pain combined with ST-segment elevation in a 12-
lead electrocardiogram following the fourth univer-
sal definition of myocardial infarction [17].

Both comorbidities and risk factors were iden-
tified based on medical history or prior diagnosis
or treatment and defined based on the up-to-date
ESC guidelines [18].

Laboratory parameters

Blood samples were obtained on admission
before cardiac catheterization. Blood cell count,
glucose, creatinine, high-sensitivity troponin | (hs-
Tnl), procalcitonin (PCT) and lipid profile were
measured using routine laboratory techniques.
The blood count was measured by a Siemens
high volume hematology analyzer ADVIA 2120i.
A sodium citrate tube and ACL TOP 500 analyzer
were used for quantitative D-dimer measurement.
High-sensitivity C-reactive protein (hsCRP) was
measured quantitatively by immunoturbidimetric
assay (Abbott Alinity C, Illinois, U.S.A.).

Interventional procedures

During the study period, in the case of con-
firmed or suspected COVID-19 positive patients
medical personnel wore full personal protective
equipment during contact.

Obstructive coronary artery disease was de-
fined as the presence of significant narrowing of
the vessel > 50%. All patients underwent immedi-
ate coronary angiography and no one was treated
with fibrinolysis.

The interventional strategy, including the use
of direct stenting, balloon pre- and post-dilatation,
aspiration thrombectomy, the use of glycoprotein
(GP) lIb/1lla inhibitors and the type of stent, was
at the discretion of the operator and according to
guidelines. All subjects were administered a load-
ing dose of aspirin 300 mg and either clopidogrel
(600 mg), ticagrelor (180 mg) or prasugrel (60 mg).
Maintenance therapy consisted of a daily dose of
75 mg of aspirin and either clopidogrel (75 mg), ti-
cagrelor (90 mg twice a day) or prasugrel (10 mg).
During primary PCl unfractionated heparin was
given intravenously in a loading dose of 70 to 100
U/kg or 50 to 70 U/kg in the case of glycoprotein
IIb/Illa (GP llb/llla) inhibitor use.

Assessment of left ventricular ejection fraction
(LVEF) was performed using the echocardiograph-
ic biplane Simpson method.

Arch Med Sci Atheroscler Dis 2022
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Prediction of in-hospital mortality was based
on the GRACE risk score and the calculation was
performed by identifying and summing the scores
for each predictive factor [11].

Statistical analysis

Data were analyzed using PQStat v.1.8.2.232
Software (Poznan, Poland). Categorical vari-
ables were expressed as numbers and percent-
ages. The Student t-test (the number of degrees
of freedom (df) was 23) was used for variables
with normal distribution (Shapiro-Wilk test) and
the values were presented as mean + SD. Others
were analyzed using the Mann-Whitney U test
and expressed as median with IQR (25" and
75%). Qualitative data were compared by the y?
(the number of df was 1) and Fisher’s exact test.
The association between parameters was as-
sessed by Spearman’s rank correlation test. Re-
ceiver operating characteristics (ROC) curve and
area under the curve (AUC) with optimal cut-off
were used to analyze the discriminatory power of
the GRACE scale. A two-tailed p-value < 0.05 in-
dicates statistical significance and the confidence
interval (Cl) was 95%.

Results
Patient characteristics

The study population consisted of 25 consec-
utive patients with confirmed STEMI who were
admitted during 6 months. From October 23w
2020 to April 2342021 they were admitted to the
cardiological ward and completed their hospital
stay (i.e. discharge or death). In each case, a pos-
itive result was obtained on the first day of stay;
hence they were defined as community-acquired
infections.

The demographic and clinical characteristics of
the studied groups are presented in Table |.

The median age was 70 years and 92% were
male. 100% of them were of the Caucasian race.
There were no significant differences in age, sex or
body mass index (BMI) between the two groups.
The median hospitalization duration was longer
in the survivor group than in non-survivors (me-
dian (Q1-Q3); 17 (13-21) vs. 8.5 (3.5-14.5) days,
respectively, p = 0.026). Total mortality was 48%
(12 of 25 subjects, of whom 75% were older than
65 years (9 of 12)).

Despite higher rates of mechanical ventilation
in the non-survivor group, this did not reach sig-
nificance (67% vs. 46%, p = 0.3). It is worth not-
ing that there was a tendency (with borderline
significance) to higher prevalence of cardiogenic
shock in the non-survivor group (50% vs. 15%, p =
0.097). The number of pre-hospital cardiac arrests
was comparable in both groups. Reduced LVEF

was observed in the non-survivor group (mean +
SD; 30 + 9 vs. 41 + 7, p = 0.003) (Figure 1).

No difference between the groups was ob-
served concerning the ECG presentation. The
most common was an infarction of an anterior
wall (52%).

The most widespread cardiovascular risk fac-
tor or disease was arterial hypertension (68%),
followed by diabetes mellitus (48%) and obesity
(40%).

There was a higher GRACE score in the non-sur-
vivor group (mean + SD; 210 +35 vs. 169 +42,
p = 0.014). In ROC analysis, GRACE score predicted
in-hospital death with an AUC of 0.788 (95% Cl:
0.6-0.98, p = 0.014) (Figure 2). A score of 176 was
identified as the optimal cut-off with a sensitivity
of 92% and specificity of 69%. Of note, only one
patient with in-hospital death had a GRACE score
< 176 in the present study.

Laboratory parameters on admission are pre-
sented in Table I. Non-survivors had a higher level
of hsCRP (median (Q1-Q3); 131 (72-190) vs. 13
(4-96), p = 0.026) and D-dimer (median (Q1-Q3);
27327 (5070-78476) vs. 652 (474-1498), p =
0.042) (Figure 1).

GRACE score was positively correlated with
procalcitonin (r = 0.604, p = 0.004), whereas it
was negatively correlated with LVEF (r = —0.498,
p = 0.016). D-dimer was positively correlated with
N-terminal prohormone of brain natriuretic pep-
tide (NT-pro-BNP) (r = 0.794, p = 0.0061).

Procedural characteristics and treatment

A primary PCl procedure was performed in all
patients in both groups (Table Il). Median door-
to-balloon times were well below 60 min and
comparable in both groups. Access through the
radial artery was the most commonly used one.
We found no differences with regard to the cul-
prit artery. The left anterior descending artery was
the most often responsible for myocardial infarc-
tion (44%) followed by the right coronary artery
(36%) and circumflex artery (16%). Similar levels
of baseline TIMI flow grade, the rate of aspiration
thrombectomy use and successful stent implan-
tation were observed in both groups. Postproce-
dural TIMI 3 was slightly less frequently observed
in the non-survivor group (p = 0.039); however,
this did not directly translate into more frequent
use of GP lIb/Illa inhibitors (p = 0.64). Only sec-
ond-generation stents were implanted, of which
the most common antiproliferative substance in
both groups was sirolimus (48%).

Pharmacotherapy is presented in Table II.

The most commonly used P2Y12 inhibitor in
combination with aspirin was clopidogrel (68%)
followed by ticagrelor (28%). B-blockers and an-
giotensin-converting enzyme inhibitors (ACEls)/
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Table I. Characteristics of the studied groups

Variable All patients (n = 25)  Survivors (n = 13)  Non-survivors (n = 12) P-value
Age [years] 69.94 £+8.91 71.58 £7.98 67.85 £9.65 0.30
Male sex, n (%) 23 (92) 13 (100) 10 (83) 0.22
BMI [kg/m?] 29.50 +6.38 30.4 £6.29 28.41 £6.95 0.63
Length of hospital stay [days] 13 (6-20) 17 (13-21) 8.5 (3.5-14.5) 0.026
Mechanical ventilation, n (%) 14 (56) 6 (46) 8 (67) 0.3
LVEF (%) 36 £10 41 %7 30 9 0.003
Cardiogenic shock, n (%) 8 (32) 2 (15) 6 (50) 0.097
Cardiac arrest, n (%) 3(12) 2 (15) 1(8) 1
GRACE score 189 +44 169 +42 210 £35 0.014

ECG presentation, n (%):

Anterior 13 (52) 6 (46) 7 (58) 0.54
Inferior 7 (28) 4 (31) 3 (25) 1.0
Lateral 3(12) 3(23) 0 0.22
Posterior 2 (8) 0 2 (17) 0.22

Risk factors and comorbidities, n (%):

Diabetes mellitus 12 (48) 5 (38) 7 (58) 0.318
Arterial hypertension 17 (68) 10 (77) 7 (58) 0.41
Obesity 10 (40) 6 (46) 4(33) 0.69
Coronary artery disease 6 (24) 4 (31) 2(17) 0.64
Smoking 7 (28) 4 (31) 3 (25) 1

Previous stroke 4 (16) 2 (15) 2(17) 1

Dyslipidemia 7 (28) 4 (31) 3 (25) 1

Rheumatic disorder 1(4) 0 1(8) 0.48
Atrial fibrillation 7 (28) 2 (15) 5(42) 0.20
Pulmonary disease 1(4) 0 1(8) 0.48

Laboratory parameters on admission:

Hemoglobin [g/l] 13.4 (12.7-14.1) 13.2 (12.7-13.7) 13.95 (12.2-14.85) 0.32
Platelets [10%/1] 206.5 (171.75-352.25) 233 (189-392) 206 (156-308) 0.49
White blood cells [10%/1] 11.22 +4.76 9.58 £3.55 13 £5.39 0.07
Creatinine [umol/l] 74 (60-103) 74 (70-80) 73 (56-124) 0.76
hsCRP [mg/l] 84.7 (12.8-179.8) 12.8 (4.4-96) 131.45 (72.25-189.9) 0.026
Procalcitonin [ng/ml] 0.24 (0.07-0.89) 0.29 (0.07-0.52) 0.21 (0.04-0.97) 0.97
NT-pro-BNP [pg/ml] 3644 (2568-6939) 3399 (691-3644) 6579 (2859-19496) 0.17
hsTnl [ng/ml] 8259 (2501-23527) 8004 (2501-14424) 17543 (2299-25000) 0.25
Maximum hsTnl [ng/ml] 14632 (8849-25000) 13061 (8259-17601) 24263 (11559-25000) 0.17
D-dimer [ng/ml] 11573 (1383-52785) 652 (474-1498) 27327 (5070-78476) 0.042
LDL [mg/dl] 80.88 £36.94 90.67 £39.20 57.40 £15.96 0.09

Data are given as mean + standard deviation, median (interquartile range) or number (percentage). BMI — body mass index, ECG — electro-
cardiogram, GRACE — Global Registry of Acute Coronary Events, hsCRP — high-sensitivity C-reactive protein, hs-Tnl — high-sensitivity
troponin I, LDL-C — low-density lipoprotein cholesterol, LVEF — left ventricular ejection fraction, NT-pro-BNP — N-terminal prohormone of
brain natriuretic peptide.

angiotensin Il receptor blocker (ARBs) were used Discussion

less often by .non—survivors (p = 0.002 and p = The current study was the first to assess the
0.015; respectively), whereas the use of catechol-  GRACE risk scoring system suitability for indi-
amines was the opposite (p = 0.028). viduals with SARS-CoV-2 infection. We found
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Table II. Procedural characteristics and treatment

Variable All patients Survivors Non-survivors P-value
(n=25) (n=13) (n=12)
Symptom onset to reperfusion [min] 170 (123-210) 172 (133-240) 152 (119-201) 0.43
Door-to-balloon time [min] 29 (21-59) 27 (20-74) 30 (23-51) 0.76
Access, n (%):
Radial 23 (92) 12 (92) 11 (92) 1
Femoral 2 (8) 1(8) 1(8) 1
Culprit vessel, n (%):
LMS 1(4) 1(8) 0 1
LAD 11 (44) 4 (31) 7 (58) 0.17
Cx 4 (16) 3 (23) 1(8) 0.59
RCA 9 (36) 5 (38) 4 (33) 1
Three-vessel disease (3VD), n (%) (32) 6 (46) 2(17) 0.20
Baseline TIMI flow grade, n (%):
0-1 11 (44) 4 (31) 7 (58) 0.17
2 12 (48) 7 (54) 5 (42) 0.54
3 2 (8) 2 (15) 0 0.48
Postprocedural TIMI 3 flow grade, n (%) 21 (84) 13 (100) 8 (67) 0.039
GP IIb/Illa inhibitor use, n (%) 5 (20) 2 (15) 3 (25) 0.64
Aspiration thrombectomy use, n (%) 5 (20) 2 (15) 3 (25) 0.64
Stent implantation, n (%) 22 (88) 12 (92) 10 (83) 0.59
Second generation DES, n (%):
Sirolimus 12 (48) 7 (54) 5(42) 0.54
Zotarolimus 4 (16) 1(8) 3 (25) 0.32
Everolimus 6 (24) 4 (31) 2(17) 0.64
Radiation exposure [mGy] 465 (232-732) 333 (231-785) 492 (280-711) 0.61
Therapy, n (%):
ASA + clopidogrel 17 (68) 8 (62) 9 (75) 0.67
ASA + ticagrelor 7 (28) 4 (31) 3 (25) 1
ASA + prasugrel 1(4) 1(8) 0 1
Anticoagulants 18 (72) 7 (54) 11 (92) 0.07
B-blockers 18 (72) 13 (100) 5(42) 0.002
ACEIs/ARBs 15 (60) 11 (85) 4(33) 0.015
Statins 23 (92) 13 (100) 10 (83) 0.22
Steroids 16 (64) 8 (62) 8 (67) 1
Convalescent plasma 1(4) 0 1(8) 0.48
Remdesivir 9 (36) 4 (31) 5(42) 0.68
Catecholamines 11 (44) 3(23) 8 (67) 0.028

Data are given as median (interquartile range) or number (percentage). 3VD — three-vessel disease, ACEl — angiotensin-converting
enzyme inhibitor, ARB — angiotensin Il receptor blocker, ASA — acetylsalicylic acid, Cx — circumflex artery, DES — drug-eluting stent,
GP lIb/llla - glycoprotein IIb/llla, LAD - left anterior descending artery, LMS — left main stem, RCA — right coronary artery, TIMI — thrombolysis

in myocardial infarction.

a strong correlation between the GRACE risk score
and short-term death despite the small sample.
A score > 176 indicated a high risk for patients
with STEMI. Another factor associated with mor-
tality in this group is decreased LVEF as assessed
by transthoracic echocardiography, which is in
line with other observations (in non-COVID-19

patients); however, it was not taken into account
when projecting the GRACE risk score [19, 20]. The
overall mortality in this study was 48%, which is
lower than in a smaller case series in New York
(72%) and slightly higher than was reported in
a case series in Italy (39.3%, 3.6% still hospital-
ized) [8, 9]. When comparing these groups it is
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Figure 2. ROC curve of the total GRACE risk score
for in-hospital mortality. Optimal cutoff and AUC
(with 95% Cl) are presented

worth noting that our patients were older and had
a greater number of comorbidities.

COVID-19 infection is associated with a pro-
thrombotic state [21]. The presence of venous
thromboembolism is related to disease sever-
ity and clinical outcome among patients with
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p = 0.042
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g
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Figure 1. Comparison of selected parameters.
Medians and interquartile ranges (D-dimer and
hs-CRP) or means and standard deviations (only
LVEF) are presented

COVID-19 [22]. We found that non-survivors
had higher levels of high-sensitivity C-reactive
protein and D-dimers which reflect a system-
ic inflammatory response and prothrombotic
state. These parameters were also found to be
independently associated with a higher mortality
rate in non-COVID-19 patients with STEMI [23,
24]. Choudry et al. reported that there is strong
evidence for a higher load of thrombus in sub-
jects presenting with STEMI and concomitant
COVID-19 infection reflected by higher thrombus
grade, more frequent use of aspiration throm-
bectomy and GP llIb/llla inhibitor when com-
pared with non-COVID-19 patients [15]. When
comparing groups of patients with myocardial
infarction and SARS-CoV-2 in both our and the
above-mentioned study, similar frequency was
observed with regard to the use of aspiration
thrombectomy (20% in our study vs. 17.9%);
however, the use of GP lIb/Illa in our group was
less frequent (20% vs. 59%) but still higher than
in non-COVID-19 patients (9.2%) [15]. Surprising-
ly, the most frequently chosen P2Y12 inhibitor in
our study was clopidogrel (68%), which cannot
be explained by the need for anticoagulation due
to the risk of thromboembolism in the course of
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atrial flutter or fibrillation (28%). However, due to
numerous reports of effectiveness in the preven-
tion of major thromboembolic events and death,
therapeutic doses of heparin were widely used in
our group [25]. In this case, the use of prasugrel
or ticagrelor could have led to major bleeding
compared to clopidogrel [26, 27]. In some cas-
es, clopidogrel was chosen by the patient due to
financial reasons dictated by the large discrepan-
cy in the purchase prices.

Unlike other reports, all of our patients were
treated with primary percutaneous coronary inter-
vention [16]. None of them was treated with fibri-
nolytic therapy. The optimal management strategy
for patients with STEMI and coexisting COVID-19
was a substantial challenge at the beginning of
the pandemic. In order to mitigate the spread of
the disease, before the mechanisms of transmis-
sion of the infection were fully understood, fibri-
nolysis was a procedure recommended by Chi-
nese experts in stable individuals who presented
within 12 h of symptom onset and did not have
any contraindications [28]. However, primary PCl
remained generally the standard of care for STEMI
patients when it could be provided in a timely
fashion [29].

As regards pharmacotherapy, B-blockers and
ACEIs/ARBs were used less often by non-survivors.
There is a confirmed correlation between chronic
ACEI exposure and a milder course of COVID-19
[30]. However, it is worth noting that there was
higher prevalence (though not significant) of car-
diogenic shock in the non-survivor group, and this
contraindication in drug use could translate to the
differences we observed.

It is a relatively small, retrospective, monoeth-
nic, observational study in a single center and
therefore has all the limitations of this kind of
analysis. Although there is no intergroup differ-
ence with regard to sex, women are underrepre-
sented. Female sex is an independent predictor
of hospital mortality in the STEMI population;
however, it does not substantially improve the
discriminative capacity of the GRACE risk score
[31]. Despite the limitations, as far as we know,
this is the first study aiming to assess the GRACE
risk score in individuals with COVID-19 and STEMI.
The clinical relevance of our findings needs to be
further explored in a larger number of patients in
a multicenter study.

In conclusion, as far as we know, this is the first
study to demonstrate a significant correlation be-
tween the GRACE risk score and short-term mor-
tality in the population with STEMI and concurrent
COVID-19. Among other factors, non-survivors
had elevated hsCRP and D-dimer and reduced
LVEF. Postprocedural TIMI 3 flow grade was less
frequently observed in this group. Nonetheless,

our results need to be validated by larger studies
in the future.
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PROBLEMY ELEKTROTERAPII
| ELEKTROFIZJOLOGII U PACJENTOW Z COVID-19
W DWUSPECJALISTYCZNYM ODDZIALE
KARDIOLOGICZNO-KARDIOCHIRURGICZNYM

ELECTROTHERAPY AND ELECTROPHYSIOLOGY PROBLEMS OF COVID-19
INFECTED PATIENTS IN BI-DISCIPLINARY CARDIOLOGICAL
AND CARDIAC SURGERY WARD
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Abstrakt

Tto: Choroba koronawirusowa (COVID-19) zwiazana jest z powiklaniami sercowo-naczyniowymi, w tym za-
burzeniami rytmu serca. Ograniczone zasoby ochrony zdrowia zmniejszyly liczbe wykonywanych zabiegéw
z zakresu elektrofizjologii i elektroterapii, co doprowadzito do wzrostu $miertelnosci z przyczyn sercowo-na-
czyniowych. Celem tego badania jest ocena rzeczywistej czestoSci wystepowania zaburzen rytmu serca, ich ro-
dzaju oraz wykonywanych procedur z zakresu elektrofizjologii i elektroterapii wsréd chorych z COVID-19
przyjetych do dwuspecjalistycznego oddzialu kardiologiczno-kardiochirurgicznego.

Metody: PrzeprowadziliSmy jednoosrodkowa, retrospektywna analize dotyczaca grupy pacjentéw z COVID-19
i zaburzeniami rytmu serca lub konieczno$ciag wykonania zabiegéw zwiazanych z wszczepialnymi urzadzenia-
mi do elektroterapii serca. Ocenili§my ich charakterystyke kliniczng i czesto$¢ oraz rodzaj obserwowanych za-
burzen rytmu serca, a takze procedury, ktére wykonano w trakcie izolacji lub po jej zakoriczeniu.

Wiyniki: 17% chorych (38 z 227) zostato przyjetych z powodu zaburzeri rytmu serca lub koniecznosci implanta-
¢ji, wymiany lub usuniecia wszczepialnego urzadzenia do elektroterapii serca. Sposréd zaburzerni rytmu serca
najczesciej obserwowano migotanie lub trzepotanie przedsionkéw (34%), czestoskurcze komorowe (21%) lub
blok przedsionkowo-komorowy (13%). Najczesciej wykonywanymi procedurami w trakcie izolacji byly kolej-
no: koronarografia (16%), kardiowersja elektryczna (13%), implantacja kardiostymulatora (5%) i czasowa elek-
trostymulacja serca (5%). Ponad polowa pacjentéw wymagala tlenoterapii (53%). Smiertelnos¢ wewnatrzszpi-
talna wyniosta 18% (7 pacjentéw z 38).

Podsumowanie: Zaburzenia rytmu serca sa jednym z gtéwnych powiklari COVID-19 — zaréwno u pacjentéw
z wczeéniej rozpoznang choroba sercowo-naczyniows, jak i bez niej. Czesto towarzyszy im niewydolnos¢ od-
dechowa i obserwowana jest wysoka $miertelno$¢ wewnatrzszpitalna. Z drugiej strony obserwuje si¢ rosna-
cy dlug zdrowotny i $miertelnosc z przyczyn sercowo-naczyniowych z powodu odroczenia w czasie procedur
planowych. Dlatego tez nalezy poczynié¢ wszelkie starania, aby zachowac dostep do zabiegéw z zakresu elek-
troterapii i elektrofizjologii niezaleznie od statusu zakazenia. W przedstawionym artykule pokazujemy, Ze jest
to mozliwe i bezpieczne w ramach jednej, odpowiednio zreorganizowanej jednostki.

Stowa kluczowe: COVID-19, elektrofizjologia, elektroterapia, zaburzenia rytmu serca

Abstract

Background: Coronavirus disease (COVID-19) has been associated with cardiac complications including cardi-
ac arrhythmias. Decreased healthcare resources led to a reduction in electrotherapy and electrophysiology pro-
cedures and to increased mortality due to cardiovascular diseases. This research aimed to assess the real inci-
dence of cardiac arrhythmias and electrotherapy procedures among COVID-19 patients admitted to our bi-dis-
ciplinary cardiological and cardiac surgery ward.

Methods: We conducted a retrospective analysis of patients hospitalised with COVID-19 and cardiac arrhyth-
mias or the need to carry out procedures associated with cardiac implantable electronic devices (CIED). We as-
sessed their clinical characteristics, the occurrence of arrhythmias and procedures performed during or after the
termination of isolation.

Results: 17% of patients (38 of 227) were hospitalised due to cardiac arrhythmias or implantations, replace-
ments or CIED removal. The most prevalent cause of hospitalisation were atrial arrhythmias (34%), ventricu-
lar arrhythmias (21%) and atrioventricular block (13%). During isolation, the most frequently performed proce-
dures were coronarography (16%), electric cardioversion (13%), pacemaker implantation (5%) and temporary
cardiac pacing (5%). 53% of patients needed oxygen supplementation. Overall in-hospital mortality was 18%
(7 patients of 38).
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Conclusion: Cardiac arrhythmias are one of the major complications of COVID-19 in patients with and with-
out prior cardiovascular disease. They are associated with respiratory failure and high mortality. On the other
hand, numerous elective procedures were postponed and led to increased mortality due to cardiovascular dis-
eases. Therefore, patients, regardless of their infection status, should have access to electrotherapy and electro-
physiology procedures. In this article, we show that it is possible within one properly reorganised unit.

Keywords: COVID-19, electrophysiology, electrotherapy, cardiac arrhythmias

ynamiczna sytuacja epidemiologiczna,
Dwynikajqca z szerzacego si¢ zakazenia ko-

ronawirusem wywotujacym zespét ciez-
kiej ostrej niewydolnosci oddechowej (SARS-
-CoV-2), wymusita gwaltowne zmiany w orga-
nizacji ochrony zdrowia [1]. Z uwagi na tworze-
nie oddziatéw dla pacjentéw z COVID-19 znacz-
nie zmniejszyla si¢ liczba pilnych i planowych za-
biegéw z zakresu elektroterapii, elektrofizjologii
i kardiologii inwazyjnej [2, 3, 4]. Mialo to bezpo-
$rednie przelozenie na nadmiarowe zgony z przy-
czyn sercowo-naczyniowych w Polsce i na catym
Swiecie [5, 6]. Czes¢ szpitali dla pacjentéw z CO-
VID-19 nie dysponowata zapleczem do przepro-
wadzenia wysoko specjalistycznych procedur
z zakresu kardiologii, pozostale zmagaly sie
z brakiem wystarczajacej liczby miejsc, a trans-
port pacjentéw do tych osrodkéw zwigkszal ryzy-
ko rozprzestrzeniania sie¢ zakazer.

Kliniczny Szpital Wojew6dzki nr 2 nie byt szpi-
talem dedykowanym dla chorych z COVID-19,
lecz jako jedyny w regionie miat mozliwosé wy-
konywania pelnego profilu zabiegéw z zakresu
kardiologii i kardiochirurgii. W obliczu rozwijaja-
cej sie drugiej fali pandemii w Polsce utworzono
wiec wspélny, dwuspecjalistczny oddziat dla za-
kazonych SARS-CoV-2, ktéry funkcjonowat przez
6 miesiecy (w okresie 23.10.2020 — 23.04.2021) [7].
Najczestsza przyczyna hospitalizacji byt ostry ze-
spot wieficowy (28%), ostra niewydolnos¢ ser-
ca (26%) i zapalenie ptuc (13%) u 0s6b z licznymi
wspolistniejagcymi, przewlektymi chorobami ser-
cowo-naczyniowymi.

Bezposrednie uszkodzenie kardiomiocytéw,
niedotlenienie, burza cytokinowa czy tez zabu-
rzenia elektrolitowe to najwazniejsze potencjal-
ne przyczyny powstawania zaburzen rytmu serca
u chorych na COVID-19 [8]. Zgodnie z naszq wie-
dza nie ma dostepnych publikacji opisujacych ich
czestosd i przyjete strategie postepowania w trak-
cie pandemii dotyczace polskiej populacji. Ce-
lem niniejszej pracy jest przedstawienie obser-
wowanych zaburzen rytmu serca, charakterysty-
ki klinicznej pacjentéw oraz procedur z zakresu
elektrofizjologii i elektroterapii, ktére wykonano
w trakcie hospitalizacji powigzanej z czasowq izo-
lacja pacjenta zakazonego SARS-CoV-2.

Metody: PrzeprowadziliSmy jednoosrodkowa,
retrospektywna analize dotyczaca grupy pacjen-
tow przyjetych do nowo stworzonego oddziatu,
ktérzy wymagali hospitalizacji z powodu zabu-
rzen rytmu serca, pilnego zabiegu elektrofizjolo-
gicznego lub implantacji, wymiany badZ usunie-
cia wszczepialnego urzadzenia do elektroterapii
serca. Diagnoza COVID-19 stawiana byla zgodnie
z zaleceniami Polskiego Towarzystwa Epidemio-
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logéw i Lekarzy Choréb Zakaznych wedlug me-
tody Real Time PCR [9]. Pacjenci, u ktérych przy
przyjeciu wykluczono zakazenie wirusem SAR-
S-CoV-2, hospitalizowani byli osobno i testowa-
ni dwa razy w tygodniu oraz w razie pojawienia
si¢ jakichkolwiek objawéw infekcji. Okres izolacji
ustalano zgodnie z obowiazujacymi przepisami
prawnymi, wynosit on 10 dni u oséb bezobjawo-
wych i objawowych, u ktérych nie obserwowano
goraczki przez co najmniej 48 godz. U pozosta-
tych chorych izolacja trwata 14 dni. Po jej zakon-
czeniu ozdrowienicéw wypisywano do domu lub
przenoszono na oddziat przeznaczony dla cho-
rych bez aktywnego zakazenia. Przez caly czas
w ramach jednej komorki organizacyjnej funk-
cjonowaly wiec dwie jednostki leczace pacjentéw
kardiologicznych przydzielonych do nich na pod-
stawie obecnosci zakazenia badz jego braku i kon-
tynuowano przyjecia planowe oséb z wynikiem
ujemnym. Personel medyczny wyposazony byt
w stosowne srodki ochrony osobistej [10].

W oddziale przebywali chorzy z powodu
ostrej niewydolnosci serca (NYHA III i IV), ostre-
go zespolu wienicowego, zatorowosci plucnej, in-
fekcyjnego zapalenia wsierdzia (w tym odelektro-
dowego), infekcji lozy wszczepialnego urzadzenia
do elektroterapii serca, zaburzen rytmu serca, za-
palenia mieénia sercowego, zapalenia osierdzia,
wymagajacy pilnego zabiegu kardiochirurgiczne-
go, z powiklaniami po sternotomii oraz cierpia-
cy na zapalenie ptuc z licznymi wspétistniejacymi
chorobami sercowo-naczyniowymi [7].

Choroby sercowo-naczyniowe rozpoznano
i zdefiniowano na podstawie anamnezy, wcze-
$niejszej diagnostyki i stosowanego leczenia
zgodnie z aktualnymi wytycznymi Europejskiego
Towarzystwa Kardiologicznego [11]. Zaburzenia
rytmu serca zdefiniowano jako blok przedsionko-
wo-komorowy (AVB) co najmniej II stopnia, ko-
morowe zaburzenia rytmu serca (w tym burze
elektryczna), objawowq bradykardie, migotanie
i trzepotanie przedsionkéw oraz nawracajace cze-
stoskurcze nadkomorowe.

Statystyka: Analiza statystyczna zostala prze-
prowadzona przy uzyciu programu PQStat So-
ftware 1.8.2 (Poznan, Polska). Analize rozpo-
czeto od sprawdzenia rozkladu zmiennych (test
Shapiro-Wilka). Zmienne ciagle przedstawiono
w postaci $redniej arytmetycznej i odchylenia
standardowego (rozklad normalny) lub mediany
i rozstepu miedzykwartylowego (brak rozktadu
normalnego).

Wyniki: Dane demograficzne i charaktery-
styka kliniczna pacjentéw zostaly przedstawione
w tabeli 1.
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Od 23 pazdziernika 2020 r. do 23 kwietnia
2021 r. na oddzial przyjeto 227 chorych, 38 z nich
(17%) wymagato hospitalizacji z powodu zabu-
rzeft rytmu serca, koniecznosci przeprowadze-
nia pilnego zabiegu elektrofizjologicznego lub im-
plantacji, wymiany badZ usuniecia wszczepialne-
go urzadzenia do elektroterapii serca.

U 31 pagentow (82%) dodatni wynik PCR
otrzymano w pierwszym tygodniu hospitaliza-
i, z czego 28 przypadkéw (74%) dotyczylo pierw-
szej doby hospitalizacji (mediana [Q1-Q3]; 1 [1-2, 5]).
Wigkszo$¢ zakazenn miala wiec charakter po-
zaszpitalny [12].

Mediana czasu hospitalizacji wyniosta 13 (10-
21), w tym czas izolacji 11 dni (7-14).

Najczestsza przyczyna przyjecia do szpitala
w tej grupie chorych bylo migotanie lub trzepo-
tanie przedsionkéw (34%), zaréwno stwierdzono
de novo, jak i napad u chorych z wczesniej rozpo-
znana chorobg oraz pogorszenie kontroli czestosci
rytmu serca u chorych z utrwalonym charakterem
arytmii. Srednia czestos¢ akcji komér przy przy-
jeciu wynosila 129 uderzen na minute (odchyle-
nie standardowe = 35). Postepowanie w tej gru-
pie pacjentéw obejmowato cate spektrum typo-
wych dziatan, od kardiowersji elektrycznej w try-
bie pilnym (23%) lub planowym po odpowiednim
okresie antykoagulacji (15%), kardiowersji farma-
kologicznej (8%) po kontrole czestosci rytmu ser-
ca (23%) czy krioablacje balonowa ujsé zyt pluc-
nych (PVI) po zakoniczonym okresie izolacji pod-
czas biezacej (8%) lub kolejnej hospitalizacji (8%)
(tabela 2). U 15% doszto do samoistnego powrotu
rytmu zatokowego.

Druga co do czestosci przyczyne przyjecia do
szpitala stanowil czestoskurcz komorowy (21%).
W pieciu przypadkach (13%) byla to burza elek-
tryczna, jeden przypadek monomorficznego cze-
stoskurczu z drogi odplywu prawej komory, je-

den z substratem w obrebie $ciany dolno-pod-
stawnej lewej komory oraz jeden wieloksztaltny
czestoskurcz komorowy typu torsade de pointes
(TdP). W tej grupie chorych wykonano dwie abla-
gje z zastosowaniem systemu elektroanatomicz-
nego CARTO (po zakoriczonym okresie izolacji)
i dwie koronarografie (w trakcie izolagji).
U dwéch chorych leczono poamiodaronowsa nad-
czynno$¢ tarczycy, u pozostatych objawy ustapity
po wdrozeniu leczenia ostrej niewydolnosci od-
dechowej. U chorego z czestoskurczem typu TdP
zaburzenia rytmu serca ustapily po odstawieniu
amiodaronu i wyréwnaniu ciezkiej hipokaliemii.
W badanej grupie nie stwierdzono przypadkéw
TdP zwiazanych z wydtuzeniem QT w przebiegu
stosowania hyrdoksychlorochiny z azytromocyna
lub bez nie;j.

Trzecig co do czestosci przyczyna przyjecia do
szpitala byl blok przedsionkowo-komorowy (co
najmniej drugiego stopnia) stwierdzony w pieciu
przypadkach (13%). U dwéch chorych zaburzenia
rytmu serca wycofaly si¢ po modyfikacji farma-
koterapii. W trakcie izolacji wykonano jedng im-
plantacja kardiostymulatora (PM), a jedng po jej
zakoniczeniu. Jeden pacjent wymagal czasowej
elektrostymulacji serca i implantacji kardiowerte-
ra-defibrylatora (ICD) w okresie poprzedzajacym
potwierdzenie zakazenia SARS-CoV-2.

Dwoch chorych z zawalem migénia sercowe-
go z uwagi na blok przedsionkowo-komorowy III
stopnia wymagalo czasowej elektrostymulacji ser-
ca. U dwdch z uwagi na juz wczesniej opisywana,
optymalnie leczong niewydolnosc¢ serca z obnizo-
na frakcjqa wyrzutowq lewej komory i nawracaja-
ce zaburzenia rytmu serca implantowano ICD. Je-
den zabieg wykonano w trakcie izolacji, drugi —
poprzedzony usunieciem kardiostymulatora — po
jej zakoriczeniu. Jeden chory mial wykonang abla-
¢je drogi wolnej z powodu licznych epizodéw na-

Tabela 1. Dane demograficzne i charakterystyka kliniczna pacjentow

wiek, lata

plec¢ meska, n (%)

BMI, kg/m?

catkowita dlugosc hospitalizacji, dni

dlugosé pobytu na oddziale dla pacjentéw z COVID-19, dni

dodatni wynik testu, doba hospitalizacji
liczba zgonéw, n (%)

70,18 (10,76)
25 (66)
29,55 (4,46)
13 (10 - 21)
11 (7-14)
1(1-2,5)

7 (18,42)

Przyczyna hospitalizacji, n (%) _

Migotanie/ trzepotanie przedsionkéw 13 (34)
czestoskurcz komorowy (w tym burza elektryczna, TdP) 8 (21)
blok przedsionkowo-komorowy (co najmniej II stopnia) 5(13)
infekcja lozy/ odelektrodowe zapalenie wsierdzia 3(8)
zaostrzenie niewydolnosci serca z implantacjg urzadzenia do CRT 2 (5)
wyczerpanie baterii (ERI/EOL) 2 (5)
zawal miesnia sercowego z powiklaniami (np. wymagajacy

czasowej stymulagji serca, ablacji lub implantacji urzadzenia do 5(13)

elektroterapii)

Dane zostaly przedstawione jako $rednia arytmetyczna (odchylenie standardowe), liczba (procent) oraz mediana (Q1-Q3).
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wrotnego czestoskurczu weztowego. Wszyscy pa-
cjenci w tej grupie mieli réwniez wykonana koro-
narografie i angioplastyke wiericowa z implanta-
cja stentow uwalniajacych lek.

Catkowita $miertelnos¢ wewnatrzszpitalna
wyniosta 18% (siedmiu pacjentéw sposréd 38).
Tylko jeden chory nie osiggnat 65. roku zycia.
Po dwéch chorych zmarto z powodu niewydol-
nosci serca mimo ustgpienia burzy elektrycznej,
powiklari pozawatowych lub z powodu niewy-
dolnosci oddechowej z wyjsciowo obserwowa-
nym szybkim migotaniem przedsionkéw, a je-
den z powodu odelektrodowego infekcyjnego za-
palenia wsierdzia po usunigciu uktadu. Mediana
czasu hospitalizacji do momentu zgonu wyniosta
7 dni (4,5-17,5).

Trzech pacjentéw wymagalo wentylacji me-
chanicznej (8%), a 17 (45%) tlenoterapii biernej
z uwzglednieniem wysokoprzeplywowej tlenote-
rapii donosowej (Optiflow).

Zabiegi przeprowadzone w trakcie hospita-
lizacji przedstawione zostaly w tabeli 2. Najcze-
$ciej wykonywanymi procedurami w trakcie izo-
lacji byly kolejno: koronarografia — u szesciu pa-
gentéw (16%), kardiowersja elektryczna arytmii
nadkomorowych i komorowych (13%), implanta-
cja kardiostymulatora (5%) i czasowa elektrosty-
mulagja serca (5%).

Dyskusja: Zaburzenia rytmu serca towarzy-
szace infekcji SARS-CoV-2 moga by¢ wynikiem
bezposredniego uszkodzenia kardiomiocytéw,
niewydolnosci oddechowej, uogdlnionej reakgji
zapalnej, zaostrzenia przewlektych choréb ser-
cowo-naczyniowych czy tez dzialaniem niepo-
zadanym eksperymentalnych terapii (13). Wsrod
chorych z COVID-19 najczesciej wystepujaca ta-
chyarytmiq (nie liczac tachykardii zatokowej) za-
réwno w naszej analizie, jak i zagranicznych do-
niesieniach bylo migotanie przedsionkéw (14).
Najczesciej obserwowang bradyartymie stanowit
blok przedsionkowo-komorowy co najmniej dru-
giego stopnia (15).

W przeciwienistwie do wczesniejszych publi-
kacji stwierdziliSmy tylko jeden przypadek po-
limorficznego czestoskurczu komorowego typu
torsade de pointes, ktory jednak nie mial zwigzku

ze stosowaniem hydroksychlorochiny czy azytro-
mycyny (16). Obserwowana réznica wynika naj-
prawdopodobniej z tego, ze w momencie istnie-
nia oddzialu powszechnie znana byta juz niesku-
tecznos¢ tej terapii, co ograniczylo jej stosowanie
i potencjalne proarytmogenne dzialania niepoza-
dane (17).

Ponad potowa badanych pacjentéw wymaga-
la tlenoterapii biernej lub czynnej. Niewydolnos¢
oddechowa wydaje si¢ wigc miec istotne znacze-
nie w patogenezie zaburzen rytmu serca, a zwia-
zek ten jest widoczny réwniez w innych reje-
strach (14). Obserwowana w nich $miertelnosé
wewnatrzszpitalna (31,3% — 50%) byla wyzsza niz
w naszej grupie chorych (18%) [14, 13].

Uwzgledniajac okres inkubacji zakazenia, mo-
zemy stwierdzi¢, ze zdecydowana wigkszos¢ ob-
serwowanych przez nas zakazen miafa charakter
pozaszpitalny [12].

W obliczu dynamicznej sytuacji epidemiolo-
gicznej i ogromnej liczby nadmiarowych zgonéw
z przyczyn sercowo-naczyniowych istnieje ko-
niecznos¢ wypracowania nowych modeli organi-
zacyjnych w ochronie zdrowia [18]. U wszystkich
pacjentéw konieczna jest rowniez indywidualna
ocena klasy wskazan i pilnosci zabiegu z zakre-
su elektroterapii czy elektrofizjologii serca zgod-
nie z opinig Sekcji Rytmu Serca Polskiego Towa-
rzystwa Kardiologicznego [2]. W prezentowanej
przez nas grupie chorych duza cze$¢ zabiegéw
z zakresu elektrofizjologii i elektroterapii mozna
bylo bezpiecznie odlozy¢ do czasu zakoriczenia
izolacji. Czgs¢ z nich z uwagi na stan zagrozenia
zycia chorych lub che¢ uzyskania optymalnych
efektow leczenia przeprowadzono w trakcie jej
trwania, podobnie jak w referencyjnym osrodku
elektrofizjologicznym w pdinocnych Wiloszech,
przeznaczonym dla pacjentéw z COVID-19 (19).

Zakazenie SARS-CoV-2 moze nasilaé wcze-
$niej wystepujace lub wywolywac nowe zaburze-
nia rytmu serca. Tworzenie oddziatéw dla cho-
rych z COVID-19 ograniczylo dostep do zabiegéw
z zakresu elektrofizjologii i elektroterapii pozosta-
tym chorym. Przedstawiony przez nas przykiad
pokazuje, ze mozliwe jest wspdlistnienie oddzia-
tu kardiologicznego dla oséb zdrowych i zakazo-

Tabela 2. Zabiegi przeprowadzone w trakcie hospitalizacji

. . Czas wykonania zabiegu
Rodzaj zabiegu . ..
poza okresem izolacji, n

implantacja PM

implantacja ICD

implantacja CRT

czasowa elektrostymulacja serca
wymiana urzadzenia

usuniecie urzadzenia do elektroterapii

ablacja (PVI, drogi dodatkowej lub
z wykorzystaniem systemu CARTO)

B W L P, N NN

koronarografia /angioplastyka 4/4

wiencowa

kardiowersja elektryczna (arytmii 0
komorowych i nadkomorowych)
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w trakcie izolacji, n

lacznie, n

2 4
1 3
0 2
2 3
1 2
0 8
0 4
6/4 10/8
5 5

11



WDR Vol. 61 Issue 4, 2021, pp. 14-18

Prace pogladowe/Review articles

nych SARS-CoV-2 w ramach jednej komérki or-
ganizacyjnej. Kluczowe elementem wydaje sie by¢
bezpieczeristwo pacjentéw i personelu medyczne-
go realizowane przez stosowanie odpowiednich
srodkéw ochrony osobistej, wysoki odsetek za-
szczepionych wsréd personelu medycznego oraz
rygorystyczne przestrzeganie zasad dotyczacych
testowania pacjentéw na obecnos¢ zakazenia. Po-
zwala to na wykonywanie zabiegéw z zakresu
elektrofizjologii i elektroterapii w trybie plano-
wym u os6b bez zakazenia SARS-CoV-2, jak i wy-
konywanie procedur pilnych, ktérych odrocze-
nie wigzaloby sie z zagrozeniem zycia, niezalez-
nie od obecnosci zakazenia. Dziatania takie sg nie-
zbedne, by zahamowac drastyczny wzrost liczby
nadmiarowych zgonéw, zredukowaé powstajacy
dlug zdrowotny i ograniczy¢ szerzenie si¢ zaka-
zett SARS-CoV-2.

Nasze badanie ma swoje ograniczenia. Jest re-
trospektywne, jednoosrodkowe i dotyczy malej
grupy chorych. Konieczne sg dalsze, wieloosrod-
kowe badania, oceniajace wplyw samego zakaze-
nia SARS-CoV-2, jak i reorganizacji opieki zdro-
wotnej na rokowanie w tej grupie chorych.

Podsumowanie

Zaburzenia rytmu serca sa jednym z gléw-
nych powiklan COVID-19 zaréwno u pacjentéw
z wczesniej rozpoznang chorobg sercowo-naczy-
niowa, jak i bez niej. Najczesciej obserwowana
tachyarytmie stanowi migotanie przedsionkdéw,
a bradyartymie blok przedsionkowo-komorowy
co najmniej II stopnia. Czesto towarzyszy im nie-
wydolnos¢ oddechowa i wysoka $miertelnosé we-
wnatrzszpitalna. Z drugiej strony z powodu odro-
czenia w czasie procedur planowych rosnie dlug
zdrowotny i $miertelnos¢ z przyczyn sercowo-na-
czyniowych. Dlatego tez nalezy poczyni¢ wszel-
kie starania, aby niezaleznie od statusu zakazenia
zachowac dostep do zabiegéw z zakresu elektro-
terapii i elektrofizjologii. W przedstawionym ar-
tykule pokazujemy, Ze jest to mozliwe i bezpiecz-
ne w ramach jednej, odpowiednio zreorganizowa-
nej jednostki.
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