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Wykaz stosowanych skrétow:

Sars-CoV-2 drugi wirus cigzkiego zespotu niewydolno$¢ oddechowej
COVID-19 infekcja koronawirusem 2019

APE - ostra zatorowos¢ ptucna

ACS - ostry zespot wiencowy

AMyo- zapalenie mig$nia sercowego

hsTnT - troponina T oznaczana metoda wysokoczuta

NT-proBNP — N-koncowy fragment propeptydu natiuretycznego typu B



STRESZCZENIE W JEZYKU POLSKIM:

Wstep Zakazenie koronawirusem SARS-CoV-2 moze prowadzi¢ do uszkodzenia serca, destabilizacji blaszek

miazdzycowych oraz predysponuje do powiktan zakrzepowo zatorowych.

Cele W obecnej pracy szczego6lnie skupiliSmy si¢ na pacjentach z zatorowos$cig ptucng jak i innymi chorobami
uktadu sercowo-naczyniowego hospitalizowanych w referencyjnym osrodku kardiologianym starajac si¢

oceni¢ wptyw infekcji koronawirusowej na przebieg ostrych schorzen sercowo-naczyniowych.
Celami pracy byly.

1. Ocena czgstosci wystegpowania PE wérod duzej populacji kolejnych pacjentdow przyjmowanych z powodu

zapalenia ptuc z powodu COVID-19 w dwoch referencyjnych osrodkach.

2. Ocena progu stezenia D-Dimeru, ktéry moze by¢ przydatny w diagnostyce i ocenie rokowania pacjentow

z ostrg zatorowo$¢ ptucng 1 wspotistniejacg infekcja COVID 19 .

3 Ocena rokowania chorych z ostrymi chorobami uktadu sercowo naczyniowego to jest ostrych zespotow

wiencowych niewydolnosci serca i zatorowosci ptucnej u chorych infekcja COVID 19
Metody i wyniki

Weryfikacja celu pierwszego i drugiego odbyla si¢ na podstawie analizy kolejnych 456 pacjentow z COVID-
19 (diagnozowanych i leczonych w naszym Osrodku oraz w Klinice Kardiologii £.6dzkiego Uniwersytetu
Medycznego), APE rozpoznano u 19,3%. Wszyscy pacjenci z PE otrzymali co najmniej antykoagulacje,
siedmiu pacjentow otrzymalo tromboliz¢ ogolnoustrojowa W podgrupie pacjentow z APE $miertelno$¢ byta
porownywalna z pacjentami bez APE (19/88 (21,5%) vs. 101/368 (27,4%) dla os6b bez APE, p = 0,26). Co
istotne Pacjenci z APE charakteryzowali si¢ wyzszymi st¢zeniami D-dimerow i wyzszym stosunkiem D-
dimeréw do wieku pacjenta. Analiza krzywej rok dla warto$ci stosunku D-dimer/wiek w diagnostyce APE
cechowala si¢ wysokim polem pod krzywa AUC 0,788 (95% CI 0,727-0,848. Na jej podstawie
zidentyfikowali$my stosunek stg¢zenia D-dimeréw do wieku przydatny w diagnostyce APE u pacjentéw z
infekcja COVID-19, ktory wyniost 70 lat. Ten zaproponowany wspotczynnik D-dimer/wiek charakteryzowat
si¢ wysoka wykonalnoscia diagnostyczna (czuto$é, swoistos¢, ujemna wartos¢ predykcyjna odpowiednio 83%,

94%, 96%, 73%).

Cel trzeci byt weryfikowany na podstawie retrospektywnej analizy dany 249 kolejnych pacjentow z infekcja
COVID-19, ktorzy byli leczeni w naszym oddziale. W grupie tej bylo 42 (16,9%) pacjentéw, u ktérych
rozpoznano dodatkowo APE, 37 (14,9%) z ACS (8 z zawatem mig$nia sercowego z uniesieniem odcinka ST
i 29 z zawatem migénia sercowego bez uniesienia odcinka ST) oraz 19 (7,6%) z AMyo. Ponadto u 3 innych

pacjentow (1,2%) rozpoznano zesp6t Takotsubo.



Do analizy statystycznej te 3 przypadki analizowano je razem z pacjentami z zawatem mig$nia sercowego i
utworzono grup¢ ACS (n=40). U pozostatych 148 (59,4%) pacjentow wystapito wylacznie zapalenie ptuc z
powodu COVID-19. Stwierdzono istotne rdznice mi¢dzy grupami w poziomach hsTnT, NT-proBNP i D-
dimerow w osoczu (P<0,05). Ponadto, analiza wykazata, ze poziomy hsTnT i NT-proBNP byty wyzsze u
pacjentow z ACS (hsTnT, 153,5 ng/ml; NT-proBNP, 4200 pg/ml. AMyo (hsTnT, 75,5 ng/ml; NT-proBNP,
9083 pg/ml) niz u pacjentdow z APE (hsTnT, 26,0 ng/ml; NT-proBNP, 962 pg/ml) lub zapalenie ptuc COVID-
19 (hsTnT, 22,5 ng/ml; NT-proBNP, 996 pg/ml). Natomiast poziomy D-dimerow byly wyzsze u pacjentow z
APE (12 675 ng/ml) niz u pacjentdéw z AMyo (1317 ng/ml) i COVID-19 (959 ng/ml). Nie zaobserwowalismy
jednak réznic w stezeniach D-dimeréw miedzy pacjentami z APE 1 ACS (1494 ng/ml), Poziom D-dimerow
przewidywal rozpoznanie APE (AUC=0,850 CI95 [0,765; 0,935], p<0,001) z czutosciag 69,4% i swoistoscig
96,2% dla poziomu 4968,0 ng/ml, a NT-proBNP przewidywat rozpoznanie AMyo (AUC = 0,692 CI95 [0,502;
0,883], p=0,004) i wykazywat czutos¢ 54,5% ze swoistoscig 86,5% dla punktu odcigcia 8970 pg/ml. Poziomy
troponiny T w naszym badaniu nie byly przydatne w roznicowaniu migdzy tymi chorobami uktadu krazenia.
Co wazne stopien zajecia pluc infekcja COVID 19 w calej grupie przewidywat $miertelno$¢ (OR = 1,03 CI95
[1,01; 1,04] dla wzrostu o 1%, s<0,001). Po uwzglednieniu zajecia pluc ACS cechowalo sie wigksza
$miertelno$cig w porownaniu z chorymi tylko z zapaleniem ptuc COVID-19 (OR=5,27 CI95 [1,76; 16,38]
p=0,003), podczas gdy dla APE i AMyo nie stwierdzono takiej zaleznos$ci.

Whioski

Na podstawie analizy chorych hospitalizowanych z powodu zapalenia ptuc w przebiegu infekcji COVID 19
stwierdziliSmy, ze oznaczenie st¢zenia Dimeru D moze by¢ przydatne w diagnostyce ostrej zatorowosci
ptucnej, a skorygowane o wiek chorego wiek poziomy tego biomarkera zgodnie ze wzorem wiek pacjenta

x70 moze by¢ nadal uzytecznym narzedziem do rozpoczgcia diagnostyki

Ponadto, D-dimer i NT-proBNP, cho¢ nie troponina T, sa przydatne w roznicowaniu chorob sercowo-
naczyniowych tj. ostrych zespotow wiencowych, zapalenia mig$nia sercowego i zatorowosci ptucnej u
pacjentow z zapaleniem ptuc w przebiegu infekcji COVID-19. U chorych z ostrym zespotem wiencowym
infekcja COVID-19 zwigkszyta Smiertelno$¢ wewnatrzszpitalng niezaleznie od stopnia zajgcia ptuc, podczas

gdy dla APE i AMyo nie stwierdzono takiej zaleznoSci.



STRESZCZENIE W JEZYKU ANGIELISKIM:

Introduction: Coronavirus infection SARS-CoV-2, may lead to heart damage and destabilization of

atherosclerotic plaques, and predisposes to thromboembolic complications.

Aim of the study: In the current work, we particularly focused on patients with pulmonary embolism and
other cardiovascular diseases, trying to assess the impact of coronavirus infection on acute cardiovascular

diseases.
The goals of the work were:

1. To assess the incidence of PE among a large population of consecutive patients admitted with COVID-19

pneumonia at two reference centers.

2. Assessment of the D-Dimer concentration threshold, which may be useful in the diagnosis and assessment

of the prognosis of patients with acute pulmonary embolism and concomitant COVID 19 infection.

3 Assessment of the prognosis of patients with acute cardiovascular diseases, i.e. acute coronary syndromes,

heart failure and pulmonary embolism in patients with COVID 19 infection.
Methods and results

The verification of the first and second objectives was based on the analysis of another 456 patients with
COVID-19 (diagnosed and treated in our Center and in the Department of Cardiology of the Medical
University of Lodz), APE was diagnosed in 19.3%. All patients with APE received at least anticoagulation,
seven patients received systemic thrombolysis. In the subgroup of patients with APE, mortality was
comparable to patients without APE (19/88 (21.5%) vs. 101/368 (27.4%) for those without APE, p = 0.26).
Importantly, patients with APE were characterized by higher D-dimer concentrations and a higher D-dimer to
patient age ratio. Analysis of the year curve for the value of the D-dimer/age ratio in the diagnosis of APE was
characterized by a high area under the curve AUC of 0.788 (95% CI 0.727- 0.848. On this basis, we identified
a D-dimer concentration-to-age ratio useful in the diagnosis of acute respiratory syndrome in patients with
COVID-19 infection, which was 70. This proposed D-dimer/age ratio was characterized by high diagnostic
feasibility (sensitivity, specificity, negative predictive value, respectively). 83%, 94%, 96%, 73%).

The third objective was verified based on a retrospective analysis of 249 consecutive patients with COVID-19
infection who were treated in our department. In this group, there were 42 (16.9%) patients additionally
diagnosed with APE, 37 (14.9%) with ACS (8 with myocardial infarction with ST segment elevation and 29
with myocardial infarction without ST segment elevation) and 19 (7.6%) with AMyo. Additionally, 3 other

patients (1.2%) were diagnosed with Takotsubo syndrome.
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For calculation purposes, these 3 cases were analyzed together with patients with myocardial infarction and
an ACS group was created (n=40). The remaining 148 (59.4%) patients experienced only COVID-19
pneumonia. Significant differences were found between groups in the levels of hsTnT, NT-proBNP and D-
dimer in plasma (P<0.05). Moreover, post-analysis hoc showed that hsTnT and NT-proBNP levels were higher
in patients with ACS (hsTnT, 153.5 ng/ml; NT-proBNP, 4200 pg/ml. AMyo (hsTnT, 75.5 ng/ml; NT-proBNP,
9083 pg/ml) than in patients with APE (hsTnT, 26.0 ng/ml; NT-proBNP, 962 pg/ml) or COVID-19 pneumonia
(hsTnT, 22.5 ng/ml; NT-proBNP, 996 pg/ml), however, D-dimer levels were higher in patients with APE
(12,675 ng/ml) than in patients with AMyo (1317 ng/ml) and COVID-19 (959 ng/ml).

However, we did not observe differences in D-dimer concentrations between patients with APE and ACS (1494
ng/ml). D-dimer levels predicted the diagnosis of APE (AUC=0.850 CI95 [0.765; 0.935], p<0.001) with a
sensitivity of 69.4% and specificity of 96.2% for a level of 4968.0 ng/ml, and NT-proBNP predicted the
diagnosis of AMyo (AUC = 0.692 CI95 [0.502; 0.883], p=0.004) and showed a sensitivity of 54.5% with a
specificity of 86.5% for a cut-off point of 8970 pg/ml. Troponin T levels in our study were not useful in
differentiating between these cardiovascular diseases. Importantly, the degree of pulmonary involvement of
COVID 19 infection in the entire group predicted mortality (OR = 1.03 CI95 [1.01, 1.04] for an increase of
1%, $<0.001). After taking into account lung involvement, ACS was characterized by higher mortality
compared to patients with only COVID-19 pneumonia (OR = 5.27 CI95 [1.76, 16.38] p = 0.003), while for
APE and AMyo this was not found. dependence.

Conclusions

Based on the analysis of patients hospitalized due to pneumonia in the course of COVID 19 infection, we
found that the measurement of D-dimer concentration may be useful in the diagnosis of acute pulmonary
embolism, and the levels of this biomarker adjusted for the patient's age according to the formula patient's age

x70 may still be useful. tool to start diagnostics

Moreover, D-dimer D and NT-proBNP, although not troponin T, are useful in the differentiation of
cardiovascular diseases, i.e. acute coronary syndromes, myocarditis and pulmonary embolism in patients with
pneumonia in the course of COVID-19 infection. In patients with acute coronary syndrome and COVID-19
infection, in-hospital mortality increased regardless of the degree of lung involvement, while no such

relationship was found for APE and AMyo.



WSTEP:

W okresie pandemii COVID-19 Klinika Choréb Wewngtrznych 1 Kardiologii z Centrum Diagnostyki i
Leczenia Zylnej Choroby Zakrzepowo-zatorowej WUM zostala przeksztalcona w referencyjny osrodek
dedykowany leczeniu chorych z infekcja COVID-19 i ostrymi stanami kardiologicznymi oraz pacjentow z
towarzyszacymi obcigzeniami kardiologicznymi wymagajacymi specjalistycznej terapii w tym pilnej
kardiologicznych interwencji np. plastyk tetnic wiencowych z powody ostrych zespotow wiencowych i. W
trakcie ok. 12 miesiecy hospitalizowalismy pacjentéw z COVID-19 w ramach Oddziatu Zachowawczego oraz

Oddziatu Intensywnej Opieki Kardiologiczne;.

Zakazenie koronawirusem powoduje wigzanie si¢ SARS-CoV-2 z receptorem konwertazy angiotensyny 2,
posredniczac w wnikaniu wirusa do komorek. Oprocz ptuc receptor ten ulega silnej ekspresji w sercu i
naczyniach krwionos$nych [1,2]. Cig¢zkie przypadki wirusowego zapalenia pluc, takie jak zakazenie SARS-
CoV-2 w COVID-19, objawiajg si¢ progresja ogoélnoustrojowego stanu zapalnego i nadmierng aktywacja
komorek odpornosciowych "burza cytokinowg", co prowadzi do uszkodzenia serca i destabilizacji blaszek
miazdzycowych oraz predysponuje do stanu nadkrzepliwos$ci [1,3,4], ktory klinicznie objawia si¢
obserwowanym wzrostem ogolnej czgstosci wystgpowania zylnej choroby zakrzepowo-zatorowej, w tym

zakrzepicy ptuc in-situ [1,4].

Wsrod zmian parametrow krzepnigeia spowodowanych koagulopatia zwigzang z COVID-19, zazwyczaj
znacznie podwyzszony jest poziom produktow degradacji fibryny — tj. D-Dimeru [5]. Jednocze$nie wiemy,
ze ocena stezenia tego biomarkera odgrywa bardzo duze znaczenie w diagnostyce chorych z podejrzeniem
zakrzepowo zatorowej. Relatywnie malo jest danych dotyczacych przydatnosci diagnostycznej i
prognostycznych Dimeru-D u chorych z podejrzeniem zatorowos$ci ptucnej 1 wspotistniejaca infekcjg COVID

19 [6-11]

U pacjentow z COVID-19 odnotowano istotny wzrost ryzyka wystapienia ostrych chorob sercowo-
naczyniowych, w tym ostrego zespotu wiencowego (ACS), ostrej zatorowos$ci ptucnej (APE) i udaru mozgu
[12,13]. Ostre zapalenie migsnia sercowego (AMyo) moze by¢ rowniez spowodowane przez COIVD-19 [13].
Co wigcej, ostatnio wykazano, ze zakazenie SARS-CoV-2 wigze sie z wigksza S$miertelnoscia
wewnatrzszpitalng jak i po wypisie zarbwno u pacjentow z ACS [3,15] jak i u chorych z APE [15, 16].
Ponadto donoszono, ze chorzy z przyjmowani do szpitala z powodu nasilenia niewydolno$ci serca i

wspolistniejacym zakazeniem SARS-CoV-2 mieli zte rokowanie [17].

Takze wsrod pacjentdow z nadci$nieniem plucnym zaréwno tetniczym jak i zakrzepowo-zatorowym

odnotowano wigkszg §miertelno$¢ w przebiegu infekcji COVID-19 [18].
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Zakazenie SARS-CoV-2 wptywa na $miertelno§¢ w chorobach uktadu krazenia, kluczowe znaczenie ma
optymalizacja diagnostyki i postepowania z ta grupa pacjentdéw oraz zwickszenie §wiadomosci wsrod

personelu medycznego.

Chociaz COVID-19 zwicksza $miertelnos¢ w szerokim spektrum chorob ukladu krazenia, to badania
bezposrednio poréwnujace przebieg kliniczny pacjentow z COVID-19 i wspoélistniejagcymi réznymi ostrymi
chorobami uktadu krazenia sg bardzo ograniczone. Co wigcej, analiza porownawcza charakterystyki klinicznej
i biochemicznej pacjentdow z r6znymi chorobami uktadu krazenia i COVID-19 moze pomdc w optymalizacji

diagnostyki i ocenie predyktoréw krotkoterminowego rokowania.

W obecnej pracy szczegdlnie skupiliémy si¢ na pacjentach z zatorowoscig ptucng jak i innymi chorobami
uktadu sercowo-naczyniowego starajac si¢ oceni¢ wplyw infekcji koronawirusowej na ostre schorzenia

sercowo-naczyniowe. Po§wigcone temu zostaty m.in. dwie omawiane prace.
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CELE
w obecnej pracy sformulowano nastepujace cele badawcze:

1. Ocena czestos$ci wystepowania PE wsrdd duzej populacji kolejnych pacjentéw przyjmowanych z powodu

zapalenia ptuc z powodu COVID-19 w dwoch referencyjnych osrodkach.

2. Ocena progu stezenia D-Dimeru, ktory moze by¢ przydatny w diagnostyce i ocenie rokowania pacjentow z

ostra zatorowos$¢ ptucng i wspotistniejaca infekcja COVID 19.

3. Ocena rokowania chorych z ostrymi chorobami ukladu sercowo naczyniowego to jest ostrych zespotow

wiencowych niewydolnosci serca i zatorowosci ptucnej u chorych infekcja COVID 19.
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Oméwienie prac

Pierwsza z publikacji wchodzacych w sktad pracy doktorskiej pt Age-Adjusted D-Dimer Levels May Improve
Diagnostic Assessment for Pulmonary Embolism in COVID-19 Patients dotyczy znaczenia diagnostycznego
stezen Dimeru D w diagnostyce i ocenie rokowania chorych z zatorowos$cia ptucng i wspotistniejaca infekcja

COVIDI19

Do badania wtaczono kolejnych 456 pacjentow z infekcja COVID-19 (256 pacjentdéw diagnozowanych i
leczonych w naszym Osrodku oraz 200 chorych w Klinice Kardiologii Lodzkiego Uniwersytetu
Medycznego), PE rozpoznano na podstawie angiotomografii komputerowej tetnic plucnych w ktorej
uwidoczniono zmiany zakrzepowo-zatorowe przynajmniej na poziomie segmentalnych tetnic ptucnych.
Ponadto w ciagu 24 godzin od rozpoznania PE wykonano echokardiografi¢ przezklatkowg z oceng morfologii
i czynnosci prawej komory. Wszyscy pacjenci z zatorowoscig plucng otrzymywali co najmniej leki
przeciwzakrzepowe, a decyzje o rozpoczeciu agresywnej terapii pozostawiono zespotowi prowadzacemu

zaleznie od oceny klinicznej i istniejgcych wytycznych ESC.

Czestos¢ wystgpowania objawowej PE w calej badanej grupie wynosita 19,3%. Nie znalezliSmy istotnych
roznic w charakterystyce klinicznej, czg¢stosci wystepowania PE i przebiegu klinicznego migdzy dwoma
uczestniczacymi osrodkami. Wszyscy pacjenci z PE otrzymali co najmniej antykoagulacje, siedmiu pacjentow
otrzymato trombolizg ogolnoustrojowa W podgrupie pacjentow z PE $miertelno$¢ byta poréwnywalna z
pacjentami bez PE (19/88 (21,5%) vs. 101/368 (27,4%) dla oséb bez PE, p = 0,26). Co istotne Pacjenci z PE
charakteryzowali si¢ wyzszymi stezeniami D-dimeréw, wyzszym stosunkiem D-dimeréow do wieku pacjenta,
ale bez roznic w poziomach troponiny T w poréwnaniu z pacjentami bez PE. Wiek byt jedynym niezaleznym

predyktorem $miertelnosci w podgrupie chorych z PE.

Analiza krzywej rok dla wartosci stosunku D-dimer/wiek w diagnostyce PE cechowata si¢ wysokim polem
pod krzywa AUC 0,788 (95% CI 0,727-0,848. Na podstawie analizy tej krzywej ROC zidentyfikowalismy
stosunek stezenia D-dimerow do wieku przydatny w diagnostyce PE u pacjentéw z infekcja COVID-19
wynoszacy 70. Ten zaproponowany wspotczynnika D-dimer/wiek charakteryzowat si¢ wysoka wykonalnoscia

diagnostyczng (czuto$¢, swoistos$¢, ujemna wartos¢ predykcyjna odpowiednio 83%, 94%, 96%, 73%).

W podsumowaniu mozna stwierdzi¢, ze w przypadku podejrzenia PE u chorych z wspotistniejaca infekcja
COVID 19 skorygowane o wiek poziomy D-dimerow (goérna granica normy uzyskana na podstawie wieku

pacjenta z formuta x 70) moga by¢ nadal uzytecznym narzedziem do rozpoczgcia diagnostyki.
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Druga z publikacji wchodzacych w sklad pracy pt ,, Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department”. dotyczy oceny i identyfikacji
markeréw diagnostycznych dla réznych chorob ukladu krazenia oraz okre$lenie poréwnanie przebiegu

klinicznego o wptywu ostrych chordob uktadu krazenia u pacjentow z COVID-19.

W omawianej pracy retrospektywnie przeanalizowalismy dane 249 kolejnych pacjentéw z ostrymi chorobami
uktadu krazenia Iub bez nich, w tym OZW, APE i AMyo, ktorzy byli leczeni w naszej Klinice z powodu
zapalenia ptuc o etiologii COVID-19. Gléwnym kryterium wilaczenia byto potwierdzone PCR zakazenie

SARS-CoV-2 i potwierdzenie zapalenia pluc w badaniu tomograficznym

W grupie tej znalazto si¢ 42 (16,9%) pacjentdw, u ktdrych poza zapaleniem pluc w przebiegu infekcji COVID
19 rozpoznano dodatkowo APE, 37 (14,9%) z ACS(8 z zawalem migs$nia sercowego z uniesieniem odcinka
ST i 29 z zawalem migs$nia sercowego bez uniesienia odcinka ST) oraz 19 (7,6%) z AMyo. U dziesigciu
pacjentow z rozpoznaniem AMyo po wypisie ze szpitala wykonano rezonans magnetyczny uktadu sercowo-
naczyniowego, ktory potwierdzit to rozpoznanie u wszystkich chorych. Ponadto, u 3 innych pacjentéw (1,2%)
rozpoznano zespot Takotsubo. Do obliczen te 3 przypadki analizowano razem z pacjentami z zawatem mig¢snia
sercowego 1 utworzono grupe ACS (n=40). U pozostatych 148 (59,4%) pacjentdéw wystapito wylacznie
zapalenie ptuc z powodu COVID-19.

Przy przyjeciu do szpitala oceniano stan kliniczny wszystkich pacjentow za pomoca zmodyfikowanej
punktacji wczesnego ostrzegania (MEWS) [14] i pulsoksymetrii. Oceny kliniczne i w skali MEWS z
pulsoksymetria wykonywano co najmniej dwa razy dziennie. Ponadto, rutynowe testy laboratoryjne
obejmowaty oznaczenie troponiny T metoda wysokoczuta (hsTnT; Elecsys, Roche Diagnostics; zakres
referencyjny <14 ng/ml), D-dimer (Elecsys; zakres referencyjny <500 ng/ml), N-koncowy moézgowy
propeptyd natriuretyczny (NT-proBNP; Elecsys; zakres referencyjny <125 pg/ml) i prokalcytonina (Elecsys;
niskie ryzyko zakazenia bakteryjnego <0,25 ng/ml). Przy przyjeciu do szpitala u wszystkich pacjentow
wykonano tomografi¢ komputerowa klatki piersiowej (TK) z oceng procentowego udzialu w zajgcia phuc

zwigzanego z infekcja z COVID-19 oraz badanie echokardiograficzne.

Wszyscy pacjenci z podejrzeniem ACSzostali skierowani na pilng koronarografi¢ i przezskdrng interwencje
wiencowa, jesli byto to wskazane. Zespot Takotsubo rozpoznano po wykluczeniu zawalu mie$nia sercowego,

w obecno$ci zmian w elektrokardiografii sugerujacych na niedokrwienie i typowych zaburzen kurczliwosci

w badaniu echokardiograficznym w echokardiografii [16].
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AMyo podejrzewano w przypadku wykrycia co najmniej umiarkowanie podwyzszonego stgzenia hsTnT w
osoczu (>25 ng/ml), zwlaszcza u pacjentdow z ostra niewydolnoscig serca lub zaburzeniami rytmu serca oraz
w przypadku rozpoznania echokardiograficznego nowych  zaburzen kurczliwosci lewej komoory
nieprawidlowosci ruchomosci §cian, z frakcja wyrzutowa lewej komory (LVEF) ponizej 40% [3]. Pacjenci z
podejrzeniem AMyo przeszli koronarografie w celu wykluczenia OZW. Aby zweryfikowa¢ diagnoze, u
wszystkich tych pacjentéw zaplanowano rezonans magnetyczny uktadu sercowo-naczyniowego po wypisie ze
szpitala. Wszystkie grupy byty podobne pod wzgledem wieku i plci oraz prezentowaty podobne wyniki
MEWS przy przyjeciu . Pomiedzy analizowanymi grupami zaobserwowano réznice w stopniu zajecia ptuc
wywolanego zapaleniem ptuc wywotanym COVID-19. Pacjenci z APE i pacjenci z zapaleniem ptuc COVID-

19 wykazywali istotnie wicksze zajecie ptuc niz pacjenci z ACS.

Stwierdzono istotne réznice mi¢dzy grupami w poziomach hsTnT, NT-proBNP i D-dimerow w osoczu
(P<0,05) Ponadto, analiza post-hoc wykazala, ze poziomy hsTnT i NT-proBNP byly wyzsze u pacjentow z
ACS(hsTnT, 153,5 ng/ml; NT-proBNP, 4200 pg/ml. AMyo (hsTnT, 75,5 ng/ml; NT-proBNP, 9083 pg/ml)
niz u pacjentow z APE (hsTnT, 26,0 ng/ml; NT-proBNP, 962 pg/ml) lub zapalenie pluc COVID-19 (hsTnT,
22,5 ng/ml; NT-proBNP, 996 pg/ml). Nnatomiast poziomy D-dimeréw byty wyzsze u pacjentoéw z APE (12
675 ng/ml) niz u pacjentéw z AMyo (1317 ng/ml) i COVID-19 (959 ng/ml). Nie zaobserwowalis§my jednak
réznic w stgzeniach D-dimeréw migdzy pacjentami z APE i ACS(1494 ng/ml), Poziom D-dimeréow
przewidywat rozpoznanie APE (AUC=0,850 CI95 [0,765; 0,935], p<0,001) z czutoscig 69,4% i swoistoscia
96,2% dla poziomu 4968,0 ng/ml, a NT-proBNP przewidywat rozpoznanie AMyo (AUC = 0,692 CI95 [0,502;
0,883], p=0,004) i wykazywat czulos¢ 54,5% ze swoistosciag 86,5% dla punktu odcigcia 8970 pg/ml. Poziomy
troponiny T w naszym badaniu nie byly przydatne w réznicowaniu migdzy tymi chorobami uktadu krazenia.
Co wazne stopien zajecia ptuc infekcja COVID 19 w calej grupie przewidywat $miertelnos¢ (OR = 1,03 CI95
[1,01; 1,04] dla wzrostu o 1%, $<0,001). Po uwzglednieniu zajecia ptuc ACS cechowalo sie wigksza
$miertelno$cia w porownaniu z chorymi tylko z zapaleniem ptuc COVID-19 (OR=5,27 CI95 [1,76; 16,38]
p=0,003), podczas gdy dla APE i AMyo nie stwierdzono takiej zaleznos$ci.

Implikacje kliniczne

Z naszych danych wynika, ze pacjenci z COVID-19 ze wspotistniejacymi chorobami uktadu krazenia powinni
by¢ leczeni w dedykowanych oddziatach kardiologicznych. W takich warunkach wyniki kliniczne pacjentow
z COVID-19 z APE lub zapaleniem mig¢$nia sercowego maja podobny przebieg kliniczny jak w przypadku
patentow tylko z zapaleniem pluc COVID-19. Jednak pacjenci z COVID-19 z ACS stanowig grupg wysokiego
ryzyka, niezaleznie od stopnia zajecia ptuc i powinny by¢ monitorowane i traktowane ze szczeg6lna

ostroznoscia.
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Abstract: Introduction: SARS-CoV-2 infection leads to a hypercoagulable state. The prevalence of
pulmonary embolism (PE) seems to be higher in this subgroup of patients. Patients and methods:
We combined data from two tertiary referral centers specialized in the management of PE. The aims
of this study were as follows: (1) to evaluate the prevalence of PE among a large population of
consecutive patients admitted for COVID-19 pneumonia in two centers, (2) to identify a plasma D-
dimer threshold that may be useful in PE diagnostic assessment, (3) to characterize the abnormalities
associated with PE and mortality in COVID-19 patients. Results: The incidence of symptomatic acute
PE was 19.3%. For diagnosing PE in COVID-19 patients, based on ROC curve analysis, we identified
a D-dimer concentration/patient’s age ratio of 70, which improved D-dimer diagnostic capacity for
PE and led to a reclassification improvement of 14% (NRI 0.14, p = 0.03) when compared to a cut-off
level of 1000 ng/mL. Especially in severe COVID-19 lung involvement, D-dimer/age ratio cut-off
equal to 70 was characterized by high diagnostic feasibility (sensitivity, specificity, negative predictive
value, positive predictive value of 83%, 94%, 96%, and 73%, respectively). Apart from PE status,
lung involvement and troponin T concentration were also independent predictors of in-hospital
mortality. In the subgroup of PE patients, mortality was comparable with non-PE patients (19/88
(21.5%) vs. 101/368 (27.4%) for non-PE, p = 0.26) and was associated with older age, higher Bova
scores, and higher troponin T concentrations. Age was the sole independent predictor for mortality in
this subgroup. Conclusions: PE in COVID-19 patients is common, but it may not influence mortality
when managed at a specialized center. In suspected PE, age-adjusted D-dimer levels (upper limit of
normal obtained from the formula patient’s age x 70) may still be a useful tool to start the diagnostic
workup. In COVID-19 patients without PE, older age, more extensive parenchymal involvement,
or higher D-dimer levels are factors predicting mortality.

Keywords: acute pulmonary embolism; venous thromboembolic disease; COVID-19; COVID-19-
associated coagulopathy

1. Introduction

Severe cases of viral pneumonia, such as severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection predispose patients to a hypercoagulable state, which
clinically manifests as an observed increase in the overall rate of venous thromboembolism,
including in-situ pulmonary thrombosis [1-3]. Among alternations in coagulation parame-
ters caused by COVID-19-associated coagulopathy, increased levels of fibrin degeneration
products—namely, D-dimer—are of special interest to this study [3].
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The standard PE diagnostic protocol includes D-dimer concentration testing and
imaging studies [4]. PE, in the setting of acute viral pneumonia, has not been studied before,
and, therefore, the standard thresholds for diagnostic markers cannot be extrapolated onto
the COVID-19 population [3,5,6]. There is an on-going discussion on the optimal D-dimer
cut-off levels for PE diagnosis in COVID-19 patients.

The aims of this study were as follows: (1) to evaluate the prevalence of PE among a
large population of consecutive patients admitted for COVID-19 pneumonia, (2) to identify
a plasma D-dimer threshold that may be useful in PE diagnostic assessment, and (3) to
characterize the abnormalities associated with PE and mortality in COVID-19 patients.

2. Methods

This is a retrospective analysis of consecutive patients hospitalized, from October 2020
to May 2021, with radiologically confirmed COVID-19 pneumonia and oxygen desatura-
tion <94%. We combined data from two tertiary referral cardiac units specialized in the
management of PE. Patients were analyzed depending on PE status and followed-up for
the occurrence of PE and for mortality.

The study was approved by local institutional ethics committees.

2.1. Laboratory Analysis

COVID-19 was diagnosed when acute respiratory symptoms or an exacerbation of
chronic respiratory symptoms were present and one of the following occurred: SARS-CoV-2
target genes were detected using a reverse-transcriptase polymerase chain reaction (RT-
PCR) assay (CovGenX) from biological material, collected using nasopharyngeal swabs or
with a positive immunochromatographic lateral flow test, detecting the target nucleocapsid
protein of SARS-CoV-2 from nasopharyngeal swabs (Abbott, Chicago, IL, USA).

Plasma concentrations of troponin T were measured as part of a standard diagnos-
tic protocol using a high-sensitivity automated sandwich electrochemiluminescence im-
munoassay (Roche Diagnostics GmbH, Mannheim, Germany). Values above 0.014 ng/mL
were considered elevated.

D-dimer concentrations were quantitatively measured, on the day of admission, as part
of a standard diagnostic protocol using an automated enzyme-linked fluorescent assay
(VIDAS D-dimer Exclusion, bioMerieux, Marcy—l’Etoﬂe France) or using a turbidimetric im-
munoassay (HemosIL, Werfen, Spain); depending on patient location, both had a reference
range of values up to 500 ng/mL.

2.2. Imaging Studies

All patients underwent chest computed tomography (CT) scans for the diagnosis
and evaluation of the severity of pulmonary lesions caused by SARS-CoV-2. In the case
of a clinical suspicion of PE, a contrast-enhanced multi-slice computed tomography of
pulmonary arteries (CTPA) was performed. PE was confirmed when thromboemboli were
visualized, at least, at the level of segmental pulmonary arteries. CTPA was performed
using an 80-row Toshiba Aquilion Prime CT scanner (Toshiba Medical Systems, Otawara,
Japan) or an Aquilion One Genesis scanner (Canon Medical Systems, Otawara, Japan). The
results of CT studies were adjudicated by two radiology specialists.

Transthoracic echocardiography was performed within 24 h after PE diagnosis. The
examination was performed according to the guidelines of the American Society of Echocar-
diography and the European Association of Cardiovascular Imaging, with modifications
according to the pandemic recommendations of the Polish Cardiac Society [7-9]. All exami-
nations were performed by a physician certified in echocardiography using the Philips iE33
(Philips Medical Systems, Andover, MA, USA) or EPIQ 7 system (Phillips, Eindhoven, NL,
USA) or Vivid €95 (GE Healthcare, IL, USA). Right ventricle (RV) pressure overload was
defined as the presence of any of the following: tricuspid regurgitation peak pressure gra-
dient > 30 mmHg, right ventricle/left ventricle ratio in the apical four-chamber view > 1.0,
or the presence of McConnell’s sign.
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2.3. Bova Score Calculation

The Bova score is a four-variable tool used to stratify normotensive patients with
confirmed PE to identify patients at intermediate and high risk for complications and
mortality associated with PE. The variables include: heart rate > 110/min, systolic blood
pressure <100 mmHg, elevated cardiac troponin levels, and signs of RV dysfunction in
imaging studies [10]. Bova score values were calculated for each patient using data obtained
from the database.

2.4. Data Storing

A dedicated database for storing patient data was used in both centers. We collected
data of COVID-19 patients, at least 18 years of age, who underwent a chest CT at admission
and required hospitalization. Excluded are patients who did not consent to participating in
the study. Information was collected on demographic and medical characteristics, including
age, sex, body mass index (BMI), length of hospitalization, anticoagulant treatment, and
extent of pulmonary lesions in CT (severe > 50%, non-severe < 50%). Noted biochemical
parameters included: D-dimer and high-sensitivity troponin T concentrations. In the
subgroup of PE patients, the presence of right ventricle dysfunction, total Bova score, and
need for thrombolytic therapy were recorded.

Hospitalized COVID-19 patients received pharmacological thromboprophylaxis. PE
was treated following the European Society of Cardiology (ESC) guidelines [4].

2.5. Statistical Analysis

Data are expressed as parameter or median, followed by interquartile range. The
Kolmogorov-Smirnov test was used to identify continuous variables with a skewed dis-
tribution which were then compared using the Mann-Whitney U test. Categorical data
were compared using Chi2 or Fisher’s exact test, depending on the sample size. For all
performed tests, p-values of <0.05 were considered significant. All tests were two-tailed.
Receiver operating characteristic (ROC) analysis was used to determine the area under the
curve (AUC) for D-dimer concentrations in diagnosing the occurrence of PE. To validate
whether the proposed threshold could improve the diagnostic capacity of D-dimer, in
this population, the net reclassification improvement was calculated using the method
described by Pencina et al. [11].

To explore the risk factors associated with in-hospital death, multivariable logistic
regression models were used. Considering the total number of deaths in our study, and to
avoid overfitting in the model, four variables were chosen for multivariable analysis, based
on previous findings and clinical constraints.

Analyses were performed using the STATISTICA 13 data analysis software system
(TIBCO Software Inc., Palo Alto CA, USA) and the MedCalc software system (MedCalc
Software Ltd., Ostend, Belgium).

3. Results

456 patients with COVID-19 were included in the study (256 patients from Warsaw
and 200 from £6dz), of which 88 (19.3%) had confirmed symptomatic pulmonary embolism.
None of the patients from the original non-PE group developed PE during in-hospital
observation. The median follow-up time was 10 days (25th-75th percentile 5-14.5). The
overall mortality was high at 120/456 pts (26.3%). We found no major difference in clinical
characteristics, PE frequency, and clinical outcome between participating centers. Relevant
patient characteristics are presented in Table 1.
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Table 1. Characteristic of the study group and a comparison of COVID-19 patients with pulmonary
embolism (PE+) and without pulmonary embolism (PE—). Data are presented as number (median,
percentage) followed by interquartile range, where applicable.

p Value PE (+)

AlIN =456 PE(—)N=368 PE(+)N=88 e PE(0)
Age (years) 69 (61-78) 69 (61-77) 69 (58-78.5) 0.98
Female (n, %) 162, 35.5 138, 37.5 24,273 07
Length of
hospitalization 10 (5-14.5) 9 (4-14) 11 (6-15.5) 0.01
(days)
CT lung
involvemens (%) 40 (20-65) 40 (20-60) 47,5 (20-60) 0.87
D-dimer 11175 6764
(ng/mL) 1317 (728-3948) (525 52120) (1973-21,548) <0.001
D'digzg /age 16.9 (7.8-42.6) 13.8(6.8-28.7) 87 (21.9-303.0) <0.001
Troponin T 0.027 0.027 0.027 0.66
(ng/mL) (0.012-0.087) (0.012-0.086) (0.012-0.09) :
Mortality (n;%) 120; 26 101; 274 19;21.5 0.26

Abbreviations: CT—computed tomography, n—number, PE—pulmonary embolism.

Independently of PE status, patients with a complicated clinical course were older,
were characterized by higher troponin T and D-dimer concentrations, and had more
parenchymal involvement in CT scans. Moreover, age, lung involvement, and troponin T
concentration were all independent predictors of mortality in the whole population.

In the subgroup of PE patients, mortality was comparable with non-PE patients (19/88
(21.5%) vs. 101/368 (27.4%) for non-PE, p = 0.26). PE patients were characterized by higher
D-dimer concentrations, higher D-dimer/patient’s age ratios, with no differences in age
alone or troponin T levels when compared with non-PE patients. Within the subgroup
of PE patients, mortality was associated with older age, higher Bova scores, and higher
troponin T concentrations. Age was the sole independent predictor for mortality in this
subgroup. Full data is available in Tables 1-3. The flow of patients is presented in Figure 1.

Table 2. Comparison for mortality depending on PE status. Data are presented as number (median,
percentage) followed by interquartile range, where applicable. p-values are presented after a comma.

PE (—) N = 368;
Death =101 vs.
Survivors = 267

PE (+) N = 88, Death = 19 vs.
Survivors = 69

Age (years)

74 (65-82) vs. 67 (58-75),
p <0.001

73 (70-81) vs. 66 (55-77),
p =0.006

Male (n, %)

70 (70%) vs. 160 (60%), p = 0.09

14 (73%) vs. 50 (72%), p = 0.9

Length of follow-up for
all (days)

6 (2-10) vs. 10 (5-15), p < 0.001

9 (5-12) vs. 12 (7-16), p = 0.06

CT lung involvement (%)

50 (40-75) vs. 40 (20-60),
p <0.001

30 (20-75) vs. 50 (30-60),
p=0.62

D-dimer (ng/mL)

2014 (906-4549) vs. 959
(553-1594), p < 0.001

7497 (2326-30,484) vs. 6443
(1921-17,726), p = 0.28
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Table 2. Cont.

PE (—) N = 368;
Death =101 vs.
Survivors = 267

PE (+) N = 88, Death = 19 vs.
Survivors = 69

Troponin T (ng/mL) 0.056 (0.024-0.201) vs. 0.02 0.040 (0.026-0.240) vs. 0.024
P & (0.009-0.059), p < 0.001 (0.012-0.08), p = 0.03
Mortality (n;%) 101;27.4 19,215
Bova points NA 2(2-3) vs. 2 (1-2), p=0.04

Abbreviations: CT—computed tomography, n—number, PE—pulmonary embolism.

Table 3. Independent predictors of mortality in PE (+) COVID-19 (+) patients and PE (—) COVID-19
(+) patients. Data are presented as odds ratio followed by 95% confidence interval and p-value.

Predictor PE (+) Patients PE (—) Patients
OR; p-Value OR; p-Value
Age (years) 1.06 (1.00-1.11); 0.04 1.07 (1.03-1.08); <0.001
CT lung involvement (%) 0.99 (0.97-1.02); 0.51 1.04 (1.02-1.05); <0.001
D-dimer (ng/mL) 1.000 (1.000-1.000); 0.2 1.002 (1.0001-1.003); 0.002
Troponin T (ng/mL) 1.06 (0.26-4.30); 0.93 1.6 (0.77-3.6); 0.20

Abbreviations: CT—computed tomography, OR—odds ratio, PE—pulmonary embolism. Statistically significant
results are presented in bold.

19 (21.5%)
456 88 PE (+) pts deaths
COVID-19 (+) ; o /
pts 368 PE (<) pts 101 274%)

Figure 1. Flow of patients in the study.

All PE patients received, at least, anticoagulation, seven patients received systemic
thrombolysis. The decision to start aggressive therapy was left to the managing team based
on clinical evaluation and existing ESC guidelines. Only one COVID-19 PE (—) patient was
left without pharmacological venous thromboembolism (VTE) prophylaxis.

For diagnosing PE in COVID-19 patients, based on ROC curve analysis, we identified
a D-dimer concentration/age ratio of 70 as the threshold for continuing further testing for
PE (negative predictive value (NPV) of 90%, positive predictive value (PPV) of 60%). The
ROC curve is presented in Figure 2. The net reclassification improvement for the proposed
threshold vs. 1000 ng/mL was 0.14, standard error 0.7, p = 0.03.
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D dimer/age ratio and the occurence of PE
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Figure 2. ROC curve for D-dimer/age ratio and occurrence of PE. AUC 0.788 (95% C1 0.727-0.848).
The proposed cut-off is marked with an arrow (D-dimer/age = 70). Pts—patients. The red line is the
no-effect line.

Finally, we looked at the usefulness of D-dimer concentrations in suspecting PE
depending on lung involvement in a standard chest CT. Parenchymal involvement > 50%
was considered severe, values below 50% were considered non-severe. In patients with
severe lung tissue involvement, the proposed D-dimer/age ratio cut-off equal to 70 was
characterized by high diagnostic feasibility (sensitivity, specificity, NPV, PPV) of 83%, 94%,
96%, and 73%, respectively). In non-severe parenchymal involvement, the afore mentioned
threshold was characterized by a sensitivity of 45%, specificity of 89%, NPV of 87%, and
PPV of 49%. For higher sensitivity, while maintaining satisfactory specificity, a lower
cut-off value characterized by the highest Youden’s index was chosen—D-dimer/age > 20
(sensitivity 75%, specificity 65%, NPV 92%, PPV 35%). ROC curves are presented in
Figure 3.
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D dimer/age for PE occurence
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Figure 3. ROC curve for D-dimer/age ratio and occurrence of PE depending on the extent of
pulmonary lesions, i.e., >50% or <50%. AUC for non-severe involvement = 0.769 (95% CI 0.694-0.845);
AUC for severe involvement = 0.902 (95% CI 0.810-0.994), p = 0.029 for difference in AUC. The
proposed thresholds are marked with arrows (D-dimer/age = 70, proposed for severe involvement,
or D-dimer/age = 20 for non-severe involvement). The green line is the no-effect line.

4. Discussion

The key findings emerging from our retrospective analysis concern the utility of D-
dimer in diagnosing PE in the setting of acute viral pneumonia caused by SARS-CoV-2.
The obvious barriers connected with further diagnostic testing for PE in infectious pa-
tients warrant searching for more feasible diagnostic protocols. Previously, D-dimer level
measurement was recommended to exclude PE in patients with non-high clinical prob-
ability of acute PE. However, in COVID-19 patients, markedly elevated D-dimers were
reported to indicate patients with a high probability of VTE and, therefore, increased
D-dimer levels, which may be proposed to initiate the diagnostic workup for VTE [2].
There is an ongoing discussion on the optimal cut-off value that should mandate VTE
diagnostic assessment, with some authors suggesting values previously applied for PE and
non-adjusted higher than conventional thresholds, such as 1000 ng/mL [6]. Since the most
commonly used conventional non-age-adjusted threshold for D-dimer levels (i.e., upper
limit of normal 500 ng/mL) is not adequate in this patient population, and the notion of
employing D-dimer testing in PE diagnostic assessment in COVID-19 patients has even
been discouraged [12], we examined other, non-standard thresholds—namely, the cut-offs
calculated from the formula: D-dimer level/patient’s age, with the threshold > 70. In our
study, employing the modified, higher threshold led to a reclassification improvement of

22



J. Clin. Med. 2022, 11, 3298

8 of 10

14% (NRI 0.14, p = 0.03) when compared to the suggested, in literature, cut-off equal to
1000 ng/mL.

In the recently published Co-LEAD study, authors stratified D-dimer levels by the
extent of parenchymal lung involvement, concluding two different D-dimer thresholds
for continuing to CTPA [13]. In this study, we sought a similar approach and found that
a dichotomous threshold, depending on lung tissue involvement (D-dimer/age > 20 for
non-severe lesions, D-dimer/age > 70 for severe lesions), may be diagnostically useful.

Our second major observation is that, in SARS-CoV-2 pneumonia patients, despite
thrombosis prophylaxis, the co-existence of symptomatic PE is common, but it does not lead
to differences in mortality between PE and non-PE patients, and thus, it may not influence
the survival. It should be underlined that both centers contributing to the current study
are referral cardiovascular centers and are experienced in VTE management. Interestingly,
data on the effect of venous thromboembolism on mortality in COVID-19 patients remain
ambiguous. However, a similar observation regarding survival was made in a meta-analysis
based on over 5000 patients and in two smaller studies [14-16]. Age, D-dimer levels, and
the extent of parenchymal lung involvement all predicted mortality in the COVID-19 (+)
PE (—) subgroup of patients. The role of elevated D-dimer concentrations, at admission
in prognosticating in-hospital mortality in COVID-19, was extensively reported, with
thresholds varying between 1000 ng/mL up to even 4800 ng/mL [17-21]. This study also
confirms that observation. In PE (+) patients, D-dimer levels were markedly higher than in
non-PE patients; however, the only independent mortality predictor was age.

Another noteworthy issue is the usefulness of guiding anticoagulation treatment with
adjusted D-dimer levels [22], especially in the extended treatment (non-acute) phase. It has
been reported that elevated D-dimer levels may be positively correlated with bleeding risk
in non-COVID-19 PE patients [23], displaying potential in both prognosticating mortality
and hemorrhagic complications during PE treatment.

Finally, it may be plausible that, in this group of patients, the extent of SARS-CoV-2
infection (myocardial damage) was the main driver of elevated troponin T levels, rather
than PE status. Hence, troponin may not be a reliable indicator of right heart strain in
COVID positive PE patients. However, taking into account certain limitations of this
study, namely that consecutive patients, regardless of the risk of early PE mortality defined
according to the ESC criteria, were included, we abstain from drawing any definitive
conclusions based on the aforementioned finding.

Several study limitations should be acknowledged. Firstly, this is a relatively small,
two-center study conducted in tertiary cardiac centers specialized and experienced in PE
management. This may lead to selection bias, in terms of the mortality and the character-
istics of enrolled patients, and may not be fully representative of a broader population.
Importantly, in the course of COVID-19 thrombi detectable in pulmonary arteries may
represent both true embolism and in situ thrombosis, and for this study, we did not attempt
differentiating these subtypes. Moreover, consecutive patients, regardless of the risk of
early PE mortality, defined according to the ESC criteria, were included. It should be
underlined that the study end-point was all-cause death. All the more so, we must robustly
underline the exploratory nature of this study.

5. Conclusions

Our study demonstrates a high prevalence of PE and COVID-19 in the Polish patient
population hospitalized due to SARS-CoV-2 pneumonia. However, PE does not influence
in-hospital survival when treated in a referral center. In our opinion, age adjusted D-dimers
levels (upper limit of normal obtained from the formula patient’s age x 70) may be used to
start diagnostic workup for PE.
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Background: COVID-19 increases the risk of acute cardiovascular diseases (CVDs), including acute coronary syndrome (ACS),

acute pulmonary embolism (APE), and acute myocarditis (AMyo). The actual impact of CVDs on mortality of pa-
tients with COVID-19 remains unknown. This study aimed to determine whether CVDs influence the course of
COVID-19 pneumonia and if they can be easily detected by using common tests and examinations.
Material/Methods: Data of 249 consecutive patients with COVID-19 hospitalized in a dedicated cardiology department were an-
alyzed. On admission, clinical status, biomarkers, computed tomography, and bedside echocardiography were
performed.
Results: D-dimer level predicted APE (AUC=0.850 95% CI [0.765; 0.935], P<0.001) with sensitivity of 69.4% and speci-
ficity of 96.2% for a level of 4968.0 ng/mL, and NT-proBNP predicted AMyo (AUC=0.692 95% CI[0.502; 0.883],
P=0.004) and showed sensitivity of 54.5%, with specificity of 86.5% for the cut-off point of 8970 pg/mL. Troponin
T levels were not useful for diagnostic differentiation between CVDs. An extent of lung involvement predict-
ed mortality (OR=1.03 95% CI [1.01;1.04] for 1% increase, P<0.001). After adjusting for lung involvement, ACS
increased mortality, compared with COVID-19 pneumonia only (OR=5.27 95% Cl [1.76; 16.38] P=0.003), while
APE and AMyo did not affect risk for death.
Conclusions: D-dimer and NT-proBNP, but not troponin T, are useful in differentiating CvDs in patients with COVID-19. ACS
with COVID-19 increased in-hospital mortality independently from extent of lung involvement, while coexist-
ing APE or AMyo did not.
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Introduction

Coronavirus infection results in SARS-CoV-2 binding to the an-
giotensin-converting enzyme 2 receptor to mediate entry into
cells [1]. In addition to the lungs, the angiotensin-converting en-
zyme 2 receptor is highly expressed in the heart and blood ves-
sels [2]. Severe cases of viral pneumonia, such as with SARS-
CoV-2 infection in COVID-19, manifest by the progression of
systemic inflammation and overactivation of immune cells with
“cytokine storm”, which leads to cardiac damage and destabi-
lization of atherosclerotic plaques with its consequences and
predisposes to a hypercoagulable state [3-6]. A significant in-
crease of the risk of acute cardiovascular diseases (CVDs), includ-
ing acute coronary syndrome (ACS), acute pulmonary embolism
(APE), and stroke in patients with COVID-19 were reported [3,7].
Acute myocarditis (AMyo) can also be caused by COIVD-19 [8].
Moreover, it was reported that COVID-19 increases in-hospi-
tal [9,10] and post-discharge [8] mortality of the aforementioned
CVDs. Patients with heart failure admitted to hospital with con-
comitant SARS-CoV-2 infection had a very poor prognosis [11].
Moreover, recent analysis has shown that SARS-CoV-2 infec-
tion is associated with worse in-hospital mortality in patients
with ACS [12] or in patients with APE [13]. Since SARS-CoV-2
infection affects mortality in CVDs it is crucial to optimize the
diagnosis and management of this group of patients and to in-
crease the awareness among medical professionals. Although
COVID-19 increases the mortality rate of a wide spectrum of
CVDs, studies directly comparing the clinical course of patients
with COVID-19 with concomitant acute CVDs are very limited.
Moreover, comparative analysis of clinical and biochemical char-
acteristics of patients with various CVDs and COVID-19 could
help to optimize the diagnostic workup and to assess predictors
of short-term outcomes. We retrospectively analyzed the data
of patients with or without acute CVDs, including ACS, APE, and
AMyo, who were admitted and treated for COVID-19 pneumonia
at a tertiary referral cardiac unit. The main aim of this study was
to evaluate and identify specific diagnostic markers for differ-
ent CVDs and to determine the potential impact of acute CVDs
in patients with COVID-19 on hospital mortality.

Material and Methods

During the COVID-19 pandemic, our department was convert-
ed into a unit dedicated to the hospitalization and treatment
of patients with PCR-confirmed COVID-19 pneumonia, espe-
cially of those with coexisting acute CVDs.

We analyzed the data of 249 consecutive patients with con-
firmed COVID-19 pneumonia who were treated in our depart-
ment. The main inclusion criterion was PCR-confirmed SARS-
CoV-2 infection, while no specific exclusion criteria were applied.
This group included 42 (16.9%) patients who additionally

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Table 1. Initial clinical and laboratory characteristics of total
study group.

Age [years] 68.1 (13.9)
Malesexn®) 159 (639)
 PreviousCAD,n (%) 60 (241

Previous CHF, n (%) 51 (20.5)

Procalcitonin [ng/ml] 0.18 (0.08;0.50)

CRP [mg/dl] 79.1 (34.73;147.8)

MEWS 1.00 (1.00;2.00)

CAD - coronary artery disease; CHF — congestive heart failure;
CRP — C-reactive protein; MEWS — Modified Early Warning Score.

received a diagnosis of APE, 37 (14.9%) with ACS (8 with ST-
elevation myocardial infarction, and 29 with non-ST-elevation
myocardial infarction), and 19 (7.6%) with AMyo. Ten patients
with a diagnosis of AMyo underwent post-discharge cardiovas-
cular magnetic resonance imaging, which confirmed the diag-
nosis in all of them. Eventually, 3 other patients (1.2%) received
a diagnosis of Takotsubo cardiomyopathy. For the calculations,
they were analyzed together with patients with myocardial in-
farction and formed the ACS group (n=40).The remaining 148
(59.4%) patients had COVID-19 pneumonia only. Characteristics
of the total study group are included in the Table 1.

Initial Assessment of Patients with COVID-19

On admission, all patients’ clinical status was assessed with the
Modified Early Warning Score (MEWS) [14] and pulsoximetry.
Clinical evaluations and the MEWS with pulsoximetry were per-
formed at least twice daily. For any single physiological parame-
ter scored, a higher level of care for the patient was considered.

In addition, routine assay laboratory tests included high-sen-
sitive troponin T (hsTnT; Elecsys, Roche Diagnostics; refer-
ence range <14 ng/mL), D-dimer (Elecsys; reference range
<500 ng/mL), N-terminal pro-brain natriuretic peptide (NT-
proBNP; Elecsys; reference range <125 pg/mL), and procal-
citonin (Elecsys; low risk of bacterial infection <0.25 ng/mL).

Standard electrocardiogram was recorded with an electrocar-
diographic system (Philips Medical System, Page Writer Trim
Il, Andover, MA, USA). Tracings were acquired at 25 mm/s, 50
mm/s paper speed, and 10 mm/mV gain. On admission, all pa-
tients underwent chest computed tomography (CT) with as-
sessment of percentage of COVID-19 lung involvement. If the
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D-dimer plasma level was above the age-adjusted norm, ad-
ditional pulmonary angiogram (CTPA) was performed for the
diagnosis of suspected APE. Subsequently, all patients under-
went bedside echocardiography.

Diagnosis of CVDs

APE was diagnosed when at least a segmental thrombus was vi-
sualized at CTPA. In patients with ambiguous CTPA results, com-
pression ultrasound was performed for deep vein thrombosis.

ACS was diagnosed following the current definition of myo-
cardial infraction published by the European Society of
Cardiology [14,15]. All patients with suspected ACS were re-
ferred for urgent coronary angiography and for percutaneous
coronary intervention when indicated. Takotsubo cardiomyop-
athy was diagnosed after exclusion of myocardial infarction, in
the setting of changes at electrocardiography suggestive for
ischemia and at echocardiography as described in a consen-
sus paper: when echocardiography showed apical ballooning,
or hypo-, a-, or dyskinesia of mid-apical myocardial segments
were typical or associated with hypokinetic mid-segments [16].

AMyo was suspected when at least a moderately elevated
plasma hsTnT level (>25 ng/mL) was detected, especially in
patients with acute heart failure or cardiac arrhythmias, or
when new wall motion abnormalities were echocardiographi-
cally diagnosed, with left ventricle ejection fraction (LVEF) be-
low 40% [3]. Patients with suspected AMyo underwent coro-
nary angiography to exclude ACS. To verify the diagnosis, all
of these patients were scheduled for post-discharge cardio-
vascular magnetic resonance imaging.

Computed Tomography

CT was performed in the Emergency Department using a
128-slice scanner (Ingenuity Core, Philips, Amsterdam, The
Netherlands). The patients were scanned during a full-inspi-
ration breath-hold in a supine position with the arms above
the head. The scan area extended from the lung apices to the
adrenal glands. For CTPA, approximately 80 mL (1.2 mL/kg) of
contrast medium (Omnipaque 350) was administered intra-
venously with an automatic power injector, at the rate of 5.5
mL/s. The scanning was initiated with a bolus tracking tech-
nique when the enhancement in the pulmonary trunk reached
130 HU. The scanning parameters were as follows: reconstruct-
ed slice thickness of 0.5 mm, pitch of 1.5, rotation time of 0.4 s,
100 kVp, and automatic mAs modulation.

Echocardiography

On admission, bedside echocardiography was performed with
the Philips VIVID Q CX5 system. The protocol focused on the

This work is licensed under Creative Common Attribution-
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assessment of right ventricular dysfunction, global and regional
left ventricular systolic function, and major valvular lesions. Right
ventricular dysfunction was diagnosed when the right ventricular
end-diastolic dimension to the left ventricular end-diastolic di-
mension assessed in the 4-chamber apical or subcostal view ex-
ceeded 1.0, and the tricuspid valve peak systolic gradient exceed-
ed 30 mm Hg. To calculate LVEF, the Simpson method was used.

Management

The aim of oxygen therapy was to maintain peripheral blood
oxygen saturation (Sp0O2) above 95% in the general patient
population, and above 88% in patients with chronic hypercap-
nia. Conventional forms of oxygen supplementation included
nasal cannulas and face masks. High-flow nasal cannulas or
noninvasive ventilation were used when these methods failed
to reached desired SpO2, combined with excessive respirato-
ry effort, defined as >20 breathes/min.

If the abovementioned methods failed to obtain the desired
parameters, with further deterioration of respiratory failure,
mechanical ventilation or qualification for extracorporeal me-
chanical oxygenation were introduced.

Remdesivir was given intravenously once daily, the first day at
200 mg, followed by 100 mg daily for 4 days; dexamethasone
6 mg once daily was given orally or intravenously for up to 10
days or until discharge. Procalcitonin levels were assayed at
admission and when the patient did not improve. In patients
with procalcitonin levels above 0.25 ng/mL, antibiotic thera-
py was started immediately. All patients who did not require
anticoagulation for other reasons received thromboprophylax-
is with low molecular weight heparin, unless contraindicated.

Patients diagnosed with APE were treated according to the
European Society of Cardiology recommendations [17-19].
Patients with ACS received typical treatment, according to the
European Society of Cardiology guidelines [9,15,20].

Statistical Analysis

We performed descriptive analysis followed by group com-
parisons. Subsequently, predictors for death and mechani-
cal ventilation were identified with logistic regression analy-
sis. There were prepared non-adjusted and adjusted models
(COVID-19 lung involvement at CT as a covariate). Receiver op-
erating characteristic (ROC) curve analysis was done to find
the optimal cut-off points for selected parameters as predic-
tors for the diagnosis of CVDs. Cut-off point calculation was
based on the Youden index.

Data are presented as number (%) for discrete data and as mean
(SD) or median (Q1;Q3) for continuous data, as appropriate.
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Table 2. Clinical characteristics according to the diagnosed acute cardiovascular disease.

COVID-19
Parameter AMyo .
[unit] (n=19) pneumonia only P-value Post-hoc
(n=148)
71.8 70.6 64.2 66.9 "
e et (11.3) (12.3) (21.1) (13.6) GO
16 6 10 28
. .
SRl (40.0) (14.3) (52.6) (18.9) <o
10 3 9 29
. "
CHF, n (%) 25.0) 7.1) (47.4) (19.6) 0.004
COVID-19 pneumonia 336 54.1 452 52.7 0005w ACS<COVID-19,
lung involvement [%] (26.0) (23.9) (22.9) (24.3) : ACS<APE
: 0.20 0.14 0.42 0.18
o e
rocaleytonin [ng/mi] (0.07;0.4) (0.07;0.3) (0.27;0.9) (0.08;0.4) 2k
433 723 67.4 93.9 vens | ACS<COVID-19,
CRP [me/dl] (9.3;87.7) (38.1;165.4)  (39.57;157.0)  (40.4;161.3) QHRE ACS<APE
1.0 1.0 2.0 2.0 .
MEWS (0.0:2.0) (1.0:2.0) (1.0:3.0) (1.0:2.0) D

ACS — acute coronary syndrome; AMyo — acute myocarditis; APE — acute pulmonary embolism; CAD — coronary artery disease;
CHF — congestive heart failure; CRP — C-reactive protein; MEWS — Modified Early Warning Score. Groups compared with: * chi-square
test, ** Fisher exact test, *** ANOVA, **** Kruskal-Wallis test. For ANOVA, Tukey post-hoc test was used, for Kruskal-Wallis test, Dunn

post-hoc test was used (with Bonferroni correction).

Normality of distribution was verified with the Shapiro-Wilk
test, skewness, and kurtosis values. Comparison of groups was
made with the chi-square test, Fisher exact test, ANOVA, or
Kruskal-Wallis test, as appropriate. In case of significant dif-
ferences in primary analyses, post-hoc tests were calculated:
Tukey test for ANOVA and Dunn test for Kruskal-Wallis test
(with Bonferroni correction for multiple comparisons). Predictors
for death and mechanical ventilation were identified with lo-
gistic regression analysis, with data presented by odds ratios
(OR) with 95% confidence intervals (Cl) and P values. Linear
regression was used to analyze the potential effect of diagno-
sis on hospitalization time. There were prepared non-adjust-
ed and adjusted models (COVID-19 lung involvement at CT as
a covariate). ROC curve analysis was done to find the optimal
cut-off points for selected parameters as predictors for the di-
agnosis of APE, ACS, and AMyo. Cut-off point calculation was
based on the Youden index. Sensitivity, specificity, accuracy,
negative predictive value (NPV), and positive predictive value
(PPV) were calculated as well. For all analysis, =0.05.

Analysis was conducted in R software, version 4.0.5 (R Core
Team [2021]. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria), assuming a significance level «=0.05.
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Results

Analysis of Patient with COVID-19 According to Coexisting
CVDs

All groups were similar in age and sex and presented similar
MEWS scores on admission (Table 2). However, the propor-
tions of previously diagnosed coronary artery disease (CAD)
and congestive heart failure (CHF) were significantly differ-
ent (P<0.001 and P=0.004, respectively). History of CAD was
more frequent in patients with ACS (40%) and AMyo (52.6%)
than in the APE and COVID-19-only groups (14.3% and 18.9%,
respectively). Previously diagnosed CHF was most frequently
present in AMyo (47.4%), compared with in patients with APE
(7.1%), ACS (25.0%), and COVID-19 only (19.6%). Differences
in the extent of lung involvement caused by COVID-19 pneu-
monia between analyzed groups were observed. Patients with
APE and patients with COVID-19 pneumonia presented signif-
icantly higher lung involvement than did patients with ACS.

Laboratory and Echocardiographic Data According to
Coexisting CVDs

There were significant differences between the groups in plasma
levels of hsTnT, NT-proBNP, and D-dimer (P=0.002 for NT-proBNP,
and P<0.001 in remaining biomarkers, Table 3). Post-hoc analy-
sis revealed that hsTnT and NT-proBNP levels were higher in pa-
tients with ACS (hsTnT, 153.5 ng/mL; NT-proBNP, 4200 pg/mL)
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Table 3. Cardiac biomarkers and echocardiographic data according to the diagnosed acute cardiovascular diseases.

Parameter PE CoviD-19 P-value Post-hoc
[unit] (n=42) (n=148)
ACS >PE,
High-sensitive troponin 153.5 26.0 75.5 225 <0.001 ACS>COVID-19,
T [ng/ml] (59.0; 788.2) (13.2; 71.5) (37.0; 792.0) (16.0; 43.2) : Myo>PE,
Myo>COVID-19
ACS>PE,
4200 962 9083 996 ACS>COVID-19,
NT- BN g
proBN [pg/ml] (1271; 10170)  (318;2246)  (909; 24541)  (33; 4114) 0.002 Myo>PE,
Myo>COVID-19
. 1494 12675 1317 959.00 PE>COVID-19,
D-dimer [ng/ml] (733; 2812) (2119;25459) (825;1909)  (578; 1509) oz PE>Myo
Right ventricular 0 20 0 3 <0.001
dysfunction, n (%) (0.0) (47.6) (0.0) (2.0 :
ACS<COVID-1,9
ACS<PE
Left ventricle ejection 44.9 57.6 25.7 54.9 !
BN <0.001 Myo<COVID-19,
fraction [%] (11.6) (5.8) 9.3) 9.7) Myo<APE,
Myo<ACS

ACS — acute coronary syndrome; AMyo — acute myocarditis; APE — acute pulmonary embolism; CAD — coronary artery disease;
CHF — congestive heart failure; CRP — C-reactive protein; MEWS — Modified Early Warning Score.

Table 4. Optimal cut-off points for the diagnosis of acute cardiovascular diseases.

. Optimal AUC Sensitivity Specifity
P.
arameter [unit] cut-off point (95% CI) (%) (%)

APE
D-dimer 0.850

4968. 4 2 80. 3.3 0.001
[ng/ml] 2CED (0.765; 0.935) ® 20 & & <
AMyo
NT-proBNP 0.692

8970.0 4. 86. 25.0 .8 0.004
[pg/ml] © (0.502; 0.883) Hie @2 2 2
Left ventricle 335 0.948 86.7 91.2 61.9 97.6 <0.001

ejection fraction [%] (0.899; 0.996)

AUC — area under curve; Cl — confidence interval; LVEF — left ventricle ejection fraction; PPV — positive predictive value; NPV — negative
predictive value; ACS — acute coronary syndrome; AMyo — acute myocarditis; APE — acute pulmonary embolism; CAD — coronary artery
disease; CHF — congestive heart failure; CRP — C-reactive protein; MEWS — Modified Early Warning Score.

and AMyo (hsTnT, 75.5 ng/mL; NT-proBNP, 9083 pg/mL) than in
patients with APE (hsTnT, 26.0 ng/mL; NT-proBNP, 962 pg/mL)
or COVID-19 pneumonia (hsTnT, 22.5 ng/mL; NT-proBNP, 996
pg/mL), whereas D-dimer levels were higher in patients with APE
(12675 ng/mL) than in patients with AMyo (1317 ng/mL) and
COVID-19 (959 ng/mL). However, we observed no differences in
D-dimer levels between patients with APE and ACS (1494 ng/mL).

Echocardiography showed that LVEF was lower in patients with
AMyo than in those with ACS. Of note, right ventricular dys-
function was observed in 47.6% of patients with APE and in

This work is licensed under Creative Common Attribution-
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no patients with ACS or AMyo. However, right ventricular dys-
function was also detected in 3 patients with COVID-19 pneu-
monia in whom APE was excluded.

Medians and means for biomarkers in each group are pre-
sented in Table 2.

ROC Analysis

To identify the optimal cut-off points for selected parameters
as predictors for the diagnosis of APE, ACS, and AMyo, we
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Table 5. Clinical course and outcome according to coexisting cardiovascular diseases.

ACS APE AMyo COVID-19

(n=40) (n=42) (n=19) (n=148) P-value Post-hoc
Mechanical 6 6 2 26 0.847
ventilation, n (%) (15.0) (14.3) (10.5) (17.6) :
25.0 21.4 36.8 23.0
Mortality, n (% 0.578
) 10 © %) G4
Length of stay 3.50 9.00 10.00 10.00 <0.001 ACS<PE,
[days] (2.0;7.8) (5.0;14.0) (3.0;13.5) (6.0;15.0) : ACS<COVID-19

ACS — acute coronary syndrome; AMyo — acute myocarditis; APE — acute pulmonary embolism; CAD — coronary artery disease;

CHF — congestive heart failure; CRP — C-reactive protein; MEWS — Modified Early Warning Score.

35
I Respiratory failure
30 —| I Sepsis
Il Heart failure
O Bleeding
25
20
15
10
8 8
5
1 2 1 1
0 0 " =3
Myocardial infarction/ Pulmonary embolism Myocarditis Other
takotsubo cardiomyopathy

Figure 1. Cause of death in each subgroup.

conducted ROC curve analysis (Table 4), which showed that
D-dimer was a significant predictor for APE for a cut-off of
4968.0 ng/mL, with sensitivity of 69.4%, specificity of 96.2%,
PPV of 80.6%, and NPV of 93.3% (95% Cl 0.765; 0.935). NT-
proBNP was a significant predictor for the diagnosis of AMyo
for the cut-off point of 8970 pg/mL, with sensitivity of 54.5%,
specificity of 86.5%, PPV of 29.8%, and NPV of 88% (95% Cl
0.502; 0.883). Values of hsTnT were not useful for diagnostic
differentiation between the studied groups.

LVEF was a significant predictor for AMyo diagnosis for a cut-
off point of 33.5%, with sensitivity of 86.7%, specificity of
91.2% (95% C1 0.899; 0.996), NPV of 61.9%, and PPV of 91.6%.

Right ventricular dysfunction at echocardiography was a diag-
nostic test for APE (Table 3).

This work is licensed under Creative Common Attribution-
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Clinical Course and Outcomes

In total, 40 (16.1%) patients of the whole group required me-
chanical ventilation due to progression of respiratory failure,
and 8 of them survived. In total, there were 60 (24.1%) in-hos-
pital deaths (Table 5). This group included 10 patients with ACS
(in-hospital mortality 25.0%), 9 patients with APE (21.4%), 7 pa-
tients with AMyo (36.8%), and the remaining 34 patients with
COVID-19 pneumonia without aforementioned CVDs. Figure 1
shows the breakdown of causes of death in the study groups.
The most frequent cause of death was irreversible respiratory
failure (49 patients). However, 4 deaths were caused by sep-
sis, 4 patients died due to severe heart failure and cardiogen-
ic shock, and 3 patients experienced fatal bleeding. Of note,
we found no differences in either the use of mechanical ven-
tilation or in-hospital mortality between the studied groups.
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Table 6. Logistic regression for risk of death and mechanical ventilation in acute cardiovascular diseases, vs patients with COVID-19

pneumonia only.

In-hospital mortality

Mechanical ventilation

Coexisting
disease i P * i
(95% 1) (95% 1) (95% C1) rude (95% C1)

1.24 5.27 0.73 2.02

e (0.53;2.76) 0605 (1761638 003 (0.23;1.92) O (0.50:6.94) 28
091 0.99 078 0.82

gHe 038204 %83 030238 %% (027104 e (0.28;2.16) G0
1.96 2.69 0.55 0.84

e (0.68;5.27) er (0.81;8.54) o (0.08;2.09) ok (0.12;3.47) ke

OR - odds ratio; ACS — acute coronary syndrome; AMyo — acute myocarditis; APE — acute pulmonary embolism; CAD — coronary artery

disease; CHF — congestive heart failure; CRP — C-reactive protein; MEWS — Modified Early Warning Score. * OR_,./p,

— models with

crude

diagnosis as predictor and death/mechanical ventilation as dependent variables, ** OR _,/p_, — models with diagnosis as predictor,
percentage of lung involvement on computed tomography as a covariate, and death/mechanical ventilation as dependent variables.

Interestingly, hospitalization time was significantly shorter in
the ACS (3.5 days) group than in the APE or COVID-19 sub-
groups (9.0 and 10.0 days, respectively; P<0.001).

Effect of Coexisting Acute Cardiovascular Disease on In-
Hospital Mortality and Mechanical Ventilation

We analyzed the potential effect of acute CVDs (ACS, APE, AMyo)
on survival. Patients with COVID-19 pneumonia only were re-
garded as the reference group (Table 6). A non-adjusted mod-
el showed no effect on all-cause in-hospital mortality of any
of the analyzed acute CVDs. However, since there were signifi-
cant differences in the extent of lung involvement of COVID-19
pneumonia by CT between groups (P=0.005), and lung involve-
ment was a prognostic factor of in-hospital mortality in the
whole group (OR=1.03, 95% CI [1.01; 1.04] for increase by 1%,
P<0.001), an adjusted model was prepared including COVID-19
lung involvement as a covariate. Thus, when considering the
extent of COVID-19 lung involvement, ACS was found to in-
crease the risk of death, as compared with COVID-19 pneu-
monia only, with OR=5.27, 95% Cl (1.76; 16.38) P=0,003, while
APE and AMyo did not significantly affect odds for death, both
in the non-adjusted and adjusted models. None of the diagno-
ses, both in non-adjusted and adjusted models, increased the
risk of mechanical ventilation when compared with the group
of patients with COVID-19 pneumonia only.

Discussion

It was found that coronavirus infection results in a significant
increased risk of acute CVDs, including ACS, APE, and myo-
carditis [3,7]. SARS-CoV-2 infection impacts mortality in CVDs.
Therefore, it is crucial to optimize the diagnosis and treat-
ment of this group of patients, and the comparative analysis

This work is licensed under Creative Common Attribution-
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of clinical, biochemical characteristics of patients with various
CVDs and COVID-19 could help optimize the diagnostic work-
up and assess predictors of short-term outcomes. We analyzed
the retrospective data of patients admitted and treated for
COVID-19 pneumonia to a tertiary referral cardiac unit, with
or without acute CVDs. To the best of our knowledge, there
are no studies directly comparing clinical characteristics and
outcomes of hospitalized patients with COVID-19 pneumonia
with coexisting acute CVDs. The key findings emerging from
our retrospective analysis were that the mortality rate in the
whole group of hospitalized patients was high and reached
24.1%. This mortality rate is similar to that previously report-
ed of patients hospitalized with COVID-19 [10,21-23].

In the initial analysis, we found no apparent differences in mor-
tality between COVID-19 pneumonia patients with or without
CVDs. Similar outcomes between studied groups could be par-
tially explained by the fact that patients were treated in a ter-
tiary cardiology department, which includes an interventional
unit and intensive care unit. Therefore, all patients with acute
CVDs received prompt and up-to-date therapy, according to
current recommendations.

In the present study, irreversible respiratory failure caused
81.7% (49/60) of all in-hospital deaths, while only 18.3% re-
sulted from other causes (sepsis, cardiogenic shock, or fatal
bleeding). It is well proven that, in patients hospitalized with
COVID-19 pneumonia, higher lung involvement on chest CT in-
creases risk of in-hospital death, independently of confound-
ing clinical factors [24-26]; in our population, OR=1.03 (95% CI
[1.01; 1.04], P<0.001) for increase by 1%. Taking this into con-
sideration, we created an adjusted model assessing potential
effect of coexisting CVDs on mortality rates, including the de-
gree of COVID-19 lung involvement as a covariate. In this ad-
justed model, ACS was found to increase the risk of in-hospital
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death, compared with patients with COVID-19 pneumonia only,
with OR=5.27 (95% CI [1.76; 16.38] P=0.003). COVID-19 results
in a prothrombotic state, and it is worth mentioning that in-
tracoronary thrombi in patients with COVID-19 can cause ST-
segment elevation myocardial infarction, even in absence of
atherosclerotic lesions within coronary arteries [27]. This ob-
servation confirms that COVID-19 patients who are addition-
ally experiencing ACS independently from the extent of lung
involvement form a high-risk group for in-hospital mortality.
All COVID-19 patients with ACS should be treated with special
care. Importantly, neither APE nor AMyo significantly affect-
ed odds for death. Of note, patients with ACS presented low-
er lung involvement than did patients with APE or COVID-19
pneumonia only.

It is well documented that COVID-19 can cause acute cardi-
ac injury with raised troponin and NT-proBNP levels [3,25].
Moreover, D-dimer, which quantifies activated coagulation, is
a prominent feature in COVID-19 [3,31]. We tried to identify
which of the routinely used cardiac biomarkers are of value
in the diagnosis of coexisting CVDs. We found that D-dimer
level was a significant predictor for APE, with a high AUC in
ROC analysis (0.850, 95% ClI [0.765; 0.935], P<0.001), and the
D-dimer cut-off value of 4968 ng/mL showed high specificity
of 96.2% for APE diagnosis, with a preserved fair sensitivity
of 69.4%. These findings suggest that all COVID-19 patients
with markedly elevated D-dimer levels should undergo workup
for APE. Of note, previous studies showed that D-dimer levels
higher than 2500 ng/mL are highly suggestive for thrombo-
embolic complications. However, they aimed to maintain high
sensitivity with acceptable specificity [28,29]. Our data indi-
cate that NT-proBNP was a significant predictor for the diag-
nosis of AMyo, with the cut-off value of 8970 pg/mL showing
specificity of 86.5% and sensitivity of 54.5% for this diagno-
sis. Plasma troponin levels were found to not be useful for di-
agnostic differentiation between the studied groups.

As mentioned, bedside echocardiography was performed
on admission. It should be emphasized that right ventricu-
lar dysfunction at echocardiography showed high specificity
(98.6%, 95% CI [95.8; 99.7]) for APE diagnosis, however, with
relatively low sensitivity (47.6%, 95% Cl [32.0; 63.6]). In 3 out
of 23 patients with right ventricular dysfunction at echocar-
diography, APE was excluded, and echocardiographic abnor-
malities were attributed to the severe COVID-19 pneumonia.
It should be emphasized that right ventricular dysfunction is
not specific for APE and was reported in other acute cardio-
pulmonary diseases, including acute respiratory distress syn-
drome [30]. Echocardiographic assessment was useful for the
diagnosis of AMyo. LVEF <33.5% was a significant predictor for
AMyo diagnosis (P<0.001), AUC=0.948 95% Cl (0.899; 0.996),
with sensitivity of 86.7% and specificity of 91.2%. Our obser-
vations confirm a potential high diagnostic value of bedside
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echocardiography in patients with COVID-19, which agrees with
other reports [31,32]. It should be emphasized that echocar-
diography in patients with COVID-19 has significant limitations.
Considering the risk of equipment contamination and person-
nel exposure, focused echocardiographic evaluations instead
of complete examination are mainly recommended, and the
use of portable devices is highly recommended.

Study Limitations

This was an observational, retrospective, single-center study
with the inherent limitations of this type of design and had a
relatively limited number of patients, especially in the analyzed
subpopulation with coexisting acute CVDs. Retrospective stud-
ies, when compared with prospective studies, provide an infe-
rior level of evidence, as we had no control group.

Patients with elevated D-dimer levels on admission were rou-
tinely diagnosed for APE; however, ultrasound for deep vein
thrombosis was performed only in cases of clinical suspicion or
in cases of suspected APE when CTPA was inconclusive. AMyo
was suspected when plasma levels of hsTnT higher than 25
ng/mL were detected, especially in patients with acute heart
failure or cardiac arrhythmias, or when new wall motion ab-
normalities were echocardiographically diagnosed. However,
elevated hsTnT levels were observed in 87.5% of the whole
studied population, and hsTnT in the range of 15 to 25 ng/mL
with preserved LVEF was present in 41 patients. It cannot be
excluded that milder forms of myocarditis were not identified
and thus it remains underdiagnosed. However, even milder
forms of myocarditis may also have impacted the clinical course.

Another potential limitation of the study is that, at the time
of the COVID-19 pandemic, we had no access to extracorpo-
real mechanical oxygenation. Although all patients received
appropriate oxygen supplementation, better access to this
technique might have improved the clinical outcome of some
patients with severe respiratory failure.

Clinical Implications

According to our data, it seems that patients with COVID-19
with concomitant CVDs optimally should be treated in ded-
icated cardiology departments. In such settings, the clinical
outcomes of patients with COVID-19 with APE or myocarditis
have a similar clinical course as that of patents with COVID-19
pneumonia only. However, COVID-19 patients with ACS form a
high-risk group, independently from the extent of lung involve-
ment and should be monitored and treated with special care.
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Conclusions

D-dimer and NT-proBNP levels, while not hsTnT, are useful in
differentiating CVDs in patients with COVID-19. We found that
COVID-19 complicated by ACS increased in-hospital mortality
independently from extent of lung involvement, while coex-
isting APE or AMyo did not.
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Podsumowanie i wnioski

Na podstawie analizy chorych hospitalizowanych z powody zapalenia ptuc w przebiegu infekcji COVID 19
stwierdziliSmy, Zze oznaczenie stezenia Dimeru D moze by¢ przydatne w diagnostyce ostrej zatorowosci
ptucnej, a skorygowane o wiek chorego wiek poziomy tego biomarkera zgodnie ze zworem s wiek pacjenta

x70 moze by¢ nadal uzytecznym narze¢dziem do rozpoczgcia diagnostyki

Ponadto D-dimer D i NT-proBNP, cho¢ nie troponina T, sa przydatne w réznicowaniu chorob sercowo-
naczyniowych tj ostrych zespotow wiencowych, zapalenia mig¢s$nia sercowego i zatorowos$ci ptucnej u
pacjentow z zapaleniem pluc w przebiegu infekcji COVID-19. U chorych z ostrym zespotem wiencowym i
infekcja COVID-19 zwigkszyta Smiertelno$¢ wewnatrzszpitalng niezaleznie od stopnia zajgcia ptuc, podczas

gdy dla APE i AMyo nie stwierdzono takiej zaleznoS$ci.
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
Fax: 022/57-20-165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

= Warszawa, dnia 09.09.2024
AKBE/ 153 12024

Lek. Michat Machowski

Klinika Chorob Wewngtrznych i Kardiologii
z Centrum Diagnostyki i Leczenia Zylnej
Choroby Zakrzepowo-Zatorowej] WUM

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 09 wrzesnia 2024 r. przyjela do wiadomosci informacje na temat
badania pt. “Przewidywanie ostrych powiklan sercowo-naczyniowych w przebiegu
Covid-19:spostrzezenia z Referencyjnego Osrodka Kardiologicznego dla chorych

z Covid-19.” Przedstawione badanie nie stanowi eksperymentu medycznego

w rozumieniu art. 21ust.1 ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza

i lekarza dentysty (Dz.Uz Uniwersytecie Medycznym, o ktdrej mowa w art. 29 ust.1
WW. ustawy.

Przewodniczic

ji Bioetycznej
o

Prof. dr hab. n/med. Magdalena Kuzma —Kozakiewicz

&
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Warszawa, 3.09.2024
{migjscowodd, data)

Lek. Aleksandra Mamzer
(imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pl. Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients
o$wiadczam, iz mdj wiasny wkiad merytoryezny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Moj udziat procentowy w przygotowaniu publikacji okreglam jako 10 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 30 %,
obejmowal on:. Gromadzenie danych, analize danych, sformulowanic wnioskéw, napisanie

artykutu.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czgéé rozprawy doktorskiej

lek Michata Machowskiego

(podpis oswiadczajacego)
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Warszawa, 3.09.2024
(miejscowosé, data)

Prof. dr hab. n. med. Jarostaw D. Kasprzak
(imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients oswiadczam, iz moj wiasny
wiklad merytoryczny w przygotowanie, przeprowadzenie i opracowanic badafi oraz
przedstawienie pracy w formie publikacji stanowi: wspotudziat w stworzeniu koncepcji pracy,
gromadzenie danych, dyskusja uzyskanych wynikow, uczestnictwo w redakcji ostatecznego
tekstu publikacji.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 10 %.
‘Wkiad Michata Machowskiego w powstawanie publikacji okreslam jako 30 %,
obejmowat on:. Gromadzenie danych, analize danych, sformutowanie wnioskow, napisanie

artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢sc rozprawy doktorskiej lek

Michata Machowskiego

is oéwiadczajacego)
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Warszawa, 3.09.2024
(miejscowosc, data)

lek, Anna Polanska
(imig i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients o$wiadczam, iz moj wiasny
wkiad merytoryczny w przygotowanie, przeprowadzenie 1 opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: gromadzenie danych.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 10 %.
Whktad Michata Machowskiego w powstawanie publikacji okreslam jako 30 %,
obeimowal on;, Gromadzenie danych, analiz¢ danych, sformulowanie wnioskow, napisanie

artykutu.

Jednoczednie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek Michata Machowskiego

.......... /W@w';q_

{podpis oswiadczajgcego)
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(miejscowosc, data)

dr n. med. Marta Skowrofiska
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients o$wiadczam, iz moj wlasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badaf oraz
przedstawienie pracy w formie publikacji stanowi: gromadzenie danych, analiza danych,
nadzor merytoryczny.,

Méj udziat procentowy w przygotowaniu publikacji okreslam jako 10 %.
Wkiad Michata Machowskiego w powstawanie publikacji okreslam jako 30 %,
obejmowal on:. Gromadzenie danych, analiz¢ danych, sformutowanie wnioskow, napisanie

artykutu,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej
lek Michata Machowskiego

(podpis o$wiadczajacego)

43



Warszawa, 3.09.2024
(miejscowosc, data)

Lek. Aisha Ou-Pokrzewinska
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients oswiadczam, iz méj whasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: przygotowanie koncepcji pracy, nadzor
merytoryczny.

Mo6j udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.
Wktad Michata Machowskiego w powstawanie publikacji okreslam jako 30 %,
obejmowal on:. Gromadzenie danych, analiz¢ danych, sformulowanie wnioskéw, napisanie

artykutu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej
lek Michata Machowskiego

(podpis oswiadczajacego)
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Warszawa, 3.09.2024
(miejscowosé, data)

dr n. med. Magdalena Gatecka-Nowak

(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients oswiadczam, iz méj wiasny
wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: gromadzenie danych.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 10 %.
Wkiad Michata Machowskiego w powstawanie publikacji okreslam jako 30 %,
obejmowat on:. Gromadzenie danych, analize danych, sformutowanie wnioskéw, napisanie

artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek Michala Machowskiego
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Jako wspétautor pracy pt Age-Adjusted D-Dimer Levels May Improve Diagnostic
Assessment for Pulmonary Embolism in COVID-19 Patients oswiadczam, iz m¢j wiasny
wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badafd oraz
przedstawienie pracy w formie publikacji stanowi: gromadzenie danych.

M¢éj udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.
Wkiad Michata Machowskiego w powstawanie publikacji okre$lam jako 30 %,
obejmowal on:. Gromadzenie danych, analiz¢ danych, sformutowanie wnioskéw, napisanie

artykutu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek Michata Machowskiego
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Jako wspétautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
oéwiadczam, iz méj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.
Wktad Michal Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowat on:. Gromadzenie danych, analize danych, sformutowanie wnioskéw, napisanie

artykulu.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej
lek Michata Machowskiego
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Lek. Andrzej Labyk
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Jako wspdfautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
o$wiadczam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenic i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,

obejmowal on:. Gromadzenie danych, analiz¢ danych, sformutowanie wnioskow, napisanie

artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej
lek Michata Machowskiego
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(miejscowosé, data)

Lek. Aisha Ou-Pokrzewiriska
(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
oswiadczam, iz mo6j wihasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badaf oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
M¢j udziat procentowy w przygotowaniu publikacji okre§lam jako 2 %,
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowal on:. Gromadzenie danych, analize danych, sformulowanie wnioskéw, napisanie

artykuhu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek Michata Machowskiego

(podpis o$wiadczajgcego)
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Lek. Katarzyna Perzanowska-Brzeszkiewicz
(imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
oswiadczam, iz mé6j wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych,
Moj udzial procentowy w przygotowaniu publikacji okreslam jako 5 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowal on:. Gromadzenie danych, analiz¢ danych, sformulowanie wnioskow, napisanie

artykutu,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek Michata Machowskiego

(podpis.oswiadczajacego)
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Jako wspotautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
o$wiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 10 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowal on:. Gromadzenie danych, analiz¢ danych, sformulowanie wnioskéw, napisanie

artykuhu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej
lek Michata Machowskiego
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Jako wspolautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
o$wiadczam, iz mdj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie

danych.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,

obejmowal on:. Gromadzenie danych, analiz¢ danych, sformutowanie wnioskdw, napisanie

artykutu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej
lek Michata Machowskiego

b Galeclooflounte

(podpis oswiadczajacego)
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Warszawa, 3.09.2024
(miejscowoscé, data)

Dr n. med. Szymon Pacho
(imig i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
o$wiadczam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Mdj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,

obejmowal on:. Gromadzenie danych, analize danych, sformutowanie wnioskéw, napisanie

artykutu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej
lek Michata Machowskiego

(podpis oswiadczajacego)
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Warszawa, 3.09.2024
(miejscowosé, data)

Dr Piotr Palczewski
(imig i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
oswiadczam, iz moj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Mo udzial procentowy w przygotowaniu publikacji okreslam jako 5 %.
Wkiad Michal Machowski w powstawanie publikacji okreglam Jjako 50 %,
obejmowat on:. Gromadzenie danych, analize danych, sformulowanie wnioskéw, napisanie

artykutu,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej lek
Michata Machowskiego

2
L

(podpis o$wiadczajgcego)
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Warszawa, 3.09.2024
(miejscowosé, data)

Dr n. med. Karol Deutsch
(imie i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
ofwiadczam, iz méj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,

obejmowat on:. Gromadzenie danych, analiz¢ danych, sformulowanie wnioskéw, napisanie

artykutu,

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze§é rozprawy doktorskiej
lek Michata Machowskiego

%&W/ ....... [24 S 74

(podpis oswiadczajgcego)
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Warszawa, 3.09.2024
(miejscowosé, data)

Dr n. med. Agnieszka Wjeik
(imig i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
o$wiadczam, iz m6j whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.
Wktad Michal Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowal on:. Gromadzenie danych, analize danych, sformulowanie wnioskow, napisanie

artykutu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej
lek Michata Machowskiego

......... A Mo

(podpis oswiadczajgcego)
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Warszawa, 3.09.2024
(miejscowos¢, data)

Dr hab. n. med, Marek Roik
(imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
oswiadczam, iz moj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
M6 udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.
Wkiad Michat Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowal on:. Gromadzenie danych, analize danych, sformutowanie wnioskéw, napisanie

artykutu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej
lek Michata Machowskiego
Dr hab. n. med. Marek F. Rolk

syecjalista choréb we errznych
) ARDIOL
’ 11661

...................................................

(podpis o$wiadczajgeego)
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Warszawa, 3.09.2024

(miejscowos¢, data)

Prof. dr hab. n. med. Piotr Pruszczyk
(imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referral Department
o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych.
M¢j udzial procentowy w przygotowaniu publikacji okreslam jako 4 %.
Wktad Michat Machowski w powstawanie publikacji okreslam jako 50 %,
obejmowal on:. Gromadzenie danych, analize danych, sformutowanie wnioskéw, napisanie

artykutu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozpr doktorskiej

lek Michata Machowskiego
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Warszawa, 3.09.2024
(miejscowosé, data)

Andrzej Pruszezyk
(imig i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt.  Predicting Acute Cardiovascular Complications in
COVID-19: Insights from a Specialized Cardiac Referval Department
o$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: gromadzenie
danych,
M¢j udzial procentowy w przygotowaniu publikacji okreslam Jjako 2 %.
Wklad Michal Machowski w powstawanie publikagji okreslam jako 50 %,
obgjmowal on:. Gromadzenie danych, analiz¢ danych, sformulowanie wnioskéw, napisanie

artykulu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeéé rozprawy doktorskiej
lek Michala Machowskiego

(podpis oswiadczajgcego)
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