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Wykaz stosowanych skrotow

ACE- enzym konwertujacy angiotensyne¢ (angiotensin converting
enzyme)

ACS- ostry zespot wiencowy (acute coronary syndrome)

AED- automatyczny, zewnetrzny defibrylator (automatic external
defibrillator)

AMI- ostry zawat serca (acute myocardial infarction)

BMI- indeks masy ciata (body mass index)

CABG- zabieg pomostowania t¢tnic wiencowych (coronary artery
bypass grafting)

CAD- choroba niedokrwienna serca (coronary artery disease)

CCS- klasyfikacja Kanadyjskiego Towarzystwa Kardiologicznego dla
dtawicy piersciowej (Canadian Cardiovascular Society class for angina)
CCS- przewlekly zespot wiencowy (chronic coronary syndrome)
COPD- przewlekta obturacyjna choroba ptuc (chronic obstructive
pulmonary disease)

COVID-19- choroba zakazna uktadu oddechowego wywotana
zakazeniem wirusem SARS-CoV-2 (coronavirus diseae 2019)

CVD- choroby sercowo-naczyniowe (cardiovascular diseases)

Cx- galaz okalajaca lewej tetnicy wiencowej (circumflex artery)

DES- stent uwalniajacy lek (drug eluting stent)

DM- cukrzyca (diabetes mellitus)

ECG- elektrokardiogram (electrocardiogram)

EKG- elektrokardiogram

ESC- Europejskie Towarzystwo Kardiologiczne (European Society of
Cardiology)

FMC- pierwszy kontakt z personelem medycznym (first medical contact)
GRACE- Globalny Rejestr Ostrych Zespotow Wiencowych (The Global
Registry of Acute Coronary Events)



GUS- Gtéwny Urzad Statystyczny

HF- niewydolnos¢ serca (heart failure)

HBAI1c- hemoglobina glikowana (hemoglobin Alc)

HDL cholesterol- cholesterol frakcji lipoprotein o duzej gestosci (high
density lipoprotein)

HFmrEF- niewydolnos$¢ serca z tagodnie obnizona frakcja wyrzutowg
(heart failure with mid- range ejection fraction)

HFpEF- niewydolno$¢ serca z zachowang frakcja wyrzutowa (heart
failure with preserved ejection fraction)

HFrEF- niewydolnos¢ serca z obnizong frakcja wyrzutowa (heart failure
with reduced ejection fraction)

Hs-Troponin T- wysokoczuta troponina T (high sensitivity troponin T)
ITHM- $miertelnos¢ wewnatrzszpitalna (in-hostpial morality)

IQR- rozstep ¢wiartkowy (interquartile range)

LAD- gataZ miedzykomorowa przednia lewej tetnicy wiencowej (/eft
anterior descending)

LDL cholesterol- cholesterol frakcji lipoprotein o matej gestosci (low
density lipoprotein)

LVEF- frakcja wyrzutowa lewej komory serca (left ventricular ejection
fraction)

MACCE- powazne, niepozadane zdarzenia sercowe 1 mozgowo-
naczyniowe (major adverse cardiac and cerebrovascular events)
MERS- bliskowschodni zespo6t niewydolnosci oddechowej (Middle East
respiratory syndrome)

MI- zawal serca (myocardial infarction)

mRNA- matrycowy kwas rybonukleinowy (messenger ribonucleic acid)
NOAC- nowe doustne leki przeciwzakrzepowe (novel oral

anticoagulants)



NSTE-ACS- ostry zesp6t wiencowy bez uniesienia odcinka ST (non- ST
elevation acute coronary syndrome)

NSTEMI- zawat serca bez uniesienia odcinka ST (non-ST elevation
myocardial infarction)

NYHA- klasyfikacja Nowojorskiego Towarzystwa Kardiologicznego dla
niewydolnosci serca (New York Heart Association class for heart failure)
OHCA- pozaszpitalne zatrzymanie krazenia (out-of-hospital cardiac
arrest)

OZW - Ostry zespot wiencowy

PCI- przezskorna interwencja wiencowa (percutaneous coronary
intervention)

PCR- reakcja tancuchowa polimerazy (polymerase chain reaction)
PZW - przewlekty zespot wiencowy

RCA- prawa tetnica wiencowa (right coronary artery)

RT-PCR- reakcja tancuchowa polimerazy z odwrotng transkrypcja
(reverse transcription polymerase chain reaction)

SARS-CoV-2- wirus ostrego zakazenia drog oddechowych oznaczony
numerem ,,2” (severe acute respiratory syndrome coronavirus 2)

SCA- nagte zatrzymanie krazenia (sudden cardiac arrest)

STEMI- zawat serca z uniesieniem odcinka ST (ST-elevation myocardial
infarction)

UA- niestabilna choroba wiencowa (unstable angina)

VKA- antagonisci witaminy K (vitamin K antagonists)

WHO- Swiatowa Organizacja Zdrowia (World Health Organization)

Streszczenia



Streszczenie w jezyku polskim

Pandemia COVID-19 (Coronavirus disease-19) w znacznym stopniu
dotkneta pacjentow z chorobami sercowo- naczyniowymi. Ponadto, przymusowa
izolacja  (lockdown) spowodowala zaburzenia procesu diagnostyczno-
terapeutycznego oraz niech¢¢ do poszukiwania pomocy w zakresie opieki

zdrowotnej, co sumarycznie przyczynialo si¢ do opoéznienia wdrozenia leczenia.

W ramach niniejszego doniesienia naukowego, przeprowadzono analize
czgstosci wystepowania i przebiegu OZW po pierwszej fali pandemii COVID-19,
jak réwniez profil kliniczny 1 sposdb leczenia pacjentow ze przewlektym
zespotem wiencowym. Przedstawione wyniki opierajg si¢ na instytucjonalnym
rejestrze taczacym 10 oddziatéw kardiologii inwazyjnej. Anonimowe dane
pacjentow z OZW oraz PZW z okresu Czerwiec- Pazdziernik 2020 (bezposrednio
po pierwszym okresie izolacji, przypadajagcym na okres 30 Marca- 31 Maja 2020

roku) zostaly zestawione z danymi analogicznego okresu roku 2019.

W roku 2019 hospitalizowano 2801 pacjentow z OZW a w roku 2020
hospitalizowano 2620 pacjentow z OZW, co stanowilo odpowiednio 52,8% oraz
57,9% ogotu hospitalizacji z powodu choroby niedokrwiennej serca.
Hospitalizacje w powodu OZW zostaly poddane analizie w Publikacji nr 1.
W analizowanym okresie roku 2020, w poréwnaniu z analogicznym okresem roku
2019, stwierdzono wigcej rozpoznan nadci$nienia tgtniczego (80,2% vs. 71,5%;
p <0,001), cukrzycy (32,7% vs. 28,2%; p <0,001), hiperlipidemii (53,2% vs.
49,8%; p = 0,01) oraz oséb aktywnie palacych (29,5% vs. 25,8%; p= 0,003).
Mediany warto$ci troponin i cholesterolu oraz glikemia przy przyjeciu byly
wyzsze w analizowanym okresie roku 2020. U pacjentow w dobie pandemii
czesciej stosowano rewaskularyzacje przezskorng (91,2% vs. 87,5%; p <0,001)
1 rzadziej referowano ich do leczenia chirurgicznego (3,7% vs. 4,9%; p = 0,03).

Nie stwierdzono ro6znicy w $miertelnosci, czestosci wystgpienia zawatu serca



w trakcie hospitalizacji, udaru moézgu, ani zlozonego punktu koncowego
MACCE, na ktory sktadaty sie zgon, zawat serca 1 udar mézgu. Jednak w analizie
wieloczynnikowej wykazano, ze wystapienie OZW w analizowanym okresie roku
2020 byto czynnikiem ryzyka wystgpienia zgonu. W zwigzku z tym, w Publikacji
nr I wykazano, ze juz pierwsza fala pandemii COVID-19 miata wptyw na profil
pacjentow oraz przebieg leczenia pacjentoOw hospitalizowanych z powodu OZW,
jak rowniez spowodowata wzrost ryzyka wystapienia zgonu ws$rdd tych

pacjentow.

W Publikacji nr 2 , przeprowadzono analiz¢ pacjentow hospitalizowanych
z powodu PZW po pierwszym okresie lockdown. 1los¢ chorych w porownaniu
z analogicznym okresem roku 2019 byta istotnie nizsza. W porownaniu z rokiem
2019, byli oni miodsi (68,0 vs. 69,0; p < 0,019), z czgstszym rozpoznaniem
nadcis$nienia tetniczego (88,5% vs. 77,5%; p < 0,0001), cukrzycy (35,7% vs.
31,5%; p=0,003), hiperlipidemii (67,9% vs. 55,4%; p <0,0001) 1 otytosci (35,8%
vs. 31,3%; p = 0,002). Ponadto, ich objawy w klasie CCS (Canadian
Cardiovascular Society) byly mocniej wyrazone (klasa CCS III 1 CCS 1V: 30,4%
vs. 26,5%; p = 0,005). Czesciej byli poddawani rewaskularyzacji przezskornej
(35,0% vs. 25,9%; p < 0,0001), natomiast rzadziej referowano chorych do CABG
(3,7% vs. 4,9%; p=0,0001). Nie wykazano istotnych r6znic w wynikach leczenia.
W analizie wieloczynnikowej, klasa IV dla niewydolnosci serca wedlug NYHA
(New York Heart Association) stanowila ryzyko dla wystgpienia zgonu oraz
ztozonego punktu koncowego MACCE (major adverse cardiac and
cerebrovascular events), na ktory sktadaty si¢ zgon, zawat serca 1 udar mozgu.
Reasumujac, wykazano ze pandemia koronawirusa SARS-CoV-2 (severe acute
respiratory syndrome coronavirus-2) w istotny sposéb wplyneta na
charakterystyke kliniczng oraz sposob leczenia pacjentdw hospitalizowanych

z powodu PZW po pierwszym okresie przymusowej izolacji. Czestsze



wystepowanie 1 wicksze nasilenie chorob wspdtistniejagcych budzi obawy

dotyczace opieki zdrowotnej w najblizszych latach.

W Publikacji nr 3 (publikacja pogladowa) przenalizowano liczne
doniesienia z literatury Swiatowej dotyczace Smiertelnosci i chorobowosci wsrod
pacjentow hospitalizowanych z powodu OZW podczas pandemii COVID-19.
Wigkszo$¢ badan wskazuje na nieche¢ do szukania pomocy specjalistycznej
1 dhluzszy uptyw czasu do podjecia profesjonalnych dziatan medycznych,
wydluzenie procesu diagnostyczno- terapeutycznego w okresie przedszpitalnym,
mniejszg cze¢stos¢ hospitalizacji z powodu ostrych zespotow wiencowych
w porownaniu do lat poprzednich, wigkszy procentowy udziat zawatow
z uniesieniem odcinka ST oraz wigkszg czestos¢ powiklan w trakcie
hospitalizacji. Mtodsi pacjenci, z mniejszg ilo$cig chordb towarzyszacych mieli
wicksze ryzyko wystgpienia OZW w pordéwnaniu do okresu przed pandemis.
Hospitalizowanych pacjentéw charakteryzowaly wicksze wyjSciowe warto$ci
markerow uszkodzenia migénia sercowego. Ponadto, liczne badania wskazujg na
istotny spadek liczby procedur inwazyjnych, co w gtownym stopniu dotyczyto
procedur chirurgicznych. W konsekwencji, pacjentow hospitalizowanych
z powodu OZW charakteryzowala wigksza czgstos¢ powaznych powiktan
1 wigksza $miertelnos¢, co dotyczyto zaréwno pacjentow z infekcja
koronawirusem jak i bez. Reasumujac, pandemia COVID-19 miata znaczacy
wplyw na $miertelno$¢ i chorobowos¢, co bylo wyrazone szczegdlnie w grupie
pacjentdow z chorobami sercowo- naczyniowymi, a zwlaszcza z OZW.
W poréwnaniu do okresu sprzed pandemii, pacjenci roznili si¢ pod wzgledem

charakterystyki klinicznej i leczenia, a ich rokowanie pozostawato gorsze.
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Streszczenie w jezyku angielskim

The collateral damage caused by the COVID-19 pandemic affected
cardiovascular disease patients. Additionally, lockdown caused treatment-related

concerns and reluctance to seek medical help, factors that can delay treatment.

We aimed to analyse the incidence and course of ACS after the first
COVID-19 pandemic wave, as well as the profile and treatment of chronic
coronary syndrome (CCS) patients following the first COVID-19 wave. The
report is based on a multi-institutional registry of 10 interventional cardiology
departments. Both ACS and CCS patient data were gathered from June to October
2020, i.e. in the period following the first lockdown in Poland (March 30—May
31, 2020) and compared with the corresponding 2019 timeframe.

In total, 2801 patients hospitalized for ACS in 2019 and 2620 in 2020
(June—October) represented 52.8% and 57.9% of coronary artery disease
admissions, respectively. Those admissions were analysed in detail in Publication
no. 1. In 2020 vs. 2019, more cases of arterial hypertension (80.2% vs. 71.5%;
P <0.001), diabetes (32.7% vs. 28.2%; p <0.001) hyperlipidaemia (53.2% vs.
49.8%; P = 0.01), and smoking history (29.5% vs. 25.8%; p = 0.003) were
detected. Median troponin and cholesterol values, as well as glycemia, were
higher in 2020 when compared to 2019. Patients were more likely to undergo
percutaneous treatment (91.2% vs. 87.5%; p <0.001) and were less often referred
for surgery (3.7% vs. 4.9%; p = 0.03). No differences in deaths from repeat
myocardial infarction, stroke, and/or composite endpoint (major adverse cardiac
and cerebrovascular events [MACCE]) were noted. However, incidence of ACS
in 2020 (June—October) was an indpedent risk factor for mortality based on
multivariable analysis. As such, the first publication concludes that the COVID-
19 pandemic affected ACS patient profile, course of treatment, and increased risk

for mortality.
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In Publication no. 2, details regarding chronic coronary syndrome patient
profile, hospitalization and outcomes were analysed. The number of hospitalized
CCS patients following lockdown was lower by 5.1%. They were younger (68.0
vs. 69.0; p <0.019), more likely to present with hypertension (88.5% vs. 77.5%;
p <0.0001), diabetes (35.7% vs. 31.5%; p = 0.003), hyperlipidaemia (67.9% vs.
55.4%; p <0.0001), obesity (35.8% vs. 31.3%; p = 0.002), and more pronounced
symptoms (Canadian Cardiovascular Society [CCS] III and CCS class IV angina:
30.4% vs. 26.5%; p = 0.005). They underwent percutaneous treatment more often
(35.0% vs. 25.9%; p < 0.0001) and were less likely to be referred for surgery
(3.7% vs. 4.9%; p = 0.0001). There were no significant differences in
hospitalization outcome. New York Heart Association (NYHA) class IV for heart
failure was a risk factor for both mortality and MACCE in multivariate analysis.
As a conclusion, it was underlined that the SARS-CoV-2 pandemic affected the
characteristics and hospitalization course of stable angina patients hospitalized
following the first wave. The hospitalization outcome was similar in the analysed
time intervals. The higher prevalence of comorbidities raises concern regarding

upcoming years.

In Publication no. 3 multiple reports were evaluated to analyse mortality
and morbidity in patients who suffered from ACS during the COVID-19
pandemic, as well as to investigate the factors that may have a significant impact
on their baseline characteristics and outcome. Most of them point to reluctance
and longer time to reach medical care, longer pre-hospital delay, lower overall
number of ACS admissions, greater percentage of STEMI patients and
complications. In most reports, younger and less ill patients were more likely to
suffer from ACS than in the pre-pandemic period. They presented with more
prominent biomarker elevation. Further, most investigators underline that the
number of invasive procedures dropped significantly ,which was most prominent

in the field of surgical revascularization. Consequently, a higher number of
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adverse events and greater mortality during the COVID-19 pandemic were noted
in majority of referenced studies, which was valid for both patients with and
without coronavirus infection. In summary, the pandemic had a great impact on
overall populational mortality and morbidity, which was greatly pronounced in
patients with cardiovascular disease, particularly in ACS cases. They differed in
baseline characteristics, underwent different treatment and their outcome was

worse as compared with the period prior to the pandemic.
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1. Wstep

Odkad nowy wariant wirusa ostrego zespotu oddechowego SARS- CoV-2
pojawil si¢ w grudniu 2019 roku, choroba przez niego powodowana (COVID-19)

rozprzestrzenita si¢ w sposob gwattowny, powodujac globalng pandemig.

Sam wirus zostal doglebnie zbadany pod katem zaro6wno budowy jak
1 mechanizmu dziatania. Analiza jego sekwencji genetycznej wykazata, ze jest
w 79,5% identyczny z oryginalnym SARS-CoV 1 pozostaje najbardziej zblizony
do koronawirus6w wyizolowanych z materiatu pochodzacego od nietoperzy [1].

W porownaniu z pierwszym koronawirusem SARS-CoV, nowa wersja
patogenu charakteryzowata si¢ duzo wigkszg szybko$cig rozprzestrzeniania, co
pozostawato zwigzane z bardziej efektywng transmisja przez droge nosowo-
gardtowa. Odbywa si¢ to w pierwszej fazie choroby, kiedy symptomy pozostaja
tagodne 1 w duzej mierze przypominaja tagodng infekcje goérnych drog

oddechowych.

Sam mechanizm wnikania do komorki jest bardzo charakterystyczny- wigze si¢
z wniknieciem poprzez powinowactwo S-proteiny do enzymu konwertujacego

angiotensyne 2 (ACE2) [1].

Skuteczno$¢ rozprzestrzeniania si¢ nowego koronawirusa opisujg liczby:
do kwietnia 2022 odnotowano 496 milionéw przypadkow zachorowan, co

skutkowato przynajmniej 6 milionami zgonow [1].

Istniejg liczne raporty odnoszace si¢ do wptywu infekcji SARS-CoV-2 na
zaostrzenie przebiegu chorob sercowo- naczyniowych. Odnosza si¢ one do
hipotezy, ze pacjenci z chorobami sercowo-naczyniowymi s3 szczegOlnie
wrazliwi na cigzki przebieg choroby COVID-19 1 w dalszej kolejnosci, na dalsze
uszkodzenie serca i naczyn. Takze autopsje oraz biopsje narzadowe potwierdzaja,
ze pacjenci doznaja niewydolno$ci wielonarzadowej lub uposledzenia funkc;ji

wielu narzadow [1].
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Inng kwestig jest organizacja sprawowania opieki zdrowotnej nad
pacjentami z chorobami sercowo- naczyniowymi w dobie pandemii.
Wprowadzone przez organy administracji publicznej obostrzenia, zachowywanie
dystansu spolecznego, restrykcje zwigzane z podrézowaniem, a takze czynniki
psychologiczne (strach przed przebywaniem w miejscach publicznych, jak
rowniez placowkach opieki zdrowotnej) byly nieodzownie zwigzane
z odraczaniem badz nawet rezygnacja z poszukiwania pomocy medycznej, nawet
w stanach zagrozenia zycia. W znacznym stopniu mialo to wplyw na

charakterystyke pacjentoéw przyjmowanych do placowek opieki zdrowotnej [2].

Z poczatku, strach przed chorobg zmniejszyt rowniez efektywnos¢ 1 jakos¢
opieki zdrowotnej. Jako przyktad mozna poda¢ przeksztatcenie oddziatow,
a nawet catych szpitali w tzw. jednostki jednoimienne, nakierowane na opieke
nad pacjentami zainfekowanymi koronawirusem. Pozostate uslugi medyczne,
takie jak planowe zabiegi 1 hospitalizacje, a nawet medyczne konsultacje zgodnie
z rozporzadzeniami administracji i narodowego platnika zostaly odroczone lub
nawet anulowane celem skupienia calej efektywnos$ci stuzby zdrowia na walke
z pandemig oraz ograniczenia mozliwosci rozprzestrzeniania si¢ infekcji
w placoOwkach opieki zdrowotnej [3]. Nalezy zwrdci¢ uwage, ze dane te dotycza
dziatan nie tylko lokalnych, ale rowniez mig¢dzynarodowej strategii walki

Z wirusem.

W  odniesieniu do polskiej opieki zdrowotnej oraz efektywnosci
zapobiegania hospitalizacjom 1 zgonom, nalezy z pewnoscig odnies¢ si¢ do
danych Gtownego Urzedu Statystycznego (GUS). Liczba zgonow w 2020 roku
przekroczyta srednig roczng warto$¢ z ostatnich 50 lat o ponad 100 tysigcy (477
tysiecy w poréwnaniu ze $rednig 364 tysiecy), a $rednia ilo§¢ zgonéw na 100
tysigcy mieszkancoéw osiggneta najwigksza warto$¢ od roku 1951. Jednak zwraca

uwage fakt, ze sposrod nadmiarowych zgondw, jedynie 43% bylo zwigzane
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z infekcjg koronawirusem. Wsrod pozostatych przypadkow, 27% chorych miato

dodatni wywiad w kierunku infekcji koronawirusa w przesztosci.

Nadmiarowa $miertelno$¢ w roku 2021 przekroczyta Srednig wartos¢
z poprzednich 50 lat o 154 tysigce (519,5 tysigca w poroOwnaniu ze $Srednig 366
tysiecy), natomiast $miertelno$¢ na 100 tysigcy mieszkancoOw przekroczyta
warto$ci z 2020 roku o 117 zgonow [4,5]. Jesli chodzi o $miertelno$¢ pacjentow
z COVID-19, na 6 518 400 potwierdzonych do dnia 16 sierpnia 2023 roku

zachrowan stwierdzono 119 636 zgonow [4,5].

Podobng statystyke mozna odszukaé w zrodtach Swiatowej Organizacji
Zdrowia. Wedlug danych udostepnionych przez Organizacjg, pomiedzy
01.01.2020 1 31.12.2021 liczba zgonéw zwigzanych bezposrednio i1 posrednio
z chorobg COVID-19 siggneta 14,9 miliona. Co zrozumiale, $miertelno$¢ byta
znaczaco wyzsza u osob z dodatnim wynikiem badania w kierunku obecnosci
koronawirusa [5, 6, 7]. Wedlug nowych danych, do 8 sierpnia 2023 roku
potwierdzono na $wiecie 769 milionéw przypadkow COVID-19 oraz 6,9

miliondow zgonow zwigzanych bezposrednio z infekcja.

Pomimo szerokiego spektrum zagadnien zwigzanych z infekcjag SARS-
CoV-2, tematyka niniejszej publikacji odnosi si¢ gléwnie do chordb sercowo-
naczyniowych. Juz w pierwszych etapach pandemii stwierdzono, ze pacjenci
w przebiegu COVID-19 sg bardziej narazeni na zawat serca, zapalenie mig$nia
sercowego, zylng chorobe zakrzepowo- zatorowa, arytmie oraz zaostrzenie
niewydolnosci serca [8]. Uogdlniona reakcja zapalna zwigksza ryzyko pekniecia
blaszki miazdzycowej. Ponadto, wspomniany stan zapalny, zaburzenia
parametrow uktadu krzepnigcia- fibrynolizy, niewydolnos¢ wielonarzadowa
sprzyjaja rozwini¢ciu powiktan zakrzepowo- zatorowych [9]. Zwracaja uwage
zaburzenia badan laboratoryjnych w przebiegu COVID-19, zwlaszcza D-
dimeréw [10,11].
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Osobng kwestig jest natomiast dostepnos$¢ opieki, postepowanie oraz
wyniki leczenia u pacjentoéw z istniejagcymi lub rozwijajagcymi si¢ chorobami
sercowo- naczyniowymi w dobie pandemii. W tym miejscu nalezy podkresli¢, ze
wspomniany we wczesniejszych akapitach strach przed chorobg koronawirusowa
moze odgrywac istotny wplyw na ostateczne rokowanie. Istniejg doniesienia, ze
nawet potowa pacjentéw z objawami zawalu serca zdecydowata si¢ nie korzystac
z pomocy medycznej lub w istotny sposob opdznita kontakt z opiekg medyczng
lub przyjecie do szpitala, co oczywiscie miato niebagatelny wptyw na wynik ich

leczenia i ryzyko powiktan [12].

Z drugiej jednak strony, nalezy zwroci¢ uwage na systemowy problem
zwigzany z ograniczeniem dostepnosci do ustug medycznych. Procedury planowe
(diagnostyczne koronarografie, planowane przezskorne interwencje wiencowe)
byly w duzym stopniu ograniczane przez instytucje zdrowotne. Dla pacjentow
rozwijajagcych  zawal serca, zwlaszcza =z wuniesieniem odcinka ST,
rewaskularyzacja pozostawala oczywiscie procedurg z wyboru, co
odzwierciedlata codzienna praktyka kliniczna oraz rekomendacje. Tym niemniej
istniejg liczne doniesienia o istotnej redukcji ilosci pacjentow leczonych
z powodu zawatu serca w pracowniach hemodynamiki, ktéra w roku 2020 mogta
siega¢ nawet 40- 50%. Dotyczy to zarowno zawatow serca STEMI jak i NSTEMI
[7, 12, 13].

Zwraca jednak uwage pewna cyklicznos¢ okresow izolacji (lockdown),
ktore wigzaty si¢ roOwniez z wprowadzaniem ograniczeh w dostgpnosci do
planowych $wiadczen medycznych. Byly one wprowadzane przez wiladze
panstwowe w okresie zwigkszonej aktywnosci wirusa, ktory czesto korelowat
z okresem wiosennym 1 jesienno-zimowym. Okresy izolacji przeplataty sie
z okresami o wzglednie mniejszych restrykcjach oraz wigkszej dostepnosci do

planowych zabiegdéw 1 diagnostyki.
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O ile, bioragc pod uwage catly okres pandemii, doniesienia naukowe
zwracajg uwage na caloSciowy okres pandemii lub jego czg$¢, o tyle analizy
dotyczace okresow pomiedzy wzmozonymi restrykcjami pozostaja niepeine.
Z punktu widzenia naukowego jest to czas szczegdlny, bowiem wiasnie wtedy
w najbardziej wyrazny sposob mozna zaobserwowaé wptyw kilkumiesi¢cznego
okresu ograniczenia dostepnosci do §wiadczen medycznych na profil i rokowania

pacjentdw, a analiza moze obejmowac zarowno przypadki nagtle jak i planowe.

Majac na uwadze powyzsze zatozenie, wydaje si¢ zasadne
przeprowadzenie badania pordéwnawczego w zakresie charakterystyki klinicznej
pacjentow, sposobu 1 wynikoOw leczenia, zestawiajac ze sobg ramy czasowe
bezposrednio po okresie przymusowej izolacji (lockdown) oraz analogicznego
okresu roku kalendarzowego sprzed pandemii. Szczegdlnie interesujace jest
przeanalizowanie czasu nastg¢pujacego bezposrednio po pierwszej fali pandemii,
co pozwolitoby sprawdzi¢ jaki wptyw na pacjentow wywart relatywnie krotki
okres ograniczonej dostepnosci do ustug medycznych w potaczeniu z wcigz
obowigzujacymi restrykcjami oraz $Srodkami ostrozno$ci 1 zwigzanymi z tym

zmianami efektywnos$ci dziatania systemu opieki zdrowotne;.
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2. Zalozenia i cel pracy

Biorgc pod uwage dostepne informacje i dane literaturowe, mozna zatozy¢

ze czas pandemii, nawet w swoim poczatkowym okresie, w istotny sposob

wptynal na profil, sposdb leczenia oraz rokowanie pacjentow.

W zwiazku z powyzszym, do celow niniejszej pracy doktorskiej

sktadajacej si¢ z cyklu publikacji nalezy:

okreslenie wpltywu pierwszego okresu przymusowej izolacji
1 zwigzanych z nim czynnikdw na profil kliniczny pacjentow
z przewleklym zespolem wiencowym 1 ostrym zespotem
wiencowym

okreslenie wpltywu pierwszego okresu przymusowej izolacji
1 zwigzanych z nim czynnikow na przebieg hospitalizacji 1 sposéb
leczenia pacjentéw z przewlektym zespotem wiencowym i ostrym
zespolem wiencowym

okreslenie wptywu pierwszego okresu przymusowej izolacji oraz
czynnikdw z nim zwigzanych (w tym profilu klinicznego pacjentéw
oraz sposobu leczenia) na wyniki leczenia  chorych
hospitalizowanych z powodu przewlektego zespotu wiencowego
1 ostrego zespotu wiencowego

analiza dostgpnych doniesien naukowych, majaca na celu
odniesienie si¢ do wynikéw uzyskanych we wlasnej analizie

statystycznej
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ABSTRACT

Background: The collateral damage caused by the COVID-19 pandemic affected cardiovascular
disease patients, mainly acute coronary syndrome (ACS) cases. Additionally, lockdown caused
treatment-related concerns and reluctance to seek medical help, factors that can delay treatment.

Aim: We aimed to analyze the incidence and course of ACS after the first COVID-19 wave.

Methods: The report is based on a multi-institutional registry of 10 interventional cardiology depart-
ments. ACS patient data were gathered from June to October 2020, i.e. in the period following the first
lockdown in Poland (March 30-May 31, 2020) and compared with the corresponding 2019 timeframe.

Results: Patients (2801 and 2620) hospitalized for ACS in 2019 and 2020 (June-October) represented
52.8% and 57.9% of coronary artery disease admissions, respectively. In 2020 vs. 2019, more cases of
arterial hypertension (80.2% vs. 71.5%; P <0.001), diabetes (32.7% vs. 28.2%; P <0.001) hyperlipidemia
(53.2% vs. 49.8%; P=0.01), and smoking history (29.5% vs. 25.8%; P = 0.003) were detected. Median
troponin and cholesterol values, as well as glycemia, were higher in 2020. Patients were more likely
to undergo percutaneous treatment (91.2% vs. 87.5%; P <0.001) and were less often referred for
surgery (3.7% vs. 4.9%; P = 0.03). No differences in deaths from repeat myocardial infarction, stroke,
and/or composite endpoint (major adverse cardiac and cerebrovascular events [MACCE]) were
noted. However, suffering from ACS in 2020 (June-October) was a risk factor for mortality based
on multivariable analysis.

Conclusions: The COVID-19 pandemic affected ACS patient profile, course of treatment, and in-
creased risk for mortality.

Key words: acute coronary syndrome, coronavirus, COVID-19, lockdown, myocardial infarction

INTRODUCTION

patients should present to invasive cardiology

Acute coronary syndrome (ACS), particularly
with ST-segment elevation, presents a major
health risk for patients, and patients should
be referred for immediate medical atten-
tion. According to the European Society of
Cardiology (ESC) clinical guidelines, those

departments as soon as possible [1, 2]. Any
delay in treatment may be associated with
adverse consequences, including mortality.
However, during the COVID-19 pandemic,
which was caused by SARS-CoV-2, a significant
decrease in the number of ACS cases referred
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WHAT'S NEW?

Reports referring to the COVID-19 pandemic rarely focus on its first stage. The period immediately following lockdown was
characterized by limited healthcare access. We analyzed the time interval separating the two waves of the pandemic in Poland to
determine the impact of the first lockdown on acute coronary syndrome (ACS) incidence and its treatments and outcomes. Our
study showed that only the first wave of the pandemic significantly affected coronary artery disease patients. Higher numbers
of both unstable angina and ST-segment elevation infarctions, when compared with the corresponding period of the previous
year, were found. A higher frequency of non-communicable diseases was noted, indicating that inadequate treatment might
have triggered ACS. These patients were more often treated percutaneously and less often referred for surgery. Furthermore,
suffering from acute coronary syndrome right after the lockdown was a risk factor for mortality when compared with the cor-

responding timeframe of the previous year.

to health facilities and a significant delay in their treatment
were reported worldwide [3-10]. This delay may have led
to huge consequences in both hospital outcomes and
out-patient mortalities. The Polish National Primary Sta-
tistical Department reported over 67 000 more deaths in
2020thanin 2019, which greatly exceeds mortality caused
by the coronavirus infection [11]. Those numbers appeared
greater when the following calendar years were compared.
Furthermore, the lack of proper medical care and treatment
for both stable angina and non-communicable diseases
raised concerns regarding the incidence and severity of
ACS cases following the lockdown. To address this issue we
investigated the impact of only the first lockdown on the
incidence of ACS, patient profiles, and clinical outcomes.

METHODS

The multi-institutional registry

All information gathered for the report was sourced from
the database network, which connects 10 invasive car-
diology departments in Poland. The database includes
hospitalization parameters from patients admitted due to
acute coronary syndrome (defined as ST-segment elevation
myocardial infarction [STEMI], non-ST-segment elevation
myocardial infarction [NSTEMI], and unstable angina) from
June to October 2020 and the corresponding timeframe
in 2019.

Analyzed parameters

Data were anonymous, and only the patient unique number
was assigned by the computer system. We included in the
analysis: date of admission and discharge, hospitalization
department, discharge characteristics, data regarding
diagnosis (primary diagnosis and diagnosis after the hos-
pitalization), SARS-CoV-2 infection status, comorbidities,
procedure characteristics, anamnesis, pharmacotherapy,
laboratory tests, echocardiography, hospitalization course
and complications (such as death, repeat infarction, bleed-
ing, stroke, any type of vascular complications), discharge
to an intensive care unit and the composite endpoint of
major adverse cardiac and cerebrovascular events (MACCE)
defined as death, and/or myocardial infarction (MI; repeat

Ml in patients presenting with Ml on admission or Ml in
patients presenting with unstable angina on admission)
and/or stroke.

Routine COVID-19 testing

In 2020, all the patients underwent routine PCR (polymer-
ase chain reaction) tests upon their admission to the hos-
pital. In emergent cases, antigen tests were also performed
to avoid any delay in diagnosis and treatment. Further
COVID-19 testing depended on the patient’s symptoms or
contact with infected patients or personnel.

Research ethics board approval

The approval of the research ethics board was not manda-
tory for the analysis as the report was fully retrospective
and contained datasets with anonymized information. No
additional intervention was administered to any of the
study patients. Following the National Code on Clinical
Research, research ethics board consent is not obligatory
for real retrospective studies.

Statistical analysis

Categorical data are shown as numbers (percentages). Con-
tinuous data are presented as mean (standard deviation) or
median (interquartile range [IQR]). The normal distribution
of analyzed parameters was verified with the Saphiro-Wilk
test. Normal distribution datasets were compared using
Student’s t-test while non-normally distributed data were
compared using the Mann-Whitney U test. The x? test was
used to analyze categorical data.

To address the impact of continuous and binary pre-
dictors (including hospitalization timeframe) on outcomes,
the Cox proportional-hazards regression model was used.
Potential predictors of mortality and composite endpoint
(MACCE) were searched. The observation was conducted
during hospitalization; censoring was made in cases that
did not reach the event. The variables included in the model
were admission timeframe (June-October 2020 or June-Oc-
tober 2019), myocardial infarction at baseline, Canadian
Cardiovascular Society (CCS) class IV for angina, glycemia
at baseline, cholesterol value at baseline, troponin values
on admission, baseline ejection fraction, male sex, and age.
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23.2% (1049/4523)
22.8% (1211/5299)

NSTEMI

14.4% (651/4523)

STEMI
13.0% (689/5299)

37.6% (1700/4523)

Overall Ml
35.8% (1900/5299)

20.2% (920/4523)

Unstable angina
17.1% (901/5299)

NGl 57.9% (2620/4523)
coronary syndrome
hospitalizations |EiaclCalerad)

Acute coronary syndrome hospitalizations

P <0.001

P=0.08

P <0.001

T T
0 0.1 0.2

B June-October 2020

T
0.4 0.5 0.6

T
0.3

B June-October 2019

Figure 1. Hospitalizations for acute coronary syndrome with relation to the total number of hospitalizations for coronary artery disease. Data

are presented as percentages (numbers)

Abbreviations: MI, myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI; ST-segment elevation myocardial

infarction

A stepwise variable selection procedure was used (variables
were entered if P <0.3). MedCalc v.18.5 software (MedCalc
Software, Ostend, Belgium) was used for data processing.
A P-value of <0.05 was considered statistically significant.

Data presentation

The results from the current report are presented in three
sections. The first includes data from patients’ admission
records and gives the baseline characteristics and their
comparison in the evaluated time intervals. The second part
compares the treatment characteristics in the same time
intervals. Finally, the third section refers to hospitalization
outcomes and potential complications as described on
a timeline from admission date.

RESULTS

Overall, there were 5299 patients hospitalized in June-Oc-
tober 2019 (2801 acute coronary syndrome cases — 52.9%;
2498 elective cases — 47.1%) and 4523 patients hospital-
ized in June—October 2020 (2620 acute coronary syndrome
cases — 57.9%; 1903 elective cases — 42.1%). These data
reflect a significantly higher number of ACS hospitali-
zations related to overall hospitalizations for coronary
artery disease following lockdown when compared with
the corresponding time interval of the previous calendar
year (Figure 1). The main reason for this observation was
anincrease in the incidence of unstable angina and STEMI
with a similar number of NSTEMI cases (Figure 1).

The patients were similar in terms of age, sex, obe-
sity, and symptoms when compared to June-October
2019. However, they presented more frequently with
arterial hypertension, hyperlipidemia, diabetes, and were
active smokers (Table 1). They had greater baseline values
of high-sensitivity troponin T, cholesterol, and higher

glycemia. The myocardial contractility, presented as ejec-
tion fraction, was similar in both timeframes. There were
15 (0.6% patients) SARS-CoV-2 infections in June-October
2020. Please note that none of the analyzed departments
was a dedicated COVID-19 facility.

The pandemic affected not only the patient profile but
also the course of treatment. The patients mostly underwent
percutaneous revascularization. In this group, one-stage
treatment of two arteries was more frequent than two-stage
treatment during one hospitalization, which also contrib-
uted to relatively shorter hospitalization (Tables 2 and 3).
Alower number of patients was referred for coronary artery
bypass grafting procedures (Table 2). Patients who were not
qualified for angioplasty or bypass grafting and received
pharmacotherapy as dedicated treatment were included
in the “non-invasive treatment group” (Table 2).

The maximal observation time was 24.0 days in
2019 and 27 days in 2020. Median observation time was
3.63 (1.6-4.9) days and 3.2 (1.5-4.6) days, respectively.
The comparative analysis of hospitalization outcomes did
not show significant differences in mortality, incidence of
myocardial infarction or stroke, or the composite endpoint
of MACCE. However, a trend toward greater mortality was
visible (Table 3). More frequent hematomas of access sites
were reported in 2019 (Table 3).

As mentioned, the hospitalization period was longer
in the analyzed timeframe of 2019 when compared to
2020 (median [IQR], 3.63 [1.58-4.92] days vs. 3.16 [1.51-
-4.58] days; P <0.001).

In a multivariable analysis, suffering from ACS in
2020 was a risk factor for mortality (Figures 2, 3). Other
significant risk factors for mortality included myocardial
infarction at baseline and advanced age. Greater ejection
fraction at baseline was a factor that decreased the risk
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Table 1. Patient baseline characteristics

2019 (June-October) 2020 (June-October)
2801 patients 2620 patients

Age, years, median (IQR)

Male sex, n (%)

Arterial hypertension, n (%)

Hyperlipidemia, n (%)

Cholesterol at baseline, mg/dl, median (IQR)
Low-density lipoprotein cholesterol, mg/dl, median (IQR)
High-density lipoprotein cholesterol, mg/dl, median (IQR)
Triglycerides, mg/dl, median (IQR)

Diabetes, n (%)

Glycemia at baseline, mg/dl, median (IQR)

Chronic kidney disease, n (%)

Creatinine, mg/dl, median (IQR)

COPD/asthma, n (%)

Malignancy, n (%)

Obesity, n (%)

Weight, kg, median (IQR)

BMI, kg/m?, median (IQR)

Active smoking, n (%)

CCS class for angina, n (%)
ccsi
ccsi
CCS IV

Baseline echocardiography
LVEF %, median (IQR)
LV-end systolic diameter, mm, median (IQR)
LV-end diastolic diameter, mm, median (IQR)
Left atrium, mm, median (IQR)
Right ventricle, mm, median (IQR)
Intraventricular septum, mm, median (IQR)
Posterior wall, mm, median (IQR)
Mitral valve regurgitation, n (%)
Aortic valve regurgitation, n (%)
Aortic valve stenosis, n (%)

Symptomatic HF, n (%)
NYHA Il class, n (%)
NYHA Il class, n (%)
NYHA IV class, n (%)
HFrEF, n (%)

HFmrEF, n (%)

HFpPEF, n (%)

Blood cell count parameters, median (IQR)
Hemoglobin, g/dI
Red blood cell count, x10'%/I
White blood cell count, x10%I1
Platelet count, x10%/I

Hs-troponin T at baseline, pg/ml, median (IQR)

67.0 (60.0-74.0) 67.0 (61.0-74.0) 0.85
1798 (64.2) 1637 (62.5) 0.19
2004 (71.5) 2102 (80.2) <0.001
1395 (49.8) 1393 (53.2) 0.01

167.0 (130.0-206.0) 183.0 (147.0-221.0) <0.001
107.2 (71.6-146.3) 111.5 (79.0-145.6) 0.13
42.0 (36.0-49.0) 43.0 (36.0-53.0) 0.19
115.0 (82.0-156.2) 114.0 (78.0-165.0) 0.99
790 (28.2) 856 (32.7) <0.001
102.0 (87.0-123.5) 109.0 (100.0-143.5) <0.001
312(11.1) 326 (12.4) 0.14
0.9 (0.7-1.1) 0.9 (0.8-1.1) 0.004
199 (7.1) 188(7.2) 0.92
44 (1.6) 28(1.1) 0.1
864 (30.8) 858(32.7) 0.13

80.0 (70.0-90.0) 81.0(72.0-93.0) 0.01

28.0 (25.0-31.0) 28.0 (25.0-32.0) 0.10
724 (25.8) 773 (29.5) 0.003

120 (4.4) 89 (3.4) 0.21
1651 (58.9) 1543 (58.9)
1030 (36.7) 988 (37.7)

50.0 (43.0-55.0) 50.0 (42.0-55.0) 0.71

35.0 (30.0-40.0) 35.0 (30.0-40.0) 0.67

51.0 (47.0-55.0) 51.0 (47.0-55.0) 0.85

40.0 (36.0-43.0) 40.0 (36.0-44.0) 0.91

29.0 (26.0-32.0) 29.0 (26.0-32.0) 0.26

11.0 (10.0-12.0) 11.0 (10.0-12.0) 0.62

11.0 (10.0-12.0) 11.0 (10.0-12.0) 0.47

213(7.6) 193 (7.4) 0.74
26(0.9) 6 (1.0) 0.81
81(2.9) 6(2.9) 0.98

1034 (36.9) 971 (37.1) 0.91
651(62.9) 614 (63.2)
300 (29.0) 244 (25.1) 0.009

83(8.1) 113(11.7)

549 (53.1) 495 (50.9)
409 (39.6) 445 (45.9) <0.001
76 (7.3) 1(3.2)

13.1(11.8-14.3) 13.3(11.9-14.5) 0.12
432(3.9-4.7) 4.22 (3.8-4.6) <0.001

7.5(5.3-9.6) 7.4(5.1-9.8) 0.20

205.0 (166.0-245.0) 206.0 (170.0-250.0) 0.31
206.5 (14.0-2790.0) 725.0 (79.5-6505.0) <0.001

Data are presented as median (interquartile range) and number (percentage)

Abbreviations: BMI, body mass index; CCS, Canadian Cardiovascular Society class for angina; COPD, chronic obstructive pulmonary disease; HF, heart failure; HFmrEF, heart
failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; Hs-troponin T, high sensitivity
troponin T; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association class for heart failure

for mortality (Figure 2 ). The stepwise analysis method
removed cholesterol and troponin concentrations from
the model (data were entered if P <0.3).

Risk factors for MACCE included myocardial infarction
at baseline and advanced age. However, a trend for sig-
nificance of ACS timeframe as a risk factor was apparent
(Figures 4, 5). The stepwise analysis method removed CCS
class IV for angina, baseline troponin and cholesterol con-
centrations, glycemia, ejection fraction, and male sex from
the model (data were entered if P <0.3).

DISCUSSION
The first report describing the impact of the pandemic on
ACS cases in Poland was already published by Hawranek
et al. [12]. The authors presented valuable data showing
that the patients in 2020 were younger than in previous
years, more often transferred from another hospital, were
rarely referred for coronary artery bypass graft (CABG) and
waited for longer periods from admission to coronarog-
raphy. They also demonstrated a trend toward a higher
incidence of STEMI, but no statistical significance was ob-
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Table 2. Acute coronary syndrome treatment in time intervals
2019 (June-October)
2801 patients

2020 (June-October)
2620 patients

Non-invasive treatment (angiography, pharmacotherapy) 214 (7.6) 134 (5.1) <0.001
Percutaneous revascularization 2450 (87.5) 2390 (91.2) <0.001
Infarct-related artery distribution (STEMI cases)

LAD 272(39.5)° 283 (43.5)° 033

Cx 190 (27.6) 166 (25.5) ’

RCA 227 (32.9)° 202 (31.0)°

Number of arteries treated (initial procedure)

Single artery 2184 (89.1)° 1969 (82.4)° <0.001

Two arteries 227 (9.3)° 389 (16.3)° ’

Three arteries 39(1.6)° 32(1.3)P

Two stages of treatment during hospitalization 534 (19.1) 263 (10.0) <0.001
Intraprocedural glycoprotein lIb/llla inhibitor (intravenous) 483(17.2) 413(15.8) 0.14
Referred for CABG 137 (4.9) 96 (3.7) 0.03
Detailed pharmacotheraphy

Statins 2537 (90.6) 2358 (90.0) 0.47
atorvastatin 1341 (52.8) 1228 (52.1) 0.76
rosuvastatin 1154 (45.5) 1086 (46.1)
simvastatin 42(1.7) 44(1.8)

Acetylsalicylic acid 2496 (89.1) 2361 (90.1) 0.23

P2Y12 receptor inhibitors 2564 (91.5) 2365 (90.3) 0.10
clopidogrel 1121 (43.7) 997 (42.2) 0.26
prasugrel 773 (30.1) 764 (32.3)
ticagrelor 670 (26.2) 604 (25.5)

Anticoagulation therapy: 340 (12.1) 354 (13.5) 0.13
VKA 31(9.1) 31(87) 0.87
NOAC 309(90.9) 323(91.3)

Complete revascularization at discharge 2158 (77) 1970 (75.2) 0.11

Data are presented as numbers (percentage)
*Percentage of STEMI cases. "Percentage of patients treated invasively

Abbreviations: CABG, coronary artery bypass grafting; Cx, circumflex artery; LAD, left anterior descending artery; NOAC, non-vitamin K antagonist oral anticoagulants; RCA,
right coronary artery; STEMI, ST-segment elevation myocardial infarction; VKA, vitamin K antagonists

Table 3. Hospitalization outcomes

2019 (June-October) 2020 (June-October)
2801 patients 2620 patients

Mortality, n (%) 50(1.9) 70(2.7) 0.08
Myocardial infarction, n (%) 26 (0.9) 28(1.1) 0.60
Stroke, n (%) 7(0.2) 3(0.1) 0.25
MACCE, n (%) 87 (3.1) 101 (3.8) 0.13
Minor bleeding, n (%) 11(0.3) 5(0.2) 0.17
Major bleeding, n (%) 2(0.07) 3(0.1) 0.60
Vascular complications — false aneurysm, n (%) 6(0.2) 10 (0.4) 0.26
Stent thrombosis, n (%) 9(0.3) 8(0.3) 0.92
Hematoma — access site, n (%) 36(1.3) 14 (0.5) 0.004
Duration of hospitalization, median (IQR) 3.63(1.6-4.9) 3.2(1.5-4.6) <0.001

Abbreviations: MACCE, major adverse cardiac and cerebrovascular events (mortality, myocardial infarction, stroke)

served. The results from our study are similar with respect
to corresponding endpoints; we observed a lower number
of CABG cases and a higher number of STEMI cases, both
of which reached statistical significance in our report.
We did not observe differences in patient ages between
studies. However, some differences in study design were
noted, which may be the reason for the differences. One
difference included the analyzed timeframe, as our study
included patients from June to October, which is the inter-
val separating the two major surges in the pandemic and
mainly reflects the population’s health situation following
the first lockdown. In this case, healthcare availability was
improved when compared to the lockdown itself, which

may have contributed to different observations regarding
both patient admission and effects of treatment.

Another report described hospitalizations and inter-
ventional procedures in Poland in the region inhabited by
2.5 million people during the SARS-CoV-2 pandemic. The
authors noticed a lack of significant decrease in the number
of STEMI patients, significant reduction of interventional
revascularization procedures in NSTEMI patients, and sig-
nificant decrease in the total number of hospitalizations
unrelated to coronary interventions [13].

The Cox proportional-hazards regression model was
designed to evaluate the strong indicators of adverse
outcomes. The impact of the timeframe for admission on
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Figure 3. Cox proportional hazards cumulative survival curves with
respect to different acute coronary syndrome timeframes adjusted
for myocardial infarction at baseline, CCS class IV for angina, glyce-
mia at baseline, baseline ejection fraction, male sex, and age

Abbreviations: CCS, Canadian Cardiovascular Society Class for angi-
na; other — see Figure 2

Figure 5. Cox proportional hazards freedom from MACCE curves
with respect to different acute coronary syndrome timeframes
adjusted for myocardial infarction at baseline and age

Abbreviations: see Figures 2, 4
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Figure 4. Forest plot of hazard
ratios for MACCE (Cox proportion-
al hazards regression model).
Markers represent point esti-
mates of hazard ratios. Horizontal
bars indicate 95% confidence
intervals

Abbreviations: MACCE, major ad-
verse cardiac and cerebrovascular
events (death, repeat infarction,
stroke); other — see Figure 2

1.04 (1.02-1.05) <0.001

9.89 (4.37-22.39) <0.001
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adverse outcomes may be associated with limited access
to healthcare and fear of COVID-19 as the reasons why pa-
tients did not present for medical care when experiencing
various symptoms. Another reason could be a possible
delay in directing patients to an invasive cardiology de-
partment.

Regarding the analyzed time interval, two of referenced
studies reported very similar observations. There was
a decrease in admissions for myocardial infarction during
the first wave of the pandemic, but a significant reversal in
this decline in April and May 2020, following the national
lockdown [7, 8].

Importantly, the number of both post-lockdown and
overall pandemic deaths caused by ACS may be heavily
underestimated. Some reports pointed out an increase in
the number of out-of-hospital deaths and cardiac arrests
when compared to the period before the pandemic [14].

The same study reported that in-hospital survival after
out-of-hospital cardiac arrest was 64% lower than before
the pandemic [14]. Other reports show an increase in hos-
pital deaths following the lockdown, which ranged from
4.1%t0 9.6% when compared with the corresponding time
interval before the pandemic [7, 15-17]. This finding may
be caused by both limited access to healthcare facilities
and also by delay in patients’ reaction to symptoms. This
important aspect showing the fear of COVID-19 as a reason
for patients not presenting for medical care when experi-
encing various symptoms, including chest pain, has already
been reported by multiple studies [18-21].

Theissue of the number of non-communicable diseases
in the analyzed time intervals should not be avoided. The
global population was forced to modify social behavior
for both epidemiological and economic reasons. In most
cases, modifications were associated with changes in diet
and avoidance of physical exercise.

It is not feasible that the lockdown alone could have
resulted in such a rapid development of the disease itself.
However, the lack of proper treatment for non-commu-
nicable diseases surely produced an impact on the inci-
dence of ACS cases by triggering adverse events. Both
systolic and diastolic hypertension independently
predicted adverse outcomes, including myocardial in-
farction [22]. A linear increase in the risk of Ml with an
increase in blood pressure has been reported [23]. Poor
glycemic control in diabetic patients increases inflam-
matory responses, induces apoptosis, causes endothelial
dysfunction, and stimulates platelet aggregation and
accumulation [24-28], and as such, may significantly
contribute to worsening the frequency and prognosis
in ACS patients. Notably, several patients in both groups
were not in CCS class IV for angina, which may be related
to both a great incidence of CCS Ill unstable angina and
high incidence of uncontrolled diabetes, which affects
the symptoms significantly [29, 30]. Smoking is obviously

one of major risk factors for coronary artery disease, and
the risk of acute myocardial infarction increases with the
number of cigarettes smoked per day [31-33]. Notably,
it has been proven that during the pandemic people
smoked more, driven by COVID-19-related stress, more
time spentat home, and boredom [34]. These stressful sit-
uations probably became aggravated when the lockdown
ended and new challenges in daily routine, still affected
by the pandemic, emerged.

The association between populational health and men-
tal and social issues only worsened the situation [35-40].
From this perspective, further increases, not only in inci-
dence of acute coronary syndromes but also in occurrence
of more complex cases can be expected.

In-hospital treatment for ACS also differed when com-
pared to the corresponding timeframe of the previous cal-
endar year. First, a higher number of patients qualified for
percutaneous revascularization. This finding is expected as
ahigherincidence of STEMI could be one of the reasons for
performing salvage percutaneous coronary intervention
(PC) instead of qualifying patients for surgical treatment
by a heart team [1, 2]. However, some other negative
effects of the pandemic can be observed. From patients’
perspectives, multiple hospitalizations for diagnosis, fur-
ther preparation for surgery, transfer from one hospital to
another, long therapeutic processes, and rehabilitation are
particularly dangerous in epidemiological terms. As such,
most heart teams probably favored shorter therapeutic
processes and qualified borderline cases for percutaneous
treatment. Second, it was obvious that patients with lower
peri-operative immunity are especially prone to infection,
which may have significantly changed the mortality and
morbidity rates. From a surgical perspective, surgical pro-
cedures during the pandemic should focus on the most
urgent cases that cannot be postponed and cannot be
treated percutaneously. This observation is supported by
international reports, which also present a decrease in the
number of surgically treated patients [41].

Study limitations

The design of the study (retrospective dataset analysis) has
the limitations of such reports. Moreover, it was difficult to
assess true long-term survival and complication incidence
in those patients, as they were admitted to the hospital
with a much higher occurrence of comorbidities when
compared to the pre-pandemic period. This aspect may
affect the incidence of repeat ACS cases, morbidity, and
mortality in upcoming years.

In conclusion, it should be emphasized that the
COVID-19 pandemic affects the ACS patient profile, course
of treatment, and increases the risk for mortality. This
effect already became apparent after the first wave of the
pandemic in Poland. Further progression of this effect can
be expected.
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Abstract

Background: An investigation of baseline characteristics, treatment, and outcomes in patients with
stable coronary disease after the first wave of the severe acute respiratory syndrome coronavirus 2 (SARS-
-CoV-2) pandemic may provide valuable data and is beneficial for public health strategy in upcoming years.
Methods: A multi-institutional registry, including 10 cardiology departments, was searched for pa-
tients admitted from June 2020 to October 2020. The baseline characteristics (age, gender, symptoms,
comorbidities), treatment (non-invasive, invasive, surgical), and hospitalization outcome (mortality,
myocardial infarction, stroke, composite endpoint — major adverse cardiac and cerebrovascular events
[MACCE]) were evaluated. The comparison was made to parameters presented by patients from the
same timeframe in 2019 (June—October). Multivariable analysis was performed.

Results: Number of hospitalized stable patients following lockdown was lower (2498 vs. 1903;
D < 0.0001). They were younger (68.0 vs. 69.0; p < 0.019), more likely to present with hypertension
(88.5% vs. 77.5%; p < 0.0001), diabetes (35.7% vs. 31.5%; p = 0.003), hyperlipidemia (67.9% vs.
55.4%; p < 0.0001), obesity (35.8% vs. 31.3%; p = 0.002), and more pronounced symptoms (Cana-
dian Cardiovascular Society [CCS] III and CCS class IV angina: 30.4% vs. 26.5%; p = 0.005). They
underwent percutaneous treatment more often (35.0% vs. 25.9%; p < 0.0001) and were less likely to be
referred for surgery (3.7% vs. 4.9%; p = 0.0001). There were no significant differences in hospitaliza-
tion outcome. New York Heart Association (NYHA) class 1V for heart failure was a risk factor for both
mortality and MACCE in multivariate analysis.

Conclusions: The SARS-CoV-2 2019 pandemic affected the characteristics and hospitalization course
of stable angina patients hospitalized following the first wave. The hospitalization outcome was similar
in the analyzed time intervals. The higher prevalence of comorbidities raises concern regarding upcom-
ing years. (Cardiol ] 2023; 30, 3: 337-343)
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Introduction

The severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) pandemic spread across
the globe and affected life in many aspects. By
October 2021 over 239 million people had suffered
from infection, including only confirmed cases [1].
As such, the healthcare system in many counties
remains in jeopardy. The effect of increased mortal-
ity, not only from the infection itself but also from
other diseases, became apparent. According to the
Polish National Primary Statistical Department,
there were over 67,000 more deaths in 2020 than
in 2019 in Poland, which highly exceeds the number
of deaths from the infection itself [2].

Circulatory diseases, particularly heart condi-
tions, remain the main cause of mortality and mor-
bidity in developed countries. The investigation of
the impact of the lockdown on cardiological care is
of the highest priority because rapid intervention
in this area is required to prevent a great number
of deaths and hospitalizations. In Poland, as well as
in other countries, several analyses have already
been performed. However, they include mainly
acute coronary syndrome (ACS) cases — their
incidence and course during the pandemic [3-6]. As
such, some additional analyses, considering mainly
stable coronary disease, should be performed
because those patients stand as a major propor-
tion of cases referred to interventional cardiology
departments. Furthermore, the investigation may
provide valuable data and is beneficial for public
health strategy in upcoming years

The aim of the report is to investigate the
patient profile, the number of hospitalizations,
and the outcomes in patients with stable coronary
disease referred to invasive cardiology department
for diagnosis and treatment after the first wave of
the SARS-CoV-2 2019 pandemic.

Methods

Multi-institutional registry

The report contains data from the invasive
cardiology network in Poland, which includes 10
departments. The data regarding patient hospitali-
zation are processed with the medical management
software. Because scheduled hospitalizations were
limited during the lockdown, the data from June
to October 2019 and June to October 2020 were
imported to investigate the potential effect of the
first wave of the pandemic on patients with stable
coronary artery disease (CAD).

Selected parameters

The following data from the database were
included in the analysis: the patient’s unique
hospitalization number, hospitalization depart-
ment, data of admission and discharge, discharge
characteristics, primary diagnosis (initial and after
diagnostic process), other diseases, performed pro-
cedures, anamnesis, treatment, patient condition,
hospitalization course, and complications (death,
myocardial infarction, stroke, surgical interven-
tion, cardiac surgery procedure). The composite
endpoint comprised major adverse cardiac and
cerebrovascular events (MACCE) including death,
myocardial infarction, and stroke.

Local Research Ethics Board consent

No Research Ethics Board consent was re-
quired for the study. The report is retrospective,
the data is a readily available dataset, and no inter-
vention to patients was performed. The National
Code on Clinical Trials has reported that ethical
approval is not necessary for real retrospective
studies (National Code on Clinical Researches,
2011).

Statistical analysis

The continuous data are presented as mean
+ standard deviation or median (interquartile
range). Categorical data are shown as numbers
(percentage). The Shapiro-Wilk test was used
to determine normal distribution in continuous
data. In cases where normal distribution was
confirmed, Student’s t-test was used for analysis.
In cases where normal distribution was rejected,
the Mann-Whitney U test was used for continu-
ous data investigation. The %’ test was used for
categorical data inquiry. Cox proportional hazards
regression model was used for multivariable
analysis. Goodness of fit of each multivariate
analysis model was verified using the y* test.
The data were analyzed using MedCalc v.18.5
software (MedCalc Software, Ostend, Belgium).
The p-value of < 0.05 was considered as statisti-
cally significant.

Data presentation

The data were divided into categories and
presented as number of admissions, information
regarding patient condition on admission, demo-
graphical data (age and gender), data regarding
comorbidities, symptom characteristics, hospi-
talization course, and hospitalization outcome,
including mortality analysis.
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Table 1. Baseline patient characteristics.

2019 (June-October) 2020 (June-October) P

Hospitalizations due to stable CAD/ 2498/5299 (47.2%) 1903/4523 (42.1%) < 0.0001
/overall CAD hospitalizations

Age 69.0 (62.0-75.0) 68.0 (62.0-74.0) 0.019
Male gender 1541(61.7%) 1221 (64.2%) 0.093
Arterial hypertension 1885 (75.5%) 1684 (88.5%) < 0.0001
Hyperlipidemia 1384 (55.4%) 1293 (67.9%) < 0.0001
Diabetes 786 (31.5%) 679 (35.7%) 0.003
Obesity 783 (31.3%) 682 (35.8%) 0.002
Active smoking 422 (16.9%) 359 (18.9%) 0.089
History of stroke 141 (5.6%) 80 (4.2%) 0.033
Peripheral artery disease 224 (8.9%) 146 (7.7%) 0.125
CCS Il + CCS class IV for angina 662 (26.5%) 578 (30.4%) 0.005
CCS IV class for angina 79 (3.2%) 56 (2.9%) 0.675
Symptoms for HF (NYHA II-IV class) 1237 (49.5%) 906 (47.6%) 0.209

Data are presented as number (percentage) and median (interquartile range); CAD — coronary artery disease; CCS — Canadian Cardiovascu-
lar Society; HF — heart failure; NYHA — New York Heart Association class for heart failure

Table 2. Treatment during hospitalization.

Treatment during hospitalization 2019 (June-October) 2020 (June-October) P

N = 2498 N = 1903
Non-invasive treatment 149 (7.8%) 86 (4.5%) 0.0346
Coronary angiography 1549 (62.0%) 1110 (58.3%) 0.0134
Percutaneous revascularization 647 (25.9%) 667 (35.0%) < 0.0001
Patients referred for CABG 108 (4.9%) 40 (3.7%) 0.0001

Data are presented as number (percentage); CABG — coronary artery bypass grafting

Results

The number of patients hospitalized due to
stable CAD was significantly lower in June-Octo-
ber 2020 (following the first lockdown) than in the
same period in 2019.

Although the patients presented with the same
age and gender, the comorbidity characteristics
varied. Significantly higher numbers of patients
with arterial hypertension, obesity, diabetes, and
hyperlipidemia were noted after the first wave of
coronavirus pandemic (Table 1).

Regarding symptom characteristics, a signifi-
cantly higher number of patients presented with
Canadian Cardiovascular Society (CCS) IIl and CCS
class IV of angina after the lockdown than in June-
—October 2019. However, the number of patients
admitted with the most severe angina (CCS IV)
was similar (Table 1).

The treatment was very different in June-
—October 2020 than in June-October 2019. Few-
er patients were treated non-invasively, while
a greater number of patients qualified for invasive
treatment. Notably, a significantly fewer cases
were referred for coronary artery bypass grafting
procedure (Table 2).

When considering hospitalization outcome,
there were no significant differences in mortality,
infarction rate, stroke rate, and composite endpoint
rate (Table 3).

Cox proportional-hazards regression model
revealed no impact of the hospitalization period on
mortality (Figs. 1, 2). New York Heart Association
(NYHA) class IV for heart failure was the risk factor
for mortality (Fig. 1).

Regarding the composite endpoint, NYHA
class IV for heart failure was associated with higher
risk of MACCE (Figs. 3, 4).
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Table 3. Hospitalization outcome.

Hospitalization outcome

2019 (June-October)

2020 (June-October) Odds ratio P

N = 2498 N = 1903

Death 5 (0.2%) 1 (0.05%) 0.2 0.19
Myocardial infarction 2 (0.08%) 2 (0.1%) 1.3 0.78
Stroke 2 (0.08%) 3 (0.2%) 1.9 0.45
MACCE 9 (0.4%) 6 (0.3%) 0.9 0.79

Data are presented as numbers (percentage); MACCE — major adverse cardiac and cerebrovascular events (death, myocardial infarction, stroke)

HR [95% CI] P
Hospitalization in 2020 (Jun-Oct) —_— 2.008 [0.396-10.186]  0.400
Age - 1.007 [0.936-1.087]  0.859
CCS IV class for angina R 4.925[0.916-26.470]  0.063
Diabetes —— 0.643 [0.143-2.891]  0.565
Male gender ] 4551 [0.558-37.094]  0.157
NYHA IV class for HF = 8.427 [1.137-62.450]  0.037
Obesity e i — 1.206 [0.273-5.331]  0.805
Active smoking — 2.410 [0.539-10.784] 0.249

0.1 1 10 100

Figure 1. Forest plot of risk ratios for mortality (Cox proportional hazards regression model). Markers represent point
estimates of risk ratios. Horizontal bars indicate 95% confidence intervals (Cl); CCS — Canadian Cardiovascular So-
ciety score for angina; HF — heart failure; HR — hazard ratio; MACCE — major adverse cardiac and cerebrovascular
events (death, myocardial infarction, stroke); NYHA — New York Heart Association for heart failure.

Discussion

The effect of the pandemic on healthcare has
been touched on in many reports. It is clear that
many patients did not receive proper healthcare
throughout the pandemic, mainly because of health-
care system paralysis, but also due to fear of contact
with potentially infected patients in both public and
private hospitals. In fact, the fear of coronavirus
disease 2019 (COVID-19) is a reason for patients
not attending medical care when experiencing any
kind of symptoms, representing multiple diseases
[7-11]. It must be underlined that patients with pre-
existing cardiovascular disease are especially prone
to coronavirus infection and may undergo adverse
outcomes due to the infection [12-15].

Not surprisingly, people admitted to hospital
following the lockdown had more comorbidities,
often untreated or treated inadequately. This is

a worldwide phenomenon [16-21]. Furthermore,
the pandemic and the lockdown heavily affected
people’s daily routine. It is important to mention
that physical activity has an effect in both the pre-
vention and treatment of CAD [22, 23]. Avoidance
of physical exercise, an unhealthy diet, and mental
and social problems largely impacted populational
health. As a result, a higher number of patients
with non-communicable diseases may be expected.
Consequently, the long-term outcome in most of
those cases is uncertain.

Because patients presented with very different
baseline characteristics, the treatment was also dif-
ferent in both time intervals. It seems that despite
a decrease in the number of patients hospitalized
for stable CAD, the number of percutaneous inter-
ventions was even higher in the period following
the first wave of the pandemic. This leads to the
opposite conclusion to the one reported by other
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Figure 2. Cox proportional hazards cumulative survival
curves with respect to different hospitalization time-
frames adjusted for age, Canadian Cardiovascular So-
ciety Class IV class for angina, diabetes, male gender,
New York Heart Association IV class for heart failure,
obesity, and active smoking.

Figure 4. Cox proportional hazards freedom from major
adverse cardiac and cerebrovascular events (MACCE)
(death, myocardial infarction, stroke) curves with re-
spect to different hospitalization timeframes adjusted
for age, Canadian Cardiovascular Society Class IV class
for angina, diabetes, male gender, New York Heart As-
sociation (NYHA) IV class for heart failure, obesity, and
active smoking.

HR [95% CI] P
Hospitalization in 2020 (Jun-Oct) —a 0.4051[0.129-1.267]  0.120
Age ] 0.990 [0.944-1.038]  0.678
CCS IV class for angina 4 2.928 [0.739-11.593]  0.126
Diabetes — 1.504 [0.545-4.147]  0.430
Male gender 0.884 [0.332-2.354]  0.806
NYHA IV class for HF —_— 4.054 [1.116-14.730]  0.033
Obesity 0.870[0.302-2.508]  0.797
Active smoking —_— 1.678 [0.507-5.552]  0.396

0.1 1 10 100

Figure 3. Forest plot of risk ratios for major adverse cardiac and cerebrovascular events (death, myocardial infarction,
stroke) (Cox proportional hazards regression model). Markers represent point estimates of risk ratios. Horizontal bars
indicate 95% confidence intervals (Cl); CCS — Canadian Cardiovascular Society score for angina; HF — heart failure;
HR — hazard ratio; NYHA — New York Heart Association for heart failure.

authors [24-26]. However, there are significant
differences regarding study methodology. First,
our investigation refers to patients admitted fol-

lowing the first wave, which describes the impact
of clinical care limitation. In this situation, following
lockdown withdrawal, a great number of hospi-
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talizations should be expected due to the greater
number of patients with severe symptoms and long
lines of patients awaiting diagnostic and therapeutic
processes. This effect is probably strongly limited
by fear of hospitalization and potential infection,
particularly in the elderly. Importantly, the analyzed
timeframe refers to a time during which vaccination
was not available.

The changes of treatment in time intervals
need to be discussed in light of recently published
results of the ‘Ischemia’ trial, which did not find
evidence that an initial invasive strategy in stable
CAD, as compared with an initial conservative
strategy, reduced the risk of ischemic cardiovas-
cular events or death from any cause over a me-
dian of 3.2 years [27]. However, it must be noted
that both the ‘Ischemia’ trial and the guidelines
for myocardial revascularization [28] underline
the importance of adequate medical treatment
to prevent symptoms and improve survival. Im-
portantly, the trial was conducted during normal
healthcare accessibility, prior to the pandemic.
During the pandemic, each case needed to be as-
sessed individually, taking into consideration lim-
ited accessibility to both basic healthcare (general
practice) and cardiovascular care. Furthermore, the
patients admitted following lockdown had more
pronounced symptoms than patients admitted in
the corresponding timeframe in 2019 (Table 1).
The perspective of future waves of the pandemic
and upcoming lockdowns also played a role in the
decision-making process.

It should be emphasized that some authors
already point out the consequences of postponing
elective percutaneous revascularization proce-
dures in stable patients [26].

The decrease in the number of patients re-
ferred for surgical treatment may also be associ-
ated with limited healthcare accessibility. Firstly,
avoidance of multiple hospitalizations was strongly
required during the pandemic, which might have
affected the heart-team decisions in borderline
cases to operate in favor of percutaneous treatment.
Secondly, the decisions might have been affected
by the perspective of an upcoming second wave of
the pandemic, taking into consideration the next
lockdown. This could interrupt both diagnostic and
therapeutic processes and pose an even greater
threat for patients. In this scenario, multiple hos-
pitalizations, including staged intervention, compli-
cated diagnostic processes, coronary artery bypass
grafting, and longer rehabilitation following surgery,
are not advantageous. Furthermore, the potential
of coronavirus infection increases the perioperative

risk significantly. Global reports present similar
reductions in elective surgical procedures [29].

Regarding the hospitalization outcome, there
were no significant changes in the analyzed time-
frames. This may seem surprising, but it must be
remembered that the report contains stable CAD
cases. As such, the true impact of the pandemic,
including the adverse outcome of the development
and lack of control of non-communicable diseases,
may yet become visible in a long-term observation.
Furthermore, it may be speculated that the most
severe cases with initially stable coronary disease
underwent an ACS, which excluded them from
this study. There are reports that the incidence
of ACS cases is much higher (which includes our
institutional experience). Those cases develop
mostly on the basis of pre-existing stable CAD,
which was treated in earlier stages prior to the
pandemic. From this perspective, the similar num-
ber of deaths in the analyzed timeframes may be
related to shifting the most complicated and most
severe cases directly to the ACS cohort in 2020.

Similar conclusions can be drawn from the
multivariable analysis. There was no direct im-
pact of the hospitalization period on the risk of
mortality or MACCE in the stable patient cohort.
Importantly, NYHA class IV for heart failure was
a risk factor for mortality and MACCE.

Limitations of the study

This report is a retrospective dataset analysis,
and most of the limitations are associated with
this methodology. What is more, the investiga-
tion represents only part of the picture, because
due to the delay in diagnosis and treatment, some
patients might have suffered from ACS during the
first wave of the pandemic or just following the
first wave, which excluded them from the report
and might have affected the comparison regarding
the most severe cases. Furthermore, the true long-
-term outcome in those patients is yet unknown
because they presented with higher incidence of
non-communicable diseases, which may have an
impact on the incidence of ACS cases in the future
as well as on mortality and morbidity.

Conclusions

In conclusion, the SARS-CoV-2 2019 pandemic
affected the characteristics and hospitalization
course of stable angina patients hospitalized fol-
lowing the first wave. The hospitalization outcome
was not significantly affected in this group of cases.
However, the high incidence of non-communicable
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diseases in hospitalized patients is disturbing
because an increase in acute cerebrovascular
events is to be expected in forthcoming years.
Consequently, a great effort should be made to
provide cardiovascular care and both primary and
secondary prophylaxis to avoid a dramatic rise in
the incidence of acute cardiovascular events.

Conflict of interest: None declared
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Abstract

The coronavirus disease 2019 (COVID-19) pandemic significantly increased mortality worldwide. However, only part of the ex-
cess mortality is related directly to the infection. Local healthcare accessibility, time to reach medical care and patients’ reluctance to
seek medical aid strongly affected the treatment results in many fields. The current report aims to analyze mortality and morbidity
in patients who suffered from acute coronary syndrome (ACS) during the COVID-19 pandemic, as well as to investigate the factors
that may have a significant impact on their baseline characteristics and outcome. Multiple reports were evaluated. Most of them
point to reluctance and longer time to reach medical care, longer pre-hospital delay, lower overall number of ACS admissions, greater
percentage of ST-elevation myocardial infarction patients and complications. Younger and less ill patients were more likely to suffer
from ACS than in the pre-pandemic period. They presented with more prominent biomarker elevation. Further, the number of inva-
sive procedures dropped significantly, which was most prominent in the field of surgical revascularization. Consequently, a higher
number of adverse events and greater mortality during the COVID-19 pandemic were noted, which was valid for both patients with
and without coronavirus infection. In summary, the pandemic had a great impact on overall populational mortality and morbidity,
which was greatly pronounced in patients with cardiovascular disease, particularly in ACS cases. They differed in baseline character-
istics, underwent different treatment and their outcome was worse as compared with the period prior to the pandemic.

Key words: acute coronary syndrome, COVID-19, SARS-COV-2, pandemic, coronavirus.

Introduction atic autopsies and percutaneous multiple organ biop-

Ever since the new severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) emerged in Decem-
ber 2019, its clinical manifestation (coronavirus disease
2019 — COVID-19) has been spreading rapidly, resulting
in a global pandemic. By April 8 2022, there had been
about 496 million confirmed cases, which resulted in at
least 6 million fatalities. Some reports correlate more
pronounced cardiovascular symptoms with coronavirus
infection. They support the hypothesis that patients with
pre-existing cardiovascular conditions are more suscep-
tible to a severe case of COVID-19 [1] and, by extension,
further damage to the cardiovascular system. System-

sies confirm that COVID-19 patients suffer from multi-
ple organ system dysfunction. External factors (such as
government-imposed lockdowns, social distancing and
travel restrictions), as well as psychological factors (fear
of infection in public spaces and healthcare facilities),
played a huge role in decreasing the willingness to reach
for medical services. This undoubtedly had an effect on
the number and characteristics of cardiovascular disease
(CVD) patients admitted to hospitals [2].

At first, the unknown nature of this disease and
the initial fear of infection undoubtedly decreased the ef-
fectiveness and quality of healthcare. A transformation
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of institutions and departments to COVID dedicated hos-
pitals can be given as a prime example. Other medical
services (including most of the scheduled hospitaliza-
tions or consultations) were cancelled or postponed to
focus on COVID-19 patients and minimize the risk of fur-
ther infections [3].

According to the GUS (the Polish Main Statistical Of-
fice), the number of deaths in 2020 exceeded the mean
value of the last 50 years by over 100 thousand (477 thou-
sand compared to 364 thousand), while the mean num-
ber of deaths in a population of 100 thousand reached
the highest value since 1951. Among the unexpected
deaths in 2020, only 43% were related to SARS-CoV-2 in-
fection, as reported by sanitary stations. However, it must
be noted that 27% of those cases had SARS-CoV-2 infec-
tion in the past.

As the pandemic continued, the excess mortality in
2021 surpassed the mean value of the last 50 years by
over 154 thousand deaths (519.5 thousand compared to
366 thousand), while the death count in a population
of 100 thousand reached a value higher than 2020 by
about 117 deaths.

According to World Health Organization (WHO) es-
timates, the number of deaths associated either direct-
ly or indirectly with COVID-19 between 1.01.2020 and
31.12.2021 reached 14.9 million. The mortality was sig-
nificantly higher among patients who were COVID-19
positive [4, 5].

Patients affected by COVID-19 are at increased risk
of myocardial infarction, myocarditis, venous thrombo-
embolism, arrhythmias, and exacerbation of heart fail-
ure [6]. Severe systemic inflammation increases the risk
of atherosclerotic plaque disruption and myocardial in-
farction. Further, systemic inflammation, abnormal coag-
ulation status, multiorgan dysfunction, and critical illness
are all potential contributing factors to the increased risk
of thromboembolic events [7]. Studies report remarkable
pathway abnormalities in patients with COVID-19, includ-
ing elevated D-dimer values [8, 9].

Due to the fear of infection alone, more than a half
of patients suffering from myocardial infarction chose
not to attend the medical care or postponed their ad-
mission to hospital, which resulted in a further increase
of complication risk [10].

Elective cardiac procedures (such as coronary angiog-
raphy or percutaneous coronary intervention for stable
coronary artery disease) were mostly recommended for
deferral by health authorities. For patients developing
a myocardial infarction, particularly ST-elevation myocar-
dial infarction (STEMI), emergency reperfusion remained
a method of choice and in many cases, a lifesaving proce-
dure. This was reflected in the recommendations of both
the Society for Cardiac Angiography and Interventions
and the American College of Cardiology. Nevertheless,
a significant (40-50%) reduction in the number of myo-
cardial infarction (MI) cases treated in cardiac catheter-
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ization laboratories in the year 2020 was observed when
compared to 2019. This holds true in regards to both
STEMI and non-STEMI patients [5, 10, 11].

Therefore, in the current review we focus on analyzing
mortality and morbidity in patients who suffered from
acute coronary syndrome (ACS) during the COVID-19
pandemic, as well as investigating the factors that may
have a significant impact on their baseline characteris-
tics and outcome.

Number of hospitalizations and time
to reach medical care

Twelve studies noted a significantly lower number
of admissions for myocardial infarction as compared
to the same timeframe in years prior to the pandemic.
Furthermore, some of them reported that the number
of admitted patients declined by as much as about 50%
[4, 12-22]. On the other hand, Marijon et al. observed
greater incidence of acute myocardial infarction (AMI) in
2020 than in the years 2012-2019, as well as decreased
survival in those cases [3]. Wienbergen et al. did not doc-
ument a difference in the number of patients treated be-
tween 2020 and 2006-2019 per year [2].

Nine studies reported that door-to-balloon time was
longer during the pandemic [3-5, 13, 15, 16, 22, 23]. Fur-
ther, Popovic et al. noted delayed hospital presentation
(nearly 25% of patients were admitted to the hospital
more than 8 h after the initial symptom onset) [10].

In addition, there are studies that address the as-
pect of treatment delay in coronavirus positive patients
with respect to catheterization lab on- and off-hours
[24]. Patients diagnosed with COVID-19 were exposed
to longer time from first medical contact to angiog-
raphy in both cases (on-hours: 133.8 min vs. 117.1 min;
p =0.001; off-hours: 148.1 min vs. 112.2 min; p = 0.003).
However, the authors underline that there was no influ-
ence of COVID-19 diagnosis on mortality and the preva-
lence of other periprocedural complications irrespective
of time of intervention.

On the other hand, Wienbergen et al. noted that
the time interval from symptom onset to interventional
treatment of patients was lower in the year 2020 com-
pared with the years before [2].

Some authors report that more acute coronary syn-
drome patients were admitted in 2020, with a remark-
ably higher percentage of STEMI cases. However, Perrin
et al. did not observe a difference between the number
of STEMI during the pandemic period and previous years
[23]. In other studies, lower admission of NSTE-ACS pa-
tients was observed and the number of STEMI patients
remained unchanged [13, 14, 23].

Similarities can be found to previous pandemics and
the burden that they presented to the healthcare system.
During the Middle East respiratory syndrome (MERS) out-
break, for example, 33% fewer admissions to emergency
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services were observed (with 14% fewer admissions for
MI) [25, 26]. While the reasons for this reduction are diffi-
cult to evince, some hypotheses have been made.

Greater reluctance to seek medical care, which might
stem from a fear of infection or contagion, is usually
the first given theory. Stay-at-home recommendations
and global news might have exacerbated the fear, which
could have influenced the patients to postpone or can-
cel urgent procedures. In England, surveys revealed that
the fear of being exposed to COVID-19 was the most
common reason for the decrease in ACS admissions
[20]. Similar healthcare avoidance may explain increas-
es in out-of-hospital cardiac arrests in countries such as
Germany, France and Poland. A French study suggested
a similar ACS occurrence during the lockdown when
compared to pre-COVID periods, even if earlier studies
claimed a reduction of CVD early on in the pandemic
caused by environmental factors or changes in lifestyle
(such as less road traffic and a higher amount of physical
exercise [2, 3, 11].

Changes in the healthcare system as a result
of the pandemic are usually given as another explana-
tion. Factors that may lead to an overall reduction in
admissions include: deferral of less urgent cases, strict-
er requirements for referral to the healthcare facilities,
decreased availability of intensive care units and fewer
cardiovascular admissions in outpatient clinics. The first
factor may also play a role in the observed difference
between the reduction in hospitalizations in STEMI and
non-STEMI (NSTEMI) patients, with the former experi-
encing more severe symptoms. Interestingly, previous
research implied that CVD patients experienced much
more severe COVID-19 symptoms [20, 27]. A study from
the United States supports this claim, by revealing that
patients with AMI and COVID-19 were older and had
more co-morbidities when compared to patients without
COVID-19 [28].

The risk of undiagnosed signs of Ml in patients admit-
ted for COVID-19 symptoms may be even higher. The focus
of the medical staff is usually shifted towards COVID-19
prevention (e.g. separate registration for patients suspect-
ed of infection and other isolative measures), which also
can result in fewer admissions for MI [27].

However, some studies prove the efficacy of the local
healthcare system. Smith et al. found that the first med-
ical contact (FMC) to balloon time, door-to-balloon time
as well as the time to first electrocardiogram (ECG) re-
mained unchanged. As such, departments that success-
fully aided in triaging and treating STEMI cases allowed
the personnel available to handle the patients efficiently,
even if the triaging process became more complicated
due to the additional infection control protocol [22].

Finally, the social isolation of patients caused by
the lockdowns could have led to some MI signs being
overseen. An increased risk of early mortality and more
pronounced severity of symptoms is much more common
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in lonely people. They also experience a myriad of men-
tal health issues such as household stress, fear of unem-
ployment, depression and anxiety about the upcoming
future. These effects are known CVD risk factors, espe-
cially in the elderly population [29, 30]. Atypical symptom
presentation in the elderly could also lead to confusion
and discouragement from seeking medical care [11]. All
of these factors show the increased risk of exacerbating
adverse psychological effects of the COVID-19 pandemic
in the elderly population [31].

In summary, changes in the number of hospitaliza-
tions and changes in the time to reach medical care
were noted by almost every investigator who analyzed
the process. Those changes were different and mostly de-
pendent on local healthcare accessibility, but in the ma-
jority of reports there was a shift towards longer time to
reach medical care, lower overall number of admissions
and greater percentage of STEMI patients.

Baseline patient characteristics

Patients who underwent percutaneous coronary in-
tervention (PCl) during the coronavirus pandemic were
younger than patients from 2019 and were less likely to
have diabetes, hypercholesterolemia, hypertension or
a previous myocardial infarction [5]. There was, however,
an increase in pre-hospital sudden cardiac arrest (SCA)
as well as STEMI cases in the year 2020 [3, 11, 14, 20]. On
the other hand, three research groups did not find note-
worthy differences in mean patient age, gender, medi-
cal history of the patients, diabetes mellitus or smoking
[2, 12, 16]. Some studies report that a significant reduc-
tion in STEMI admissions in female patients was more
pronounced than in males during the pandemic [12, 32].

Another three studies concluded that there were no
statistically significant differences in baseline character-
istics of ACS patients when comparing the pandemic and
pre-pandemic periods. However, a higher median peak
value of troponins in the ACS population as a whole was
observed [13, 14, 23].

The subset of patients suffering from diabetes
showed a higher rate of multivessel coronary artery dis-
ease diagnosis during the pandemic. In the same study,
rates of cardiogenic shock, out of hospital cardiac arrests,
and infarct locations remained unchanged [4].

The impact of inadequate control of non-communica-
ble diseases on populational health cannot be avoided.
For example, diabetes mellitus (DM) is a huge risk fac-
tor for admission to intensive care, invasive ventilation
as well as death in COVID-19 patients [33]. Increased
COVID-19 severity and mortality have been observed
in diabetic patients with higher glycated hemoglobin
(HbA,) and glycemia values [34]. Further, higher HbA
increases the risk of a poorer outcome in acute coronary
syndrome patients — which highlights that stricter glyce-
mic control of diabetes patients is of utmost importance,
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regardless of the pandemic. This issue was addressed by
a report which revealed that more than 100 000 people
in the UK missed or delayed their HbA _testing. The re-
port shows that the societal restrictions imposed during
the lockdown negatively affected the outcome of diabe-
tes patients [35].

In the patients with ST-elevation myocardial infarc-
tion with COVID-19 infection, elevated levels of biological
markers of inflammation (C-reactive protein, fibrinogen,
D-dimer) and increased occurrence of antiphospholipid
antibodies were noted [10].

The impact of out-of-hospital cardiac arrest (OHCA) in
the era of the coronavirus pandemic must be discussed.
There are multiple studies that address this matter.
In London, as an example of a large city with optimal
healthcare accessibility, an 81% increase in OHCA during
the pandemic was observed [36]. Further, the authors
noted fewer resuscitation attempts (36.4% vs. 39.6%,
p = 0.03) and longer emergency service response times
(9.3 vs. 7.2 min, p < 0.001). As a consequence, survival
at 30 days post-arrest was poorer during the pandemic
(4.4% vs. 10.6%, p < 0.001). This might have not only
affected baseline characteristics of acute coronary syn-
drome cases reaching the hospital, but also limited their
survival prior to hospital admission. A similar study con-
ducted in the United States noted that the proportion
of cases receiving bystander cardiopulmonary resus-
citation was lower in 2020 (61% to 51%, respectively;
p = 0.02), and bystander use of automated external
defibrillators (AEDs) declined (5% to 1%, respectively;
p = 0.02). Emergency services response time increased
(6.6 £2.0 min to 7.6 +3.0 min, respectively; p < 0.001),
and fewer OHCA patients survived to hospital discharge
(14.7% to 7.9%, respectively; p = 0.02) [37]. In Italy, where
the fear of coronavirus was greatly pronounced due to
huge mortality at the pandemic onset, there was a reduc-
tion in cardiopulmonary resuscitation performed by by-
standers (OR = 0.94; p = 0.029) and in the return of spon-
taneous circulation (OR = 0.621, p < 0.0001), while there
was no significant reduction in the use of Public Access
Defibrillators [38]. All these studies show that the base-
line on admission and final outcome in acute coronary
syndrome patients during the pandemic might have been
affected by the response prior to reaching medical care.

In general, some reports emphasize that younger
and less ill patients were more likely to suffer from acute
coronary syndrome. Others did not find such a relation.
Notably, higher troponin values on admission, which are
reported by most studies, are clearly associated with in-
creased time to reach medical care.

Invasive treatment

Research papers have reported a decrease in the av-
erage number of percutaneous coronary interventions
for patients undergoing elective procedures [13, 17, 20].
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An 18% reduction of PCl was observed in STEMI patients,
while for NSTEMI patients this reduction was 37%. For
acute coronary syndrome in general, the reduction of an-
giographies without PCl reached 60%. After the govern-
ment-imposed lockdown in England in 2020, performance
of PCl procedures dropped by 49%, with the highest de-
crease in elective procedures (66%) as well as NSTEMI/
unstable angina indications (45%). A less prominent de-
cline was observed in PCl for STEMI indications (33%).
These declining numbers of PCl procedures have been
particularly noticeable in the elderly population [20].

Three studies showed no difference in the number
of PCl during the outbreak and the period before the pan-
demic [2, 4, 19]. Interestingly, an increased use of radial
access and DES during the pandemic was observed [11].

Compared to 2019, patients who underwent PCl were
younger, stayed for a shorter period of time and were
discharged home more often [3, 11, 14, 20].

In some studies, thrombolytic treatment was need-
ed more frequently than in the previous years, which
was justified by reluctance to carry out primary PCl in
patients who had international travel history along with
suspicious symptoms of COVID-19 [13]. The number
of rescue procedures after failed thrombolysis remained
unchanged [11].

The overall number of patients referred for coronary
artery bypass grafting (CABG) surgery was relevantly
lower. The number of patient referrals for CABG during
initial hospitalization remained unchanged, but the num-
ber of scheduled surgical procedures, planned after be-
ing discharged from the hospital, decreased. In some
reports, an 80 percent reduction of CABG was observed,
which was correlated with an increase in local incidence
of COVID-19 [11, 13,17, 18, 20, 39].

Essentially, the main conclusion from the literature
is that the number of invasive procedures dropped sig-
nificantly during the pandemic, which was most spec-
tacular in the field of surgical revascularization. Probably,
both physicians and patients less frequently continued
intended, post-discharge treatment. Further, in patients
with less severe multivessel disease, complex and staged
percutaneous coronary interventions were performed
during the initial hospitalization to a higher degree than
during the pre-COVID period. In addition, CABG is usu-
ally performed in NSTEMI patients, who were admitted
less frequently in 2020. This may explain the lower to-
tal number of performed CABG procedures in compared
timeframes [40].

As discussed before, the focus of healthcare has
been shifted towards aiding COVID-19 patients — which
led to a critical reduction of both planned and actually
performed surgical interventions. The effect will probably
be long-lasting and will have a great impact on society
in general (which may be associated not only with in-
creased treatment costs, but also prolonged exclusion
of patients with delayed procedures from employment
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or the healthcare system having less funds to perform
its tasks) [18].

The technical debt accumulated in the healthcare sys-
tem spills over to residents in the surgical area. The sur-
geons had less practical training due to a lower number
of surgical procedures being performed (both elective
and emergency). Further, they were often delegated to
support the intensive care units and dedicated COVID-19
wards [18].

As Almeida concluded, low-risk patients would bene-
fit from delaying their elective surgical procedures, while
high-risk patients were recommended to have their pro-
cedures performed as indicated, because a delay could
have caused worse outcomes [18]. This effect is visible
in all healthcare areas and has been presented by most
studies cited by the current report.

Hospitalization outcome

Early diagnosis and proper treatment are of utmost
importance for Ml and any shortcomings can be fatal in
nature. Patients who did not consult a physician imme-
diately after observing the initial symptoms, who were
admitted to the healthcare facilities when symptoms
became too painful to handle, ended up not eligible for
revascularization or with prolonged ischemic time.

All of the infection-containing precautions, such as
changing of the protective gear by staff, temperature
measurement, chest X-ray and travel history tracking,
add to the time needed to perform the treatment. The re-
sulting delay could lead to an increased mortality rate,
higher incidence of malignant arrhythmia and cardiogen-
ic shock. As a result, existing myocardial infarction sur-
vivors may experience debilitating or even deadly heart
failure in the future [15]. Studies reveal that untreated
ACS led to multiple acute and long-term complications,
such as mitral regurgitation, aneurysmal dilatation, car-
diac rupture, and pericardial tamponade, as well as a sig-

nificant reduction in left ventricle ejection fraction. All
of these may cause immediate cardiogenic shock and
late chronic heart failure [16].

In-hospital mortality was found to be remarkably
higher in the year 2020 when compared to time inter-
vals prior to the pandemic [3-5, 16, 21] (Figure 1, Table I).
Additionally, multiple studies report a greater number
of adverse events 2,4, 11, 12, 14, 22]. Notably, higher risk
calculated with the GRACE score was recorded during
the pandemic(3, 5, 14-16]. A study from the United States
found that in the year 2020, STEMI patients experienced
a 54% higher rate of cardiogenic shock as well as a 29%
higher rate of OHCA (out-of-hospital cardiac arrest), with
a 52% higher overall hospital mortality rate compared to
previous years [2].

There were two studies, however, which showed
no difference in in-hospital mortality (IHM) between
the years 2020 and 2019[13, 17]. Similarly, Kwok et al. es-
tablished that there was no significant change in in-hos-
pital outcomes (such as mortality and peri-procedural
complication rates) when comparing pre-COVID-19 and
COVID-19 pandemic periods [20]. Notably, those results
reflect the overall cohort of patients, including stable cor-
onary artery disease cases.

The mortality rate of the COVID-19 patients was
noticeably higher [4]. Similarly, major adverse cardiac
events were found to be more prevalent among patients
with the COVID-19 infection [22]. Further, myocardial in-
farction with concomitant COVID-19 was associated with
increased in-hospital mortality [30]. On the other hand,
Weinbergen et al. found no correlation between COVID-19
infection and the effect of cardiac treatment [2].

Studies showed that the length of hospital stay was
longer in COVID-19 patients [13]. Other researchers not-
ed that hospitalizations during the pandemic were short-
er in general [14, 17, 20]. Shorter hospitalization and
more frequent home discharge for PCl patients should be

12
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Figure 1. Mortality prior to pandemic and during the pandemic according to evaluated research papers
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emphasized. The reasons include the already mentioned
reluctance of older patients to be admitted to the hospi-
tal, patients themselves preferring to be discharged ear-
lier, their fear of contracting SARS-CoV-2 in the hospital
after the medical procedure, as well as efforts by the in-
stitutions to provide readily available hospital beds [14].

Almeida et al. report that longer timespans between
the positive reverse transcription polymerase chain reac-
tion (RT-PCR) for severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) and the time of surgery resulted on
average in better outcomes of the medical procedures [18].

In summary, nearly all research papers report a higher
number of adverse events and greater mortality during
the COVID-19 pandemic. This was valid for both patients
with and without coronavirus infection.

Worldwide differences in evaluated
parameters

As mentioned before, there were some divergences
regarding acute myocardial infarction hospitalizations
and their outcome in accordance to geographical region.
An interesting meta-analysis was conducted by Sofi et al.
[41]. Theyincluded 111 557 STEMI cases from 57 countries
during the coronavirus pandemic. The authors calculated
that around 20% reduction in STEMI hospitalizations was
reported for Europe (RR = 0.81; p < 0.0001), Asia-Pacific
and Middle East (RR = 0.83; p < 0.0001), and the North,
Central, and South America (NCSA) region (RR = 0.76;
p < 0.0001). Latin America countries reported the larg-
est decrease in STEMI hospitalizations (> 50%), whereas
France, Denmark, and South-East Asia reported no ap-
preciable decrease. Further, the authors note that STEMI
hospitalizations decreased in countries with lower hospi-
tal bed availability, whereas they stayed around histori-
cal levels in countries with much greater bed availability,
suggesting that hospital beds had been overwhelmed
with COVID-19 patients. This hypothesis was support-
ed by Sorci et al., who underline the role of comorbidi-
ties and socio-economic and political factors as poten-
tial drivers affecting how a country deals with globally
threatening epidemics [42]. Of note, the authors report
the highest COVID-19 case fatality rates in France, Bel-
gium and the United Kingdom and the lowest in Bahrain,
Sweden and South Korea.

Changes after vaccine rollout

The invention and subsequent deployment of vac-
cines against COVID-19 had a significant effect on low-
ering morbidity and subsequent mortality caused by
the disease — in effect slowing down the pandemic [43].
The first SARS-CoV-2 vaccine authorized for medical use
in December 2020 was the BNT162b2 mRNA vaccine
(made jointly by Pfizer and BioNTech) [44, 45].
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As an effect of the availability of newly developed
vaccines, alterations in baseline patients’ characteris-
tics could be observed. Patients admitted to hospitals
in 2021 had a higher chance of being Caucasian, having
chest pain instead of dyspnea and their chances of hav-
ing pre-PCl shock or infiltrates on chest X-ray were lower
when compared to 2020 [46].

As regards medical procedures, there has been an in-
crease in the use of invasive angiography (86% in 2021
vs. 77% in 2020). There was no noticeable difference in
the frequency of PCI (primary and rescue PCI combined)
between 2021 and 2020 - this procedure remained
the primary revascularization method, used in more than
70% of cases. For primary PCl patients, the door-to-bal-
loon time changed from 50-122 min (2020) to 50-106
min (2021), among which the percentage of patients hav-
ing a door-to-balloon time of under 90 min was 59% and
64%, respectively. Cases where optimal medical therapy
was sufficient increased from 19% (2020) to 25% (2021).
Coronary artery bypass grafting surgery and thrombolyt-
ics were rarely used [46].

The length of hospitalization decreased from 3-15
days to 2-12 days; duration of stays in intensive care
units underwent a similar reduction — 1-6 days in 2021
compared to 1-11 days in 2020 [46]. Based on a multi-
variate analysis of complete data, the risk of in-hospital
mortality in 2021 was found to be 25% lower when com-
pared to 2020 [46].

Other studies found that respiratory symptoms and
pathology on chest X-ray were less frequently observed
in vaccinated patients. In-hospital deaths were noted
more frequently for unvaccinated patients. In this cohort,
time between vaccination and STEMI was found to be
20 days [46-48].

According to Huang et al, patients who were vacci-
nated had a lower risk of cardiac readmission [43].

A study from Pakistan found that there were 11.2%
fewer ACS hospitalizations in the year 2021 when com-
pared to analogous months in the year 2020, while pa-
tient presentation remained largely unchanged between
the two periods [49].

Those results need to be confronted with potential car-
diovascular complications of vaccination. The incidence
of cardiac outcomes after mRNA COVID-19 vaccination
was highest for males aged 12-17 years after the second
vaccine dose; however, within this demographic group,
the risk for cardiac outcomes was 1.8-5.6 times as high
after SARS-CoV-2 infection than after the second vaccine
dose. As such, the benefits of COVID-19 vaccines out-
weigh the potential risks of adverse events [50].

In general, vaccinations against COVID-19 have prov-
en to be effective and safe in COVID-19 prevention, limit-
ing disease severity, hospitalizations and mortality rates
[51], but they also altered the procedures and improved
healthcare efficacy.
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Challenges in the near future

There are still challenges which may await society in
the near future — such as significant vaccination hesitan-
cy in some countries or the emergence of new and unpre-
dictable strains of the virus (such as the Delta, Delta-plus,
Omicron and Lambda strains). Furthermore, the factors
responsible for the COVID-19 complications will still be
present in potential future waves of this or other infec-
tious diseases. This calls for the healthcare system to
establish standard operating procedures and policies to
ensure proper and efficient care for ACS patients under
similar conditions. The advances in telemedicine during
the pandemic allowed the quality of the healthcare to be
improved [51].

Wearing full personal protective equipment during
primary percutaneous coronary intervention and proper
protection in the catheterization lab for STEMI patients
with a confirmed or suspected COVID-19 infection have
been adopted as standard operating procedures. There
is a need for increased messaging to educate society on
the importance of seeking immediate medical care in
the case of acute cardiac symptoms as well as incentiviz-
ing COVID-19 vaccination. Vaccination was shown to be
both the safest and most successful method to counter-
act the pandemic [44, 51, 52].

Conclusions

As a conclusion of this review, we emphasize that
the pandemic had a great impact on overall populational
mortality and morbidity, which was greatly pronounced in
patients with cardiovascular disease, particularly in acute
coronary syndrome cases. The patients who suffered from
ACS differed in baseline characteristics, they underwent
different treatment and their outcome was worse as com-
pared with the period prior to the pandemic.
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4. Podsumowanie i wnioski

Niniejszg rozprawe¢ doktorska tworzy cykl publikacji, w ktérych w sposob
spOjny poruszono tematyke zwigzang z wplywem pandemii koronawirusa na
profil kliniczny, sposob leczenia oraz rokowanie u pacjentow hospitalizowanych
z powodu OZW oraz PZS. Publikacje 11 2 odnoszg si¢ do danych z 10 oddziatéw
kardiologii interwencyjnej- porownano w nich okres nastgpujacy bezposrednio po
pierwszej fali pandemii (a tym samym po pierwszej przymusowej izolacji), czyli
miesigce czerwiec - pazdziernik 2020 roku, z analogicznym okresem roku
poprzedniego. Do analizy poréwnawczej uzyto danych dostarczonego przez dziat
informatyczny firmy zarzadzajacej siecig placowek medycznych, z ktorych po
obrobce stworzono w pelni anonimowy rejestr danych hospitalizacji. Publikacja
3, bedaca publikacja pogladowa, stanowi zbiorczg analiz¢ literaturowa majaca na
celu odniesienie danych uzyskanych w kalkulacjach z doniesieniami naukowymi

z catego $wiata.

Liczba hospitalizacji i profil kliniczny pacjentow. Publikacja 1 skupia si¢
w duzym stopniu na profilu klinicznym pacjentow hospitalizowanych z powodu
OZW bezposrednio po pierwszym okresie przymusowej izolacji, okreslanym
mianem ,,Jockdown”. Analiza pokazana na wykresie nr 1, wykazata mniejsza
ilos¢ hospitalizacji, ale istotnie wigkszy udziat OZW w odniesieniu do
analogicznego okresu kalendarzowego roku poprzedniego. Wsrod 4523
pacjentow hospitalizowanych w czerwcu- pazdzierniku 2020 roku, 2620 (57,9%)
chorych przyjeto do oddzialu z OZW. W analogicznym okresie roku
poprzedniego liczby te wynosily odpowiednio 5299 oraz 2801 (52,9%), co daje
piecioprocentowg roznice w odsetku ostrych zespoléw wiencowych w analizie
rok do roku (p<0,001). Dotyczyto to zwtaszcza zawatow serca STEMI (14,4% vs
13,0%; p= 0,04) oraz dusznicy niestabilnej (20,2% vs 17,1%; p<0,001).

Wsrod pacjentdw przyjetych do Oddziatu z powodu OZW zwraca uwage

odmienna charakterystyka kliniczna. W okresie pandemii wigcej pacjentdow
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cierpiato na nadci$nienie tetnicze, u wigkszej ilosci wykryto hiperlipidemie, co
potwierdzaly istotnie wyzsze wartosci cholesterolu przy przyjeciu w tej grupie.
U wigkszej czestosSci pacjentow stwierdzono cukrzyce, a mediana wartosci
glikemii u wszystkich chorych istotnie réznita si¢ migdzy analizowanymi
okresami. W grupie pacjentdw hospitalizowanych w trakcie pandemii
stwierdzono nieco wyzszg mediang masy ciata (81kg vs 80kg; p=0,01). Pomimo
podobnej charakterystyki objawdéw dlawicy piersiowej, opisywanych przez klase
CCS (Canadian Cardiovascular Society), po okresie przymusowej izolacji
stwierdzono wigkszy odsetek chorych w klasie NYHA IV (11,7% vs 8,1%;
p=0,009) u pacjentow z objawowa niewydolnoscig serca. Podobna sytuacja ma
miejsce jesli chodzi o procentowy udziat poszczegoélnych typéw objawowej
niewydolnos$ci serca w odniesieniu do frakcji wyrzutowej (HFmrEF: 45,9% vs
39,6%; HFrEF: 50,9% vs 53%; HFpEF: 3,2% vs 7,3%; p<0,001). Finalnie,
zwracal uwage fakt istotnie wyzszych warto$ci pierwszego oznaczenia
wysokoczutej troponiny T przy przyjeciu do Oddzialu (mediana: 725pg/ml vs
206,5pg/ml; p<0,001).

Podobng analizg przeprowadzono dla pacjentow hospitalizowanych
z powodu przewleklego zespolu wiencowego bezposrednio po okresie
przymusowej izolacji (Publikacja 2), uzyskujac zblizone wyniki. Jak
wspomniano w odniesieniu do wszystkich hospitalizacji, pacjenci ze
przewleklym zespotem wiencowym stanowili mniejszg cze$¢ chorych przyjetych
do oddziatow kardiologii interwencyjnej (42,1% vs 47,2%; p< 0,0001). Pacjenci
byli mtodsi (mediana: 68 lat vs 69 lat; p= 0,019), istotnie cz¢$ciej stwierdzono
u nich nadci$nienie tetnicze(88,5% vs 75,5%. P<0,0001), hiperlipidemie¢ (67,9%
vs 55,4%; p< 0,0001), cukrzyce (35,7% vs 31,5%; p=0,003) oraz otytos¢ (35,8%
vs 31,3%; p= 0,002). Wigksza czg$¢ pacjentdow charakteryzowata sig
zaawansowanymi objawami choroby wiencowej (pacjenci w klasie CCS III lub

CCS 1V: 30,4% vs 26,5%; p=0,005). Co ciekawe, istotnie mniej pacjentow
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w dobie pandemii miato przebyty udar moézgu w wywiadzie (4,2% vs 5,6%;

p=0,033).

W Publikacji 3 przeprowadzono analize literaturowg celem poro6wnania
uzyskanych kalkulacji z danymi $wiatowymi. Dwanascie publikacji raportuje
istotnie mniejsza czgstos$¢ hospitalizacji z powodu zawalu serca w odniesieniu
do okresu sprzed pandemii. Ponadto, niektorzy autorzy opisuja spadek tej
wartosci o ponad 50% [6, 14-24]. Z drugiej strony, niektore doniesienia
wskazujg na zwigkszong ilo$¢ ostrych zawaléw serca w okresie pandemii, jak
roOwniez zmniejszong przezywalnos¢ w tych przypadkach [3]. Istnieja
oczywiscie roOwniez raporty, ktore nie wykazujg réznicy pomigdzy okresem
sprzed 1 w trakcie pandemii [2]. W przypadku publikacji szacujacych czas od
momentu przyjecia do otwarcia tetnicy dozawatowej, w przewazajacej ilosci
stwierdzono istotne wydtuzenie tego czasu w trakcie pandemii [3, 6, 7, 15, 17-
18, 24-25]. Jesli za$ chodzi o pacjentow z dodatnim wynikiem badania
w kierunku COVID-19, to mieli oni znaczaco wydluzony czas oczekiwania
na angiografi¢ w porownaniu do pacjentow z wynikiem ujemnym, niezaleznie
od godziny wystgpienia objawow. Nie miato to jednak wplywu na rokowanie

[26].

W Wielkiej Brytanii, badanie ankietowe ujawnito, ze sama obawa przed
koronawirusem byta najczestsza przyczyng zmniejszenia ilosci przyjec
z powodu ostrego zespotu wiencowego [22]. Sytuacji nie poprawiaty
rozwigzania systemowe. Odraczanie przypadkow, przynajmniej w teorii, mniej
pilnych, zaostrzone restrykcje przy przyjeciu do oddziatow opieki zdrowotnej
oraz utrudnienie dostepu do oddzialow intensywnej opieki medycznej, jak
réwniez ograniczony dostep do podstawowej opieki zdrowotnej w znaczacy
sposob przyczynity si¢ do spadku hospitalizacji z przyczyn sercowo-
naczyniowych. Skupienie personelu medycznego na objawach infekcji

koronawirusem réwniez mogto prowadzi¢ do zmniejszenia rozpoznawalnosci
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symptomoéw chordb serca, w tym zawatu, co skutkowato mniejszg czestoscia
hospitalizacji z tego powodu [27]. Jednak niektore publikacje dowodza
skutecznosci lokalnych zespoldw opieki zdrowotnej, nie stwierdzajac opdznien

w diagnostyce 1 leczeniu dzigki specjalnie opracowanym protokotom [24].

Izolacja pacjentow spowodowana pandemia prowadzita do przeoczenia
niektorych objawow ostrego stanu sercowo- naczyniowego. Dotyczy do
zwlaszcza populacji starszej, u ktorej strach przed infekcja naktadat sig
z wieloma czynnikami ryzyka wystapienia chordb serca [28- 29]. Nietypowa
prezentacja objawow w tej grupie chorych rdwniez ograniczata motywacje¢ do

poszukiwania pomocy w zakresie specjalistycznej opieki zdrowotnej [13].

W zasadzie z powyzszego akapitu wynika, ze zmiany w ilosci
hospitalizacji 1 czasu uzyskania leczenia dotyczyto niemal kazdego badania
analizujacego ten proces. Te zmiany byly jednak rézne w zaleznos$ci od lokalne;j

wydolnosci systemu opieki zdrowotne;.

Osobng kwestig pozostaje charakterystyka kliniczna pacjentow
hospitalizowanych w dobie pandemii. Raporty donosza, ze pacjenci
hospitalizowani celem wykonania angioplastyki wiencowej w dobie pandemii
byli mlodsi, rzadziej chorowali na cukrzyce, cholesterolemig, nadcisnienie czy
przebyly wczedniej zawat serca [7]. W dobie pandemii stwierdzono natomiast
istotnie wigcej przedszpitalnych zatrzyman krazenia oraz odsetkowo wigksza
czestos¢ zawalu STEMI [3, 13, 16, 22]. Niektore grupy badawcze nie odnajduja

roznic w wieku, plci, historii medycznej, cukrzycy czy nikotynizmu [2, 14, 18].

Nasze obserwacje w kierunku wartosci biomarkerdw przy przyjeciu
pozostawaty zgodne z innymi doniesieniami naukowymi, obrazujac

jednoznacznie wyzsze mediany wartosci w dobie pandemii [15, 16, 25].

Nie sposob poming¢ watku stabej kontroli chorob cywilizacyjnych

w dobie pandemii. W badaniu przeprowadzonym w Wielkiej Brytanii

53



wykazano, ze ponad 100 tysigcy pacjentow odroczyto lub anulowato
zaplanowane badanie kontrolne wartosci hemoglobiny glikowanej [30]. Ma to
niebagatelne znaczenie, jako ze cukrzyca jest nie tylko znanym czynnikiem
gorszego rokowania u pacjentow z ostrym zespotem wiencowym, ale rowniez
zwieksza ryzyko przyjecia do oddziatu intensywnej terapii 1 intubacji oraz

smiertelno$¢ w przebiegu infekcji koronawirusem [31] 32].

Nalezy tez zwrdci¢ uwage na aspekt pozaszpitalnego zatrzymania
krazenia w dobie pandemii koronawirusa. W samym Londynie zaobserwowano
81% wzrost czgstosci wystgpowania pozaszpitalnych zatrzyman krazenia [33].
Autorzy raportu odnotowujg rowniez mniejszg 1los¢ podejmowanych prob
resuscytacji (36,4% vs. 39,6%, p =0,03) 1 dtuzszy czas do uzyskania
profesjonalnej opieki medyczne;j. (9,3 vs. 7,2 min, p < 0,001). W konsekwencji,
30-dniowa $miertelno$¢ po pozaszpitalnym zatrzymaniu krazenia istotnie
wzrosta (4,4% vs. 10,6%, p < 0,001). To oczywiscie miato wptyw nie tylko na
wyjsciowa charakterystyke pacjentow, ale rowniez na przezywalnos¢ w ostrych
zespotach wiencowych, co zostanie szczegdétowo omdéwione w dalszej czesci

niniejszego doniesienia naukowego.

Podobne badanie przeprowadzone w Stanach Zjednoczonych rowniez
wykazato mniejszg czgstos¢ wykonywania przedmedycznej resuscytacji w dobie
pandemii (51% vs 61%; p = 0,02) oraz mniejsze uzycie automatycznych
zewnetrznych defibrylatoréw przed dotarciem stuzb medycznych (1% vs 5%;
p=0,02). Czas dotarcia zespotdéw medycznych wydtuzyt sie (7,6 + 3,0 min. vs
6,6 = 2,0 min; p <0,001), a przezywalno$¢ do wypisu byla istotnie mniejsza
[34]. Mniejsza czestos¢ wykonywania przedmedycznej resuscytacji
w przypadku przedszpitalnego zatrzymania krazenia odnotowano réwniez we
Witoszech [35]. Wszystkie te badania wskazuja, ze charakterystyka kliniczna
pacjentow przy przyjeciu oraz finalny efekt leczenia zalezaty w duzym stopniu

od reakcji otoczenia na nagle zagrozenie zycia.
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Zastosowane leczenie. W naszym materiale widoczna jest istotnie wicksza
czestos¢ wykonywania PCI w poréwnaniu do okresu przed pandemig w grupie
pacjentow hospitalizowanych z powodu OZW (91,2% vs 87,5%; p<0,001).
Ponadto, w istotnie wigkszej czesci pacjentow wykonywano rewaskularyzacje
wiece] niz jednego naczynia. Z kolei pacjentow istotnie rzadszej referowano do

procedury pomostowania tetnic wiencowych (3,7% vs 4,9%; p=0,03).

W przypadku pacjentoéw hospitalizowanych z powodu PZW
zaobserwowano podobne zalezno$ci. W dobie pandemii koronawirusa, wigcej
chorych przeszto rewaskularyzacje przezskorng (35% vs 25,9%; p<0,001),

a mniej zostalo zakwalifikowanych do leczenia zachowawczego po wykonanej
koronarografii (58,3% vs 62%; p=0,013) czy tez zostato zreferowanych do
leczenia chirurgicznego (3,7% vs 4,9%; p=0,0001).

Dane z literatury $wiatowej (Publikacja 3) zwracaja uwage przede
wszystkim na redukcje elektywnych zabiegdw angiografii wiencowej
1 rewaskularyzacji przezskornej [15, 19, 22]. W przytoczonych badaniach
zaobserwowano rowniez znaczacg redukcje ilosci rewaskularyzacji
przezskornych dla pacjentow z zawatem serca z uniesieniem odcinka ST (18%)
oraz 37% redukcje przezskornych rewaskularyzacji wiencowych u pacjentow
z zawatem serca NSTEMI. W Wielkiej Brytanii odnotowano spadek
wykonywania procedur przezskdrnej rewaskularyzacji wiencowej o 49%,
najistotniejszy w grupie procedur elektywnych (66%), ale dotyczyl rowniez
pacjentow z niestabilng chorobg wiencowa/zawatem serca NSTEMI (45%), jak
rowniez procedur z zawalem serca STEMI (33%). Najbardziej widoczne spadki

odnotowano w populacji starszych pacjentow [22].

Istniejg jednak badania, ktore nie wykazaty réznic w tym zakresie

pomiegdzy okresem przed pandemig i w trakcie jej trwania [2, 3, 21].
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Jak juz wspomniano, w poréwnaniu z okresem przed pandemiga,
hospitalizowani pacjenci byli mtodsi, pozostawali w szpitalu przez krotszy okres

oraz byli czeéciej wypisywani do domu [3, 14, 16, 22].

Nalezy wspomnie¢, ze w niektorych badaniach stosowano czesciej
leczenie trombolityczne, co bylo uzasadniane wstrzymywaniem si¢ od
wykonywania procedur rewaskularyzacji przezskérnej u pacjentow
z podejrzeniem infekcji koronawirusem [15]. Natomiast liczba ratunkowych
procedur po terapii trombolitycznych w poréwnaniu do lat poprzednich

pozostawata niezmieniona [13].

Leczenie chirurgiczne w trakcie pandemii koronawirusa stosowano
istotnie rzadziej w porownaniu do okresu sprzed pandemii. Ilo$¢ zreferowanych
w ramach hospitalizacji pacjentéw pozostawata podobna, ale ilo§¢ planowym
procedur chirurgicznych w wigkszo$¢ raportow spadta w znaczacym stopniu,
osiggajac nawet 80% spadek w niektérych raportach [15, 19, 20, 22, 36].

W wigkszo$ci badan wystapita wyrazna zalezno$¢ pomiedzy stopniem tego

spadku 1losci procedur, a lokalnym natezeniem pandemii.

Gtowne przestanie ptynace z analizy przytoczonych badan jest
nastepujace: w prawie kazdym przypadku zaobserwowano w trakcie pandemii
spadek ilo$ci procedur inwazyjnych, ktory byl najbardziej wyrazny w zakresie
rewaskularyzacji chirurgicznej. Prawdopodobnie zaréwno lekarze jak 1 pacjenci
byli mniej sktonni do kontynuowania zatozonego, powypisowego leczenia.
Ponadto, w przypadku pacjentéw z mniej ztozong, wielonaczyniowa chorobg
wiencowa, w pandemii koronariwusa podejmowano probe wykonania pelnej
rewaskularyzacji przezskornej w ramach jednej hospitalizacji. Zwraca roéwniez
uwage fakt, ze w wigkszos$ci raportdw pilne pomostowanie tetnic wiencowych
dotyczy pacjentow hospitalizowanych z powodu zawatu serca NSTEMI, ktorych

liczba zdecydowanie spadta w roku 2020. To rowniez wydaje si¢ thumaczy¢

56



spadek ilosci procedur pomostowania tgtnic wiehcowych w analizowanym

przedziale czasowym [19].

Jak juz wspominano, opieka zdrowotna w dobie pandemii skupiala si¢
gléwnie na hospitalizacji i leczeniu pacjentdw z infekcja koronawirusem SARS-
CoV-2, co spowodowalo znaczacy spadek ilosci procedur chirurgicznych. Efekt
bedzie dtugotrwaty 1 moze prowadzi¢ do znaczacego negatywnego efektu
spotecznego w najblizszych latach, zwigkszajac koszty leczenia 1 wydtuzajac
okres wylaczony w pracy zawodowej, jak rowniez spadek mozliwosci
finansowych gtownego ubezpieczyciela do zwigkszania limitow na rosnace
zapotrzebowanie w zakresie procedur ratujacych zycie i zdrowie [20]. Zwracaja
roOwniez uwage ograniczenia w zakresie szkolenia specjalistow, gtownie
w specjalizacjach zabiegowych, co moze skutkowaé¢ gorszymi wynikami

leczenia w przysztosci [20].

Wyniki hospitalizacji. W niniejszej analizie dotyczacej hospitalizacji
pacjentéw z rozpoznaniem OZW w okresie pandemii koronawirusa, nie
stwierdzono istotnych rdznic w zakresie wartosci bezwzglednych dotyczacych
powiktan okotozabiegowych (Smiertelnos¢, udar mozgu, zawat serca, ztozony
punkt sercowo-mozgowo-naczyniowy) w porownaniu do okresu sprzed
pandemii. Zwracat jednak uwage wyrazny trend w kierunku wigksze;j
$miertelno$ci wsrod pacjentéw hospitalizowanych w roku 2020 (p= 0,08).
Ponadto, wykazano istotnie wigksza czestos¢ wystepowania krwiaka miejsca
dostepu naczyniowego w okresie sprzed pandemii (0,5% vs 1,3%; p=0,004)
oraz istotnie krétszy czas hospitalizacji w grupie pacjentoOw przyjetych w czasie

pandemii (mediana: 3,2 vs 3,63 dnia; p=<0,001).

W przeprowadzonej analizie wieloczynnikowej (regresja
proporcjonalnego hazardu Cox’a) wykazano, ze niezaleznymi czynnikami
ryzyka zgonu byly: wystapienie OZW w roku 2020 (HR: 1,96; p=0,04), wiek
(HR: 1,05; p<0,001) oraz rozpoznanie zawalu serca przy przyjeciu (HR: 16,8;
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p<0,001). Natomiast wyzsza frakcja wyrzutowa istotnie obnizata ryzyko zgonu
(HR: 0,98; p=0,005). Z kolei dla ztozonego punktu sercowo-mozgowo
naczyniowego pod postacig zgonu, zawatu serca czy udaru mézgu, niezaleznymi
czynnikami ryzyka byty hospitalizacja w roku 2020 (HR: 1,29; p= 0,09), wiek
(HR 1,04; p<0,001) oraz rozpoznanie zawatu serca przy przyjeciu (HR 9,89;
p<0,01).

Jesli chodzi o pacjentow hospitalizowanych z powodu SZW w okresie
pandemii, nie wykazano istotnych r6znic w zakresie zgonu, zawatu serca, udaru
mozgu czy ztozonego punktu sercowo-modzgowo-naczyniowego w poroéwnaniu

do roku sprzed pandemii.

W analizie wieloczynnikowej metodg regresji proporcjonalnych hazardéw
Cox’a wykazano jeden predyktor wystgpienia zgonu (I'V klasa w skali NYHA:
HR 8,427; p=0,037) 1 ztlozonego punktu moézgowo-sercowo-naczyniowego (IV

klasa w skali NYHA: HR 4,054; p=0,033).

Wyniki uzyskane w przedstawionym badaniu pozostajg zbiezne w

odniesieniu do doniesien naukowych, szczegétowo omowionych w Publikacji 3.

W wielu analizach, §miertelnos¢ byta istotnie podwyzszona w roku 2020
w poréwnaniu do czasu sprzed pandemii [3, 6, 7, 18, 23]. Dodatkowo, liczne
doniesienia odnoszg si¢ do zwigkszonej ilosci powaznych powiktan [2, 6, 13,
16, 24]. Badanie ze Stanow Zjednoczonych wskazuje, ze w roku 2020 pacjenci
z zawalem serca STEMI przezywali o 54% wiecej wstrzgsow kardiogennych
1 charakteryzowata ich o 29% wyzsza czgstos$¢ pozaszpitalnych zatrzyman
krazenia. Prowadzito to wszystko do 52% wzrostu sSmiertelnosci w porownaniu

z latami poprzednimi [2].

Niektore publikacje nie wskazujg na wystgpienie wickszej Smiertelnosci
w poréwnywanych okresach w grupie pacjentéw z ostrym zespolem

wiencowym [15, 19]. Podobnie w badaniu, w ktorym ujegto zarowno pacjentow
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hospitalizowanych z powodu ostrego zespotu wiencowego jak i przewleklego
zespolu wiencowego, nie wykazano réznicy w zakresie $miertelnosci

1 komplikacji okotozabiegowych [22].

Wsrod pacjentéw z rozpoznanym koronawirusem SARS-CoV-2
Smiertelno$¢ byla istotnie wyzsza, podobnie jak czegstos¢ powiktan [6, 24, 29].
Jednak niektorzy badacze nie stwierdzili zalezno$ci pomiedzy infekcja
koronawirusem SARS-CoV-2, a leczeniem ukierunkowanym na chorobg

niedokrwienng serca [2].

Niektore badania wykazaty dtuzsza hospitalizacje w grupie pacjentow
z rozpoznaniem COVID-19 [14]. Inni badacze wskazuja na krotsza
hospitalizacje w trakcie pandemii [16, 19, 24]. Krotszg hospitalizacje
u pacjentow, u ktorych wykonywano przezskérng interwencj¢ wiencowa,
powiazano z checig chorych, aby zosta¢ wypisanym jak najwczesniej, z obaw
przed zarazeniem si¢ koronawirusem SARS CoV-2-2019 oraz z koniecznosci

zapewnienia bezpiecznej ilosci t6zek szpitalnych [16].

Reasumujac, niemal wszystkie doniesienia wskazuja na wyzsza czestos¢
powiktan 1 wigkszg $miertelno$¢ w trakcie trwania pandemii w porownaniu do
lat przed pandemig. W przypadku pacjentow z ostrym zespotem wiencowym,
zwigkszone ryzyko dotyczylo zar6wno pacjentow z towarzyszacg infekcja

SARS CoV-2 jak i1 bez niej.

Regionalne roznice w przedstawionych wynikach. Interesujace wyniki
badan dotyczacych hospitalizacji z powodu ostrego zespolu wiencowego
w trakcie pandemii przedstawiono w meta-analizie opublikowanej przez Sofi
1 wsp. [37]. W doniesieniu ujeto 111 557 przypadkow zawatu serca STEMI z 57
krajow. Autorzy dokonali szczegdtowych kalkulacji 1 wykazali, ze
w porownaniu do lat poprzednich, ponad 20% spadek w hospitalizacjach

STEMI zostal odnotowany w Europie (RR =0,81; p <0,0001), w Azjiina
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srodkowym wschodzie (RR = 0.83; p < 0.0001) oraz w Stanach Zjednoczonych
(RR =0.76; p <0.0001). Z kolei kraje Ameryki Srodkowej odnotowaty ponad
50% spadek w ilo$ci hospitalizacji z powodu STEMI. Kraje takie jak Francja
czy Dania nie raportowaly istotnego spadku. Autorzy raportujg rowniez
najwicksza smiertelnos$¢ przypadkéw z rozpoznaniem COVID-19 we Francji,
Belgii, Wielkiej Brytanii, a najmniejsza w Bahrajnie, Szwecji 1 Korei

Potudniowe;.

Odmiennosci po wprowadzeniu szczepionek na SARS-CoV-2.
Przedstawiona przez nas analiza dotyczy okresu bezposrednio po pierwszym
okresie przymusowej izolacji (/lockdown) z powodu pandemii 1 tym samym nie
dotyczy czasu, w ktorym pacjenci byli juz po immunizacji. Tym samym,
powstanie niniejszego akapitu jest efektem uporzadkowania danych zawarty
w pogladowej Publikacji 3. Doniesienia naukowe wykazuja, ze wprowadzenie
szczepionki przeciwko SARS-CoV-2 wigze si¢ ze zmniejszeniem $miertelnosci

i chorobowosci powodowanych pandemig [10].

Wprowadzenie szczepien skutkowato rowniez zmiang charakterystyki
klinicznej pacjenta przy przyjeciu. Podobnie, zaobserwowano zwiekszenie iloSci
wykonywanych procedur inwazyjnych w porownaniu do okresu pandemii
sprzed wprowadzenia szczepionki (86% w 2021 vs. 77% w 2020) [38]. Co
istotne, po wprowadzeniu szczepionki czas od przyjecia pacjenta do
angioplastyki znaczaco si¢ skrocil- z 50- 122 minut w roku 2020 do 50-106
minut w roku 2021. Natomiast cz¢$¢ pacjentow, u ktorych czas do otwarcia
balonu byt krotszy niz 90 minut, stanowita odpowiednio 59% w roku 2020
164% w roku 2021 [38]. RoOwniez czas hospitalizacji po wprowadzenia
szczepien ulegt zmniejszeniu- z 3-15 dni do 2-12 dni. Podobng redukcje
zaobserwowano w zakresie pobytu w oddziatach intensywnej terapii —z 1-11
dni do 6-11 dni [38]. Bazujac na analizach wieloczynnikowych, ryzyko zgonu

w 2021 roku byto 25% mniejsze w porownaniu do roku 2020 [38]. Ponadto,
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wykazano ze $miertelno$¢ wewnatrzszpitalna byta mniejsza u pacjentéw
zaszczepionych [38- 40]. Pacjentéw po wykonanym szczepieniu
charakteryzowato mniejsze ryzyko ponownej hospitalizacji w przyczyn

sercowych [10].

Podsumowujac watek szczepien, okazaly si¢ one by¢ bezpieczne
1 efektywne w prewencji COVID-19, ograniczajac ci¢zkos¢ przebiegu choroby,
Smiertelnos¢ 1 konieczno$¢ hospitalizacji, a tym samym wplynely pozytywnie na

caty system opieki zdrowotnej [42].

Wyzwania na przysztosé. Istnieje wiele zagrozen, z ktorymi
spoteczenstwa bedg musiaty si¢ zmierzy¢- wiaczajac w to niechgé do szczepien
czy pojawienie si¢ nowych, nieprzewidywalnych wariantow wirusa (obecnie
Delta, Delta-plus, Omikron czy Lambda). Ponadto, czynniki odpowiedzialne za
pojawienie si¢ komplikacji zwigzanych z COVID-19 beda w dalszym ciggu
obecne w przysztosci i mogg si¢ ujawnic przy okazji kolejnych fal pandemii lub
przy innych chorobach zakaznych. Tym samym system opieki zdrowotne]
powinien by¢ przygotowany, gléwnie poprzez wprowadzenie odpowiedniej
polityki zdrowotnej oraz procedur, ktore pozwolg na skuteczng opieke nad
pacjentami dotknigtymi chorobg wiencowa (jak réwniez innych chorych
dotknigtych chorobami przewlektymi). Do pierwszych zdobyczy
technologicznych umozliwiajacych odpowiednie zaplecze nalezg rozwigzania
zwigzane z telemedycyng, co juz w trakcie pandemii pozwolilo na lepsza opieke
nad pacjentami oraz zapewnito poprawe wydolnosci systemu opieki zdrowotne;j

[42].

Stosowanie §rodkéw ochrony osobistej podczas przezskérnych interwencji
wiencowych 1 prawidtowa ochrona w pracowni hemodynamiki podczas
wykonywania procedur terapeutycznych zwigzanych z zawatem serca STEMI

u pacjentow z podejrzeniem lub potwierdzeniem infekcji koronawirusem zostaty

zaadoptowane w wielu miejscach jako procedury standardowe. Pomimo
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wszystko, istnieje konieczno$¢ wzmozonej edukacji spotecznej oraz poprawy
dostepnosci 1 wskaznika zaszczepien, jako ze szczepionka okazuje si¢ by¢

najskutecniejszg i najbezpieczniejszg forma przeciwdzialania pandemii [42- 44].

Whioski. Reasumujgc, zarowno w naszym badaniu jak 1 w przedsta-
wionych danych z literatury §wiatowej, zwraca uwagg fakt ze pacjenci
hospitalizowani z powodu choroby ostrego i przewleklego zespotu wiencowego
trakcie trwania pandemii koronawirusa SARS-CoV-2 r6znili si¢ pod wzgledem
profilu klinicznego oraz w sposdb odmienny podejmowano u nich decyzje
dotyczace strategii leczenia w porownaniu do okresu sprzed pandemii,
wskazujac na wyzsze ryzyko wystapienia choréb wspodttowarzyszacych oraz
powiktan sercowo-naczyniowych u chorych w trakcie ,,Jlock-down”. Wykazano
ta zalezno$¢ juz po pierwszej fali epidemii koronawirusa. ZarGwno w naszym
badaniu, jak 1 w wigkszos$ci przedstawionych doniesien, wystgpienie ostrego
zespotu wiencowego w dobie pandemii wigzato si¢ z wiekszym ryzykiem

zgonu 1 powaznych powiktan.
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Opinia komisji bioetycznej lub etycznej

Jest to badanie epidemiologiczne, rejestrowe, retrospektywne, oparte na
anonimowych danych, na ktore zgoda komisji etycznej nie jest

wymagana.
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Bielsko Biata, 18.08.2023

Justyna Jankowska- Sanetra

OSWIADCZENIE

Jako wspotautor pracy pt. ,Incidence and course of acute coronary syndrome cases

after the first wave of the COVID-19 pandemic” oswiadczam, iz mdj wiasny wkiad

merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi:

koncepcja badania

projekt publikacji

pozyskiwanie, analiza i interpretacja danych,
opracowanie publikacji

przeglad pismiennictwa

ostateczne zatwierdzenie publikacji

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 75 %.
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Bielsko Biata, 18.08.2023

Krzysztof Sanetra

OSWIADCZENIE

Jako wspotautor pracy pt. ,Incidence and course of acute coronary syndrome cases
after the first wave of the COVID-19 pandemic” os$wiadczam, iz modj wilasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

e projekt publikacji,
e pozyskiwanie, analiza i interpretacja danych,
e opracowanie publikacji,

e przeglad piSmiennictwa
MOoj udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 75 %,

obejmowal on koncepcje badania, projekt publikacji, pozyskiwanie, analize i interpretacje
danych, opracowanie publikacji, przeglad piSmiennictwa, ostateczne zatwierdzenie publikacji

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

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Pawet Kazmierczak

OSWIADCZENIE

Jako wspoétautor pracy pt. ,JIncidence and course of acute coronary syndrome cases

after the first wave of the COVID-19 pandemic” os$wiadczam, iz moj wihasny wkiad

merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi:

projekt publikacji,
opracowanie publikacji,
krytyczna weryfikacja,

ostateczne zatwierdzenie publikacji.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 75 %,

obejmowal on koncepcje badania, projekt publikacji, pozyskiwanie, analizg¢ i interpretacje¢
danych, opracowanie publikacji, przeglad piSmiennictwa, ostateczne zatwierdzenie publikacji

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Krzysztof Milewski

OSWIADCZENIE

Jako wspotautor pracy pt. ,Incidence and course of acute coronary syndrome cases
after the first wave of the COVID-19 pandemic” o$wiadczam, iz moj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

e projekt publikaciji,
e krytyczna weryfikacja,

e ostateczne zatwierdzenie publikacji.
MJj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanic publikacji okreslam jako 75 %,

obejmowat on koncepcje badania, projekt publikacji, pozyskiwanie, analiz¢ 1 interpretacje
danych, opracowanie publikacji, przeglad pismiennictwa, ostateczne zatwierdzenie publikacji

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy dor;torskiej

lek. Justyny Jankowskiej- Sanetra , . Hl
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Warszawa, 19.08.2023

Lukasz Kottowski

OSWIADCZENIE

Jako wspotautor pracy pt. ,Incidence and course of acute coronary syndrome cases
after the first wave of the COVID-19 pandemic” o$wiadczam, iz mdj wilasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

e przeglad piSmiennictwa,

e ostateczne zatwierdzenie publikacji.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanic publikacji okre$lam jako 75 %,

obejmowal on koncepcje badania, projekt publikacji, pozyskiwanie, analiz¢ i interpretacje
danych, opracowanie publikacji, przeglad piémiennictwa, ostateczne zatwierdzenie publikacji

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra
Digitally signed by
. Lukasz Nikodem
o wdes Koltowski
e Date: 2024.04.04
15:13:52 WEST
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Bielsko- Biata, 18.08.2023

Piotr Pawetl Buszman

OSWIADCZENIE

Jako wspotautor pracy pt. ,Incidence and course of acute coronary syndrome cases

after the first wave of the COVID-19 pandemic” o$wiadczam, iz moj wilasny wkiad

merytoryczny w przygotowanie, przeprowadzenie 1 opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi:

koncepcja badania,
projekt publikacii,
krytyczna weryfikacja,

ostateczne zatwierdzenie publikacji.

MJj udziat procentowy w przygotowaniu publikacji okreslam jako 8 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacii okreslam jako 75 %,

obeimowal on koncepceje badania, projekt publikacji, pozyskiwanie, analiz¢ 1 interpretacje
danych, opracowanie publikacji, przeglad pisSmiennictwa, ostateczne zatwierdzenie publikacji

Jednocze$nie wyrazam zgode¢ na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023
|
‘ Justyna Jankowska- Sanetra

OSWIADCZENIE

Jako wspolautor pracy pt. ,,The impact of first wave of the SARS-CoV-2 2019
pandemic in Poland on characteristics and outcomes of patients hospitalized due to stable
coronary artery disease” oSwiadczam, iz méj wlasny wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

e koncepcja badania

e projekt publikacji

e pozyskiwanie, analiza i interpretacja danych,
e opracowanie publikacji

e przeglad piSmiennictwa

e ostateczne zatwierdzenie publikacji

Méj udzial procentowy w przygotowaniu publikacji okreslam jako 75 %.
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Bielsko Biala, 18.08.2023

Krzysztof Sanetra

OSWIADCZENIE

Jako wspdtautor pracy pt. ,,The impact of first wave of the SARS-CoV-2 2019
pandemic in Poland on characteristics and outcomes of patients hospitalized due to stable
coronary artery disease” oSwiadczam, iz m6j wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

e pozyskiwanie, analiza i interpretacja danych,

e opracowanie publikacji,

M¢j udziat procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 75 %,

obejmowat on koncepcje badania, projekt publikacji, pozyskiwanie, analiz¢ i interpretacj¢
danych, opracowanie publikacji, przeglad piSmiennictwa, ostateczne zatwierdzenie publikacji

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czes$¢ rozprawy doktorskiej
lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Krzysztof Milewski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of first wave of the SARS-CoV-2 2019
pandemic in Poland on characteristics and outcomes of patients hospitalized due to stable
coronary artery disease” o$wiadczam, iz moj wlasny wkiad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

e projekt publikacji,
e krytyczna weryfikacja,

e ostateczne zatwierdzenie publikacji.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanic publikacji okreSlam jako 75 %,

obejmowal on koncepcje badania, projekt publikacji, pozyskiwanie, analiz¢ i interpretacje
danych, opracowanie publikacji, przeglad piSmiennictwa, ostateczne zatwierdzenie publikacji

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktofskiej
lek. Justyny Jankowskiej- Sanetra (
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Bielsko Biata, 18.08.2023

Pawet Kazmierczak

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of first wave of the SARS-CoV-2 2019

pandemic in Poland on characteristics and outcomes of patients hospitalized due to stable

coronary artery disease” oswiadczam, iz moj wlasny wklad merytoryczny w przygotowanie,

przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji

stanowi:

projekt publikacji,
opracowanie publikacji,
krytyczna weryfikacja,

ostateczne zatwierdzenie publikacji.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 75 %,

obejmowal on koncepcje badania, projekt publikacji, pozyskiwanie, analize¢ 1 interpretacje
danych, opracowanie publikacji, przeglad pismiennictwa, ostateczne zatwierdzenie publikacji

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra
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Warszawa, 19.08.2023

Lukasz Kottowski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of first wave of the SARS-CoV-2 2019
pandemic in Poland on characteristics and outcomes of patients hospitalized due to stable
coronary artery disease” o$wiadczam, iz mdj wiasny wkitad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

e projekt publikacji,
e przeglad piSmiennictwa,

e ostateczne zatwierdzenie publikacji.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanic publikacji okre$lam jako 75 %,

obejmowat on koncepcj¢ badania, projekt publikacji, pozyskiwanie, analizg i interpretacje
danych, opracowanie publikacji, przeglad piSmiennictwa, ostateczne zatwierdzenie publikacji

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra Digitally signed by

.. Lukasz Nikodem
Kottowski
; o Date: 2024.04.04
s 15:14:50 WEST
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Bielsko- Biata, 18.08.2023

Piotr Pawel Buszman

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of first wave of the SARS-CoV-2 2019
pandemic in Poland on characteristics and outcomes of patients hospitalized due to stable
coronary artery disease” o$wiadczam, iz moj wiasny wkilad merytoryczny w przygotowanie,
przeprowadzenie 1 opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowi:

e koncepcja badania,
e projekt publikacji,
e krytyczna weryfikacja,

e ostateczne zatwierdzenie publikacji.

MJj udziat procentowy w przygotowaniu publikacji okreslam jako 8 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 75 %,

obejmowal on koncepcje badania, projekt publikacji, pozyskiwanie, analiz¢ i interpretacje
danych, opracowanie publikacji, przeglad pismiennictwa, ostateczne zatwierdzenie publikacji

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Justyna Jankowska- Sanetra

OSWIADCZENIE

Jako wspdtautor pracy pt. ,,The impact of the coronavirus pandemic on patients

hospitalized due to acute coronary syndrome” oswiadczam, iz modj wiasny wkiad

merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi:

projekt publikacji,

pozyskiwanie, analiza i interpretacja danych,
opracowanie publikacji,

przeglad pismiennictwa,

ostateczne zatwierdzenie publikacji

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 80 %.
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Bielsko Biata, 18.08.2023

Krzysztof Sanetra

OSWIADCZENIE

Jako wspdtautor pracy pt. ,,The impact of the coronavirus pandemic on patients
hospitalized due to acute coronary syndrome” oswiadczam, iz mdj wilasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

e projekt publikacji,
e pozyskiwanie, analize i interpretacje¢ danych,
e opracowanie publikacji,

e przeglad pismiennictwa

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 5 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 80 %,

obejmowal on projekt publikacji, pozyskiwanie, analize i interpretacje danych, opracowanie
publikacji, przeglad piSmiennictwa, ostateczne zatwierdzenie publikacji

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Krzysztof Milewski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The impact of the coronavirus pandemic on patients
hospitalized due to acute coronary syndrome” o$wiadczam, i1z moj wilasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

e przeglad pismiennictwa,
e krytyczna weryfikacja,

e ostateczne zatwierdzenie publikacji

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 3 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanic publikacii okreslam jako 80 %,

obeimowal on projekt publikacji, pozyskiwanie, analiz¢ i interpretacj¢ danych, opracowanie
publikacji, przeglad pismiennictwa, ostateczne zatwierdzenie publikacji

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

i\

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Witold Gerber

OSWIADCZENIE

Jako wspoétautor pracy pt. ,.The impact of the coronavirus pandemic on patients
hospitalized due to acute coronary syndrome” oswiadczam, iz mdj wilasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi:

e pozyskiwanie, analiza i interpretacja danych,
e opracowanie publikacji,

e ostateczne zatwierdzenie publikacji

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 2 %.

Wktad Justyny Jankowskiej- Sanetra w powstawanie publikacji okreslam jako 80 %,

obejmowal on projekt publikacji, pozyskiwanie, analizg i interpretacj¢ danych, opracowanie
publikacji, przeglad pismiennictwa, ostateczne zatwierdzenie publikacji

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

lek. Justyny Jankowskiej- Sanetra
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Bielsko Biata, 18.08.2023

Piotr Pawel Buszman

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,The impact of the coronavirus pandemic on patients
hospitalized due to acute coronary syndrome” oswiadczam, i1z moj wilasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi:
e projekt publikacji,
e opracowanie publikacji,
e krytyczna weryfikacja,

e ostateczne zatwierdzenie publikacji
MJdj udziat procentowy w przygotowaniu publikacji okre$lam jako 8 %.

Wkiad Justyny Jankowskiej- Sanetra w powstawanie publikacji okre§lam jako 80 %,

obeimowal on projekt publikacji, pozyskiwanie, analiz¢ i interpretacj¢ danych, opracowanie
publikacji, przeglad pismiennictwa, ostateczne zatwierdzenie publikacji

Jednoczes$nie wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Justyny Jankowskiej- Sanetra

92



	tytulowa z podpisem_20240903_0001
	scalony z podpisem
	1._doktorat_cz.1 zaakcept
	2. Publikacja 1
	_Hlk118753277
	_Hlk118753306
	_Hlk112012381

	3. Publikacja 2
	_Hlk85391155

	4. Publikacja 3
	5. doktorat zaakc zmiany
	6. doktorat cz 3
	7. oswiadczenie publikacja 1 poprawione_20240415_0001
	8. oswiadczenia publikacja 2_20240415_0001
	9. oswiadczenia publikacja 3 do WG_20240415_0001
	10. oswiadczenie WG
	11.oswiadczenia publikacja 3 PB_20240415_0001




