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Wykaz skrotow stosowanych w tekscie

STEMI- ST- Elevation Myocardial Infarction

COVID-19- Coronavirus Disease 2019

SARS-CoV-2- Severe Acute Respiratory Syndrome Coronavirus 2
TIMI- Thrombolysis In Myocardial Infarction

PCI- Percutaneous Coronary Intervention

ZP- zatorowos$¢ ptuca

ORPKI- Ogolnopolski Rejestr Procedur Kardiologii Inwazyjnej
77G- zakrzepica zyt glebokich

ZChZZ- zylna choroba zakrzepowo-zatorowa

LMWH- heparyna drobnoczasteczkowa

UFH- heparyna niefrakcjonowana

IBV- wirus zakaznego zapalenia oskrzeli ptakow

LZO- warianty SARS-CoV-2 budzace obawy

WHO- Swiatowa Organizacja Zdrowia

OIT- Oddziat Intensywnej Terapii

ACE-2- receptor enzymu konwertujacego angiotensyne 2
MINOCA- Myocardial Infarction with Non-Obstructive Coronary Arteries
tPA- tkankowy aktywator plazminogenu

SARS-CoV -Severe Acute Respiratory Syndrome Coronavirus
MERS -Middle East respiratory syndrome

ASH- American Society of Hematology



Slowa klucze

COVID-19, SARS-CoV-2, zakrzepica, zatorowo$¢ ptucna, zaburzenia krzepnigcia,

fibrynoliza, ostre zespoty wiencowe / STEMI, rokowanie kliniczne
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Wprowadzenie

Krzepnigcie 1 fibrynoliza to dwa uzupeiniajace si¢, skomplikowane procesy, ktorych
celem jest zapobieganie utracie krwi, poczatkowo przez uszczelnienie uszkodzonego naczynia
krwiono$nego, a ostatecznie poprzez wspomaganie jego naprawy. Komorki §rodblonka,
leukocyty 1 ptytki krwi biorg udziat w miejscowej hemostazie, zapewniajac aktywacje
czynnikow krzepnigcia. Do patologicznych procesow o charakterze zakrzepicy dochodzi, gdy
krzepnigcie jest wyzwalane bez uszkodzenia naczynia lub gdy w miejscu urazu wystepuje
niekontrolowane krzepnigcie [1]. Zylna choroba zakrzepowo-zatorowa (ZChZZ) to pojecie
obejmujace zakrzepice zyt glebokich (ZZG) i zatorowosé ptucna (ZP). ZZG to tworzenie sie
skrzepéw w zylach gtebokich — najczeséciej w duzych zytach konczyn dolnych lub miednicy,
ZP rozwija si¢ za$, gdy czesci zakrzepoOw odrywaja si¢ 1 przemieszczaja przez serce do tetnic
phucnych [2].

W Polsce zapadalnoéé na ZChZZ wynosi 1-2/1000 0séb rocznie. Na podstawie tych
danych szacuje sig, ze co roku okoto 57 tys. osob choruje na zakrzepice zyt gltebokich, a
okoto 36 tys. na zatorowo$¢ ptucng [3]. Czynniki majace udziat w patogenezie zakrzepicy to
wedhug triady Virchowa: zast6j zylny, uszkodzenie naczyn i nadkrzepliwo$¢. Zakrzepica
zylna wystepuje zazwyczaj w obszarach o zmniejszonym lub mechanicznie zmienionym
przeplywie krwi, co powoduje spadek stezenia parcjalnego tlenu, czemu towarzyszy wzrost
hematokrytu. Powstajace w ten sposéb hiperkoagulacyjne mikrosrodowisko moze obnizac
ekspresje niektorych biatek przeciwzakrzepowych, w tym trombomoduliny i receptora biatka
C. Ponadto niedotlenienie napedza ekspresje¢ niektorych prokoagulantow, np. selektyny P,
ktora przyciaga do srodblonka komoérki immunologiczne zawierajgce czynnik tkankowy,
stanowigcy jedno z gtownych ognisk powstawania zakrzepoéw [4]. Do najczestszych
czynnikow ryzyka ZChZZ mozemy zaliczyé m.in.: cukrzyce, otyto$é, palenie tytoniu, urazy i
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ztamania, cigze, unieruchomienie, zespot antyfosfolipidowy, zabiegi chirurgiczne, raka,
doustne $rodki antykoncepcyjne, hormonalng terapi¢ zastepcza, resztkowg zakrzepice zylna,
loty dtugodystansowe. W ostatnich latach wlaczono réwniez do tej grupy zakazenie SARS-
CoV-2 [5].

Dotychczas zaktadano, Ze patofizjologia zakrzepicy zylnej r6zni si¢ od patofizjologii
zakrzepicy tetniczej. Uwazano, ze zakrzepy zylne rozwijajg si¢ w naczyniach o niskim
przeptywie, natomiast zakrzepy tetnicze — w obszarach wysokiego napr¢zenia §cinajacego,
gdzie sktadajg si¢ gtownie z plytek krwi przy niewielkiej ilosci fibryny lub czerwonych
krwinek. Obecnie jednak wydaje sie, ze procesy te moga si¢ wzajemnie nakladac [6].
Wykazano m.in. zwigkszong czesto$¢ wystepowania tetniczych zdarzen sercowo-
naczyniowych u pacjentéw dotknietych niesprowokowang zatorowoscig ptucna, ktéra byta
istotnie wyzsza niz u pacjentéw z ZP wtérng do przejsciowych czynnikow ryzyka, takich jak
zabieg chirurgiczny, uraz lub unieruchomienie [7,8].

Juz na wczesnych etapach pandemii wykazano, ze choroba koronawirusowa 2019
(COVID-19) moze predysponowac pacjentow do chorob zakrzepowych, zarowno w krazeniu
zylnym, jak i tetniczym [9]. Do stanu hiperkoagulacji moze przyczyniac si¢ kilka
mechanizmow, tj. hipoksja, poprzez zwigkszenie lepkosci krwi, dysfunkcja srodblonka,
uwalnianie wysokich poziomoéw prozapalnych cytokin w osoczu (IL-2, IL-6, IL-7, IL-8 —
tzw. ,,burza cytokinowa”), co jest powszechng cechg sepsy. Wreszcie interakcje miedzy
réznymi typami komoérek krwi (makrofagami, monocytami, komorkami $rédbtonka, ptytkami
krwi i limfocytami) mogg odgrywac kluczowa role w prozakrzepowym efekcie infekcji
wirusowych, a takze cechy indywidualne pacjenta, jak wiek, unieruchomienie, choroby
towarzyszace [10]. Schemat mechanizmow doprowadzajacych do powstawania zakrzepicy
tetniczej 1 zylnej indukowanej zakazeniem SARS-CoV-2 przedstawia ryc. 1. Obserwacje

patologéw wykazaty charakterystyczny obraz histopatologiczny u oséb zmartych na COVID-
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19. Stwierdzano zaréwno zakrzepice makronaczyniowa, obejmujaca typy czerwone
(erytrocyty, leukocyty, fibryna) oraz biate (plytki krwi i fibryna), jak i mikronaczyniowa
sktadajaca si¢ zakrzepow plytkowo-fibrynowych w zytkach, tetniczkach i naczyniach
wlosowatych we wszystkich gtownych narzadach. Dodatkowymi cechami byty: minimalne
oznaki mikroangiopatii, obecno$¢ megakariocytow wewnatrznaczyniowych, zakrzepy
wsierdziowe, czastki wirusowe w adipocytach oraz znacznie zwigkszona liczba ptytek krwi w
$ledzionie [11].

Okreslono, ze wickszos¢ zdarzen zakrzepicy naczyn tetniczych i zylnych wystepuje u
pacjentdw z ciezkim lub krytycznym przebiegiem choroby w fazie nadostrej (pierwsze 1-2
tygodnie) lub ostrej (2—4 tygodnie) zakazenia SARS-CoV-2 [11]. W innych opracowaniach
wskazywano, ze wysoka wzgledna czesto$¢ wystepowania zdarzen naczyniowych wkrétce po
rozpoznaniu COVID-19 spada szybciej w przypadku zakrzepicy tetniczej niz w przypadku
ZChZZ, jednak pozostaje ona podwyzszona do 49 tygodni po rozpoznaniu COVID-19 [12].
W przeprowadzonej analizie Tan BK 1 wsp. czestos¢ wystepowania zatorowosci ptucnej 1
zakrzepicy zyt glebokich konczyn dolnych u pacjentow z COVID-19 okreslili na 7,8% 1
11,2%, za$ ogolnego zatoru tetnicy wiencowej (ATE), ostrego zespotu wiencowego, udaru
mozgu 1 innych zatorowosci tetnicy wiencowej (ATE) odpowiednio na 3,9%, 1,6% 10,9%
[13]. Wedtug innych opracowan cz¢stos¢ epizodow zakrzepicy tetnic obwodowych,
zakrzepicy zylnej oraz zdarzen mieszanych oszacowano odpowiednio na 33,3%, 63,2% i
3,5% [14].

Patofizjologia i charakterystyka kliniczna ZP zwigzanej z COVID-19 moze rdznic¢ si¢
od ZP niezwigzanej z zakazeniem. Oprocz zdarzen zatorowych spowodowanych zakrzepica
zyt glebokich, u pacjentow z COVID-19 istnieje ryzyko wystepowania zakrzepicy plucnej in
situ, szczeg6lnie w mniejszych tozyskach naczyniowych [15]. Oszacowano, ze taczna

czestos¢ wystepowania zatorowosci ptucnej u pacjentow z COVID-19 przyjmowanych do
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oddziatéw OIT i poza OIT wyniosta odpowiednio 21-26% 1 2,2—17% hospitalizowanych
pacjentow [16,17,18,19]. W analizie przeprowadzonej na duzej grupie okreslono, ze
$miertelnos$¢ szpitalna u pacjentoéw z COVID-19 i ZP byla wyzsza, sam pobyt w szpitalu byt
dtuzszy, a generowany koszt wyzszy [20,21]. Donoszono, ze u pacjentoéw z COVID-19 moze
rozwing¢ sie ZChZZ, w tym ZP, pomimo antykoagulacji opartej na heparynie, w tym heparyn
w dawkach terapeutycznych. W tej grupie pacjentow zglaszano uposledzong fibrynolizg
zwigzang z bardziej zwartg strukturg fibryny. Pojawity si¢ publikacje, ktore wnioskowaty, ze
pacjenci z COVID-19 wykazywali zwigkszong opornos¢ na lize i dtuzszy czas lizy po
stymulacji tPA w poréwnaniu z grupg kontrolng. W przegladzie wtasnym dotyczacym roli
fibrynolizy u pacjentéw z COVID-19 i powiktaniami zatorowo-zakrzepowymi podnoszono
ten temat. Na pewnym etapie wydawato sie, ze leczenie na podstawie konwencjonalnych,
ogolnych zalecen nie przynosito zaktadanych korzysci.

W dobie pandemii stosunkowo szybko zauwazono, ze pacjenci zakazeni wirusem
SARS-CoV-2 maja zwigkszone ryzyko wystapienia chorob sercowo-naczyniowych, w tym
zawatu mig$nia sercowego [22]. Okreslono, ze wirus wnika poprzez receptory enzymu
konwertujacego angiotensyne 2 (ACE-2), powodujac bezposrednie uszkodzenie
kardiomiocytow, odpowiedZ immunologiczng, destabilizacj¢ blaszki miazdzycowej 1
niedotlenienie [23]. Donoszono, ze u pacjentow ze STEMI 1 jednoczesnym zakazeniem
COVID-19 czesciej wystepuje zawal migsnia sercowego bez istotnych zwezen w tetnicach
wiencowych — MINOCA (Myocardial Infarction with Non-Obstructive Coronary Arteries).
Odsetek takich przypadkow oszacowano na 21%, co stanowi znacznie wyzszy wynik w
poréwnaniu z pacjentami bez wspdtistniejacego COVID-19, u ktorych MINOCA wynosi
okoto 3—6% przypadkow. Zauwazono rowniez, ze kobiety byly ponad dwukrotnie bardziej
narazone na wystapienie MINOCA niz m¢zczyzni (33% vs 18%) 1 cze$ciej otrzymywaly

wylacznie terapie farmakologiczng [24]. Zaobserwowano, ze pacjenci z COVID-19 i STEMI
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na poczatkowych etapach pandemii mieli wyzszg §miertelno§¢ wewnatrzszpitalng oraz
cze$ciej wymagali otrzymywania systemowej terapii trombolitycznej [25]. Wykazano takze,
ze w tej grupie pacjentdw czesciej konieczne byto wykonywanie trombektomii mechanicznej,
cze$ciej wymagali podawania inhibitora GP IIb/Illa, a ryzyko zakrzepicy w stencie i rozwoju

wstrzasu kardiogennego po PCI byto wyzsze [26]
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Zalozenia i cele pracy

Cel gléwny pracy:

Ocena wptywu zakazenia wirusem SARS-CoV-2 na zaburzenia hemostazy i implikacje
kliniczne w przebiegu oraz leczeniu ostrych zespotow wiencowych z uniesieniem odcinka ST
oraz u pacjentdw z incydentami zatorowo- zakrzepowymi ze szczeg6lnym uwzglednieniem

zatorowosci ptucne;.

Cele szczegolowe:

1. Przeglad aktualnego stanu wiedzy na temat wptywu zakazenia SARS-CoV2 na odmiennos$¢
procesow krzepnigcia i fibrynolizy u pacjentow z COVID-19 oraz analiza aktualnych zalecen
dotyczacych profilaktyki i leczenia pacjentdw z powiklaniami zatorowo-zakrzepowymi.

2. Ocena wptywu zakazenia wirusem SARS Co-V 2 19 na zastosowanie 1 skutecznos$¢
trombektomii aspiracyjnej u pacjentow z STEMI.

3. Ocena rokowania krotkoterminowego i1 dlugoterminowego u pacjentow z zatorowoscia
phucna, z 1 bez COVID-19.

4. Ocena wptywu zakazenia wirusem SARS-CoV-2 na ryzyko wystgpowania powiktan
zakrzepowo-zatorowych oraz proba okreslenia czy zakazenie stanowi przejsciowy czynnik

ryzyka tych powiktan.
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Abstract: An impaired fibrinolytic process has been demonstrated in patients infected with SARS-
CoV-2, including those in severe or critical condition. Disruption of fibrinolysis leads to fibrin
deposition, which exacerbates inflammation and fibrosis and damages the pulmonary surfactant.
Numerous authors point out the different course of coagulopathy in patients with COVID-19. It
is reported that they may have a state of secondary hyperfibrinolysis, which may explain, at least
in part, the increased incidence of venous thromboembolism, even among those patients already
receiving appropriate anticoagulant treatment. This raises the question of whether current guidelines
for the prevention and treatment of embolic-thrombotic complications, among patients with severe
COVID-19, are sufficient. Some studies show evidence of clinical improvement in patients who have
received fibrinolytic therapy, beyond the current indications for its implementation. However, when
considering the inclusion of systemic fibrinolytic therapy, the benefits of such treatment should always
be weighed over the risk of adverse effects. Thromboelastography and rotational thromboelastometry
can be helpful in making such decisions. The purpose of this study was to review the current
knowledge regarding fibrinolysis and its role in the treatment of patients with severe COVID-19,
including those with thromboembolic complications.

Keywords: fibrinolysis; COVID-19; venosus thromboembolism; pulmonary embolism

1. Fibrinogen

Fibrinogen, produced by the liver, is an important protein involved in the final step of
blood clotting. After conversion to fibrin via a reaction with thrombin, fibrinogen forms an
insoluble clot to prevent bleeding. Fibrinogen is also an acute-phase protein. Its elevated
levels are found in patients with infections, injuries, cancer, stress-related disorders and
increased cardiovascular disease (CVD) mortality [1,2]. During Coronavirus Disease 2019
(COVID-19) infection, a mean fibrinogen concentration around the upper limit of normal
was observed, while patients who died showed a sudden reduction in fibrinogen before
death [3,4]. Li et al. [5] studied hematological covariates in 1449 hospitalized patients with
COVID-19. At baseline, patients who died had higher fibrinogen levels than survivors
(median, 4.3 g/L (interquartile range [IQR], 3.2-5.2g/L) vs. 3.6 g/L (IQR, 2.9-4.5 g/L)), but
they had lower minimum fibrinogen levels (2.6 g/L (IQR, 1.7-3.9g/L)) vs. 3.2g/L (IQR,
2.6-3.9g/L) [5]. The authors concluded that the dynamic changes in fibrinogen levels are
correlated with the risk of death in patients with COVID-19. While fibrinogen testing is
not routinely performed in all COVID-19 patients on admission to the hospital [6], this
parameter might be useful in the early assessment of coagulation in this population.

2. Fibrinolysis
Fibrinolysis is a normal body process that is an integral part of the hemostatic system.
The activation of the fibrinolytic cascade results in fibrin degradation. Fibrinolysis is
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regulated by numerous enzymes, with plasmin being the key enzyme involved in the
fibrinolytic system. Plasmin is responsible for the lysis of the fibrin clot, thus producing
fibrin degradation products. Thrombin is also an important enzyme in the regulation of the
coagulation system. Endogenous fibrinolysis is also strongly linked to thrombin, an enzyme
responsible for significant resistance to fibrinolysis. High thrombin levels act as a potent
platelet activator and facilitate the formation of stable clots by converting fibrinogen into
fibrin, which binds platelets together. Moreover, thrombin inhibits endogenous fibrinolysis
by activating thrombin-activatable fibrinolysis inhibitor, which prevents the binding and
activation of plasminogen into plasmin [7]. Finally, it indirectly inhibits endogenous
fibrinolysis by releasing plasminogen activator inhibitor-1 (PAI-1) from platelets, a principal
inhibitor of tissue plasminogen activator (tPA) [7].

3. Fibrinolysis and COVID-19

An impaired fibrinolytic process has been demonstrated in patients infected with
SARS-CoV-2 with interstitial lung disease, including critically ill patients [8-10]. Hyper-
coagulation in these patients is a complex and multifactorial process. SARS-CoV-2 enters
the cells via the angiotensin-converting enzyme 2 (ACE2) receptor. It is considered that
with SARS-CoV-2 virus attachment, excess angiotensin increases the expression of PAI-1,
which inhibits fibrinolysis on endothelial cells [3,11]. Patients with interstitial lung disease
were also reported to have elevated levels of thrombin-activatable fibrinolysis inhibitor and
protein C inhibitor (plasminogen activator inhibitor-3) [9]. SARS-CoV-2 infection leads to
acute inflammation, which leads to an increase in bradykinin and tPA. However, increased
tPA levels are not sufficient to counterbalance the high levels of PAI-1, which likely explains
the impaired fibrinolysis and fibrin accumulation in the lung alveoli [12]. Fibrin deposits
enhance inflammation and fibrosis, and lead to lung surfactant damage [9].

4. Role of Plasmin in COVID-19

Plasmin is the major fibrinolytic protease. In their review article, Hong-Long et al. [13]
summarized the current evidence for the presence of elevated plasmin levels in COVID-19
patients with hypertension, diabetes, coronary artery disease, cerebrovascular disorders,
chronic obstructive pulmonary disease and kidney dysfunction. Plasmin, along with
other proteases, may contribute to increased SARS-CoV-2 infectivity, and antiproteases
targeting the plasmin(ogen) system may be a promising therapeutic option in patients with
COVID-19 [13]. There is also an increasing body of evidence that systemic fibrinolysis
may be an effective therapeutic approach in critically ill patients with COVID-19 [12-14].
Medcalf et al. [15] described the so-called plasmin paradox in patients with COVID-19,
wherein plasmin formation can be either harmful or beneficial, although not at the same
time. The authors suggested that an appropriate therapeutic approach aimed either at
promoting or inhibiting fibrinolytic activity depends on the severity of infection. In patients
with mild or moderate infection, suppression of fibrinolysis may reduce the amount of the
virus and improve the immune response. On the other hand, activation of the fibrinolytic
system may be protective in severe cases [15]. These conclusions may have important
implications for management decisions in patients with COVID-19.

5. COVID-19-Associated Coagulopathy and Sepsis-Induced
Coagulopathy/Disseminated Intravascular Coagulation

Many authors note the different course of coagulopathy in patients with COVID-19
(CAC, COVID-19-associated coagulopathy) compared to coagulopathy during bacterial
sepsis (SIC, sepsis-induced coagulopathy)/disseminated intravascular coagulation (DIC)
syndrome. In hospitalized patients with COVID-19, an important coagulation disorder
is high D-dimer levels, which are reported to be a negative prognostic factor associated
with both increased disease severity and high mortality rates [16]. Although the increase
in dimers was initially misinterpreted as a marker of increased fibrinolysis [16], it is now
indicated that the essence of CAC is massive fibrin formation, not degradation [17]. The
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causes of this coagulopathy have not been fully explained; it is thought that a dysregulation
of the immune response by inflammatory cytokines, lymphocyte cell death, hypoxia and
endothelial damage may be responsible for the abnormal coagulation process in patients
with COVID-19 [17]. The hyperinflammatory response, which occurs in most severe cases,
can directly and indirectly activate the coagulation cascade; in addition, endothelial cells
damaged by the cytokine storm, such as macrophages and monocytes, release TF, activating
the extrinsic coagulation pathway and enhancing the coagulation process [16].

Critically ill patients with COVID-19, hospitalized in intensive care units, are at risk
for secondary infections and their complications. Ripa et al. studied the incidence of
secondary bacterial infections or possible lower respiratory tract infections occurring 48 h
after hospital admission until death or discharge. The overall cumulative incidence after
28 days was 16.4% (95% CI, 12.4-21.0%), so the incidence of secondary bacterial infections
can be considered high [18]. Bacterial infection may be the starting point of sepsis, with
an overlapping risk of progression of coagulopathy to DIC in hospitalized patients with
COVID-19. Early detection of infection, prior to decompensation in patients, and the
implementation of appropriate treatment therefore appear to be important in its treatment.

Mechanisms affecting SIC and DIC include the coagulation system, platelets, inflam-
matory cells and damage to the vascular endothelium. The vascular endothelium plays a
very important role in this type of disorder, as, under physiological conditions, it releases
nitric oxide and prostacyclin, thus contributing to the anticoagulant effect, while, during
septic conditions, it promotes prothrombotic effects by expressing the tissue factor and
releasing the von Willebrand factor [19]. Endothelial cells, through the production of
tissue-type plasminogen activator and PAI-1, regulate fibrinolysis, which is suppressed
during SIC/DIC, resulting in the formation of fibrin clots in the tissue microcirculation [19].
In patients with sepsis, coagulopathy can progress from the compensatory phase to the
uncompensated phase of DIC, in which thrombosis and bleeding coexist as a consequence
of coagulation activation and coagulation factor consumption. Laboratory criteria for
diagnosing SIC include thrombocytopenia and a prolonged prothrombin time, among
others. The development of thrombocytopenia is often key to the diagnosis of this type
of coagulopathy, but this condition should be differentiated from possible other causes of
decreased platelet levels in critically ill patients.

To summarize the differences in laboratory deviations in SIC/DIC and CAC, the
first aspect is the increase in D-dimers and fibrinogen, which is characteristic of CAC. Of
further note are the relatively small deviations in other coagulation biomarkers, including a
relatively normal PT level and a slight decrease in platelets, while these two deviations are
more common in SIC/DIC [20]. However, platelets in CAC, even if they remain normal,
are overactive and have increased interactions with leukocytes, and their hyperactivity
leads to the increased release of a-granules and CK, which contributes to inflammation and
thrombosis [16]. In anticoagulation protein deviations, the antithrombin level in SIC/DIC
decreases significantly, which can be associated, among other aspects, with increased
vascular permeability [19]; such a phenomenon has not been observed in CAC, where
antithrombin levels either remain normal or remain at the lower end of the reference value
range. The main differences regarding the laboratory parameters of the coagulation system
in CAC and SIC/DIC are shown in Table 1.

Table 1. Abnormalities in coagulation parameters in patients with CAC and SIC/DIC [4,6,21,22].

Parameter CAC SIC/DIC
Reduced platelet count is possible
1 P p
Flatelets although not characteristic Degreasesd
D-dimer Increased Increased
PT! Prolonged Prolonged
aPTT s Prolonged

with worsening of coagulopathy
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Table 1. Cont.

Parameter CAC SIC/DIC

Initially increased and then reduced Initially normal and then reduced

bri 2
Fibriniogen with worsening of coagulopathy with worsening of coagulopathy

Reduced but rarely below the lower

o D
limit of normal ecreased

Antithrombin

PT, prothrombin time; aPTT, activated partial thromboplastin time; CAC, COVID-19-associated coagulopathy;
SIC, sepsis-induced coagulopathy; DIC, disseminated intravascular coagulation. ! ISTH experts recommend
D-dimer, prothrombin time and platelet testing in each patient with COVID-19. 2 Fibrinogen testing may also
be useful.

6. Venous Thromboembolism and Pulmonary Embolism in COVID-19

Already in the early phase of the pandemic, a very high incidence of venous throm-
boembolism (VTE) incidents was noted in patients with COVID-19, and thrombotic symp-
toms involved not only the venous side, but also the arterial side. Moreover, in addition
to macrovascular complications, COVID-19 appears to be associated with microvascular
thrombosis [16]. Enhanced levels of D-dimers and fibrin or fibrinogen degradation prod-
ucts indicate that massive fibrin formation is the essence of coagulopathy in COVID-19 [17].
The fibrinolytic system is closely linked to D-dimers, a degradation product of fibrin. In
COVID-19 patients with suspicion of VTE and pulmonary embolism (PE), D-dimer testing
plays a key role. Numerous studies have linked elevated D-dimer levels with worse prog-
nosis [21]. Moreover, admission D-dimer testing showing a more than four-fold increase in
D-dimer levels may be a useful prognostic marker of in-hospital mortality in patients with
COVID-19 [23].

Manzoor et al. [12] suggested that, similar to fibrinogen, a reduction in D-dimer levels
correlating with clinical deterioration may indicate the suppression of the fibrinolytic
system. However, Tang et al. [4] reported moderately or markedly elevated levels of
D-dimer and fibrin degradation products in all patients who died from novel coronavirus
pneumonia, which suggests coagulation activation and secondary hyperfibrinolysis in these
patients [4]. Bouck et al. [24] assessed differences in plasma coagulation and fibrinolytic
potential between patients with COVID-19, critically ill patients with sepsis and healthy
donors. Patients with COVID-19 and sepsis had higher levels of fibrinogen, D-dimer and
plasmin—-antiplasmin complexes than healthy donors. Moreover, COVID-19 patients had
higher thrombin generation potential despite anticoagulant prophylaxis, as well as higher
endogenous plasmin potential. Moreover, the lag times to plasmin, thrombin and fibrin
formation were prolonged with the increasing severity of COVID-19 [24]. Coagulation
disorders with systemic microthrombi and increased incidence of VTE were also confirmed
by autopsy studies in patients with COVID-19 [12,25,26]. In a systematic review and meta-
analysis, Suh et al. [27] assessed the incidence of PE and DVT in patients with COVID-19. The
pooled incidence rates of PE and DVT were 16.5% (95% confidence interval (CI), 11.6-22.9)
and 14.8% (95% CI, 8.5-24.5), respectively, and exceeded 20% among patients admitted
to the intensive care unit [27]. The treatment and prevention of VTE, including PE, in
patients with COVID-19 mostly follows the guidelines for patients without COVID-19.
According to the Anticoagulation Forum [28] guidelines, standard-dose pharmacologic
VTE prophylaxis is recommended in hospitalized patients with COVID-19. In critically
ill patients, increased doses of VTE prophylaxis are recommended. For the treatment
of confirmed or suspected VTE in patients with COVID-19, the authors suggest using
low-molecular-weight heparin over unfractionated heparin whenever possible. In patients
with COVID-19 suspected to have a hospital-associated VTE event, 3-month therapeutic
anticoagulation is recommended. Thrombolytic therapy in patients with COVID-19 is not
recommended, except in those with high-risk PE with hemodynamic compromise [28]. The
above recommendations are in agreement with the International Society on Thrombosis and
Haemostasis guidance on the recognition and management of coagulopathy in COVID-19 [6].
Adams et al. [29] emphasized that in COVID-19 patients with significantly elevated D-
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dimer levels, full anticoagulation appears to provide more benefits. Full-therapeutic-dose
anticoagulation is recommended for patients with increased fibrinogen (>8 g/L) or D-dimer
(>3.0 ug/mL) levels. This recommendation may be supported by the fact that elevated
fibrinogen levels may compromise the efficacy of heparin-based VIE prophylaxis [30].
Practical guidance on VTE prevention and treatment in patients with COVID-19 was also
published by the COVID-19 Scientific Forum of the Chamber of Physicians and Dentists
(in Polish: Forum Naukowe COVID-19 Naczelnej Izby Lekarskiej). These guidelines
are in line with other expert recommendations. As an add-on, they include sections on
VTE management at discharge and on home-based treatment. Based on current expert
recommendations, an example of a thromboprophylaxis and anticoagulant treatment
regimen in adult patients hospitalized due to COVID-19 is shown in Figure 1.

Hospitalized adult patients with

covIiD—19
Is there any:
— active bleeding
— platelet count < 50
(25) x10°1L
YES NO l
v
use of intermittent DVT symptoms /diagnosis —
pneumatic compression VTE symptoms / diagnosis terapeutic dose LMWH
devices.
A
previous episode of heparin J
—induced thrombocytopenia J NO YES
or other side effects of
heparin v
L PE symptoms / diagnosis —
NO YES | trerapeutic dose LMWH
' v
prophylactic dose LMWH fondaparinux 2.5 mg s.c/ d l
patient
hemodynamically
stable?
) (=S
E [
creatinine = v
clearance (CrCl) continuation thrombolysis
Mo 15-30 ml/ min of reatment recommended
P YES v
LMWH dose reduction o if

CrCl below 15—30 mimin UHF
recommended

High-risk factors for
thromboembolic events*
NO YES v
intermediate dose of
recommended, i.e. 1 mg / kg b.ve.; with

CICL> 30 mi / min (it is possible to use
another LMWH in an equivalent dose).

*Factors of high risk of thromboembolic events

—history of VTE

—thrombophilia

—active neoplastic process
of chronic i

-

diseases, e.g. i bowel disease,
—age> 75 years
—immobilization,

—rapid increase in the concentration of D-dimer (approx. 1000 ng / mi / 24 h or more)

id arthritis, etc.

COVID—19 — Coronavirus Disease 2019 LMWH — low molecular weight heparin VTE — venous thromboembolism PE — pulmonary embolism DVT — deep vein thrombosis UHF —

unfractionated heparin

Figure 1. An exemplary algorithm for thromboprophylaxis and anticoagulant treatment in adult
patients hospitalized due to COVID-19 based on current expert recommendations.
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However, considering the differences in coagulopathy and prothrombotic potential in
patients with vs. those without COVID-19, the above guidelines seem to be insufficient.
Moreover, it was reported that patients with COVID-19 may develop VTE, including PE,
despite heparin-based anticoagulation, including therapeutic-dose heparins [12,13]. This
may necessitate updates in the guidelines on the management of this particular patient
population. Barrett et al. [31] suggested that in patients with severe COVID-19, therapeutic
anticoagulation with unfractionated heparin should be considered, and that antithrombin
supplementation may be of utility [31]. In the setting of COVID-19 and related thromboem-
bolic complications, the efficacy of fibrinolytic therapy becomes an important topic. Patients
with VTE, including PE, were reported to have impaired fibrinolysis associated with a
more compact fibrin structure [32]. Moreover, fibrin accumulation was shown to promote
alveolar damage and hyaline membrane formation [33]. Maier et al. [34] assessed differences
in fibrinolysis stimulated by tPA by comparing the plasma of patients with COVID-19 on
prophylactic heparin therapy with that of healthy donors. The addition of tPA resulted in
lower fibrinogen levels (37.9% =+ 16.5% vs. 58.9% =+ 18.3%, p = 0.0035) and a longer time
to lysis (48.8 + 16.3 min vs. 30.5 + 15.4 min, p = 0.0053) in patients with COVID-19 [34].
Differences in the features of hemostatic disorders in patients with COVID-19 were also
confirmed by Blasi et al. [35]. In their study, patients with COVID-19 were shown to
have enhanced clot formation and reduced fibrinolytic potential despite heparin therapy.
Moreover, the hypercoagulable state is more prominent in more severely ill patients [35].
These findings are in line with other studies. Hammer et al. [36] assessed whole-blood
samples from COVID-19 patients to assess coagulation and fibrinolysis. COVID-19 patients
showed increased resistance to lysis and a longer lysis time after stimulation with tPA, as
compared with controls (maximum lysis: 3.25 4= 0.56% vs. 6.20 + 0.89%, p = 0.0127; lysis
time: 365.7 £ 44.6 vs. 193.2 £+ 16.3 s, p = 0.0014).

7. Monitoring of Coagulation and Fibrinolysis: Thromboelastography and
Rotational Thromboelastometry

Thromboelastography and rotational thromboelastometry are viscoelastic methods
that provide a dynamic picture of clot formation, stabilization and lysis in whole blood.
Moreover, they are used for the assessment of fibrinolysis [37,38]. These useful point-
of-care tools have an advantage over conventional laboratory testing in that they can
rapidly detect changes in coagulation and fibrinolysis [37]. Creel-Bulos et al. [39] assessed
patients admitted to the intensive care unit, 44% of whom had impaired fibrinolysis.
Pavoni et al. [40] conducted a similar study in critically ill patients with COVID-19 admitted
to the intensive care unit. Patients were assessed on admission and at 5 and 10 days. In
line with previous research, rotational thromboelastometry confirmed a hypercoagulable
state in these patients. Nougier et al. [41] assessed patients with SARS-CoV-2 infection
admitted to internal disease and intensive care units. Thromboelastography showed normal
thrombin generation capacity despite heparin use. Impaired fibrinolysis was found in all
patients. Interesting results about the altered clot structure in COVID-19 patients were
provided by Wygrecka et al. The authors compared changes in coagulation activation
during the contact phase and fibrinolysis between COVID-19 patients, acute respiratory
distress syndrome influenza patients and healthy subjects. The presented data showed that
the pathological events described in COVID-19 create an environment that promotes FXII
activation, which, combined with high levels of fibrinogen, may contribute to the formation
of a compact, lysis-resistant clot in a thrombin-dependent and -independent manner [42].

Salem et al. [43] reported a hypercoagulable state in 30.8% of critically ill patients
with COVID-19 despite pharmacologic thromboprophylaxis. All these studies confirm
that critically ill patients with COVID-19 are susceptible to hemostatic disorders and hy-
percoagulability despite antithrombotic treatment. Thromboelastography and rotational
thromboelastometry may help to identify patients who may benefit from fibrinolytic ther-
apy in terms of improved clinical status [37].
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8. Fibrinolysis in Critically Ill Patients with COVID-19: Yes or No?

Considering that coagulopathy in patients with COVID-19 has different features that
have not been fully understood so far, clinicians have made attempts to use different
treatment options, including fibrinolysis. Della Bona et al. [14] reported a case series of
four patients who developed PE despite heparin use, including during treatment with
sodium heparin. In most cases, systemic fibrinolysis with alteplase proved effective. Other
authors also reported clinical improvement in critically ill patients with COVID-19 after
fibrinolytic therapy [14,44-46]. It is suspected that pulmonary microemboli may contribute
to respiratory failure in patients with COVID-19. Therefore, tPA therapy may offer clinical
benefits in these patients [45,47], including those with comorbidities [48]. In a retrospective
study in critically ill patients with COVID-19, So et al. [26] administered tPA to patients
with a suspicion of PE. tPA infusion was associated with an improvement in 49.1% of
patients. All-cause mortality in this population was 89.5% [26].

Plasminogen may be another interesting therapeutic agent in the fight against COVID-19.
In a study by Della-Morte et al. [49], patients with COVID-19 with low plasminogen levels
showed a 12-fold higher risk of mortality than COVID-19 patients with normal or high
plasminogen levels (odds ratio, 12.57; 95% CI, 2.46-64.0; § = 2.53; p = 0.002). Wu et al. [50]
studied the effect of atomization inhalation with freeze-dried plasminogen in patients with
moderate to severe COVID-19. They showed that additional plasminogen may be effective
in treating lung lesions and hypoxemia in these patients. The authors concluded that while
further studies are needed, this fibrinolytic agent may be an adequate therapeutic option in
this population of patients [50].

Consideration of systemic fibrinolysis should always involve a careful risk-to-benefit
assessment in terms of possible adverse events. The risk of bleeding in COVID-19 patients
was reported at 4.8%, with a slightly higher risk of 7.6% in those with critical disease [33].
Moreover, the initial enthusiasm as to the continuation of fibrinolytic therapy in critically
ill patients with COVID-19 was dampened by the results of a randomized clinical trial
in patients receiving thrombolytic therapy. Based on preliminary findings, thrombolytic
therapy does not improve oxygenation in these patients. Moreover, major bleeding was
reported in 10.2% of patients within 7 days of the infusion of recombinant tPA, while
concomitant anticoagulation and tPA resulted in a higher risk of bleeding (in 5 of 6 patients
with major bleeding) [51]. On the other hand, coagulopathy in critically ill patients with
COVID-19 has prothrombotic potential. A large, multicenter, randomized controlled trial
showed that the combination of tPA bolus and heparin is safe in COVID-19 patients with
severe respiratory failure. None of the patients experienced major bleeding, including
intracranial bleeding, although the authors noted that this might have been due to the
careful patient selection [52].

Thus, based on current knowledge, it is difficult to conclusively answer the question of
whether the routine use of fibrinolysis in COVID-19 patients with a severe course and/or
with coexisting pulmonary embolism in hemodynamically stable patients is warranted.

Nevertheless, the distinct features of coagulopathy in this patient population have
been well described. It is possible that the point-of-care testing with thromboelastography
and rotational thromboelastometry could be helpful in selecting candidates for fibrinolytic
therapy. Although the general vaccination program and virus evolution have changed
the dynamics of the pandemic, the large discrepancies in the current literature necessitate
further research to clarify treatment recommendations for patients with severe COVID-19.

9. Study Limitations

The lack of adequate control groups for retrospective studies is a major limitation of
this review.
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Abstract

Introduction: Coronavirus disease 2019 (COVID-19) exacerbates intravascular thrombosis that occurs in the coronary artery in
ST-elevation myocardial infarction (STEMI).

Aim: To analyze the impact of COVID-19 on the application and effect of thrombectomy in STEMI patients.

Material and methods: 29915 STEMI patients were analyzed, of whom 3139 (10.5%) underwent thrombectomy. COVID-19 (+)
was reported in 311 (10.8%). The clinical characteristics and management of STEMI in COVID-19 (+) and COVID-19 (-) patients were
compared. A multivariable logistic regression analysis was performed in search of factors influencing thrombectomy.

Results: COVID-19 (+) patients had higher Killip class (IV class; n = 33 (12.31%) vs. n = 138 (5.84%); p < 0.0001) and cardiac
arrest at baseline was more frequent in this group (n = 25 (8.04%) vs. n = 137 (4.84%); p = 0.016). Thrombolysis in myocardial infarc-
tion (TIMI) 3 after percutaneous coronary intervention was less frequent (n = 248 (80.52%) vs. n = 2388 (87.19%); p = 0.001) in the
COVID-19 (-) group. Periprocedural mortality was similar in both groups (n = 28 (0.99%) vs. n = 4 (1.29%); p = 0.622). In multivariable
regression analysis COVID-19 increased the risk of thrombectomy (OR = 1.23; 97.5% Cl: 1.05-1.43; p = 0.001).

Conclusions: STEMI patients undergoing aspiration thrombectomy who were COVID-19 (+) were more likely to be in a severe
clinical condition (higher Killip class, more frequent cardiac arrest before the procedure) than COVID-19 (-) patients. Despite more
intensive antiplatelet and anticoagulant treatment, PCl procedures were less likely to result in an optimal TIMI 3 effect. COVID-19 is
an independent strong predictor of patient qualification for aspiration thrombectomy in STEMI.

Key words: thrombectomy, percutaneous coronary intervention, acute coronary syndrome, COVID-19, myocardial infarction,
coronary thrombosis.

Summary

The authors found that coronary thrombosis in patients undergoing thrombectomy because of ST-elevation myocardial
infarction with concomitant COVID-19 is more severe. In these patients percutaneous coronary intervention less frequently
ends in an optimal result. COVID-19 is an independent and strong predictor of patient qualification for aspiration thrombec-
tomy in ST-elevation myocardial infarction.

gression of respiratory failure and, in many cases, inevitably

Introduction lead to the patient’s death. It was quickly recognized that
Initially, with SARS-CoV-2 coronavirus infections, the  infection with the new coronavirus could generate symp-
main focus was placed on the infectious symptoms and the ~ toms from other systems, likely due to the prevalence of
pulmonary complications that could eventually lead to pro-  the receptor by which the virus enters the host cell. One of
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the first observations made was the effect of infection on
the coagulation system. It was reported that patients with
coronavirus disease 2019 (COVID-19) had an increased
incidence of complications such as ischemic stroke, pul-
monary embolism and acute coronary syndromes [1-3]. It
has not been fully clarified what leads to the procoagulant
state in COVID-19. Most likely, there are complex mecha-
nisms between the innate immune response, coagulation
and fibrinolysis pathways and vascular endothelial dam-
age, as well as individual variables including mutations
of factor V Leiden and prothrombin G20201A [4, 5]. The
pathology observed in the course of COVID-19 in a mouse
model was similar to that observed in patients with severe
COVID-19, with evidence of diffuse bronchoalveolar inju-
ry with edema, fibrin deposits, leukocyte infiltration and
pneumocyte hypertrophy [4]. Also there are significant his-
topathological changes in the accumulation of T lympho-
cytes (CD4-CD8 located around blood vessels are visible in
the post-mortem examination of COVID-19 patients) [6].
The impact of disruptions of the fibrinolysis system in the
course of COVID-19 infection may play a significant role not
only in terms of cardiac diseases. The importance of this
system and its disorders in the course of infection is also
confirmed by the observations of other specialists. A com-
plication that can be observed in patients with severe
COVID-19 is pulmonary fibrosis, in which the formation of
fibrin in the intraalveolar compartment and proteases of
the coagulation system and plasminogen activation (plas-
minergic) system play an important role, which respectively
create and break down fibrin [7]. In a study of the effect
of drugs on pulmonary fibrosis in mice, lower fibrinogen
levels and higher levels of tPA, the main intravascular ac-
tivator of fibrinolysis, were found in the treatment group,
which correlated with inhibition of fibrosis progression in
mice [8]. Experts suggest that therapy to reduce fibrotic le-
sions used in the early stages of SARS-CoV-2 infection may
have significant benefits [9].

It seems that the procoagulant potential in the course
of SARS-CoV-2 virus infection may be enhanced in the
course of acute coronary syndrome (ACS), where coag-
ulation also occurs. As a result, this additive effect may
lead to a more severe course and be associated with
a higher risk of death [10, 11].

Aim

The aim of the study is to determine whether and
how COVID-19 affects the clinical parameters of ST-ele-
vation myocardial infarction (STEMI) patients undergoing
aspiration thrombectomy during percutaneous coronary
intervention (PCI) as well as the application and effect of
thrombectomy in STEMI patients.

Material and methods

In order to determine the most important factors
that, due to the enhanced clotting potential of SARS-

120

CoV2 coronavirus infection, may have affected throm-
bus formation in the coronary vessel, as well as whether
COVID-19 infection alone affected the frequency of aspi-
ration thrombectomy, we analyzed patients with STEMI,
based on the National Registry of Invasive Cardiology
Procedures (ORPKI) [10].

The study group consisted of patients undergoing in-
vasive treatment for STEMI from March 4, 2020, when
the first COVID-19 infection was confirmed in Poland,
until March 4, 2022.

The group of patients collected for analysis, namely
those who qualified for treatment of STEMI and were
registered in ORPKI, included 29915 patients, of whom
3139 underwent aspiration thrombectomy. This group
consisted of 2828 COVID-19 negative patients and 311
patients who were diagnosed with COVID-19. The anti-
gen tests were used to confirm positive cases, either in
the ambulance or at the destination hospital. Due to the
need to adhere to time standards, there was no waiting
for PCR test results. Patients with suspected COVID-19
(as recommended for triage by the National Institute of
Public Health and the Ministry of Health) were treated as
potentially COVID-19 (+). A diagnosis of COVID-19 was al-
ways available before any interventional procedure (angi-
ography or percutaneous coronary intervention) and was
recorded in the ORPKI online database. Swabs for molec-
ular RT-PCR were always collected before the procedure.
The study included cases of patients who underwent pri-
mary PCl; rescue and facilitated PCI were excluded. The
time from symptoms onset to PCl was less than 24 h.

We carried out a pooled analysis of factors predis-
posing to aspiration thrombectomy in STEMI patients
undergoing invasive treatment. The mentioned patients
received acetylsalicylic acid (ASA), P2Y12 or anticoagula-
tion during PCI, which was included in the ORPKI registry;
the remaining patients received the drugs earlier, which
was not shown in the ORPKI registry. The ORPKI registry
does not provide specific information about thrombolysis
during PCI. Data on thrombus burden grades were not
collected as part of the ORPKI registry. Chronic kidney
disease was defined in compliance with the recommen-
dations as the presence of an estimated glomerular fil-
tration rate (eGFR) of less than 60 ml/min/1.73 m2. Two
groups of patients were compared: patients with STEMI
but without confirmed infection (COVID-19(-)) and pa-
tients with STEMI with confirmed infection (COVID-19(+)).
We carried out multivariable regression analysis of clini-
cal, prehospital and pharmacological factors to the end-
point of aspiration thrombectomy. The authors selected
variables with a potential impact on the course of PCl;
these were mainly clinical parameters. Patients qualified
for invasive treatment signed informed consent forms in
accordance with the recommendations of the 1964 Dec-
laration of Helsinki. As we used anonymous data from
the ORPKI database, the study did not require approval
from the Bioethics Committee.
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Statistical analysis

Nominal variables were presented as counts and per-
centages, whereas continuous variables were presented
as means with standard deviation as well as median
with the first and the third quartiles. Normality was as-
sessed by Shapiro-Wilk test. Equality of variances was
assessed using Levene’s test. Differences between two
groups were compared using Student’s or Welch’s t test
depending on the equality of variances for normally dis-
tributed variables. The Mann-Whitney U test was used
for non-normally distributed continuous variables. Com-
parison of nominal variables between analyzed groups
was performed using the Pearson y? test or Fisher’s exact
test. Multivariable logistic regression models were used
to estimate odds ratios with 95% confidence intervals
and p-values. A p-value of less than 0.05 was considered
significant. No missing data imputation was performed.
All available data were analyzed. The final model was run
on all cases. The outcome was thrombectomy and expo-
sure was COVID-19. Predictors were age, gender, weight,
diabetes, previous myocardial infarction (MI), previous
PCl, previous coronary artery bypass grafting (CABG),
smoking status, psoriasis, arterial hypertension, kidney
disease, chronic obstructive pulmonary disease (COPD),
Killip class at admission and cardiac arrest at baseline.
Effect modifiers were advanced forms of coronary artery
disease (stenosis of left main coronary artery (LMCA),
multivessel disease with or without stenosis of LMCA).
Confounders were time from pain to first medical contact
(FMC) and time from FMC to angiography. All statistical
calculations were performed with R version 4.1.3 (R Core
Team, Vienna, Austria, 2022).

Results

Among 29915 patients with STEMI included in the
study 3139 underwent aspiration thrombectomy. 2828
patients were COVID-19 (-) and 311 patients were
COVID-19 (+).

Patients’ distribution is presented in Figure 1. Base-
line characteristics of clinical factors showed that pa-
tients with STEMI and concomitant COVID-19 who had
undergone aspiration thrombectomy were in a higher
Killip class (class IV; n = 33 (12.31%) vs. n = 138 (5.84%);
p < 0.0001), more frequently had chronic obstructive
pulmonary disease (COPD) (n = 66 (2.33%) vs. n = 16
(5.14%); p = 0.003), chronic total occlusion (CTO) (n = 63
(2.23%) vs. n =13 (4.18%); p = 0.034), had higher weight
(n=82(73; 95) vs. n = 85 (77; 95); p = 0.026) and longer
time from first contact to inflation or angiogram in min-
utes (75 (55; 120) vs. 90 (58.5; 142.5); p < 0.001) as well
as being more likely to experience out-of-hospital cardiac
arrest (n = 137 (4.84%) vs. n = 25 (8.04%); p = 0.016)
(Table I). Patients with STEMI and concomitant COVID-19
who underwent aspiration thrombectomy during PCl
more often received unfractionated heparin (UFH)
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(n=12295 (81.15%) vs. n = 268 (86.17%); p = 0.03), ace-
tylsalicylic acid (n = 908 (32.11%) vs. h = 124 (39.87%);
p = 0.006), clopidogrel (n = 370 (13.08%) vs. n = 50
(16.08%); p = 0.001) and ticagrelor (n = 843 (29.81%) vs.
n =119 (38.26%); p = 0.001) as well as bivalirudin (n =
20 (0.71%) vs. 6 (1.93%); p = 0.024). Total radiation dose
was higher in COVID-19 patients (551 (315; 938) vs. 621
(376.5; 1130.5); p < 0.001) and these patients required
thrombolysis during PCI more often (n = 24 (0.85%) vs.
n =9 (289%); p < 0.001). Post-PCI Thrombolysis In
Myocardial Infarction (TIMI) 3 flow was obtained less
frequently (n = 2388 (87.19%) vs. n = 248 (80.52%);
p < 0.001) (Table Il). Multivariable regression analysis
showed that independent predictors of thrombectomy
were Killip class IV (OR = 2.06 (1.66-2.55); p < 0.001),
COVID-19 (OR = 1.23 (1.05-1.43); p = 0.001), active
smoking status (OR = 1.18 (1.07-1.31); p = 0.001), male
gender (OR = 1.13 (1.01-1.27); p = 0.032), age (OR = 0.99
(0.98-0.99); p < 0.001), weight (OR = 1.01 (1.002-1.008);
p = 0.003), multivessel disease with left main coronary
artery (OR = 0.81 (0.74-0.89); p < 0.001) or without LMCA
stenosis (OR = 0.63 (0.51-0.77); p < 0.001) and time from
first medical contact to angiography (OR = 0.99 (0.9987-
0.9996); p = 0.001) (Table Ill). Factors affecting qualifica-
tion for thrombectomy are also shown in Figure 2.

STEMI
N = 29,915

|

STEMI treated by
aspiration
thrombectomy
n = 3139 (10.5%)

COVID-19 ()
n = 2828 (10.5%)

COVID-19 (+)
n =311 (10.8%)

TIMI 01 at baseline,
n=2503 (91.22%)
Killip-Kimball IV class,

n =138 (5.84%)
Cardiac arrest at baseline,
n =137 (4.84%)

TIMI 01 at baseline,
n =279 (90.58%)
Killip-Kimball IV class,
n =33 (12.31%)
Cardiac arrest at baseline,
n =25 (8.04%)

Death during Death during

—> procedure, procedure, [<€—
n =28 (0.99%) n=4(129%)
nT*”\;‘l?z;?; ]ngl’/] TIMI 3 post PCI,
) Survivea i n = 248 (80.52%)
n = 2800 (99.01%) Survived n = 2800 (98.71%)

Figure 1. Distribution of patients with STEMI

treated by aspiration thrombectomy

COVID-19 — coronavirus disease 2019, PCl — percutaneous coro
nary intervention, STEM! — ST-elevation myocardial infarction,
TIM! = Thrombolysis in Myocardial Infarction.
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Table I. Baseline characteristics of clinical factors in STEMI patients (n = 29915) undergoing aspiration throm-

bectomy during PCI

Aspiration thrombectomy Total COVID-19 (-) COVID-19 (+) P-value
(n = 3139; 10.5%) (n = 2828; 10.5%) (n=311; 10.8%)

Age [years] 64 (56; 71) 64 (56; 71) 64 (55; 71) 0.555
Gender, male 2311 (73.76%) 2068 (73.26%) 243 (78.39%) 0.051
Weight [kg] 82 (74; 95) 82 (73; 95) 85 (77; 95) 0.026
Diabetes, n (%) 511 (16.28) 452 (15.98) 59 (18.97) 0.195
Previous stroke, n (%) 82 (2.61) 75 (2.65) 7(2.25) 0.674
Previous MI, n (%) 387 (12.33) 342 (12.09) 45 (14.47) 0.226
Previous PCl, n (%) 380 (12.11) 337 (11.92) 43 (13.83) 0327
Previous CABG, n (%) 58 (1.85) 48 (1.70) 10 (3.22) 0.059
Smoking status, n (%) 1157 (36.86) 1054 (37.27) 103 (33.12) 0.15
Psoriasis, n (%) 13 (0.41) 12 (0.42) 1(0.32) 0.79
Arterial hypertension, n (%) 1802 (57.41) 1618 (57.21) 184 (59.16) 0.509
COPD, n (%) 82 (2.61) 66 (2.33) 16 (5.14) 0.003
Killip class:

| 2107 (80.05%) 1923 (81.35%) 184 (68.66%) < 0.0001

1l 272 (10.33%) 241 (10.19%) 31 (11.57%)

il 82 (3.12%) 62 (2.62%) 20 (7.46%)

\% 171 (6.50%) 138 (5.84%) 33 (12.31%)
Cardiac arrest at baseline, n (%) 162 (5.16) 137 (4.84) 25 (8.04) 0.016
Time from pain to first contact [min] 120 (60; 360) 120 (60; 360) 120 (60; 480) 0.733
Time from pain to inflation or angiogram [min] 220 (135; 530) 220 (135; 504.5) 250 (135; 805.5) 0.05
Time from first contact to inflation or angiogram [min] 75 (55; 120) 75 (55; 120) 90 (58.5; 142.5) < 0.001
Angiography result:

1-vessel 1559 (49.67%) 1403 (49.61%) 156 (50.16%) 0.979

Multivessel 1418 (45.17%) 1278 (45.19%) 140 (45.02%)

Multivessel + LMCA 154 (4.91%) 140 (4.95%) 14 (4.50%)

LMCA 8 (0.25%) 7 (0.25%) 1(0.32%)
CTO, n (%) 76 (2.42) 63 (2.23) 13 (4.18) 0.034

CABG — coronary artery bypass grafting, COPD — chronic obstructive pulmonary disease, COVID-19 — coronavirus disease 2019, CTO — chronic total occlusion,
LMCA - left main coronary artery, Mi — myocardial infarction, PCI - percutaneous coronary intervention, STEM( — ST-elevation myocardial infarction.

Discussion

Inthe course of COVID-19 infection, an increased inci-
dence of thromboembolic complications was very quickly
noted, and disorders of the hemostasis system became
distinguished from the previously known coagulopathy,
which was referred to as COVID-19-associated coagulop-
athy (CAQ). Equally quickly, a different course of STEMI in
the course of SARS-CoV2 infection began to be observed.
It was found that some of the infected patients undergo-
ing invasive examination did not have an identifiable cor-
onary lesion [12], and the occurrence of non-obstructive
coronary artery disease was significantly more frequently
observed in COVID-19 STEMI than in the control group
(13% vs. 1%, p = 0.03) [13]. In addition, there have been
reports that this problem occurred with an increased fre-
quency in women (1/3 of women vs. 1/5 of men) [14].
Information is available in the literature on cases of pa-
tients who developed coronary artery embolism during
COVID-19 infection. During angiography, thrombectomy
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was performed, and due to the absence of a coronary
lesion, stent implantation was abandoned, and then an-
ticoagulant therapy was continued with a satisfactory
effect [15]. Similar clinical cases have also been report-
ed by other authors [16]. The angiographic image in the
form of extensive and multivessel thrombosis, regardless
of the presence of atherosclerotic plaques, poses a new
therapeutic challenge and may be associated with an in-
crease in the incidence of stent thrombosis [17], which in
in-hospital settings may increase up to five times [18]. In
a large multicenter, retrospective study in patients with
COVID-19 and STEMI disease, the percentage of stent
thrombosis in patients undergoing PCl treatment was es-
timated to be 21% vs. 1% compared to the control group
[19]. Interesting conclusions were provided by the study
of Cornelissen et al., who assessed the inflammatory po-
tential and thrombogenicity of different stents using the
blood of healthy volunteers, enriched with high levels of
IL-6 and TNF-a to simulate a cytokine storm, similar to
that occurring in the course of COVID-19. The study indi-
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Table Il. Descriptive characteristics of procedural factors in STEMI patients undergoing aspiration thrombec-

tomy during PCI

Aspiration thrombectomy Total COVID-19 (-) COVID-19 (+) P-value
(n=3139; 10.5%) (n = 2828; 10.5%) (n=311; 10.8%)

Infarct-related artery:

LMCA 53 (1.69%) 48 (1.70%) 5 (1.61%) 0.907

LAD 1245 (39.66%) 1108 (39.18%) 137 (44.05%) 0.096

Cx 298 (9.49%) 268 (9.48%) 30 (9.65%) 0.923

RCA 1481 (47.18%) 1345 (47.56%) 136 (43.73%) 0.199

LIMA-LAD 3 (0.10%) 2 (0.07%) 1(0.32%) 0.269

SVG 36 (1.15%) 31 (1.10%) 5 (1.61%) 0.421
Number of implanted stents:

0 341 (10.86%) 306 (10.82%) 35 (11.25%) 0.94

1 2400 (76.46%) 2160 (76.38%) 240 (77.17%)

2 342 (10.90%) 310 (10.96%) 32 (10.29%)

3 54 (1.72%) 50 (1.77%) 4 (1.29%)

4 2 (0.06%) 2 (0.07%) 0 (0.00%)
TIMI 01 at baseline, n (%) 2782 (91.15%) 2503 (91.22%) 279 (90.58%) 0.711
Post-PCI TIMI 3, n (%) 2636 (86.51%) 2388 (87.19%) 248 (80.52%) 0.001
Total amount of contrast used during procedure [ccm] 150 (120; 200) 150 (120; 200) 150 (120; 200) 0.682
Total radiation dose during procedure [mGy] 558 (321; 959.25) 551 (315; 938) 621 (376.5; 1130.5) < 0.001
Death during procedure, n (%) 32 (1.02%) 28 (0.99%) 4 (1.29%) 0.622
No reflow, n (%) 111 (3.54%) 95 (3.36%) 16 (5.14%) 0.107
Cardiac arrest during PCl, n (%) 48 (1.53%) 42 (1.49%) 6 (1.93%) 0.545
GPI 1Ib/llla, n (%) 1635 (52.09%) 1472 (52.05%) 163 (52.41%) 0.9
ASA during PCl, n (%) 1032 (32.88%) 908 (32.11%) 124 (39.87%) 0.006
UFH during PCI, n (%) 2563 (81.65%) 2295 (81.15%) 268 (86.17%) 0.03
LMWH during PCI, n (%) 9 (0.29%) 7(0.25%) 2 (0.64%) 0.216
Thrombolysis during PCl, n (%) 33 (1.05%) 24 (0.85%) 9 (2.89%) <0.001
Bivalirudin during PCI, n (%) 26 (0.83%) 20 (0.71%) 6 (1.93%) 0.024
P2Y12 during PCl:

None 1708 (54.41%) 1568 (55.45%) 140 (45.02%) 0.001

Clopidogrel 420 (13.38%) 370 (13.08%) 50 (16.08%)

Prasugrel 49 (1.56%) 47 (1.66%) 2 (0.64%)

Ticagrelor 962 (30.65%) 843 (29.81%) 119 (38.26%)

ASA — acetylsalicylic acid, Cx — critical stenosis of circumflex artery, COVID-19 — coronavirus disease 2019, GPi itb/iila — lIb/llla glycoprotein inhibitor, LAD — critical
stenosis of left anterior descending artery, LIMA-LAD — critical stenosis of left internal mammary artery - left anterior descending bypass, LMCA - critical stenosis of
left main coronary artery, LMWH — low molecular weight heparin, PCI — percutaneous coronary intervention, RCA — critical stenosis of right coronary artery, STEMI
— ST-elevation myocardial infarction, SVG - critical stenosis of saphenous vein graft, TIMI — Thrombolysis In Myocardial Infarction, UFH — unfractionated heparin.

Gender male

Smoking status (active)

Killip Class IV vs. |

Multivessel disease
Multivessel disease with LMCA

Time from FMC to angiography (max. 24 h)
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Figure 2. Independent predictors of aspiration thrombectomy in STEMI
COVID-19 - coronavirus disease 2019, FMC - first medical contact, LMCA - stenosis of left main coronary artery, STEMI - ST-elevation myocardial infarction.
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Table lIl. Clinical factors influencing the use of aspiration thrombectomy in all patients

Variable OR (97.5% Cl) P-value
Age [years] 0.99 (0.98-0.99) < 0.001
Gender male 1.13 (1.01-1.27) 0.032
Weight [kg] 1.01 (1.002-1.008) 0.003
Diabetes 0.97 (0.85-1.1) 0.587
Previous stroke 1.00 (0.75-1.31) 0.993
Previous MI 0.98 (0.79-1.21) 0.862
Previous PCI 1.03 (0.83-1.27) 0.815
Previous CABG 1.42 (0.98-2.01) 0.053
Smoking status (active) 1.18 (1.07-1.31) 0.001
Psoriasis 0.84 (0.41-1.55) 0.603
Arterial hypertension 1.01 (0.92-1.11) 0.847
Kidney disease 1.22 (0.93-1.57) 0.139
COPD 112 (0.83-1.48) 0.438
Killip class Il vs. | 1.12 (0.96-1.29) 0.156
Killip class Il vs. | 1.16 (0.87-1.51) 0.300
Killip class IV vs. | 2.06 (1.66-2.55) < 0.001
Multivessel disease 0.81 (0.74-0.89) < 0.001
Multivessel disease with LMCA 0.63 (0.51-0.77) < 0.001
LMCA 1.3 (0.51-2.86) 0.547
Cardiac arrest at baseline 1.03 (0.82-1.27) 0.819
CT0 0.78 (0.58-1.03 0.093
Time from pain to FMC (max 24 h) [min] 1.0 (0.99-1.0) 0.219
Time from FMC to angiography (max 24 h) [min] 0.99 (0.9987-0.9996) 0.001
COVID-19 1.23 (L.05-1.43) 0.001

CABG — coronary artery bypass grafting, COPD — chronic obstructive pulmonary disease, COVID-19 — coronavirus disease 2019, CTO - chronic total occlusion,
FMC — first medical contact, LMCA - citical stenosis of left main coronary artery, Ml — myocardial infarction, PCI — percutaneous coronary intervention,

STEMI - ST-elevation myocardial infarction.

cates that patients with SARS-COV2 infection should be
treated with stents with the lowest thrombogenicity, us-
ing nanocoatings that prevent platelet adhesion [20]. The
prevention of stent thrombosis is also influenced by oth-
er variables that have already been studied. Preference is
given to stents made of materials that reduce adhesion
and activation of platelets through albumin adsorption.
Of great importance after stent implantation is the rate
of endothelial coverage, which is influenced by factors
such as thinner struts, type of polymer, type of drug and
its quantity [21].

Our results indicate that COVID-19 infection is
a strong independent predictor of a patient’s eligibili-
ty for aspiration thrombectomy in the course of STEMI.
Similar conclusions were described by Rodriguez-Leor
et al, in whose study mechanical thrombectomy was
performed significantly more often in STEMI patients
with confirmed SARS-COV2 virus infection compared to
controls (44% vs. 33.5%, p = 0.046) [22]. In our analysis,
STEMI and COVID+ patients were more likely to be both
in a serious condition and to experience out-of-hospital
sudden cardiac arrest. The study group of patients under-
going aspiration thrombectomy required the use of more
intensive anticoagulant therapy. During PCl they were
more often subjected to thrombolysis; moreover, a satis-
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factory effect (TIMI 3) was less often obtained than in the
control group. In this work, among the predisposing fac-
tors for aspiration thrombectomy in STEMI patients en-
rolled in the study were COVID-19, Killip-Kimball class IV,
male gender, and smoking.

The prothrombotic state described in the course of
COVID-19 infection and the difference in its course com-
pared to coagulation disorders previously known may
worsen the course of ACS and require a different ther-
apeutic approach. In the early stages of the pandemic,
according to some authors, fibrinolysis may have been
a reasonable alternative to STEMI treatment [23]. The
authors of a large review concluded that intracoronary
thrombolytic drugs significantly improved myocardial
perfusion and significantly reduced the occurrence of
serious adverse cardiovascular events without increas-
ing the risk of bleeding compared to aspiration throm-
bectomy [24]. Polish research on the phenomenon of
thrombectomy also brings important data. Siudak et al.
in the NRDES study, which involved 13 hemodynamic
labs, divided patients into two large groups: those who
were treated with thrombectomy at the time of primary
PCl and those not treated with this method. The study
involved 2686 patients. As a result, thrombectomy in pa-
tients undergoing primary PCl in STEMI was not associ-
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ated with an improvement in long-term, 1-year clinical
outcome [25].

The results regarding the time from first medical con-
tact to balloon inflation or angiogram in patients with
STEMI and COVID-19 in the available literature are con-
tradictory. Although most studies indicate that this time
was longer compared to the controls [26, 27], some au-
thors did not find significant differences in this respect
[28]. In our analysis, the time from first contact to balloon
inflation or angiogram was significantly longer for STEMI
patients with co-infection with COVID-19 compared to
controls, but the median ischemia time was similar in
both groups. The reasons for this state of affairs could be
e.g. the patient’s fears of internal infection, operator cov-
ers, lack of barrier clothing available at the beginning of
the pandemic, or longer time of patient transport to the
interventional cardiology center. In the regression analy-
sis, time from first contact to balloon inflation or angio-
gram had a significant but small effect on the occurrence
of thrombectomy.

Summing up these reports, it seems that the hyper-
inflammatory response generated by COVID-19 infec-
tion strongly affects changes in the coagulation system,
which can cause hypercoagulability and related complica-
tions. The fact that in patients with STEMI and COVID-19
non-obstructive coronary artery disease is more common,
aspiration thrombectomy is more frequently performed,
incidence of stent thrombosis is higher, and higher doses
of anticoagulants are necessary raises the question of
what the actual role of the coagulation and fibrinolytic
systems is in the context of this disease and how this
knowledge can be applied for potential risk-based bene-
fits. It seems that in the case of patients with STEMI and
COVID-19 who did not show a coronary vascular lesion of
the nature of concomitant atherosclerotic plaque during
PCl, thrombectomy, intravascular thrombolysis, with-
out stent implantation, may be a promising direction of
treatment, especially since stent thrombosis was more
common among patients diagnosed with COVID-19. In
the group with concomitant atherosclerotic lesions, the
best solution seems to be the use of thinner stents, cov-
ered with a polymer with the lowest possible thrombo-
genicity. In addition, it remains to be determined which
therapy affecting the coagulation system would be the
most optimal, taking into account the fact that despite
more intensive anticoagulant treatment in the group of
COVID-19 STEMI patients (+), PCl treatments were less
likely to result in an optimal clinical outcome (TIMI 3).

Summing up these data and current knowledge, in
the course of COVID-19 and STEMI infection, in some cas-
es a different pathophysiology of coronary vascular lesion
formation should be taken into account, and the occur-
ring coagulation disorders and shifting the balance in the
procoagulation direction can be treated as a consequence
of the inflammatory reaction generated in the course of
SARS-CoV2 coronavirus infection. This may lead to a dif-
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ferent therapeutic approach to this group of patients.
Unlike many other studies on thrombectomy in STEMI
with concomitant COVID-19, our study considered periop-
erative mortality (instead of in-hospital mortality), which
was similar in both groups. The study presented here is
the first to focus directly on examining the factors affect-
ing eligibility for thrombectomy. When analyzing the fac-
tors influencing the eligibility for thrombectomy, we con-
sidered STEMI with a short time from the onset of pain
to FMC and from FMC to angiography (< 24 h). COVID-19
independently increased the risk of thrombectomy.

Study limitations

No techniques were used to adjust for baseline dif-
ferences in patients of the 2 unequal groups such as
propensity matching. Whether a patient was included
in the STEMI COVID-19 (+) group was determined by
the positive result of the antigen test performed in the
ambulance or at the destination hospital. Swabs for mo-
lecular RT-PCR were always performed before the proce-
dure; however, due to the urgency of the intervention,
its results were not waited for. There is no database that
presents these data, which is a limitation of this study.

Conclusions

COVID-19 (+) STEMI patients undergoing aspiration
thrombectomy were more often in a severe clinical condi-
tion (higher Killip-Kimball class, more often pre-procedure
cardiac arrest) than COVID-19 (-) patients. Despite more
intensive antiplatelet and antithrombotic treatment, PCI
procedures less often resulted in an optimal TIMI 3 effect.
COVID-19 is an independent strong predictor of patients’
qualification for aspiration thrombectomy in STEMI.
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Abstract

Introduction: SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) infection has been associated with thrombotic
complications, the pathophysiological mechanism of which is complex.

Aim of the research: To analyse factors influencing the prognosis of patients with pulmonary embolism and COVID-19
(coronavirus disease 2019).

Material and methods: A retrospective study was conducted on a group of 70 patients with pulmonary embolism and
concomitant respiratory system infection. The patients were divided into those with a negative test result for the presence
of the SARS-CoV-2 (7 = 25) and those with a positive result (7 = 45). Clinical and imaging characteristics of both groups were
presented. Univariate and multivariable logistic regression analyses were performed to identify predictors of 30-day and
1-year mortality.

Results: The study revealed that short-term survival did not differ between the COVID (+) and COVID-19 (-) groups
(40 (88.9%) vs. 18 (72.0%), p = 0.1), while long-term survival was higher in the COVID-19 (+) group compared to the COVID-19
(-) group (38 (84.4%) vs. 10 (40.0%), p = 0.0001). Factors influencing short-term survival were lymphocyte levels and left-sided
intraparenchymal changes on imaging, while long-term survival was influenced by platelet count, INR, respiratory failure,
oxygen saturation, fibrous-striated changes on imaging, and subpleural location. Both short- and long-term survival were
determined by higher levels of erythrocytes, haemoglobin, longer prothrombin time, and the intensity of oxygen therapy.
The only independent predictor of long-term mortality was concomitant neoplastic disease (OR = 29.03 (1.32-640.2); p = 0.03).
Conclusions: COVID-19 does not independently affect long-term survival in patients with pulmonary embolism.

Streszczenie

Wprowadzenie: Zakazenie SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) wigze si¢ z powiklaniami zakrzepo-
wymi, ktérych mechanizm patofizjologiczny jest ztozony.

Cel pracy: Analiza czynnikéw wptywajacych na rokowanie pacjentéw z zatorowoscia ptucna i COVID-19 (coronavirus
disease 2019).

Materiat i metody: Retrospektywne badanie przeprowadzono w grupie 70 pacjentéw z zatorowoscia ptucng i wspétist-
niejgcg infekcja uktadu oddechowego. Pacjentéw podzielono na tych z ujemnym wynikiem testu na obecno$¢ wirusa
SARS-CoV-2 (n = 25) i tych z wynikiem dodatnim (n = 45). Przedstawiono charakterystyke kliniczng i obrazowa obu grup.
Przeprowadzono jednoczynnikowe i wieloczynnikowe analizy regresji logistycznej w celu zidentyfikowania predyktoréw
30-dniowej i 1-rocznej $miertelnosci.

Wyniki: W badaniu wykazano, ze krétkoterminowe przezycie nie réznito si¢ miedzy grupami COVID-19 (+) i COVID-19 (-)
(40 (88,9%) vs 18 (72,0%), p = 0,1), podczas gdy dtugoterminowe przezycie byto wyzsze w grupie COVID-19 (+) w poréwna-
niu z grupa COVID-19 (-) (38 (84,4%) vs 10 (40,0%), p = 0,0001). Poziomy limfocytéw i lewostronne zmiany $rédmigzszowe
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w obrazowaniu wplywaty na przezycie krétkoterminowe, podczas gdy liczba ptytek krwi, INR, niewydolno$¢ oddechowa,
wysycenie tlenem, zmiany wiéknisto-precikowe w obrazowaniu i lokalizacja podoptucnowa — na przezycie dtugotermino-
we. Zaréwno krétko-, jak i dtugoterminowe przezycie zalezato od wyzszego poziomu erytrocytéw, hemoglobiny, dtuzszego
czasu protrombinowego i intensywnosci tlenoterapii. Jedynym niezaleznym czynnikiem predykcyjnym diugoterminowej
$miertelnosci byla wspotistniejgca choroba nowotworowa (OR = 29,03 (1,32-640,2); p = 0,03).

Whioski: COVID-19 nie wptywa niezaleznie na dlugoterminowe przezycie u pacjentéw z zatorowoscia ptucna.

Introduction

The global public health emergency caused by
coronavirus disease 2019 (COVID-19) was officially
lifted in May 2023. However, the SARS-CoV-2 (severe
acute respiratory syndrome coronavirus 2) persisted
in the population with a high potential for muta-
tion. During the pandemic, it was established that
the virus increased the risk of cardiovascular com-
plications and coagulation disorders during infection
[1, 2]. Thromboembolic complications were found to
be more common not only in the acute phase but also
after the first 30 days of infection, leading to higher
mortality and poor outcomes [3]. Indirectly, coagula-
tion disorders occurring not only in the acute phase
of infection may be indicated by better clinical out-
comes in high-risk patients hospitalised for COVID-19
who received rivaroxaban prophylaxis for 35 days [4].
The pathophysiology of haemostasis disorders in
COVID-19 infection is associated with the disrup-
tion of cellular response, including neutrophils and
monocytes/macrophages, endothelial inflammation,
cytokine release syndrome, and dysregulation of fi-
brinolysis [5]. Such a mechanism may contribute to
vessel occlusion by thrombotic material, but also pro-
mote the occurrence of in situ pulmonary thrombosis
[5]. Simultaneously, the association of inflammatory
state with the risk of thromboembolic disease was re-
ported even before the onset of the pandemic [6, 7].
Studies have also established that bacterial pneumo-
nia is a risk factor for the development of pulmonary
embolism during its course [8].

Aim of the research

The aim of our study was to determine the factors
influencing the course and prognosis of patients with
pulmonary embolism and concomitant COVID-19 in-
fection in relation to a group of patients with pulmo-
nary embolism and respiratory tract infection of aeti-
ology other than COVID-19.

Material and methods

The study group consisted of patients treated in
the pulmonary, internal medicine, and intensive care
units of the Regional Specialist Hospital in Czerwona
Goéra, located in the Swietokrzyskie Voivodeship, Po-
land. According to data from the Central Statistical
Office, in the Swietokrzyskie Voivodeship in the year
2021, 5815 individuals were treated for lung diseases
in pulmonary departments, with a total of 208 pul-
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monary beds [9]. The majority, 151 beds, were al-
located to the hospital in Czerwona Géra (72.59%),
highlighting its predominant role in the diagnosis
and treatment of respiratory diseases. The hospital is
considered the largest pulmonary healthcare facility
in the Swietokrzyskie Voivodeship, diagnosing 80%
of patients with lung diseases (including cancer), and
showing a significant concentration of services relat-
ed to interstitial lung disease. According to the Min-
istry of Health data from 2014, 81% of patients with
this diagnosis were hospitalised in this facility [10].
Figure 1 presents a map of pulmonary centres in
the Swietokrzyskie Voivodeship.

The analysed group comprised patients diagnosed
with pulmonary embolism and respiratory system
infection from 1 January 2020 to 1 October 2022,
identified using ICD-10 codes. The group consisted of
70 patients, further divided into those with a negative
test result for the presence of the SARS-CoV-2 (7 = 25)
and those with a positive result (7 = 45). Patients with
positive results on antigenic and/or molecular RT-PCR
tests were considered COVID-19 (+). Patients were con-
sidered COVID-19 (-) if they had a negative result on
antigen and/or RT-PCR testing for SARS-CoV-2 infec-
tion and a negative test for the presence of influenza
A/B virus antigens, and presented clinical features
of respiratory tract infection upon admission such as
cough, fever, malaise, or dyspnoea, along with pos-
sible signs of infectious background evident on radio-
graphic examination. The study compared 2 groups
of patients: those with pulmonary embolism without
confirmed COVID-19 infection (-) and those with pul-

S

o

Figure 1. Map showing the location of pulmonology cen-
tres in the Swietokrzyskie region (Poland)
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Figure 2. Long-term survival of patients with pulmonary embolism grouped by COVID-19 status

monary embolism with confirmed COVID-19 infec-
tion (+). Antithrombotic treatment was conducted ac-
cording to generally accepted principles for managing
pulmonary embolism in both patient groups. During
hospitalisation, mainly low-molecular-weight heparins
were administered at a dose adjusted for body weight.
No patient received fibrinolytic therapy. The study fo-
cused on factors influencing the course of pulmonary
embolismin these 2 groups, as well as their 30-day and
1-year survival post-hospitalisation.

Statistical analysis

Continuous data were described by means and
standard deviations. Categorical data were sum-
marised by frequencies and percentages. Group
comparisons were performed using the y* or Fisher
exact test for categorical variables, and the t-test for
continuous normally distributed variables. Normality
of distributions was checked by the Shapiro-Wilk test.
Univariable and multivariable analyses according to
factors affecting the 30- or 365-day mortality were
done with logistic regression models. For these uni-
variable and multivariable analyses, odds ratios (OR)
with 95% confidence intervals (95% CI) were calcu-
lated. Multivariable logistic regression analysis was
performed with the stepwise forward selection meth-
od. The Kaplan-Meier method was applied for creat-
ing survival curves, and the log-rank test was used
to compare survival depending on COVID-19 status.
A 2-tailed p-value < 0.05 was considered statistically
significant. All statistical analyses were performed us-
ing the R software package version 4.0.3.

Results

Thestudy included 70 individuals with pulmonary
embolism and respiratory system infection, among

whom 45 were diagnosed with SARS-CoV-2 infection,
with an average age of 63.9 (16.3) years upon hospital
admission. In the COVID-19 (+) group, compared to
the COVID-19 (-) group, high leukocytosis was more
common, while hypercapnia and heart failure were
less frequent. Additionally, the COVID-19 (+) group
exhibited lower one-year mortality, but Kaplan-Mei-
er survival curves showed no differences in survival
between COVID-19 (+) and COVID-19 (-) patients
diagnosed with pulmonary embolism (Figure 2).
The baseline clinical characteristics of the study par-
ticipants are presented in Table 1. Clot localisation in
the main pulmonary arteries and air bronchograms
were significantly more common in the COVID-19
(=) group. On the other hand, subpleural localisation
of interstitial changes, involvement of lower lobes,
bilateral parenchymal changes, and a predominance
of fibrous-striated interstitial changes were signifi-
cantly more common in the pulmonary embolism
with COVID-19 (+) group (Table 2). Tables 3 and
4 present baseline characteristics for 30-day and
365-day survival. Short-term survivors had a lower in-
cidence of respiratory failure, lower INR (internation-
al normalised ratio), lymphocyte, red blood cell and
haemoglobin levels, and parenchymal lesions were
less often localised to the left lung. Long-term sur-
vivors had less frequent respiratory failure and had
higher oxygen saturation, lower oxygen flow during
oxygen therapy, lower INR, higher levels of platelets,
red blood cells, and haemoglobin, higher numbers
of fibrous strips and subpleural peripheral lesions, and
less frequent malignancy. Logistic regression analysis
showed that higher lymphocyte levels contributed
to reducing the risk of death in short-term observa-
tion, while in long-term observation, a higher platelet
count and higher saturation values were associated
with a lower risk of death. A higher level of erythro-
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Table 1. Baseline characteristics of clinical parameters of patients with pulmonary embolism according to COVID-19

status
Variable Total COVID-19 (+) COVID-19 () P-value
Age [years] 63.9 (16.3) 63.1(15.6) 65.2 (17.6) 0.60
Gender male, n (%) 58 (82.9) 37 (82.2) 21(84.0) 0.99
Respiratory failure*, n (%) 53 (75.7) 32(71.1) 21 (84.0) 0.23
Oxygen therapy during gas analysis [|/min] 7.7 (15.0) 8.0 (15.5) 7.1(14.4) 0.72
Oxygen saturation [< 95%] 52 (74.3%) 30 (66.7%) 52 (74.3%) 0.05
Partial pressure of O, [mm Hg]* < 65 44 (62.9%) 24 (53.3%) 20 (80.0%) 0.06
65-95 23 (32.9%) 19 (42.2%) 4 (16.0%)
>95 3 (4.3%) 2 (4.4%) 1(4.0%)
Partial pressure of O, [mm Hg]* 62.2 (13.4) 64.3 (12.7) 58.2 (14.0) 0.06
Partial pressure of CO, [mm Hg]* <32 16 (22.9%) 10 (22.2%) 6 (24.0%) 0.03
32-48 50 (71.4%) 35 (77.8%) 15 (60.0%)
>48 4 (5.7%) 0 (0.0%) 4 (16.0%)
Partial pressure of CO, [mm Hg]* 36.3 (8.6) 34.7 (5.2) 39.0 (12.3) 0.38
INR 13(0.2) 1.3(0.) 14 (0.3) 01
Platelets [g/I] <150 11 (15.7%) 6 (13.3%) 5 (20.0%) 0.7
150400 48 (68.6%) 31 (68.9%) 17 (68.0%)
> 400 11 (15.7%) 8 (17.8%) 3 (12.0%)
Platelets [g/1] 278.9(150.5) 287.1(133.4) 264.2(179.4) 0.25
White blood cells [g/1] <4 2 (29%) 2 (4.4%) 0 (0.0%) 0.04
4-10 32 (45.7%) 16 (35.6%) 16 (64.0%)
>10 36 (51.4%) 27 (60.0%) 9 (36.0%)
White blood cells [g/1] 26.6 (120.3) 33.2 (149.3) 14.7 (22.4) 0.37
Lymphocytes [g/1] 1.5 (0.9) 13 (0.7) 1.8(1.2) 0.13
Red blood cells [T/1]) 4.5 (1.6) 4.7 (1.9) 4.2 (0.7) 0.22
Haemoglobin [g/dl] 13.2 (2.3) 13.6 (1.9) 13.2 (2.3) 0.07
Previous PCl or CABG, n (%) 5(7.1) 1(2.2) 4 (16.0) 0.05
Heart failure, n (%) 17 (24.3) 6 (13.3) 11 (44.0) 0.004
Diabetes, n (%) 11(15.7) 7 (15.6) 4(16.0) 0.99
Arterial hypertension, n (%) 32 (45.7) 20 (44.4) 12 (48.0) 0.77
Obesity, n (%) 13 (18.6) 9 (20.0) 4(16.0) 0.76
Neoplastic disease, n (%) 11 (15.9) 6 (13.3) 5(20.8) 0.5
Survival 30 days from admission, n (%) 58 (82.9) 40 (88.9) 18 (72.0) 0.1
Survival 12 months from admission, n (%) 48 (68.6) 38 (84.4) 10 (40.0) 0.0001

*Respiratory failure according to Campbell: type | - partial, hypoxaemic, type Il — complete, hypoxaemic, and hypercapnic. “Gasometry test
was performed using capillary blood. CABG — coronary artery bypass grafting, COVID-19 — coronavirus disease 2019, INR — international
normalised ratio, PCl — percutaneous coronary intervention.

cytes and haemoglobin significantly reduced the risk
of death in patients with pulmonary embolism, in
both 30-day and one-year observations post-hospital-
isation. A higher INR decreased this risk in long-term
observation. Respiratory failure, both type I and II
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according to Campbell, increased the risk of death in
long-term observation, while more intensive oxygen
therapy significantly increased the risk of death in
both 30-day and 12-month observations from hospi-
tal admission. Regarding changes in imaging studies,
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Table 2. Baseline characteristics of imaging findings in patients with pulmonary embolism according to COVID-19 status

Variable Total COVID-19 (+) COVID-19 (-) P-value
Thrombus in large pulmonary arteries* 25 (41.7%) 9 (23.7%) 16 (72.7%) < 0.001
Thrombus in segmental and/or subsegmental arteries 56 (93.3%) 37 (97.4%) 19 (86.4%) 0.14
Thrombus in arteries of both lungs 21 (35.0%) 16 (42.1%) 5(22.7%) 0.1
Thrombus in arteries of left lung 19 (31.7%) 11 (28.9%) 8 (36.4%) 0.55
Thrombus in arteries of right lung 19 (31.7%) 11 (28.9%) 8 (36.4%) 0.55
Parenchymal lesions located in both lungs 44 (81.5%) 30 (93.8%) 14 (63.6%) 0.01
Parenchymal lesions located in the left lung 5(9.3%) 1(3.1%) 4 (18.2%) 0.15
Parenchymal lesions located in the right lung 5(9.3%) 1(3.1%) 4 (18.2%) 0.15
Parenchymal lesions — fibrous stripes 25 (46.3%) 19 (59.4%) 6 (27.3%) 0.02
Ground-glass opacities 38 (70.4%) 23 (71.9%) 15 (68.2%) 0.77
Air bronchogram 10 (18.5%) 1(3.1%) 9 (40.9%) < 0.001
Parenchymal lesions located subpleural 29 (53.7%) 26 (81.2%) 3 (13.6%) < 0.001
Parenchymal lesions located in lower lobes 43 (79.6%) 29 (90.6%) 14 (63.6%) 0.04

*Pulmonary trunk, right and left pulmonary arteries, lobar arteries.

Table 3. Baseline characteristics according to 30-day survival

Variable Survived (n = 58) Dead (n=12) Total (n=70) P-value
Age [years] 62.8 (16.4) 68.8 (15.5) 63.9 (16.3) 0.35
Male gender, n (%) 50 (86.2) 8 (66.7) 58 (82.9) 0.2
COVID-19 (), n (%) 40 (69.0) 5 (41.7) 45 (64.3) 0.1
COVID-19 (-), n (%) 18 (31.0) 7 (58.3) 25 (35.7)
Respiratory failure*, n (%) 41 (70.7) 12 (100.0) 53 (75.7) 0.03
Oxygen saturation® (%) 89.8 (6.9) 88.5 (4.9) 89.6 (6.6) 0.17
Oxygen therapy during gas analysis [|/min] 5.6 (11.9) 17.7 (23.6) 7.7 (15.0) 0.05
Partial pressure of O, [mm Hg]" 62.1(12.7) 62.5 (16.8) 62.2 (13.4) 0.55
Partial pressure of CO, [mm Hg]* 35.3 (5.8) 41.1(16.2) 36.3 (8.6) 0.29
INR 13(0.0) 1.5 (0.4) 13(0.2) 0.04
Platelets, n (%) <150 g/l 8 (13.8) 3(25.0) 11 (15.7) 0.63

150-400 g/l 40 (69.0) 8 (66.7) 48 (68.6)

> 400 g/l 10 (17.2) 1(8.3) 11 (15.7)

Platelets [g/1] 280.9(133.8) 269.2(2221)  2789(1505)  0.26
White blood cells [g/1] 30.0 (132.1) 10.2 (4.7) 26.6 (120.3) 0.51
Lymphocytes [g/l] 1.6 (0.9) 0.9 (0.5) 1.5 (0.9) 0.01
Red blood cells [T/1] 46 (1.7) 3.9 (0.5) 45 (1.6) 0.01
Haemoglobin [g/dl] 13.5(2.3) 11.9 (1.6) 13.2 (23) 0.01
In- hospital mortality, n (%) 0(0.0) 8 (66.7) 8 (11.4) N/A
Neoplastic disease 9(15.8) 2 (16.7) 11 (15.9) 1
Parenchymal lesions located in the both lungs 40 (85.1) 4 (57.1) 44 (81.5) 0.11
Parenchymal lesions located in the left lung 2(4.3) 3 (42.9) 5(9.3) 0.01
Parenchymal lesions located in the right lung 5 (10.6) 0 (0.0) 5(9.3) 1

*Respiratory failure according to Campbell: type | — partial, hypoxaemic, type Il — complete, hypoxaemic, and hypercapnic. *“Gasometry test
was performed using capillary blood. COVID-19 — coronavirus disease 2019, INR — international normalised ratio.
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Table 4. Baseline characteristics according to 365-day survival

Variable Survived (n=48) Dead(n=22) Total(n=70) P-value
Age [years) 62.2 (16.9) 67.6 (14.5) 63.9 (16.3) 0.34
Gender, male, n (%) 40 (83.3) 18 (81.8) 58 (82.9) 1
COVID-19 (+), n (%) 38(79.2) 7 (31.8) 45 (64.3) < 0.001
COVID-19 (9, n (%) 10 (20.8) 15 (68.2) 25 (35.7)
Respiratory failure*, n (%) 32 (66.7) 21 (95.5) 53 (75.7) 0.01
Oxygen saturation” (%) 91.2 (4.0) 86.0 (9.3) 89.6 (6.6) 0.02
Oxygen therapy during gas analysis [I/min] 4.5 (8.8) 15.5 (22.7) 7.7 (15.0) 0.03
Partial pressure of O, [mm Hg]* 63.1 (10.1) 60.0 (18.7) 62.2 (13.4) 0.07
Partial pressure of CO, [mm Hg]* 35.1 (5.6) 38.9 (12.8) 36.3 (8.6) 0.5
INR 1.2 (0.1) 14 (0.3) 1.3(0.2) 0.002
Platelets (n, %) <150 g/| 3(6.2) 8 (36.4) 11 (15.7) 0.01

150-400 g/l 36 (75.0) 12 (54.5) 48 (68.6)

> 400 g/l 9 (18.8) 2(9.1) 11 (15.7)

Platelets [g/1] 297.9 (128.3) 237.4 (187.1) 278.9 (150.5) 0.02
White blood cells [g/1] 31.4 (144.6) 16.0 (23.9) 26.6 (120.3) 0.94
Lymphocytes [g/1] 15(0.7) 14 (1.2) 15 (0.9) 0.08
Red blood cells [T/1] 4.7 (1.8) 4.0 (0.6) 45 (L6) 0.01
Haemoglobin [g/dl] 13.8 (2.0) 12.0 (2.5) 132 (2.3) 0.002
In-hospital mortality 0 (0.0%) 8 (36.4%) 8 (11.4%) N/A
Neoplastic disease 4 (8.3%) 7 (33.3%) 11 (15.9%) 0.03
Parenchymal lesions — fibrous stripes 21 (55.3%) 4 (25.0%) 25 (46.3%) 0.04
Parenchymal lesions located subpleural, 24 (63.2%) 5 (31.2%) 29 (53.7%) 0.03
peripheral parts

*Respiratory failure according to Campbell: type | - partial, hypoxaemic, type Il — complete, hypoxaemic, and hypercapnic. *Gasometry test
was performed using capillary blood. COVID-19 — coronavirus disease 2019, INR — international normalised ratio.

left-sided intraparenchymal changes were associated
with an increased risk of death in short-term obser-
vation, while subpleural changes and fibrous-striated
changes significantly reduced the risk of death in
long-term observation. COVID-19 infection did not
affect the mortality in patients with pulmonary em-
bolism and concurrent respiratory system infection in
the 30-day observation from the day of hospital ad-
mission. In long-term observation (12 months), COV-
ID-19 infection significantly reduced the risk of death
compared to the control group. Concomitant cancer
was the only independent factor affecting mortality
in long-term follow-up (Tables 5, 6).

Discussion

Our analysis revealed that among patients with
pulmonary embolism and COVID-19 infection,
there was no significantly higher mortality observed
within 30 days of admission compared to the con-
trol group. However, during long-term observation,
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COVID-19 infection significantly reduced the risk
of death compared to the control group. This intrigu-
ing observation may stem from distinct mechanisms
contributing to coagulation disorders in the con-
text of concomitant COVID-19 infection. The diver-
gence might not only concern the acute phase of co-
agulopathy but also the convalescent period. Agudo
et al. retrospectively analysed patients with throm-
botic complications and COVID-19, observing them
for at least 6 months from diagnosis to assess vascu-
lar reperfusion and the potential for discontinuation
of anticoagulant therapy. Based on CT angiography,
they found only 1 patient without complete reperfu-
sion after 6 months of anticoagulant treatment, and
no cases of recurrent thrombotic events were reported
[11]. These observations may explain the results of our
study, in which the lower mortality in the group of pa-
tients with pulmonary embolism and concomitant
SARS-CoV-2 infection could be attributed to the reso-
lution of inflammation and withdrawal of thrombot-
ic-embolic changes. Another significant aspect could
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Table 5. Factors affecting 30-day mortality in patients with pulmonary embolism

Variable

Age [years]

Gender, male

COVID-19

Respiratory failure*

Oxygen saturation® [per 1%)

Partial pressure of O,* [per 1 mm Hg]
Partial pressure of CO,* [per 1 mm Hg]
Oxygen therapy during gas analysis [|/min]
INR per 1 unit

White blood cells

Lymphocytes

Red blood cells

Haemoglobin

Platelets [150—400 g/l vs. < 150 g/I]
Diabetes

Hypercholesterolaemia

Hypertension

Obesity

Neoplastic disease

Parenchymal lesions located in both lungs
Parenchymal lesions located in the left lung
Parenchymal lesions located in the right lung
Parenchymal lesions — fibrous stripes
Parenchymal lesions located subpleural, peripheral parts

OR 95% CI P-value
1.03 0.98-1.07 0.25
0.32 0.08-1.32 011
0.32 0.32 0.08

N/A
0.97 0.89-1.06 0.52
1 0.96-1.05 0.92

107 0.99-1.16 0.09
1.04 1-1.08 0.03
1.64 0.97-2.78 0.06
0.96 0.84-1.1 0.59
0.16 0.03-0.77 0.03
0.31 0.11-0.83 0.02
0.76 0.58-0.99 0.04
0.53 0.12-2.46 0.42
3.64 0.87-15.33 0.08
0.48 0.1-2.44 0.38
123 0.35-4.27 0.74
0.35 0.04-2.97 0.34
1.07 02-5:71 0.74
0.23 0.04-1.28 0.09

16.87 2.15-132.51 0.01
N/A
N/A

0.61 0.12-3.01 0.54

*Respiratory failure according to Campbell: type | — partial, hypoxaemic, type Il - complete, hypoxaemic, and hypercapnic; “Gasometry test
was performed using capillary blood. ¥Due to the lack of a sufficient number of events, multivariable logistic regression was not performed
for short-term survival. COVID-19 — coronavirus disease 2019, INR — interational normalised ratio.

be the selection of patients included in our analysis.
Safiriyu et al. determined that in-hospital mortality
risk was increased in patients with concurrent pul-
monary embolism and COVID-19 (adjusted odds ra-
tio [aOR]: 1.62; 95% CI: 1.17-2.24; p = 0.004) [12]. Ad-
ditionally, a higher percentage of patients of African
and Latino origin was observed in the study group.
Similar conclusions were supported by Martin et al.,
demonstrating the impact of racial and ethnic differ-
ences on deaths due to pulmonary embolism and ac-
companying SARS-CoV-2 infection [13]. There was an
almost threefold higher rate among Native American/
Alaskan Native individuals and non-Latino African
Americans, and nearly twofold higher rate among
Latinos. The convergence of these data, along with
the fact that according to the 2021 National Census in
our country, 97.7% of the total population identified

as ethnically Polish [14], provides a basis for asserting
that the studied group, ethnically homogeneous, may
have influenced the final study outcome.

The association between cancer and thrombotic
events has long been recognised, with cancer being
an independent risk factor for mortality related to
pulmonary embolism [15]. Our analysis demonstrat-
ed that oncological disease was an independent fac-
tor influencing increased mortality risk in patients
with pulmonary embolism and respiratory system
infection with COVID-19, both in positive and nega-
tive cases, during the 12-month observation period
(OR = 29.03 (1.32-640.2); p = 0.03). Yousaf et al. did
not confirm the impact of pulmonary embolism on
mortality in COVID-19-positive patients, nor did they
find an association between pulmonary embolism
and coexisting diseases included in the study [16].
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Table 6. Factors affecting 12-month mortality in patients with pulmonary embolism
Variable Univariable Multivariable
OR 95% Cl P-value OR 95% Cl P-value
Age [years] 1.02 0.99-1.06 0.2 N/A
Gender, male 0.9 0.24-3.38 0.9 N/A
COVID-19 0.12 0.04-0.38 < 0.001 N/A
Respiratory failure® 10.5 1.29-85.22 0.03 N/A
Oxygen saturation [per 1%]" 0.87 0.78-0.96 0.01 N/A
Partial pressure of O, [per 1 mm Hg]* 0.98 0.94-1.02 0.36 N/A
Partial pressure of CO, [per 1 mm Hg]* 1.06 0.98-1.14 0.13 N/A
Oxygen therapy during gas analysis [I/min] 1.05 1.01-1.09 0.02 N/A
INR per 1 unit 2.74 1.26-5.94 0.01 N/A
White blood cells 1 0.99-1.01 0.65 N/A
Lymphocytes 0.77 0.39-1.53 0.46 N/A
Red blood cells 0.35 0.16-0.8 0.01 N/A
Haemoglobin 0.68 0.52-0.89 0.01 0.62 0.37-1.04 0.07
Platelets [150-400 g/l vs. < 150 g/I] 0.13 0.03-0.55 0.01 0.034  0.001-1.36 0.07
Diabetes 3.22 0.86-12.05 0.08 N/A
Hypercholesterolaemia 1.4 0.46-4.25 0.55 N/A
Hypertension 22 0.79-6.16 0.13 N/A
Obesity 0.6 0.15-2.44 0.48 N/A
Neoplastic disease 5.5 1.4-21.6 0.02 29.03  1.32-640.2 0.03
Parenchymal lesions - fibrous stripes 0.27 0.07-0.99 0.048 N/A
Parenchymal lesions located subpleural, 0.27 0.08-0.92 0.04 N/A
peripheral parts

*Respiratory failure according to Campbell: type | — partial, hypoxaemic, type Il — complete, hypoxaemic, and hypercapnic; *Gasometry
analysis from capillary blood. COVID-19 — coronavirus disease 2019, INR - international normalised ratio.

Similarly, our analysis, aside from oncological disease,
did not show an impact of comorbidities, including
heart failure, on the course of pulmonary embolism
in patients with concomitant respiratory tract infec-
tion. However, it should be noted that heart failure
constitutes an independent risk factor for increased
mortality. The severity of this condition can be dem-
onstrated by a study describing the 6-year survival
probability of older adults after their first hospitalisa-
tion due to heart failure, which showed that up to one-
third of individuals died within the first year of hos-
pitalisation [17]. In the case of COVID-19 infection,
anaemia at admission was independently associated
with increased all-cause mortality risk in hospitalised
patients with COVID-19 [18]. Our study indicates that
a lower level of red blood cells and haemoglobin was
a statistically significant factor influencing mortal-
ity among patients with respiratory system infection
and pulmonary embolism due to COVID-19, both in
observations < 30 days and in long-term observation.
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Another factor influencing mortality in long-term
observation was a lower INR, possibly resulting from
a shift in haemostasis towards increased coagulabili-
ty. Notable deviations in blood morphology were also
found in lymphocytes and platelets — their reduced
levels contributed to increased mortality. Similar
findings were reported globally; Alsubhi et al. dem-
onstrated a statistically significant decrease in both
of these fractions in patients with acute pulmonary
embolism who subsequently died [19]. Moreover,
studies describing the use of morphological param-
eters as biomarkers for early detection of acute pul-
monary embolism in COVID-19 patients are available
in the literature [20].

Acute hypoxemic respiratory failure is the most
common complication of COVID-19 [20]. Xia et al.
investigated the impact of high-flow nasal oxygen
therapy in patients with COVID-19 and hypoxaemic
respiratory failure. The study showed that respiratory
failure requiring high-flow oxygen therapy was as-
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sociated with an unfavourable prognosis [21]. In our
analysis, more intensive oxygen therapy significantly
increased the risk of death in both short- and long-
term observation, and respiratory failure at admission
was a prognostically unfavourable factor increasing
the risk of death in long-term observation.

An interesting result of our study is the difference
in the occurrence of blood clots in COVID-19 (+) and
(-) patients. Clots in the main pulmonary arteries
(pulmonary trunk, right and left pulmonary arter-
ies, lobar arteries) were significantly more common in
patients with an ongoing respiratory system infection
of COVID-19 (-), which may be related to the previ-
ously mentioned distinct mechanisms of coagulopa-
thy during SARS-CoV-2 infection and the strong
inflammatory response it induces. The CT imaging
of the chest in the course of COVID-19-induced pneu-
monia is nonspecific. The most commonly observed
changes include ground-glass opacities, reticular
densities, vessel thickening, with a more peripheral
distribution [22]. In our observation, among patients
with pulmonary embolism and COVID-19 infection,
fibrous-band-like changes predominated in chest CT
scans, and air bronchograms were more frequently
observed in the COVID-19 (-) group, which is prob-
ably associated with an ongoing respiratory system
infection. The analysis also showed that fibrous-
band-like changes reduced the risk of death in long-
term observation. In patients with pneumonia in
the course of COVID-19, it has been demonstrated
that a stronger fibroproliferative response at admis-
sion was associated with increased mortality, but it
did not correlate with long-term consequences of lung
fibrosis in survivors [23]. It is challenging to explain
why changes located subpleurally contributed to re-
duced long-term mortality, while left-sided localisa-
tion increased short-term mortality — further research
involving larger groups of patients is required.

A separate issue in the discussion of the COVID-19
epidemic is the topic of applied preventive vaccina-
tions. In some cases, the use of vaccination has been
fraught with complications [24, 25].

Overall, our study highlights the complex relation-
ships between pulmonary embolism and COVID-19,
where differences in coagulation mechanisms influ-
encing disease progression may be significant both in
the acute phase and during the convalescent period.
However, it is important to note that these results
should be interpreted with caution due to the limi-
tations of the study, including the size of the study
group. Further research with larger patient cohorts is
warranted to validate and extend these findings.

Study limitation: A limitation of this study is
the relatively small size of the included patient group.
The low number of events did not allow for the de-
velopment of a multifactorial model regarding deaths
within 30 days. Insufficient clinical data resulted in
a lack of clinical risk stratification (e.g. PESI). Most

patients in the COVID-19 (+) group were individuals
who had obtained a positive result from an antigen
and/or molecular RT-PCR test. This group included
a few patients who were tested solely with the RT-PCR
method, which may not necessarily indicate an ac-
tive SARS-CoV-2 infection. This consideration is rel-
evant, especially in the context of the control group,
consisting of patients with pulmonary embolism with
concomitant lung infection and/or respiratory failure.
The study does not provide information about outpa-
tient antithrombotic treatment and its duration.

Conclusions

The course of pulmonary embolism in patients
with concomitant COVID-19 infection differed from
the control group, which consisted of patients with
pulmonary embolism and respiratory tract infection
other than SARS-CoV-2 infection. Differences per-
tained to laboratory tests, imaging studies, as well as
the localisation of thromboembolic changes in pul-
monary vessels.

COVID-19 did not independently affect the long-
term survival of patients with pulmonary embolism.
The only independent predictor of long-term mortal-
ity was concomitant neoplastic disease
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Podsumowanie i wnioski

Koronawirusy to wspdlna nazwa dla grupy wirusow RNA nalezacych do rodziny
Coronaviridae. Pierwszym odkrytym przedstawicielem tej grupy byt wirus zakaznego
zapalenia oskrzeli ptakéw (IBV), zas$ pierwsze wirusy ktére zainfekowaty ludzi zostaly
zidentyfikowane jako HCoV-229E 1 HCoV-OC43 odpowiednio w latach 1966 1 1967.SARS-
CoV-2 byt sid6dmym koronawirusem, ktory odkryto u ludzi [27]. W trakcie pandemii
zidentyfikowano kilka wariantow SARS-CoV-2, z ktdrych tylko pig¢ uznano za warianty
budzace obawy (LZO). Wedtug aktualizacji epidemiologicznej] WHO, s3 to Alfa (B.1.1.7):
pierwszy wariant budzacy obawy, opisany w Wielkiej Brytanii pod koniec grudnia 2020 r.;
Beta (B.1.351)- pierwszy zgloszony w Republice Poludniowej Afryki w grudniu 2020 r.;
Gamma (P.1)- zgloszony na poczatku stycznia 2021 r., Delta (B.1.617.2)- zgloszony w
Indiach w grudniu 2020 r.; Omikron (B.1.1.529)- pierwszy zgloszony w Republice
Potudniowej Afryki w listopadzie 2021 roku [28].

Dane literaturowe sg sprzeczne co do ryzyka hospitalizacji i zgonu w zakazeniu
poszczeg6lnymi wariantami wirusow. W przeprowadzonej metaanalizie Lin L. 1 wsp.
stwierdzili, ze wszystkie lotne zwiazki organiczne (LZO) zwigkszaly ryzyko hospitalizacji,
przyjecia na OIOM i zgonu w poréwnaniu z wirusem typu dzikiego. Ryzyko wariantu Beta
bylo istotnie wyzsze niz wariantu Alfa, podczas gdy ryzyko wariantu Alfa byto podobne do
wariantu Gamma, natomiast warianty Beta i Delta mialy wyzsze ryzyko niz warianty Alfa i
Gamma [29]. W badaniu, w ktorym przeprowadzono ocen¢ parametréw krzepnigcia krwi za
pomocg analizy mikroskrzepdw metoda TEG i fluorescencyjna PPP u 0s6b zdrowych, w
poréwnaniu z uczestnikami COVID-19, ktorzy zostali zakazeni r6Znymi wariantami SARS-
CoV-2, wykazano, ze warianty Omikronowe charakteryzowaly si¢ fagodniejszymi objawami i
mniejszym prawdopodobienstwem hospitalizacji w pordwnaniu z wczes$niejszymi

wariantami, takimi jak Beta i Delta [30]. W swoim przegladzie Guarienti, F.A. 1 wsp.
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okreslili, ze bezobjawowe zakazenie SARS-CoV-2 Omicron wynosilo wg niektdrych autorow
25,5%, a taczny odsetek niecigzkiej choroby 97,9% (95% CI). Odsetek bezobjawowego
zakazenia Omicron i nieci¢zkiej choroby byt istotnie wyzszy niz w przypadku wariantu Delta,
ponadto wariant Delta charakteryzowat si¢ najwyzszym ryzykiem hospitalizacji, przyj¢cia na
OIOM lub zgonu sposrdd pozostatych wariantoéw. W przypadku wariantu Beta odnotowano
wysokie ryzyko hospitalizacji, ale niski wskaznik §miertelnosci z jej powodu [31]. Wedlug
innych opracowan ryzyko przyje¢cia na OIOM bylo nizsze o 88%, a ryzyko zgonu o 69% w
przypadku choroby koronawirusowej wywotanej wirusem Omicron BA.1 w porownaniu z
osobami zakazonymi wariantem Delta [32]. Odnotowano, ze najczestszymi objawami
COVID-19 byly goraczka, kaszel i béle migséni, zapalenie pluc, ktore to byty zmienne w
zalezno$ci od wariantu. W przypadku wariantu Gamma dodatkowymi objawami byt bol
glowy, bol gardla, astenia (ostabienie), zaburzenia wechu, zaburzenia smaku; w przypadku
wariantu Omicron bol gardia, bol glowy, katar, zmeczenie, utrata wechu [33]. Probowano
takze oceni¢ czy czgstos$¢ incydentow zakrzepowo-zatorowych moze rozni¢ si¢ w zaleznosci
od wariantu wirusa wywotujacego zakazenie. W retrospektywnym przegladzie Manzur-
Pineda K . 1 wsp. analizowali czgstos¢ wystepowania incydentow- zakrzepowych u pacjentow
z COVID-19 przed i w trakcie szczytu wariantu Delta. U 60% stwierdzono zylng chorobe
zakrzepowo-zatorowa, u 23% zakrzepice tetnicza, a u 17% zardwno zakrzepicg zylna, jak i
tetnicza. U pacjentow z wariantem fali Delta epizody zakrzepowe wystapity u 34,7%
przypadkéw w poréwnaniu z 25% pacjentow bez wariantu fali Delta. Analizy statystyczne
wykazaly, ze pacjenci afroamerykanscy byli bardziej narazeni na zakrzepicg tetnic w
poréwnaniu z innymi grupami w przypadku pozytywnego wyniku testu na COVID-19, za$
kobiety oraz pacjenci z aktywna chorobg nowotworowa mieli zwiekszone ryzyko wystapienia
wielu zdarzen zakrzepowych w réznych lokalizacjach wtornych do COVID-19 [34]. Ciekawe

badanie przeprowadzili Noriaki i wsp. Autorzy probowali okresli¢ wystepowanie ZP w
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okresach dominacji pierwotnego szczepu oraz wariantow Alpha, Delta i Omicron. Sposrod
720 pacjentow z COVID-19, u ktérych wykonano angiografie TK tetnic ptucnych, ZP
rozpoznano u: 12%w okresie dominacji pierwotnego szczepu, 8% w okresie dominacji
wariantu Alpha, 11% w okresie dominacji wariantu Delta, 9% w okresie dominacji wariantu
Omicron [35]. Podobng czgstos¢ wystepowania ZP przedstawili w swoim retrospektywnym
przegladzie Law. N i wsp. Epizody ZP stwierdzono u 10,6% z kohorty Delta COVID i1 9,23%
z kohorty Omicron, cho¢ jak podkresli autorzy, badanie miato niewystarczajaca moc, a
réznica w czestosci wystepowania ZP nie byla istotna statystycznie (p = 0,43 i p = 0,22) [36].
Charakterystyke wariantéw SARS-CoV-2 zestawiono w tabeli 1.

Powyzsze obserwacje moga korespondowaé z wynikami badan laboratoryjnych. Juz
na poczatkowych etapach pandemii wskazywano na podwyzszong warto§¢ D-Dimerdw, ktora
mogta korelowac z cigzkoscig przebiegu COVID-19 [37]. Obecnie wytypowano wiele
nowych biomarkerow ryzyka zakrzepowego w COVID-19. Uwage zwracaja neutrofilowe
sieci zewnatrzkomorkowe (NETs), obejmujace wolne DNA, kompleksy MPO-DNA, elastaze
neutrofilowag—DNA oraz cytrulinowany histon 3 (H3Cit), ktorych podwyzszone poziomy
moga wigzac si¢ z cigzkoscig choroby. Znaczenie prognostyczne wykazano dla zwigkszonych
stezen czynnikéw dopetniacza (C3, C5, C5a, sC5b-9), specyficznych profili mikroRNA (miR-
148a-3p, miR-451a, miR-486-5p). Stwierdzono, ze biatka chromatyny, biatka HMGBI1
(regulatora transkrypcji o wysokiej ruchliwosci) progranuliny byty podwyzszone w surowicy
1 osoczu pacjentdw z ciezkim przebiegiem COVID-19 i wigzaty si¢ z niekorzystnym

rokowaniem, natomiast poziom kalprotektyny byt niezaleznie zwigzany z zakrzepica [38].

Pandemia COVID-19 miata duzy wplyw na rozwdj wakcynologii. Dopuszczenie do
obrotu szczepionek okazato si¢ indukowac szybka i trwata odpowiedz immunologiczng

przeciwko zakazeniu SARS-CoV-2 [39,40,41,42]. Wydaje si¢ ze szczepionki, szczegodlnie
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mRNA staly si¢ przetomowa platforma. Wkiad rozwo6j szczepionek zostat doceniony przez
przyznanie Katalin Kariko i Drew Weissmanowi Nagrody Nobla w dziedzinie fizjologii 1
medycyny za rok 2023 [43]. Pierwsze badania nad mRNA rozpoczely si¢ w latach 70. XX
wieku, za$ pierwsze wzmianki dotyczace idei szczepionki opartej na mRNA datuje si¢ na lata
90. Od tego czasu rozwoj szczepionek mRNA szybko zyskat na znaczeniu. Ich sukces
podczas pandemii COVID-19, czego dowodem sg szczepionki firm Pfizer-BioNTech 1
Moderna, ukazat ich mozliwosci[44]. Bardzo ciekawego przegladu dotyczacego mozliwosci
szczepionek mRNA dokonali Haghmorad, D 1 wsp. Autorzy przedstawili doniesienia
wskazujace, ze model szczepionek mRNA stwarza nowe mozliwo$ci interwencji
terapeutycznych. Jedng z najbardziej obiecujacych nowych perspektyw jest potencjat
spersonalizowanych szczepionek mRNA wykorzystywanych w onkologii, projektowanych
tak, aby celowaly w specyficzne mutacje obecne w guzie pacjenta. Ponadto wskazano na
mozliwe korzysci w leczeniu chordb autoimmunologicznych poprzez indukcje tolerancji
immunologicznej na specyficzne autoantygeny, w schorzeniach takich jak cukrzyca typu I,
stwardnienie rozsiane 1 reumatoidalne zapalenie stawow, a takze w chorobach przewlektych
np. poprzez dostarczanie terapeutycznych biatek, ktorych niedobér lub dysfunkcja wystepuje
w tej grupie pacjentéw [45]. Szybki rozwoj szczepionek przeciwko COVID-19 potwierdzit
takze transformacyjny potencjal sztucznej inteligencji (Al), ktory moze skraca¢ pewne
procesy z lat do miesigcy. Smith, J. i Kowalski, M. przeprowadzili przeglad parasolowy w
celu skonsolidowania dowoddw na temat wktadu AI w odkrywanie szczepionek, ich
optymalizacje, badania kliniczne, logistyke tancucha dostaw i akceptacje spoteczna.
Potwierdzono kluczow3 role sztucznej inteligencji w przyspieszeniu rozwoju szczepionek,
zwigkszeniu ich skutecznos$ci i bezpieczenstwa oraz wzmocnieniu akceptacji spotecznej[46].
Zakres 1 dostep do szczepionek przeciwko COVID-19 rézni si¢ na catym w §wiecie, w Polsce

obecnie dostgpne sa: Comirnaty (Pfizer-BioNTech) — szczepionka mRNA, Spikevax
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(Moderna) — szczepionka mRNA, Vaxzevria (AstraZeneca) — szczepionka wektorowa
(adenowirusowa), Janssen (Johnson & Johnson) — szczepionka wektorowa (adenowirusowa),
jednodawkowa, Nuvaxovid (Novavax) — szczepionka proteinowa [47]. Standardowa forma
podania szczepionek COVID-19 jest podanie domig$niowe. Obecnie trwajg badania nad
innymi formami podazy. W badaniach donosowe szczepionki przeciwko COVID-19 moga
oferowaé generowanie odpornosci sluzéwkowej [48] [49]. Trwaja takze badania zaslepione,
wieloosrodkowe, randomizowane z grupa kontrolng poréwnawcza, majace na celu oceng
wzglednej skutecznosci, bezpieczenstwa i immunogennosci doustnej szczepionki przeciw
COVID-19 w poréwnaniu ze szczepionka mRNA przeciw COVID-19 u dorostych [50].

W trakcie trwania pandemii pojawity si¢ doniesienia, ze szczepionki moga generowac
wystepowanie zakrzepicy zylnej i matoptytkowosci po podaniu szczepionki wektorowej
adenowirusowej. Nina H i wsp. przedstawili wyniki badan pieciu pacjentéw, u ktoérych
wystapilty ww. powiktania po 7 do 10 dniach od podania pierwszej dawki szczepionki
wektorowej adenowirusowej- poniewaz jednak pie¢ przypadkow wystapito w populacji ponad
130 000 os6b zaszczepionych, oceniono, ze powiktanie stanowi rzadka odmiang
spontanicznej matoptytkowosci indukowanej heparyng [51]. Tran, H.N.Q. 1 wsp. w swoim
badaniu wykazali zwigkszone ryzyko zdarzen zakrzepowo-zatorowych po szczepieniu,
jednoczesnie stwierdzajac, ze samo szczepienie zmniejsza ryzyko wystgpienia powiklan
zakrzepowo-zatorowych zwigzanych z zakazeniem (iloraz szans: 4,65, 95% CI: [4,18, 5,17] u
0s0b niezaszczepionych w pordwnaniu z 2,77, 95% CI: [2,40, 3,24] u 0s6b zaszczepionych
[52]. Donoszono takze o takich powiktaniach poszczepiennych jak zapalenie mig¢$nia
sercowego, osierdzia czy arytmii serca jako zdarzen niepozadanych, jednak w
przeprowadzonym badaniu Patone, M. i wsp. stwierdzili, ze szczepienia przeciw COVID-19
wiaza si¢ z niewielkim ryzykiem zapalenia mig$nia sercowego w okreslonych sytuacjach

(szczegodlnie u mtodszych os6b po mRNA), ale to ryzyko jest przynajmniej czterokrotnie
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nizsze niz po samym zakazeniu SARS-CoV-2 [53]. Inni autorzy ocenili, Ze szczepienie
wiazalo si¢ z mniejszg czestoscig wystepowania uszkodzen serca [54], za$ polscy badacze
okreslili, ze szczepienie przeciwko COVID-19 nie wptywa na rokowanie okotooperacyjne
u pacjentdw z ostrym zespolem wiencowym, co dodatkowo potwierdza bezpieczenstwo
szczepien w populacjach wysokiego ryzyka [55].

Wdrozenie szczepien ochronnych oraz naturalny proces mutacji wirusa determinowaty
przebieg pandemii. Ciekawego przegladu dokonali Rathod, K i wsp. W badaniu prébowano
okresli¢ w jaki sposob postep pandemii COVID-19 wptynat na obcigzenie zakrzepowe, cechy
angiograficzne i wyniki kliniczne u pacjentéw z chorobg koronawirusowg 2019 (COVID-19)
z zawatem mig¢$nia sercowego z uniesieniem odcinka ST (STEMI) w pordwnaniu z
pacjentami ze STEMI bez COVID-19. Potwierdzono, ze pacjenci ze STEMI u ktorych
wystapito zakazenie COVID-19 podczas pierwszej fali, mieli istotnie wyzsze wskazniki
zakrzepicy w stencie, ryzyko zakrzepicy wielonaczyniowej 1 zmodyfikowanej zakrzepicy
stopnia 4-5 porownaniu z pacjentami bez COVID-19, natomiast nie zaobserwowano ich w
kolejnych falach pandemii. W trzeciej fali odsetek zakrzepicy w stencie 1 zmodyfikowane;j
zakrzepicy stopnia 4-5 byt poréwnywalny u pacjentéw z COVID-19-pozytywnych i bez
COVID-19. Ponadto zaszczepieni pacjenci z COVID-19-pozytywnym STEMI mieli
poréwnywalne cechy angiograficzne 1 wyniki leczenia do pacjentéw z grupy kontrolnej bez
COVID-19, a gorsze wyniki obserwowano u niezaszczepionych pacjentéw z COVID-19-
pozytywnych. Czas od wystapienia objawow do reperfuzji byt podobny we wszystkich falach
[56]. Badanie Galeano-Valle i wsp. rowniez ukazuje odmiennos$¢ przebiegu choroby
koronawirusowej 1 jej wplywu na powiklania zatorowo-zakrzepowe na réznych etapach
pandemii. W analizie pordwnywano okresy przed i po powszechnym wprowadzeniu
szczepionek przeciwko COVID-19: od marca do grudnia 2020 r. (okres przed szczepieniami)

oraz od marca 2021 r. do grudnia 2022 r. (okres po szczepieniach) - wykazano ponad

52



dwukrotny wzrost ryzyka zgonu w ciggu 90 dni i powaznego krwawienia u pacjentow z
okresu 2020 roku w poréwnaniu z pacjentami z okresu 2021-2022, wskazano na znaczacy
spadek czestosci wystepowania 90-dniowej Smiertelnosci i powaznych krwawien u pacjentow
z zylna chorobg zakrzepowo-zatorowa zwigzang z COVID-19 w okresie 2021-2022. W tym
samym badaniu cze¢sto$§¢ nawrotow zylnej choroby zakrzepowo-zatorowej byta niska
(odpowiednio 1,1% w poréwnaniu z 0,7%) [57]. W innym ciekawym badaniu analizie
poddano krétko- i dtugoterminowe leczenie oraz powiktania u pacjentéw z ZChZZ z COVID-
19 1 bez niego. Oceniono, ze pacjenci z COVID-19 mieli mniej chorob wspotistniejacych,
wyzszy odsetek zatorowos$ci ptucnej na poczatku badania (96,7% w porownaniu z 76,4%, p =
0,01) i mniejsze prawdopodobienstwo pozostania na terapii przeciwzakrzepowej po trzech
miesigcach. U 6,7% pacjentow z COVID-19 w pordéwnaniu z 2,4% pacjentami bez COVID-
19 ( ro6znica statystycznie nieistotna) wystapity powazne zdarzenia krwotoczne, wszystkie w
ciggu pierwszych trzech miesigcy. Co ciekawe, nie odnotowano zgonow wsrdd pacjentow z
COVID-19 w poréwnaniu ze $miertelnoscig wynoszacg (9,4%) w podgrupie pacjentéw bez
COVID-19 [58]. We wlasnym badaniu klinicznym dotyczacym pacjentow z COVID-19 i
zatorowoscig ptucng przezycie w ciggu 30 dni nie rdznito si¢ miedzy grupami COVID-19 (+)
1 COVID-19 (-) podczas gdy po ocenie rocznej przezycie byto wyzsze w grupie COVID-19
(+) w poréwnaniu do grupy COVID-19 (-). Na poczatku nie byto pewne jaki jest konkretnie
wplyw na powiktania zatorowo-zakrzepowe u pacjentdw z towarzyszacym zakazeniem
wirusem SARS-Co-V2. Na podstawie przeprowadzonych klaruje si¢ odpowiedz ze zakazenie
wirusem stanowi przejsciowym czynnik ryzyka powiktan zatorowo- zakrzepowych. Do
podobnych wnioskéw doszli takze inni autorzy. Przyktadem moze by¢ badanie Rubén
Alonso-Beato i wsp., ktérzy przedstawili wyniki leczenia u pacjentéw z ZChZZ COVID-19 i
bez niego. Oceniono, ze po 30 dniach COVID-19 wigzat si¢ ze zwickszong $miertelnoscia 1

powaznymi krwawieniami , za$ po roku ryzyko krwawienia pozostato wyzsze, podczas gdy
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nawrdt ZChZZ byt nizszy. Uznano zatem, Ze nizsze wskazniki nawrotow ZChZZ
przemawiaja za uznaniem COVID-19 za przej$ciowy czynnik prowokujacy [59].
Aktualizacja doniesien miata wptyw na ksztaltowanie si¢ zalecen dotyczacych terapii
powiktan zatorowo- zakrzepowych. Obecne dane nie daty podstaw do sformutowania
odrgbnych zalecen dotyczacych leczenia powiktan zatorowo- zakrzepowych, w tym
zatorowosci ptucnej, u pacjentéw z COVID-19 1 bez wspotistniejacego zakazenia- wytyczne
leczenia w tych przypadkach sg takie same jak dotychczas ustalonych zasadach.
W zakresie profilaktyki u pacjentow z choroba koronawirusowa zarowno najnowsze zalecenia
swiatowe wg American Society of Hematology 2025 oraz aktualizacja polskich zalecen
postepowania w zylnej chorobie zakrzepowo-zatorowej (ZChZZ) z 2024 roku formutuja
podobne rekomendacje [60,61]. W zaleznosci od cigzkosci przebiegu, u pacjentéw leczonych
ambulatoryjnie nie zaleca si¢ stosowania profilaktyki przeciwkrzepliwej; u chorych o duzym
ryzyku progresji COVID-19, mozna rozwazy¢ leczenie sulodeksydem — wiaczenie do terapii
si¢ zalecane jest w ciggu 3 dni od poczatku objawow. U pacjentow hospitalizowanych
niebedacych w stanie krytycznym preferowane jest stosowanie dawki profilaktyczne;j
W porOwnaniu z niestosowaniem profilaktyki, u wybranych chorych stosowanie dawki
leczniczej] w poréwnaniu z mniejszg ( profilaktyczng 1 posrednia) ; sugeruje si¢ takze
rozwazenie stosowania apiksabanu w dawce leczniczej. U chorych hospitalizowanych
w stanie krytycznym preferowane jest stosowanie dawki profilaktycznej w pordwnaniu
z brakiem profilaktyki ( rozwazenie wyzszej intensywnos$ci moze by¢ preferowane u
pacjentdw z niskim ryzykiem krwawienia i wysokim ryzykiem zakrzepicy) . W zadnej grupie
nie zaleca si¢ stosowania lekow przeciwptytkowych. Nie udowodniono korzysci w
przedluzonej profilaktyki przeciwzakrzepowej po wypisie ze szpitala u pacjentow z COVID-
19, u ktorych nie podejrzewano ani nie potwierdzono ZChZZ, u chorych duzego ryzyka

sugeruje rozwazenie stosowania rywaroksabanu w dawce profilaktycznej przez 30 dni.
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Wedtug zalecen ASH obecnie nie ma bezposrednich dowodow o wysokiej pewnosci
porownujacych rozne rodzaje lekow przeciwzakrzepowych u pacjentoéw z COVID-19.
Heparyna drobnoczasteczkowa (LMWH) lub UFH moga by¢ preferowane ze wzgledu na
przewage dowodoéw dotyczacych tych lekéw. Nie ma badan dotyczacych intensywnego
leczenia terapeutycznego fondaparynuksem, abigatranem ani biwalirudyna w tej populacji.
Panel przyznaje, ze leczenie przeciwzakrzepowe o nizszej intensywnosci moze by¢
preferowane u pacjentdow z wysokim ryzykiem krwawienia i niskim ryzykiem zakrzepicy.

Pomimo ze pandemia COVID-19 jest juz za nami, badania prowadzone w jej trakcie i
po niej pozostajg niezwykle istotne. Doswiadczenia te stanowig fundament dla skutecznej
odpowiedzi naukowej oraz umozliwiajg przygotowanie si¢ na ewentualne przyszte zagrozenia
epidemiologiczne. W tym miejscu warto doda¢, ze do lepszego zrozumienia budowy samego
wirusa SARS- CoV-2, patofizjologii przebiegu zakazenia, a takze opracowania skutecznych
szczepionek mialy wplyw wczesniejsze badania, szczegolnie nad wirusami SARS-CoV
zidentyfikowanego w Chinach w 2003r. oraz MERS (Middle East respiratory syndrome)
wykrytego w 2012 roku w Arabii Saudyjskiej.

W niniejszej rozprawie podjeto probe opisania molekularnych i klinicznych
mechanizmow wptywu COVID-19 na zakrzepice i choroby serowo naczyniowe, od
konkretnych interwencji medycznych, az po krotko- 1 dlugoterminowe skutki kliniczne.
Badanie dotyczace trombektomii aspiracyjnej u pacjentow z STEMI ukazato odrgbny
przebieg kliniczny oraz konieczno$¢ identyfikacji pacjentow, ktdrzy wymagaja bardziej
agresywnego leczenia z powodu zwigkszonego ryzyka zakrzepicy. Wykorzystanie danych z
krajowego rejestru ORPKI wptynegto na uzyskanie bardziej wiarygodnego wyniku.
Jednoczes$nie przeprowadzona analiza danych z osrodka pulmonologicznego pozwolita na
oceng krotkoterminowych 1 dlugoterminowych wynikow leczenia u pacjentow z zatorowoscia

ptucng i towarzyszacym COVID-19. Cho¢ badanie przeprowadzono na matej grupie
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pacjentéw, wyniki korespondowaty z doniesieniami $wiatowymi i potwierdzaty wptyw
choroby koronawirusowej jako czasowego czynnika ryzyka powiktan zatorowo
zakrzepowych u pacjentow. Praca pogladowa, taczaca dzieto, podsumowuje wptyw SARS-
CoV-2 na procesy krzepnigcia i fibrynolizy oraz ukazuje zalecenia dotyczace profilaktyki i
leczenia powiktan zatorowo-zakrzepowych.

Uzyskane wyniki umozliwily lepsze zrozumienie zachodzacych procesow, ktore
mogty wptyna¢ na lepsza odpowiedz na dynamicznie powstajace, nowe problemy kliniczne,

skuteczniejsze leczenie i poprawe opieki nad pacjentami.

56



PiSmiennictwo

1. Colling ME, Tourdot BE, Kanthi Y. Inflammation, infection and venous
thromboembolism. Circ Res. 2021;128(12):2017-36.
doi:10.1161/CIRCRESAHA.121.318225. PMID:34110909; PMCID:PMC8202069.
2. Phillippe HM. Overview of venous thromboembolism. Am J Manag Care.
2017;23(20 Suppl):S376-82. PMID:29297660.

3. Pruszczyk P, Ciurzyfiski M, Kostrubiec M, red. Zylna choroba zakrzepowo-
zatorowa. Wyd. 2. Warszawa: PZWL Wydawnictwo Lekarskie; 2021. ISBN:978-83-
960509-8-4.

4. Stone J, Hangge P, Albadawi H, Wallace A, Shamoun F, Knuttien MG, et al. Deep
vein thrombosis: pathogenesis, diagnosis, and medical management. Cardiovasc
Diagn Ther. 2017;7(Suppl 3):S276-84. doi:10.21037/cdt.2017.09.01.
PMID:29399531; PMCID:PMC5778510.

5. Pastori D, Cormaci VM, Marucci S, Franchino G, Del Sole F, Capozza A, et al. A
comprehensive review of risk factors for venous thromboembolism: from
epidemiology to pathophysiology. Int J] Mol Sci. 2023;24(4):3169.
doi:10.3390/ijms24043169. PMID:36834580; PMCID:PMC9964264.

6. Franchini M, Mannucci PM. Association between venous and arterial thrombosis:
clinical implications. Eur J Intern Med. 2012;23(4):333-7.
doi:10.1016/j.€jim.2012.02.008. PMID:22560380.

7. Ageno W. Arterial and venous thrombosis: clinical evidence for mechanistic
overlap. Blood. 2014;124:SCI-3.

8. Prandoni P. Venous and arterial thrombosis: is there a link? Adv Exp Med Biol.

2017;906:273-83. doi:10.1007/5584 2016 121. PMID:27628000.

57



9. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and thrombotic or
thromboembolic disease: implications for prevention, antithrombotic therapy, and
follow-up. J Am Coll Cardiol. 2020;75(23):2950-73. doi:10.1016/j.jacc.2020.04.031.
10. Sakr Y, Giovini M, Leone M, et al. Pulmonary embolism in patients with
coronavirus disease-2019 (COVID-19) pneumonia: a narrative review. Ann Intensive
Care. 2020;10:124. doi:10.1186/s13613-020-00741-0.

11. Becker RC, Tantry US, Khan M, et al. The COVID-19 thrombus: distinguishing
pathological, mechanistic, and phenotypic features and management. J Thromb
Thrombolysis. 2025;58:15-49. doi:10.1007/s11239-024-03028-4.

12. Yogendra R, Perlowski A, Johng B, Dahshan H, Orr C, Jeffers D, et al.
Perioperative and anesthetic considerations for post-acute sequelac of COVID
(PASC)/long COVID. Perioper Med. 2025;14(1):1. doi:10.1186/s13741-025-00558-0.
13. Tan BK, Mainbourg S, Friggeri A, Bertoletti L, Douplat M, Dargaud Y, et al.
Arterial and venous thromboembolism in COVID-19: a study-level meta-analysis.
Thorax. 2021;76(10):970-9. doi:10.1136/thoraxjnl-2020-215383. PMID:33622981.
14. Ulloa JH, Moreno Rocha OY, Pinto P, et al. Post—-COVID-19 arterial thrombosis:
a systematic review. J Vasc Surg. 2022;75(6):e116. doi1:10.1016/j.jvs.2022.03.158.
PMCID:PMC9117175.

15. Ortega-Paz L, Talasaz AH, Sadeghipour P, et al. COVID-19-associated pulmonary
embolism: review of pathophysiology, epidemiology, prevention, diagnosis, and
treatment. Semin Thromb Hemost. 2023;49(8):816—32. doi:10.1055/5-0042-1757634.
PMID:36223804.

16. Gong X, Yuan B, Yuan Y. Incidence and prognostic value of pulmonary embolism
in COVID-19: a systematic review and meta-analysis. PLoS One.

2022;17(3):€0263580. doi:10.1371/journal.pone.0263580.

58



17. Roncon L, Zuin M, Barco S, et al. Incidence of acute pulmonary embolism in
COVID-19 patients: systematic review and meta-analysis. Eur J Intern Med.
2020;82:29-37. doi:10.1016/.€jim.2020.09.006. PMID:32958372;
PMCID:PMC7498252.

18. Maas AFG, Wyers C, Dielis A, et al. The incidence of pulmonary embolism in
hospitalized non-ICU COVID-19 patients. J Vasc Res. 2024;61(3):142-50.
doi:10.1159/000538312. PMID:38631294; PMCID:PMC11151976.

19. Boonyawat K, Chantrathammachart P, et al. Incidence of thromboembolism in
COVID-19: a systematic review and meta-analysis. Thromb J. 2020;18(1):34.
doi:10.1186/5s12959-020-00248-5. PMID:33292258; PMCID:PMC7680990.

20. Nasrullah A, Gangu K, Shumway NB, et al. COVID-19 and pulmonary embolism
outcomes: a propensity-matched analysis. Vaccines (Basel). 2022;10(12):2104.
doi:10.3390/vaccines10122104.

21. Malas MB, Naazie IN, Elsayed N, et al. Thromboembolism risk of COVID-19 is
high and associated with higher mortality: a systematic review. EClinicalMedicine.
2020;29:100639. doi:10.1016/j.eclinm.2020.100639.

22. Triantafyllis AS, Sfantou D, Karapedi E, et al. Coronary implications of COVID-
19. Med Princ Pract. 2025;34(1):1-12. doi:10.1159/000541553. PMID:39307131;
PMCID:PMC11805551.

23. Turshudzhyan A. SARS-CoV-2—induced cardiovascular syndrome: etiology,
outcomes, and management. Cureus. 2020;12(6):e8543. doi:10.7759/cureus.8543.
PMID:32670680; PMCID:PMC7357341.

24. Alasnag M, Shah B, Botti G, et al. STEMIs and MINOCA during the COVID-19
pandemic. J Soc Cardiovasc Angiogr Interv. 2022;1(4):100372.

doi:10.1016/j.jscai.2022.100372.

59



25. Goel A, Malik AH, Bandyopadhyay D, et al. Impact of COVID-19 on outcomes of
patients hospitalized with STEMI. Curr Probl Cardiol. 2023;48(4):101547.
doi:10.1016/j.cpcardiol.2022.101547. PMCID:PMC9749390.

26. Rodriguez-Leor O, Cid Alvarez AB, Pérez de Prado A, et al. In-hospital outcomes
of COVID-19 STEMI patients. Eurolntervention. 2021;16(17):1426-33.
doi:10.4244/E1J-D-20-00935.

27. Mingaleeva RN, Nigmatulina NA, Sharafetdinova LM, et al. Biology of the
SARS-CoV-2 coronavirus. Biochemistry (Mosc). 2022;87:1662—78.
doi:10.1134/S0006297922120215.

28. Cascella M, Rajnik M, Aleem A, et al. Features, evaluation, and treatment of
coronavirus (COVID-19). In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2025. PMID:32150360.

29.Lin L, Liu Y, Tang X, et al. Disease severity and outcomes of SARS-CoV-2
variants of concern. Front Public Health. 2021;9:775224.
doi:10.3389/fpubh.2021.775224.

30. Grobbelaar LM, Kruger A, Venter C, et al. Relative hypercoagulopathy of Beta
and Delta variants vs Omicron. Semin Thromb Hemost. 2022;48(7):858—68.
doi:10.1055/5-0042-1756306.

31. Guarienti FA, Xavier FAC, Ferraz MD, et al. Identifying COVID-19 variant
through symptoms profile. BMC Infect Dis. 2024;24:1306. doi:10.1186/s12879-024-
10094-9.

32. Nyberg T, Bager P, Svalgaard IB, et al. Protocol for SARS-CoV-2 variant severity
assessment. Euro Surveill. 2023;28(36):2300048. doi:10.2807/1560-

7917.ES.2023.28.36.2300048.

60



33. Ahmad A, Fawaz MAM, Aisha A. Comparative overview of SARS-CoV-2
variants. Infez Med. 2022;30(3):328-43. PMID:36148164; PMCID:PM(C9448317.
34. Manzur-Pineda K, O'Neil CF, Bornak A, et al. COVID-19 thrombotic
complications before and during Delta wave. J Vasc Surg. 2022;76(5):1374-82.¢1.
doi:10.1016/].jvs.2022.04.053.

35. Noriaki M, Li Y, Gagne SM, et al. Incidence and severity of pulmonary embolism
in COVID-19 infection: variants comparison. Medicine. 2023;102(48):e36417.
doi:10.1097/MD.0000000000036417.

36. Law N, Chan J, Kelly C, et al. Pulmonary embolism in COVID-19 in ED: variants
and vaccines. Emerg Radiol. 2022;29:625-9. doi:10.1007/s10140-022-02039-z.

37. Zhan H, Chen H, Liu C, et al. Diagnostic value of D-dimer in COVID-19. Clin
Appl Thromb Hemost. 2021;27:10760296211010976.
doi:10.1177/10760296211010976.

38. Gorog DA, Storey RF, Gurbel PA, et al. Biomarkers of thrombotic risk in COVID-
19. Nat Rev Cardiol. 2022;19:475-95. doi:10.1038/s41569-021-00665-7.

39. Soheili M, Khateri S, Moradpour F, et al. Effectiveness of COVID-19 vaccines:
mini-review. Ann Clin Microbiol Antimicrob. 2023;22:42. doi:10.1186/s12941-023-
00594-y.

40. Bawazir WM, Al Ibad A, Mohsin M, et al. Immune and hematological responses
to a third mRNA COVID-19 dose. Front Cell Infect Microbiol. 2025;15:1615227.
doi:10.3389/fcimb.2025.1615227.

41. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of mRNA-1273
vaccine. N Engl J Med. 2021;384(5):403—16. doi:10.1056/NEJM0a2035389.

42. Sadoff J, Gray G, Vandebosch A, et al. Efficacy of single-dose Ad26.COV2.S

vaccine. N Engl J Med. 2021;384(23):2187-201. doi:10.1056/NEJMoa2101544.

61



43. Rappuoli R, Alter G, Pulendran B. Transforming vaccinology. Cell.
2024;187(19):5171-94. doi:10.1016/j.cell.2024.07.021.

44. Leong KY, Tham SK, Poh CL. mRNA vaccine technology review. Virol J.
2025;22:71. doi:10.1186/s12985-025-02645-6.

45. Haghmorad D, Eslami M, Orooji N, et al. mRNA vaccine platforms. Front Bioeng
Biotechnol. 2025;13:1547025. doi:10.3389/fbioe.2025.1547025.

46. Smith J, Kowalski M. Al in vaccine research: umbrella review. Front Immunol.
2025;16:1567116. doi:10.3389/fimmu.2025.1567116.

47. https://www.mp.pl/pacjent/szczepienia/sytuacje-szczegolne/275254 -2025.02.20
48. Singh C, Verma S, Reddy P, et al. Comparative trial of intranasal INCOVACC and
intramuscular Covaxin. NPJ Vaccines. 2023;8:125. doi:10.1038/s41541-023-00717-8.
49. Kaufmann JK, Wyllie K, Zhao Y, et al. CoviLiv™: intranasal live-attenuated
COVID-19 vaccine, first-in-human trial CDX-CoV-001. Open Forum Infect Dis.
2023;10(Suppl 2):0fad500.2469. doi:10.1093/ofid/ofad500.2469.

50. Abene S. Vaxart’s Oral COVID-19 Vaccine Moves Forward After Positive Safety

Review https://www.contagionlive.com/- 2025.01.29

51. Schultz NH, Servoll IH, Michelsen AE, et al. Thrombosis and thrombocytopenia
after ChAdOx1 nCoV-19 vaccination. N Engl J Med. 2021;384(22):2124-30.
doi:10.1056/NEJMoa2104882.

52. Tran HNQ, Risk M, Nair GB, et al. Risk—benefit analysis of thromboembolism
after mRNA vaccination. NPJ Vaccines. 2024;9:166. doi:10.1038/s41541-024-00960-
7.

53. Patone M, Mei XW, Handunnetthi L, et al. Risks of myocarditis, pericarditis, and
arrhythmias after vaccination or SARS-CoV-2 infection. Nat Med. 2022;28:410-22.

doi:10.1038/s41591-021-01630-0.

62


https://www.mp.pl/pacjent/szczepienia/sytuacje-szczegolne/275254
https://www.contagionlive.com/-

54. Parodi JB, Indavere A, Bobadilla JP, et al. Impact of COVID-19 vaccination on
post-COVID cardiac complications. Vaccine. 2023;41(8):1524-8.
doi:10.1016/j.vaccine.2023.01.052.

55. Kazir6d-Wolski K, Zajac P, Zabojszcz M, et al. Effect of COVID-19 on
perioperative ACS: 243,515 cases. J Clin Med. 2022;11:5394.
do0i:10.3390/jcm11185394.

56. Rathod K, Teoh Z, Tyrlis A, et al. Thrombus burden and outcomes in COVID-19
STEMI. J Am Coll Cardiol. 2023;81(25):2406—16. doi:10.1016/j.jacc.2023.04.029.
57. Galeano-Valle F, Demelo-Rodriguez P, Alonso-Beato R, et al. Outcomes of
COVID-19-associated VTE: evolution 2020-2022. J Thromb Thrombolysis.
2024;57:1239-48. doi:10.1007/s11239-024-03026-6.

58. Goel A, Malik AH, Bandyopadhyay D, et al. Outcomes of hospitalized STEMI
patients with COVID-19. Curr Probl Cardiol. 2023;48(4):101547.
doi:10.1016/j.cpcardiol.2022.101547.

59. Alonso-Beato R, Demelo-Rodriguez P, Ordieres-Ortega L, et al. Short- and long-
term outcomes of COVID-19-associated VTE. Intern Emerg Med. 2025;20(4):935-45.
doi:10.1007/s11739-025-04042-x.

60. Polskie Towarzystwo Onkologiczne. ZChZZ 2024. 2024

https://www.pto.med.pl/sites/default/files/page-2025/ZChZ7 2024 061124 F.pdf-

12.2024
61. Siegal DM, Tseng EK, Schiinemann HJ, et al. ASH guidelines on anticoagulation
in COVID-19: executive summary. Blood Adv. 2025;9(6):1247-60.

doi:10.1182/bloodadvances.2024014219. PMID:39437797; PMCID:PMC11950770.

63


https://www.pto.med.pl/sites/default/files/page-2025/ZChZZ_2024_061124_F.pdf-

Streszczenie w jezyku polskim

Patofizjologia i charakterystyka kliniczna ostrych zespotow wiencowych oraz
powiktan zatorowo-zakrzepowych przy wspotistniejagcym zakazeniu SARS-CoV-2 moga
rozni¢ si¢ od konwencjonalnego przebiegu u pacjentoéw bez towarzyszacej infekcji.

Celem rozprawy byta ocena wptywu zakazenia wirusem SARS-CoV-2 na zaburzenia
hemostazy oraz znaczenie kliniczne w przebiegu i leczeniu ostrych zespotow wiencowych z
uniesieniem odcinka ST oraz u pacjentéw z incydentami zatorowo-zakrzepowymi, ze
szczegdlnym uwzglednieniem zatorowosci ptucne;.

Przebadano 29 915 pacjentow ze STEMI; 3139 (10,5%) os6b poddano trombektomii,
z czego 311 (10,8%) mialo infekcje COVID-19. Porownano charakterystyke kliniczng i
leczenie pacjentow COVID-19 (+) i COVID-19 (-). Ustalono, ze pacjenci z COVID-19 (+)
czesciej znajdowali si¢ w cigzkim stanie klinicznym. Pomimo bardziej intensywnego leczenia
przeciwptytkowego 1 przeciwzakrzepowego zabiegi PCI rzadziej dawaty optymalny efekt
TIMI 3. COVID-19 okazat si¢ by¢ niezaleznym, silnym predyktorem kwalifikacji do
trombektomii aspiracyjnej. RGwnoczesnie analizie poddano grupe 70 pacjentow z
zatorowoscig ptucng 1 infekcja uktadu oddechowego, ktorych podzielono na COVID-19 (-) (n
=25)1 COVID-19 (+) (n = 45). Przedstawiono charakterystyke kliniczng 1 obrazowg oraz
wykonano analizy regresji logistycznej w celu identyfikacji predyktoréw $miertelnosci 30-
dniowej i rocznej. COVID-19 nie wplywal niezaleznie na przezywalno$¢ dtugoterminowa.
Przezywalno$¢ krotkoterminowa byta podobna, natomiast dtugoterminowa wyzsza w grupie
COVID-19 (+). Jedynym niezaleznym predyktorem $miertelnosci dtugoterminowej byta
choroba nowotworowa. Przeglad dopetniajacy dzieto, miat na celu przedstawienie wplywu
SARS-CoV-2 na procesy krzepnigcia 1 fibrynolizy oraz zaprezentowanie zalecen dotyczacych
profilaktyki i leczenia powiktan zakrzepowo-zatorowych ze szczegdlnym omdwieniem
leczenia fibrynolitycznego.
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Uzyskane wyniki podkreslity znaczenie spersonalizowanego podejscia
terapeutycznego uzaleznionego od danego przebiegu klinicznego. Takie podejscie moze

sprzyjac¢ optymalizacji leczenia oraz wptywac na poprawe opieki nad pacjentem.
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Streszczenie w jezyku angielskim

The pathophysiology and clinical presentation of acute coronary syndromes and
thromboembolic complications in the setting of concomitant SARS-CoV-2 infection may
differ from the conventional course observed in patients without viral infection.

The aim of this dissertation was to evaluate the impact of SARS-CoV-2 infection on
hemostatic disturbances and to assess their clinical significance in the course and management
of ST-segment elevation acute coronary syndromes and thromboembolic events, with
particular emphasis on pulmonary embolism.

A total of 29,915 patients with STEMI were analyzed; 3,139 (10.5%) underwent
thrombectomy, of whom 311 (10.8%) were COVID-19—positive. The clinical characteristics
and management of COVID-19 (+) and COVID-19 (-) patients were compared. It was found
that COVID-19 (+) individuals more frequently presented in severe clinical condition. Despite
more intensive antiplatelet and anticoagulant therapy, PCI procedures were less likely to
achieve optimal TIMI 3 flow. COVID-19 emerged as an independent and strong predictor of
qualification for aspiration thrombectomy.

In parallel, a cohort of 70 patients with pulmonary embolism and respiratory tract
infection was evaluated and divided into COVID-19 (=) (n = 25) and COVID-19 (+) (n = 45)
groups. Clinical and imaging characteristics were assessed, and logistic regression analyses
were performed to identify predictors of 30-day and 1-year mortality. COVID-19 did not
independently influence long-term survival. Short-term survival was comparable between
groups, whereas long-term survival was higher among COVID-19 (+) patients. The only
independent predictor of long-term mortality was a diagnosis of malignancy.

An integrative review accompanying the dissertation aimed to summarize the influence of

SARS-CoV-2 on coagulation and fibrinolytic processes and to present current
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recommendations for the prevention and management of thromboembolic complications, with
particular focus on fibrinolytic therapy.

The findings underscore the importance of a personalized therapeutic approach
tailored to individual clinical trajectories. Such an approach may contribute to optimization of

treatment strategies and improvement of patient care.
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Opinia Komisji Bioetycznej

KOMISJA BIOETYCZNA
PRZY SWIETOKRZYSKIEJ IZBIE LEKARSKIEJ
25-155 Kiclee, Aleja ks. Jerzego Popicluszki 43
tel.: 41 362 1540 faks: 41 362 15 00

Uchwata Nr  6/2023 - VIII
Komisji Bioetycznej
Swigtokrzyskie] Izby lekarskiej w Kielcach
z dnia 26 stycznia 2023 r.

Na podstawie art. 29 ust. 1 i ust. 2 ustawy z dnia 05 grudnia 1996 r. o zawodach lekarza i
lekarza dentysty (Dz. U. z 2022 r., poz. 1731ze zm.) oraz Rozporzadzenia Ministra Zdrowia i
Opieki Spotecznej z dnia 11 maja 1999 r. w sprawie szczegétowych zasad powotywania i
finansowania oraz trybu dziatania komisji bioetycznych (Dz. U.z 1999 r. Nr 47 poz. 480) oraz
dziatajac zgodnie z zasadami GCP (Good Clinical Practice):

Do Komisji Bioetycznej przy Swigtokrzyskiej Izbie Lekarskiej w Kielcach wptyneta prosba
0 wydanie opinii na temat eksperymentu medycznego pod tytutem:

»~Wplyw Infekcji COVID-19 na przebieg i rokowanie krétko i $rednioterminowe w przypadku

zatorowosci pfucnej w tym zatorowosci w przebiegu schorzert nowotworowych”.

Glowny badacz:
Lek. Patrycja Zajac

Swietokrzyskie Centrum Reumatologii
Zespot Opieki Zdrowotnej, ul. Gimnazjalna 418, 26-200 Koriskie

Wspétbadacz:
Dr hab. n.med. Janusz Siedlecki

Collegium Medicum UJK Kielce

Miejsce prowadzenie badania:
Wojewddzkiego Szpitala Specjalistycznego im. Sw. Rafata w Czerwonej Gérze
Czerwona Géra 10, 26-060 Checiny

Do Komisji wptynety nastepujace dokumenty:

1. Whiosek do Komisji Bioetycznej przy $wietokrzysklej Izbie Lekarskiej w Kielcach z dnia 16
stycznia 2023r. wraz ze szczegélowym opisem eksperymentu medycznego i przebiegiem
badania.

2. Zyciorys naukowy Gtéwnego Badacza.

2yciorys naukowy wspoétbadacza.

4. Zgoda Dyrektora Wojewddzkiego Szpitala Specjalistycznego im. Sw. Rafata w Czerwonej
Gérze na wykorzystanie dokumentacji medycznej wraz z danymi klinicznymi,
laboratoryjnymi i obrazowymi pacjentéw z rozpoznaniem schorzenia onkologicznego i
zatorowosci ptucnej z lat 01.01.2020r. - 31.12.2022r.

5. Kopie polisy ubezpieczeniowe;j.

6. Whniosek Gtéwnego badacza o zwolnienie z oplaty.

1

w
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Komisja Bioetyczna przy Swietokrzyskiej Izbie Lekarskiej w Kielcach w sktadzie:
1. Drn. med. Krzysztof Bartosz Przewodniczqcy Komisji
Dr n. med. Ewa Maroszynska-Dmoch  Wiceprzewodniczgca Komisji
Lek. med. Grazyna Borzgcka
Mgr Zbigniew Kopytek
Mgr Marek Krol
Lek. Pawel Pabjan
Dr hab. n. med. Maciej Sikora
8. Prof. Dr hab. N. Med. Beata Wozakowska-Kapton
na posiedzeniu w dniu 26 stycznia 2023r. zapoznata sie z przedstawiona w niniejszym badaniu
dokumentacja i w glosowaniu pozytywnie zaopiniowata przedstawiony projekt oraz odstapita
od pobierania oplaty., jednoczesnie zwolnita wnioskodawce z opfaty.

o B L8 B S L

Uchwata wchodzi w zycie z dniem podjecia | obowigzuje w okresie trwania polisy waznosci
polisy ubezpieczeniowej dotgczonej do wniosku.

Wydana opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego
projektu; kazda zmiana i modyfikacja wymaga uzyskania odrebnej opinii. Wnioskodawca
zobowigzany jest do informowania o wszelkich poprawkach, ktére mogtyby mie¢ wptyw na
opinig Komisji, o cigzkich lub niespodziewanych zdarzeniach niepozadanych i
nieprzewidzianych okolicznosciach, o zakoriczeniu badania, o jego wynikach i istotnych
decyzjach innych komisji bioetycznych.

Skfad i dziatanie Komisji Bioetycznej jest zgodne ze Wskazéwkami i Zaleceniami dla
Europejskich Komisji Etycznych opracowanych przez EFGCP, Zasadami Prawidtowego
Prowadzenia Badan Klinicznych (GCP) oraz wymogami lokalnymi.

]
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3cy‘ Komisji Bicetyczne

oty Sigtoksayskigipibie Lfkarsoem
/ f(\j‘&/ Vl/'i
7
-Krzydatof Birtosz
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Pouczenie:

Zgodnie z art. 29 ust. 1 ustawy z dnia 05 grudnia 1996 r. 0 zawodach lekarza | lekarza dentysty
(Dz. U. z 2022 r., poz. 1731ze zm.) odwotanie od niniejszej uchwaty komisji bioetycznej
wyrazajgcej opinie moze wniesé:

1) Whnioskodawca;

2) Kierownik podmiotu, w ktérym eksperyment medyczny ma by¢ przeprowadzony;

3) Komisja bioetyczna wiasciwa dla oérodka, ktory ma uczestniczyé w wieloo$rodkowym

eksperymencie medycznym,

Odwotanie wnosi sig za posrednictwem komisji bioetycznej, ktéra podjeta uchwate, do
odwotawczej Komisji Bioetycznej, ul. Miodowa 15, 00-952 Warszawa w terminie 14 dni od
dnia otrzymania niniejszej uchwaty wyrazajacej opinie.
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Udzial wspolautorow w publikacjach: zakres, procentowy wklad i

oSwiadczenia

,,Role of Fibrinolysis in the Management of Patients with COVID-19 and

Thromboembolic Complications: A Review.” Zajac P, Kazirod-Wolski K, Oles I, Sielski J,

Siudak Z. J Cardiovasc Dev Dis. 2022 Oct 17;9(10):356. doi: 10.3390/jcdd9100356. PMID:

36286308; PMCID: PMC9604283.

Siudak zatwierdzenie

Autor Charakter udzialu Udzial procentowy
opracowanie koncepcji pracy,
przeglad literatury,
Lek. Patrycja Zajac 85%
zebranie 1 opracowanie danych,
przygotowanie manuskryptu
analiza danych,
Dr n. med. Karol
petnienie funkcji autora 2%
Kazir6d-Wolski
korespondencyjnego
analiza danych,
Mgr. Izabela Ole$ 3%
redagowanie artykutu
Dr hab. n. med. Janusz analiza danych,
3%
Sielski, prof. UJK koncowa redakcja manuskryptu
Prof. dr hab. med. Zbigniew | krytyczna rewizja artykutu i jego
7%

Wszyscy wspélautorzy wyrazili zgode na wykorzystanie publikacji w rozprawie doktorskiej
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Dr n. med. Karol Kazirod-Wolski Kielce,17.11.2025 1.
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Os$wiadczam, ze w pracy Role of Fibrinolysis in the Management of Patients with
COVID-19 and Thromboembolic Complications: A Review Zajac P, Kaziroéd-Wolski K, Oles I,
Sielski J, Siudak Z. J Cardiovasc Dev Dis. 2022 Oct 17;9(10):356. doi: 10.3390/jcdd9100356. PMID:
36286308; PMCID: PMC9604283 m¢j udzial polegat na analizie danych, pelnieniu funkcji autora

korespondencyjnego. M6j wkiad autorski wynidst 2 %.
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Mgr. Izabela Oles§ Kielce,17.11.2025
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Os$wiadczam, ze w pracy Role of Fibrinolysis in the Management of Patients with
COVID-19 and Thromboembolic Complications: A Review Zajac P, Kazir6d-Wolski K, Ole$ I,
Sielski J, Siudak Z. J Cardiovasc Dev Dis. 2022 Oct 17;9(10):356. doi: 10.3390/jcdd9100356. PMID:
36286308; PMCID: PMC9604283 moj udziat polegat na analizie danych i redagowaniu artykutu. Moj
wkiad autorski wyniost 3 %.

PODPIS ZAUFANY

IZABELA NATALIA
OLE

12.11.2025 20:01:49 GMT+1
Dokument podpisany elektronicznie
podpisem zaufanym
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dr hab. n. med. Janusz Sielski, prof. UJK Kielce,17.11.2025
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Oswiadczam, Ze w pracy Role of Fibrinolysis in the Management of Patients with
COVID-19 and Thromboembolic Complications: A Review Zajac P, Kazir6d-Wolski K, Ole$ I,
Sielski J, Siudak Z. J Cardiovasc Dev Dis. 2022 Oct 17;9(10):356. doi: 10.3390/jcdd9100356. PMID:
36286308; PMCID: PMC9604283 m6j udziat polegat na analizie danych, konicowej redakcji

manuskryptu. M6j wktad autorski wyniost 3%.
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Prof. dr hab. med. Zbigniew Siudak Kielce, 06.11.2025
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Os$wiadczam, ze w pracy ,,Role of Fibrinolysis in the Management of Patients with
COVID-19 and Thromboembolic Complications: A Review” Zajac P, Kaziréd-Wolski K, Ole$ I,
Sielski J, Siudak Z. J Cardiovasc Dev Dis. 2022 Oct 17;9(10):356. doi: 10.3390/jcdd9100356. PMID:
36286308; PMCID: PMC9604283 moj udzial polegal na krytycznej rewizji artykuhu i jego

zatwierdzeniu. Moj wkiad autorski wyniost 7 %.

Podpisano przez/ Signed by:
ZBIGNIEW

SIUDAK

Data/ Date: 06.11.2025 13:29

mSzafir
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»COVID-19 as an independent predictor of aspiration thrombectomy in STEMI.
National data from the ORPKI register in the years 2020-2022” Zajac P, Kazir6d-Wolski
K, Sielski J, Wolska M, Malinowski KP, Siudak Postepy Kardiol Interwencyjnej. 2023
Jun;19(2):119-126. doi: 10.5114/aic.2023.127893. Epub 2023 Jun 5. PMID: 37465631,

PMCID: PMC10351080.

Autor Charakter udzialu Udzial procentowy
przeglad literatury,
Lek. Patrycja Zajac analiza danych, 70%

przygotowanie manuskryptu

projekt badania,
Dr n. med. Karol
analiza danych, petnienie funkcji 10%
Kazir6d-Wolski
autora korespondencyjnego

Dr hab. n. med. Janusz projekt badania, pozyskanie danych,
7%
Sielski, prof. UJK krytyczna rewizja artykutu
analiza statystyczna i redagowanie
Lek. Magdalena Wolska 2%
artykutu
Dr Krzysztof Piotr analiza statystyczna i redagowanie
4%
Malinowski artykutlu
Prof. dr hab. med. Zbigniew | projekt badania, pozyskanie danych,
7%

Siudak koncowa redakcja artykutu

Wszyscy wspélautorzy wyrazili zgode na wykorzystanie publikacji w rozprawie doktorskiej
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Dr n. med. Karol Kazirod-Wolski Kielce,17.11.2025 1.
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Os$wiadczam, ze w pracy ,,COVID-19 as an independent predictor of aspiration
thrombectomy in STEMI. National data from the ORPKI register in the years 2020-2022” Zajac
P, Kazirod-Wolski K, Sielski J, Wolska M, Malinowski KP, Siudak Postepy Kardiol Interwencyjnej.
2023 Jun;19(2):119-126. doi: 10.5114/aic.2023.127893. Epub 2023 Jun 5. PMID: 37465631; PMCID:
PMC10351080 moj udziat polegat na projekcie badania, analizie danych, pelieniu funkcji autora

korespondencyjnego. M6j wkiad autorski wynidst 10 %.
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dr hab. n. med. Janusz Sielski, prof. UJK Kielce,17.11.2025 1.
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekéw Kielc 19A

25-516 Kielce

OSWIADCZENIE

Oswiadczam, Ze w pracy ,,COVID-19 as an independent predictor of aspiration
thrombectomy in STEML National data from the ORPKI register in the years 2020-2022” Zajac
P, Kazir6d-Wolski K, Sielski J, Wolska M, Malinowski KP, Siudak Postepy Kardiol Interwencyjne;.
2023 Jun;19(2):119-126. doi: 10.5114/aic.2023.127893. Epub 2023 Jun 5. PMID: 37465631; PMCID:
PMC10351080 m6;j udziat polegat na projekcie badania, pozyskaniu danych, krytycznej rewizji

artykutu. M6j wkiad autorski wyniost 7 %.
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Lek. Magdalena Wolska Kielce, 06.11.2025 1.
CenterMed
al. Tysigclecia Panstwa Polskiego 17A

25-314 Kielce

OSWIADCZENIE

Os$wiadczam, ze w pracy ,,COVID-19 as an independent predictor of aspiration
thrombectomy in STEMI. National data from the ORPKI register in the years 20202022 Zajac
P, Kazirod-Wolski K, Sielski J, Wolska M, Malinowski KP, Siudak Postepy Kardiol Interwencyjne;j.
2023 Jun;19(2):119-126. doi: 10.5114/aic.2023.127893. Epub 2023 Jun 5. PMID: 3746563 1; PMCID:
PMC10351080 moj udziat polegat na analizie statystycznej i redagowaniu artykutu. Méj wktad

autorski wyniost 2 %.
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Dr Krzysztof Piotr Malinowski Kielce, 07.11.2025 1.
Centrum Medycyny Cyfrowej i Robotyki

UJ CM Krakow

Kopernika 7E 31-034 Krakow

OSWIADCZENIE

Os$wiadczam, ze w pracy ,,COVID-19 as an independent predictor of aspiration
thrombectomy in STEMI. National data from the ORPKI register in the years 2020—2022” Zajac
P, Kazirod-Wolski K, Sielski J, Wolska M, Malinowski KP, Siudak Postepy Kardiol Interwencyjne;j.
2023 Jun;19(2):119-126. doi: 10.5114/aic.2023.127893. Epub 2023 Jun 5. PMID: 3746563 1; PMCID:
PMC10351080 moj udziat polegat na analizie statystycznej oraz redakcji artykutu. M¢j wktad autorski

wyniost 4 %.
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Prof. dr hab. med. Zbigniew Siudak Kielce, 06.11.2025 r.
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Os$wiadczam, ze w pracy ,,COVID-19 as an independent predictor of aspiration
thrombectomy in STEMI. National data from the ORPKI register in the years 2020-2022” Zajac
P, Kazirod-Wolski K, Sielski J, Wolska M, Malinowski KP, Siudak Postepy Kardiol Interwencyjnej.
2023 Jun;19(2):119-126. doi: 10.5114/aic.2023.127893. Epub 2023 Jun 5. PMID: 37465631; PMCID:
PMC10351080 moj udziat polegat na projekcie badania, pozyskaniu danych, koncowej redakcji

artykutu. M6j wkiad autorski wyniost 7 %.

Podpisano przez/ Signed by:
ZBIGNIEW

SIUDAK

Data/ Date: 06.11.2025 13:29

mSzafir
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»Does COVID-19 determine short- and long-term prognosis in patients with pulmonary

embolism? Analysis of data from a pulmonology centre in Swietokrzyskie, Poland.”

Zajac P, Kazir6d-Wolski K, Sielski J, Sleiman Y, Wolska M, Siudak Z. Medical

Studies/Studia Medyczne. 2025;41(1):28-37. doi:10.5114/ms.2024.142953.

Autor

Charakter udzialu

Udzial procentowy

opracowanie koncepcji pracy,

analiza i interpretacja danych,

Siudak

zatwierdzenie

Lek. Patrycja Zajac 80%
przeglad literatury,
opracowanie manuskryptu
Dr n. med. Karol gromadzenie danych oraz analiza
2%
Kaziréd-Wolski statystyczna
Dr hab. n. med. Janusz projekt badania, krytyczna rewizja
3%
Sielski, prof. UJK artykutu
gromadzenie danych, analiza
Lek. Youssef Sleiman 2%
statystyczna
gromadzenie danych, analiza
Lek. Magdalena Wolska 3%
statystyczna
projekt badania, analiza danych,
Prof. dr hab. med. Zbigniew
koncowa redakcja artykutu i jego 10%

Wszyscy wspélautorzy wyrazili zgode na wykorzystanie publikacji w rozprawie doktorskiej
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Dr n. med. Karol Kazirod-Wolski Kielce,17.11.2025 1.
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Oswiadczam, ze w pracy ,,Does COVID-19 determine short- and long-term prognosis in
patients with pulmonary embolism? Analysis of data from a pulmonology centre in
Swietokrzyskie, Poland ” Zajac P, Kaziréd-Wolski K, Sielski J, Sleiman Y, Wolska M, Siudak Z.
Medical Studies/Studia Medyczne; 2025;41(1):28-37. doi:10.5114/ms.2024.142953 mdj udziat polegat

na gromadzeniu danych oraz analizie statystycznej. M6j wktad autorski wyniost 2 %.
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dr hab. n. med. Janusz Sielski, prof. UJK Kielce,17.11.2025 .
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekdw Kielc 19A

25-516 Kielce

OSWIADCZENIE

Oswiadczam, ze w pracy ,,Does COVID-19 determine short- and long-term prognosis in
patients with pulmonary embolism? Analysis of data from a pulmonology centre in
Swietokrzyskie, Poland ” Zajac P, Kazir6d-Wolski K, Sielski J, Sleiman Y, Wolska M, Siudak Z.
Medical Studies/Studia Medyczne; 2025;41(1):28-37. doi:10.5114/ms.2024.142953 méj udziat polegat

na projekcie badania oraz krytycznej rewizji artykutu. M6j wkiad autorski wyniost 3%.
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Lek. Youssef Sleiman Kielce, 06.11.2025 r.
Wojewodzki Szpital Specjalistyczny

im. $w. Rafata

Czerwona Gora 10

26-060 Chgciny

OSWIADCZENIE

Oswiadezam, ze w pracy ,,Does COVID-19 determine short- and long-term prognosis in
patients with pulmonary embolism? Analysis of data from a pulmonology centre in
Swie;tokrz_vskie, Poland ” Zajac P, Kazirod-Wolski K, Sielski J, Sleiman Y, Wolska M, Siudak Z.
Medical Studies/Studia Medyczne; 2025;41(1):28-37. doi:10.5114/ms.2024.142953 moj udziat polegal

na gromadzeniu danych oraz analizie statystycznej. Moj wklad autorski wyniost 2 %.
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Lek. Magdalena Wolska Kielce, 06.11.2025 1.
CenterMed

al. Tysiaclecia Panstwa Polskiego 17A

25-314 Kielce

OSWIADCZENIE

Os$wiadczam, Ze w pracy ,,Does COVID-19 determine short- and long-term prognosis in
patients with pulmonary embolism? Analysis of data from a pulmonology centre in
Swietokrzyskie, Poland ” Zajac P, Kazirod-Wolski K, Sielski J, Sleiman Y, Wolska M, Siudak Z.
Medical Studies/Studia Medyczne; 2025;41(1):28-37. doi:10.5114/ms.2024.142953 moj udzial polegat

na gromadzeniu danych oraz analizie statystycznej. M6j wktad autorski wynidst 3 %.
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Prof. dr hab. med. Zbigniew Siudak Kielce,06.11.2025 r.
Collegium Medicum

Uniwersytet Jana Kochanowskiego

al. IX Wiekow Kielc 19A

25-516 Kielce

OSWIADCZENIE

Oswiadczam, ze w pracy ,,Does COVID-19 determine short- and long-term prognosis in
patients with pulmonary embolism? Analysis of data from a pulmonology centre in
Swietokrzyskie, Poland ” Zajac P, Kazir6d-Wolski K, Sielski J, Sleiman Y, Wolska M, Siudak Z.
Medical Studies/Studia Medyczne; 2025;41(1):28-37. doi:10.5114/ms.2024.142953 mdj udziat polegat
na projekcie badania, analizie danych, koncowej redakeji artykutu i jego zatwierdzeniu. Méj wkiad

autorski wyniost 10 %.

Podpisano przez/ Signed by:
ZBIGNIEW

SIUDAK

Data/ Date: 06.11.2025 13:29

mSzafir
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Spis rysunkow i tabel

Rycina 1. Schemat mechanizmow doprowadzajacych do powstawania zakrzepicy tetniczej i
zylnej indukowanej zakazeniem SARS -CoV-2.
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Tabela 1. Porownanie wariantéw SARS-CoV-2 budzacych obawy pod katem objawow

klinicznych, ryzyka powiklan zakrzepowo-zatorowych oraz ci¢zkosci przebiegu choroby.

Warianty
SARS -
CoV-2
budzace
obawy
(LZO)

Alfa

Beta

Gamma

Delta

Szczep

B.1.1.7

B.1.351

P.1

B.1.617.2

Najczestsze
objawy
kliniczne

goraczka, kaszel
bol gardta,
katar/niedroznos¢
nosa, objawy
zapalenie phuc

goraczka, kaszel,
bol gardta,
katar/niedroznos¢
nosa, objawy
zapalenia phuc

katar, bol glowy
kaszel, bol gardta
bole migsni
(myalgia) astenia
(ostabienie),
goraczka,
zaburzenia
wechu,
zaburzenia
smaku

goraczka, kaszel
duszno$é,
zmeczenie, bol
gardta, katar,
czesto objawy
zapalenia phuc

Szacowana
czestos¢é
wystepowania
powiklan
zatorowo-
zakrzepowych

ok. 8%

brak doktadnych
danych

ryzyko
prawdopodobnie
podwyzszone -
brak doktadnych
danych

10,6%- 34,7%

88

Ryzyko
hospitalizacji

podwyzszone

podwyzszone#

podwyzszone

podwyzszone*

Ryzyko
zgonu

podwyzszone

podwyzszone

podwyzszone

podwyzszone*



Omikron B.1.1.529 u25,5-47,5 % ok. 9 % zdecydowanie zdecydowanie
przebieg obnizone obnizone
bezobjawowy

bol gardta,
goraczka, bol
glowy, kaszel,
katar, bole
miesni
zmgczenie, utrata
wechu

#prawdopodobnie wyzsze niz w przypadku wariantéw Alfa i Gamma

*najwyzsze sposrod LZO wg wigkszo$ci opracowan
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O doktorantce

Jestem absolwentkg Uniwersytetu Medycznego w Lublinie. Obecnie pracuje w
Swietokrzyskim Centrum Reumatologii w Konskich na stanowisku starszego asystenta.
Szkolenie specjalizacyjne zakonczytam w styczniu 2025 roku, uzyskujac tytut specjalisty w
dziedzinie reumatologii. Od poczatku mojej pracy zawodowej regularnie uczestniczg w
licznych konferencjach naukowych, a w ostatnim czasie takze aktywnie w nich wystepuje
jako prelegent. W roku 2022, podczas stazu z zakresu kardiologii, realizowanego w ramach
szkolenia specjalizacyjnego w Oddziale Intensywnego Nadzoru Kardiologicznego
Wojewodzkiego Szpitala Zespolonego w Kielcach, zainteresowalam si¢ problematyka
powiktan zatorowo-zakrzepowych w przebiegu infekcji COVID-19. Temat ten zapoczatkowat
moj rozwdj naukowy, ktory kontynuuje do dzis, probujac zglebia¢ zagadnienia z zakresu

kardiologii 1 reumatologii.
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