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Abstract
Elevated D-dimer and fibrinogen level, mild thrombocytopenia, modest prolongation of prothrombin time, and 
activated partial thromboplastin time, are key indicators of coagulopathy, and have been consistently reported 
in severely ill COVID-19 patients. Coronavirus disease 2019 (COVID-19)-induced coagulopathy can develop 
serious venous and arterial thromboembolic complications. Endothelial dysfunction and hypercoagulability, 
triggered mostly by overproduction of inflammatory cytokines as an immune response to the infection, are the 
pivotal factors responsible for the above-mentioned coagulation disorder. Thus, low-molecular-weight heparin 
(LMWH), which has both anticoagulant and anti-inflammatory properties, has been reported to improve disease 
prognosis. However, there have been  increasing reports of venous thromboembolic events for intensive care 
unit patients suffering from COVID-19 despite the use of prophylactic doses of LMWH. Alternative clinical ap-
proaches involve the use of other antithrombotic agents, antiplatelet therapy, tissue plasminogen activator, and 
non-pharmacological tools. Ample cohort studies and clinical trials are needed to justify all these approaches of 
treatment. Finally, the discovery of several COVID-19 vaccines has reduced fatality from the disease enormous-
ly. However, prudent clinical practice still requires a circumspect response in order to deal with any potentially 
deleterious effects of coagulopathy.
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Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS- 
-CoV-2) infections, or Coronavirus disease 2019 (COVID-19), 
had resulted in over 6.9 million deaths and over 768 million 
infections globally as of 19 July, 2023 according to the World 
Health Organization (WHO) [1]. Acute respiratory distress 
syndrome (ARDS) induced by pulmonary embolism, venous, 
arterial, and microvascular thrombosis, and lung endothelial 

injury, is the most common cause of disease severity. The 
association between coagulopathy and infectious disease 
has been well recognized and extensively studied. Clinical 
features include either thrombosis or bleeding or both. 
Although the incidence of bleeding events is rare, growing 
evidence suggests an increased risk of both arterial (stroke, 
myocardial infarction) and venous (deep vein thrombosis, 
pulmonary thromboembolism, venous sinus thrombosis) 
thrombotic complications  in COVID-19 patients admitted to 
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enzyme 2 (ACE2) receptor, is expressed in multiple organs, 
including the lungs, heart, kidneys, and intestines. ACE2 
receptors are also widely expressed by the endothelial cells. 
Thus, there is a possibility that the virus may damage the 
endothelium, leading to vascular derangement. Indeed, 
viral elements have been shown to be present within en-
dothelial cells across vascular beds of different organs of 
COVID-19 patients [5]. Endothelium invasion by the virus, 
associated with the disruption of cellular membranes, leads 
to the loss of the fibrinolytic function of attacked cells, 
predisposing to thrombus formation [6].

Elevated levels of inflammatory cytokines [interleu-
kin-6 (IL-6), tumor necrosis factor-alpha (TNF-alpha), in-
terleukin-1 beta (IL-1 beta), interleukin-2 receptor (IL-2R)] 
induced by the infection may also lead to endothelial dys-
function. IL-6 is believed to enhance endothelial permea-
bility which occurs via remodeling of endothelial cell ad-
herens and ultrastructural distribution of tight junctions. 
Not only IL-6, but hepatocyte growth factor (HGF), have also 
been reported to directly contribute to endothelial disrup-
tion and vascular leakage. An increased HGF level was ob-
served in severe, compared to non-severe, COVID-19 pa-
tients with 84% sensitivity and 98% specificity [7]. Other 
mechanisms, such as a reduction of endothelial nitric ox-
ide synthase activity and nitric oxide levels, as well as the 
release of vascular endothelial growth factor (VEGF) as 
a consequence of the systemic hypoxia induced by ARDS, 
have also been proposed to be responsible for endotheli-
al dysfunction following COVID-19 infection. Ruhl et al. [8] 
in their observational study, identified the massive release 
of seven core plasma proteins i.e. CXCL8-10, HGF, IL-6,  
IL-12 (p40), and stem cell growth factor-beta (SCGF-beta), 
in severe COVID-19 indicating endothelial damage. The 
increased permeability of endothelial cell monolayers pro-
motes the secretion of more and more cytokines from en-
dothelial cells (ECs), contributing to a highly inflammatory 
microenvironment [9]. Vessel damage also leads to a mas-
sive release of prothrombotic von-Willebrand factor (vWF) 
from Weibel-Palade bodies. Thus, the inability of the endo-
thelium to maintain vascular hemostasis consequently es-
calates platelet aggregation and thrombosis. Furthermore, 
endothelial dysfunction can also lead to intussusception 
angiogenesis (IA), which has been observed in various or-
gans in deceased COVID-19 patients [10, 11].

Abnormal blood flow
Thrombotic complications in COVID-19 patients can also 
be explained by abnormal blood flow, the least interro-
gated component of Virchow’s Triad. Hyperviscosity has 
been often observed in patients with COVID-19 due to the 
elevated level of fibrinogen which is a major determinant 
of blood viscosity [12]. ACE2 receptor engagement by the 
virus elevates angiotensin II level, resulting in vasocon-
striction and decreased blood flow. Prolonged bed rest 

the intensive care unit (ICU) [2]. The high mortality rate of 
the disease can be attributed to various thrombotic events, 
especially in elderly patients with comorbidities. Autopsy 
reports have revealed pulmonary embolisms in large as well 
as small lung vessels as the direct cause of death in more 
than one in three patients with a diagnosis of COVID-19.

It might prove useful here to consider the principle of 
Virchow’s Triad in order to understand the pathophysiology 
behind the occurrence of thrombosis in COVID-19 (Figure 1).  
The triad, as proposed by the eminent German physician 
Rudolph Ludwig Karl Virchow, identified three broad risk 
factors for the development of arterial and venous throm-
bosis: 1) endothelial dysfunction; 2) hypercoagulability; 
and 3) abnormal blood flow [3]. Of these, hypercoagula-
bility is the most widely studied and it is considered to be 
the primary trigger for thrombotic disorders. Many of the 
treatment options available for the disease target one of 
these three factors [4].

Virchow’s Triad observed in COVID-19

All three elements of Virchow’s Triad, observed in COVID-19, 
can nicely illustrate the genesis of coagulopathy in severely 
ill COVID-19 patients (Figure 2).

Endothelial dysfunction
Numerous post mortem histopathological examinations 
in patients who have died of COVID-19 have revealed that 
endothelial dysfunction is a crucial pathological feature of 
the disease. It can be induced either by direct viral entry or 
by indirect immune response and inflammatory mediators. 
The receptor for coronavirus, the angiotensin-converting 

Figure 1. Virchow’s Triad observed in coronavirus disease 2019 
(COVID-19). Hypercoagulability along with endothelial dysfunction 
and abnormal blood flow are observed in severely ill COVID-19 
patients, causing various coagulation disorders; neutrophil extra-
cellular traps (NETs)
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and immobilization in an ICU, strict isolation, and limited 
physiotherapy could also contribute to reduced blood flow.

Hypercoagulability induced  
by inflammation, neutrophil extracellular 
traps, and impaired anticoagulant activity 
in COVID-19
Severely ill COVID-19 patients have a pronounced hyper-
coagulability state triggered by enhanced procoagulant 
activity due to inflammation caused by systemic immune 
reactions, platelet dysfunction and reduced blood flow. 
Inflammation due to innate immunity response can typically 
affect initiation, propagation, and inhibitory phases of blood 
coagulation. Tissue factor (TF) plays a central role in the 
initiation of inflammation-induced coagulation. In severe 
sepsis, mononuclear cells stimulated by proinflammatory 
cytokines express tissue factor, which leads to systemic ac-
tivation of coagulation. Subrahmanian et al. [13] reported 
significantly higher expression of TF in the lung tissues of 
COVID-19 patients compared to TF in control lungs of acute 
respiratory distress syndrome (ARDS) patients.

Mechanistically, the assembly of the prothrombinase 
and tenase complex is facilitated on a suitable phospholip-
id surface provided by TF-bearing cells and activated plate-
lets. Activated platelets are generally produced by endo-
toxin, proinflammatory platelet activating factor, and/or by 
thrombin itself in inflammation-induced coagulation. Zhang 

et al. demonstrated that SARS-CoV-2 and its spike protein 
can directly enhance platelet activation in mice [14]. Ac-
tivated platelets on binding neutrophils and mononuclear 
cells can induce the activation of nuclear factor kappa B, 
which in turn markedly potentiates the production of IL-1b, 
IL-8, monocyte chemoattractant protein-1, and TNF-alpha. 
Thus, activated platelet not only promotes hypercoagula-
bility, but is also responsible for a proinflammatory state in 
seriously ill COVID-19 patients. A meta-analysis by Lippi et 
al. revealed that low platelet count (indicative of activated 
platelet) is associated with increased risks of severity and 
mortality in patients with COVID-19 [15]. In this context, 
it is also important to mention the contribution of neutro-
phil extracellular traps (NETs) towards hypercoagulability 
in many thrombo-inflammatory states including sepsis, 
thrombosis, and even respiratory failure. Platelet-neutrophil 
interaction releases NETs decorated with functional phos-
phatidylserine. The NET structure thereby provides a sup-
port to which procoagulant factors can adhere, leading to 
the formation of thrombin and fibrin [16]. Mechanistically, 
NETs either may directly activate the extrinsic pathway or 
initiate the intrinsic pathway by inducing TF expression in 
endothelial cells [17–19].

Cytokine-mediated activation of platelet and neutrophil, 
and NET formation, have been observed in COVID-19 pa-
tients having thrombotic complications [20]. A strong neu-
trophil infiltration was observed by Barnes et al. [21] 

Figure 2. Endothelial dysfunction as observed in coronavirus disease 2019 (COVID-19). Endothelial cell membrane disruption can occur either 
by (A) direct viral attack or by (B) indirect immune immune response in COVID-19, leading to various hemostatic abnormalities; ACE — angiotensin- 
-converting enzyme; ECs — endothelial cells; HGF — hepatocyte growth factor; IL-6 — interleukin-6; NO — nitric oxide; VEGF — vascular en-
dothelial growth factor
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in the pulmonary microthrombi and bronchial tissue of 
COVID-19 patients. Petito et al. [22] demonstrated that 
NET formation, rather than activated platelet, is associat-
ed with thrombosis in COVID-19 patients. Therefore, NET 
as a biomarker should be considered as a predictor of 
COVID-19-associated thrombotic complications. Further-
more, although platelet and neutrophil activation become 
normalized after recovery, NET biomarkers do not return 
to normal levels, possibly due to their contribution to the 
continued inflammatory reaction in such patients.

The impairment of anticoagulant pathways during in-
fection-induced thrombo-inflammation is another major 
contributor to hypercoagulability. Antithrombin (AT), acti-
vated protein C (APC), and tissue factor pathway inhibi-
tor are the three main targets, the activities of which are 
regulated by inflammatory cytokines leading to a proco-
agulant state. Heparin bound AT is the main inhibitor of fac-
tor (fXa) and thrombin. AT levels have been observed to 
be markedly decreased during an infection, because of 
various reasons such as reduced synthesis, degradation 
by elastase, and consumption by thrombin. Cytokines 
can also cause reduced synthesis of glycosaminoglycans 
which in turn leads to loss of AT function. Low AT level 
has been found to be an important contributor to hyper-
activation of hemostasis in COVID-19 patients [23, 24]. 
Plasma concentrations of AT were shown by Tang et al. 
[25] to be lower in COVID-19 non-survivors than in sur-
vivors (84% of normal in non-survivors vs. 91% in survi-
vors), although plasma concentrations of AT rarely drop 
below 80% of normal. Another study linked low AT levels 
with a high mortality rate: AT levels were significantly low-
er in 16 non-survivors compared to 33 survivors (72.2 ±  
± 23.4 vs. 94.6 ± 19.5%; p = 0.0010) among 49 hospi-
talized patients with COVID-19 and was suggestive of me-
chanical ventilation for patients [26]. However, more data  
is required to ascertain any strong correlation between 
AT level and thrombosis in COVID-19 patients. APC and 
tissue factor pathway inhibitor (TFPI) have not been con-
sidered to be affected by COVID-19-induced inflamma-
tory response. However, another endogenous anticoag-
ulant protein S (PS), regulating the activity of both APC 
and TFPI, is purported to play a crucial role in COVID-19- 
-associated coagulopathy. An IL6-driven cytokine explo-
sion, as well as hypoxemia, may downregulate PS level in 
COVID-19 patients, exacerbating the risk of thrombosis 
as suggested by Chatterjee et al. [27]. Indeed, a signifi-
cant drop in plasma PS levels [28, 29] and activity [30], 
have been reported in COVID-19 patients. Acquired PS 
deficiency in COVID 19 could be attributed to increased 
consumption, clearance, or degradation, by decreased 
synthesis, or by binding to other plasma proteins (mostly 
C4BP) as proposed by Sim and Wood [31].

Thrombocytopenia has also been identified as a clini-
cal manifestation of COVID-19 in half of the patients, and 

in almost 95% of cases the condition was found to be seri-
ous [32]. However, bleeding is rare even in the presence of 
DIC with thrombocytopenia. Three mechanisms of reduced 
platelet count leading to thrombocytopenia were proposed 
by Xu et al. [33]. Decreased platelet count may be either 
due to platelet destruction by the immune system, or due 
to enhanced platelet consumption for the formation of mi-
crothrombi in the damaged lung tissue. In addition, it is 
also believed that the virus inhibits hematopoiesis in bone 
marrow through certain receptors causing reduced platelet 
production, and finally leading to thrombocytopenia. In ad-
dition to that, heparin can also induce thrombocytopenia, 
as we discuss in the next segment.

Long-COVID and thrombosis

Severely affected COVID-19 survivors, even after recovery, 
may experience the post-acute sequelae of COVID-19 
known as ‘long-COVID’. This is a multisystem disability syn-
drome that includes fatigue (47%), dyspnea (32%), myalgia 
(25%), joint pain (20%), headache (18%), cough (18%), 
chest pain (15%), olfactory abnormality (14%), taste chang-
es (7%), and/or diarrhea (6%) [34]. Heart abnormalities, 
cognitive impairment, sleep disturbances, post-traumatic 
stress disorder (PTSD), and concentration problems have 
also been reported. Persistent coagulation abnormalities 
and thrombosis are very common in long-COVID, as has 
been reported by several studies. Thus, long-COVID is of-
ten considered to be a thrombotic sequel. Effective early 
treatment to reduce the degree of thrombotic damage is 
the only therapeutic option available for long-COVID, as it 
can potentially mitigate long-term thrombotic sequelae.

Treatments available to combat  
COVID-19-induced coagulopathy

Based on the pathophysiology of COVID-19-induced coag-
ulopathy, therapeutic interventions aim either to decrease 
the risk of clot formation through anticoagulants and an-
tiplatelet agents, or to reduce clot burden through direct 
clot lysis with a fibrinolytic agent.

Heparin
Low-molecular-weight heparin (LMWH) and unfractionat-
ed heparin (UFH) are widely used as an antithrombotic 
drug for COVID-19 patients. As per the reported protocol, 
non-critically ill hospitalized patients should be adminis-
tered full-dose heparin. This increases the probability of 
survival until hospital discharge with reduced ICU-level 
organ support [35]. However, full dose heparin treatment 
is discouraged for critically ill patients, due to a higher 
mortality rate [36].

Heparin therapy improved oxygenation of 27  
COVID-19 patients in a Brazilian hospital. A significant 
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increase in PaO2/FiO2, a marker for respiratory distress, 
was observed after anticoagulation therapy for 72 hours. 
PaO2/FiO2 increased from 254 (±90) to 325 (±80) (p = 
= 0.013) [37]. Tang et al. [38] reported that the use of 
anticoagulant treatment resulted in decreased mortal-
ity in patients with coagulopathy. 99 of 449 patients 
with severe COVID-19 received LMWH for seven days or 
longer. No difference in 28-day mortality was found be-
tween heparin users and non-users (30.3% vs. 29.7%,  
p = 0.910). However, 28-day mortality of heparin users 
was lower compared to non-users in patients with SIC 
(sepsis induced coagulopathy) score ≥4 (40.0% vs. 64.2%,  
p = 0.029), or D-dimer >6-fold of upper limit of normal 
(32.8% vs. 52.4%, p = 0.017). Although the mechanism is 
unclear, increasing numbers of patients developing resis-
tance to heparin treatment have also been reported [39].

Several cases of heparin-induced thrombocytope-
nia (HIT) have also been reported in heparin treated 
COVID-19 patients. HIT is a common side effect of the ther-
apeutic and prophylactic use of heparin, something which is 
often overlooked but which poses a significant challenge in 
hospitalized patients on heparin treatment. Heparin binds 
to platelet factor 4 (PF4) and provokes autoreactive anti-
bodies against PF4/heparin (PF4/H) complex in patients 
with HIT [40]. These antibodies against PF4/H complex 
spur the release of prothrombotic platelet-derived micro-
particles, platelet consumption, and induce thrombocyto-
penia. Microparticles in turn can also induce thrombosis 
by promoting excessive thrombin generation. The pooled 
incidences of HIT were higher in critically ill patients with 
COVID-19 [2.2%, 95% confidence interval (CI): 0.6–8.3%, 
I2 = 72.5%] compared to non-critically ill patients (0.1%, 
95% CI: 0.0–0.4%, I2 = 0%) as reported in a meta-analy-
sis [41]. Also, the estimated incidences were 1.2% (95% 
CI: 0.3–3.9%, I2 = 65%) versus 0.1% (95% CI: 0.0–0.4%,  
I2 = 0%) in therapeutic vs prophylactic heparin subgroups, 
respectively. Regular evaluation of platelet count is a com-
mon practice for patients treated with heparin for the man-
agement of HIT as set out in the 2006 guidelines by the 
Hemostasis and Thrombosis Task Force of the British Com-
mittee for Standards in Hematology [42]. In adverse situa-
tions, heparin therapy should be stopped, and alternative 
anticoagulant treatment options should be explored. Argo-
troban had been reported to be an efficient alternative an-
ticoagulant used after the diagnosis of HIT [43].

Other anticoagulants
Other potential antithrombotics include antithrombin 
agents such as bivalirudin, direct oral anticoagulants 
(DOACs), danaparoid, and sulodexide. However, thorough 
clinical investigations are required to decide upon the op-
timum dosage, duration of treatment, and probable side 
effects of these agents. Defibrotide, a nucleic acid–derived 
antithrombotic agent with additional pharmacological 

effects, is currently being investigated in clinical trials at 
a fixed dosage and continuous infusion protocols [44].

Natural products also hold promise as complemen-
tary drugs for recovering from hemostasis disorders in 
COVID-19 patients [45]. These are cheaper and less toxic 
than synthetic drugs. Based on their thrombotic activity, 
they are classified as antiplatelet aggregation, anticoagu-
lant, and fibrinolytic acting drugs. Natural products such 
as polysaccharides, polypeptides, polyphenol, alkaloids, 
and terpenoids obtained from both terrestrial and marine 
sources can act as antithrombotic agents [46]. Seaweed 
polysaccharides have been proposed as a potential anti-
coagulant drug to treat coagulopathy due to COVID-19 [47, 
48]. However, to date there have been no experimental 
findings on the use of these natural products as support-
ive therapy for patients suffering from COVID-19.

Antiplatelet therapy
Vessel damage, and not hypercoagulability, is believed to 
induce platelet aggregation and activation that are reported 
frequently in patients suffering from COVID-19. Hyperac-
tivity of platelets plays a pivotal role in the pathogenesis 
of arterial thrombosis (AT). Acetylsalicylic acid (ACA), gly-
coprotein (GP) IIb/IIIa inhibitors (GP IIb/IIIaI), and P2Y12 
adenosine 5’diphosphate receptor blockers (P2Y12-ADP 
RB) are major antiplatelet reagents used to treat COVID-19 
patients with hemostatic disorders.

ACA is very successful in managing vascular events 
in AT. ACA irreversibly inhibits the enzyme cyclooxygenase 
(COX-1) which in turn reduces the synthesis of thrombox-
ane, which is necessary for platelet aggregation and further 
platelet activation. According to another view, aspirin facili-
tates the inhibition of platelet activation by neutrophils, an 
effect that appears to be mediated by a nitric oxide (NO)/cy-
clic guanosine monophosphate (cGMP)-dependent process 
[49]. Although several studies show the successful usage 
of aspirin as an antiplatelet agent in treating COVID-19 pa-
tients, other reports have advocated against its use. Aspi-
rin could not prevent clinical deterioration in a randomized 
controlled trial with 900 reverse transcription polymerase 
chain reaction (RT-PCR) positive COVID-19 patients requiring 
hospitalization [50]. In another randomized, double-blind, 
placebo-controlled phase II clinical trial in adult patients with 
adult respiratory distress syndrome, no noticeable differ-
ence on day 7 in terms of oxygen index (OI) was observed 
in an aspirin administered group vs a placebo group [51].

P2Y12-ADPRB is supposed to improve ADP-induced 
platelet hyperreactivity. In a multicenter international pro-
spective registry of 7,824 enrolled patients, the use of 
P2Y12-ADPRB was associated with lower mortality and 
shorter duration of mechanical ventilation: only 9% of pa-
tients were admitted to the ICU [52]. In another prospective 
case series of only five patients, improvement of blood oxy-
genation was observed with combined antiplatelet therapy 
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including P2Y12-ADPRB [53]. However, there have been 
some reports which did not exhibit any improvement of 
thrombotic complications against antiplatelet therapy with 
P2Y12-ADPRB [54–56]. Another antiplatelet agent, GP IIb/ 
/IIIaI, is a potent, rapid, and selective blocker of platelet 
aggregation, and therefore can ideally induce dissolution 
of blood clots and prevent further clot formation. Never-
theless, so far, no prospective randomized clinical trial has 
been performed to prove its efficacy [57].

Tissue plasminogen activator
Fibrinolytic therapy has been found to be an effective 
treatment for ARDS, as fibrin deposition in the pulmonary 
microvasculature is one common cause of the disease. 
Thus, the use of tissue plasminogen activator (t-PA) in 
the treatment of ARDS has been proposed  [58]. t-PA 
has higher efficacy of clot lysis compared to the other 
fibrinolytic agents, with a similar bleeding risk. Goyal et al. 
[59] reported the successful use of a low dose of t-PA in 
three COVID-19 patients with severe ARDS who were on 
the verge of intubation. Wang et al. [60] reported three 
cases of using t-PA in critically ill, mechanically ventilated 
COVID-19 positive patients with ARDS. Although all three 
cases exhibited initial improvements in their P/F ratio, the 
effect was durable only for one patient. Improvements were 
transient and lost over time in the other two.

Non-pharmacological approaches

Non-pharmacological approaches have also been con-
sidered for COVID-19 patients with serious bleeding com-
plications. Thromboprophylactic stockings, mechanical 
compression devices, calf compression pumps, and elec-
trical neuromuscular stimulation devices are a few of the 
non-pharmacological tools in practice [61]. The overall aim 
of using these devices is to reduce the stasis component 
of Virchow’s Triad. They are mostly applied to reduce the 
venous load for thrombosis and consequently the risk of 
DVT in patients infected with COVID-19. In addition, cath-
eter directed thrombolysis, hyperbaric oxygen therapy, and 
transarterial drug delivery have also been used to treat 
different complications of COVID-19 [62–64].

Vaccination

The discovery of vaccines for SARS-CoV-2 was a hugely 
significant breakthrough in managing the COVID-19 pan-
demic. Established knowledge about the structure and 
function of coronaviruses helped the rapid development 
of vaccines during early 2020 [65]. As of 22 July, 2023, 
more than 13 billion COVID-19 vaccine doses had been 
administered worldwide. These COVID-19 vaccines are 
widely credited for reducing the spread, severity and deaths 
caused by COVID-19. Vaccination has also been reported 

to exert a protective effect against long-COVID  [66]. Two 
dose vaccination has a lower risk of long-COVID compared 
to either no vaccination at all [odds ratio (OR) 0.64, 95% 
CI: 0.45–0.92], or one dose vaccination (OR 0.60, 95% CI: 
0.43–0.83), as revealed by the meta-analysis.

Vaccine-induced immune  
thrombotic thrombocytopenia

Vaccination, in the past, induced various autoimmune 
disorders such as immune thrombotic thrombo-cytopenic 
purpura (ITP) [67]. There have been several reports of post 
COVID-19 vaccination-associated thrombotic events, nota-
bly in individuals who received adenovirus-based vaccines 
developed by AstraZeneca. These thrombotic episodes have 
been termed variously vaccine-induced prothrombotic im-
mune thrombocytopenia (VIPIT), vaccine-induced (immune) 
thrombotic thrombocytopenia (VITT), vaccine-associated 
(immune) thrombotic thrombocytopenia (VATT), and throm-
bosis with thrombocytopenia syndrome (TTS).

In March 2021, due to reports of thromboembol-
ic events among people administered with the vaccine 
ChAdOx1, vaccination with Oxford–AstraZeneca (AZ) was 
halted in a number of European countries [68]. Schultz 
et al. [69] reported five cases with high mortality (3/5, 
60%, died), presenting thrombotic symptoms 7–10 days 
post the AZ vaccine. They had marked thrombocytopenia 
(range 14–70 × 109/L), raised D-dimer (range from 13 to 
>35 mg/L), and generally low fibrinogen (3/5 tested had 
<2 g/L). Four of these five patients were young (age range: 
32–54) women [69].

However, according to the German Society of Throm-
bosis and Hemostasis (GTH), out of c.2.2 million AZ 
COVID-19 vaccine doses administered, a total of only 
31 cases of sinus or cerebral vein thrombosis have been 
reported. These thromboses occurred 4–16 days post 
vaccination, and concomitant thrombocytopenia was re-
ported in 19 patients, becoming fatal in nine. Of these 
reported 31, 29 were women aged 20–63 years and two 
were men aged 36 and 57 years [70]. Greinacher et al. 
[71] reported 11 patients, aged 22–49, having thrombotic 
complications 5–16 days post vaccination. Nine patients 
developed cerebral venous thrombosis, three developed 
splanchnic-vein thrombosis, and three developed pulmo-
nary embolisms. All patients had concurrent thrombo-
cytopenia with the platelet count ranging from 9,000 to 
107,000/mm3. Of the seven patients tested for d-dimers, 
all had elevated levels ranging from 1.8 to 142 mg/L (ref-
erence value 0.5 mg/L). Five patients had reduced fibrin-
ogen levels. However, there are also reports refuting the 
risk of coagulopathy after vaccination, and it is believed 
that the number of thromboembolic events in vaccinated 
people is not more than the pre-pandemic incidence rate 
among normal populations [72]. 
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Finally, based on reports by the European Medical Agen-
cy’s (EMA’s) Pharmacovigilance Risk Assessment Commit-
tee (PRAC), it has been concluded that the “benefits of vac-
cination still outweigh the risks despite a possible link to 
rare blood clots with low blood platelets”.

Conclusions

The underlying mechanisms of COVID-19-associated 
coagulopathy in severely ill patients are not completely 
understood. However, interactions among conventional 
clotting factors, platelet activation, endothelial dysfunction, 
TF secretion, and anticoagulant depletion, coupled with 
a severe ‘cytokine storm’, appear to trigger varying degrees 
of disease severity.

There is no ‘one size fits all’ treatment for every pa-
tient diagnosed with clotting abnormalities. A targeted, 
precision medicine, approach should be directed to treat 
each individual patient governed by his or her symptoms 
severity, comorbidities, past medical history, and current 
medication. However, vaccination remains fundamental to 
avoiding disease severity.

Article information and declarations

Acknowledgements
Not applicable.

Author contributions
AL and SC contributed to writing first draft, assembling 
references, and composing Figures. TS and SM conceptu-
alized work and edited final draft.

Conflict of interests
The authors declare no conflict of interests.

Funding
This work was supported by the Core Research Grant 
(CRG/2021/002239) of Science and Engineering Research 
Board (SERB), Department of Science and Technology (DST), 
given by the Government  of India to T.S. The funding agency 
was not involved in the study design, in the collection, anal-
ysis or interpretation of data, in the writing of the report, 
nor in the decision to submit this article for publication.

Supplementary material
None.

References

1. https://covid19.who.int (July 28, 2023).
2. Klok FA, Kruip M, Meer Nv, et al. Incidence of thrombotic complica-

tions in critically ill ICU patients with COVID-19. Thromb Res. 2020; 
191: 145–147, doi: 10.1016/j.thromres.2020.04.013.

3. Wolberg AS, Aleman MM, Leiderman K, et al. Procoagulant activity in 
hemostasis and thrombosis: Virchow’s triad revisited. Anesth Analg. 
2012; 114(2): 275–285, doi: 10.1213/ANE.0b013e31823a088c, 
indexed in Pubmed: 22104070.

4. Mehta JL, Calcaterra G, Bassareo PP. COVID-19, thromboembolic  
risk, and Virchow’s triad: Lesson from the past. Clin Cardiol. 2020;  
43(12): 1362–1367, doi: 10.1002/clc.23460, indexed in Pubmed:  
33176009.

5. Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection 
and endotheliitis in COVID-19. Lancet. 2020; 395(10234): 1417–
1418, doi: 10.1016/S0140-6736(20)30937-5, indexed in Pub-
med: 32325026.

6. Elyaspour Z, Zibaeenezhad M, Razmkhah M, et al. Is it all about 
endothelial dysfunction and thrombosis formation? The secret of 
COVID-19. Appl Thromb Hemost. 2021; 27: 107602962110429, 
doi: 10.1177/10760296211042940.

7. Deng HJ, Long QX, Liu BZ, et al. Cytokine biomarkers of COVID-19. 
medRxiv. 2020, doi: 10.1101/2020.05.31.20118315.

8. Ruhl L, Pink I, Kühne JF, et al. Endothelial dysfunction contributes to se-
vere COVID-19 in combination with dysregulated lymphocyte responses 
and cytokine networks. Signal Transduct Target Ther. 2021; 6(1): 418, 
doi: 10.1038/s41392-021-00819-6, indexed in Pubmed: 34893580.

9. Latreille E, Lee WL. Interactions of influenza and sars-cov-2 with 
the lung endothelium: similarities, differences, and implications for 
therapy. Viruses. 2021; 13(2), doi: 10.3390/v13020161, indexed in 
Pubmed: 33499234.

10. Ackermann M, Mentzer SJ, Kolb M, et al. Inflammation and intussus-
ceptive angiogenesis in COVID-19: everything in and out of flow. Eur 
Respir J. 2020; 56(5), doi: 10.1183/13993003.03147-2020, indexed 
in Pubmed: 33008942.

11. Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular en-
dothelialitis, thrombosis, and angiogenesis in COVID-19. N Engl J Med. 
2020; 383(2): 120–128, doi: 10.1056/NEJMoa2015432, indexed in 
Pubmed: 32437596.

12. Maier CL, Truong AD, Auld SC, et al. COVID-19-associated hyperviscos-
ity: a link between inflammation and thrombophilia? Lancet. 2020; 
395(10239): 1758–1759, doi: 10.1016/S0140-6736(20)31209-5, 
indexed in Pubmed: 32464112.

13. Subrahmanian S, Borczuk A, Salvatore S, et al. Tissue factor upregula-
tion is associated with SARS-CoV-2 in the lungs of COVID-19 patients.  
J Thromb Haemost. 2021; 19(9): 2268–2274, doi: 10.1111/
jth.15451, indexed in Pubmed: 34236752.

14. Zhang Si, Liu Y, Wang X, et al. SARS-CoV-2 binds platelet ACE2 to en-
hance thrombosis in COVID-19. J Hematol Oncol. 2020; 13(1): 120, 
doi: 10.1186/s13045-020-00954-7, indexed in Pubmed: 32887634.

15. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated 
with severe coronavirus disease 2019 (COVID-19) infections: a me-
ta-analysis. Clin Chim Acta. 2020; 506: 145–148, doi: 10.1016/j.
cca.2020.03.022, indexed in Pubmed: 32178975.

16. Zhou P, Li T, Jin J, et al. Interations between neutrophil extracel-
lular traps and activated platelets enhance procoagulant activity 
in acute stroke patients with ICA occlusion. EBioMedicine. 2020; 
53: 102671, doi: 10.1016/j.ebiom.2020.102671, indexed in Pub-
med: 32114386.

17. Gould TJ, Vu TT, Swystun LL, et al. Neutrophil extracellular traps 
promote thrombin generation through platelet-dependent and plate-
let-independent mechanisms. Arterioscler Thromb Vasc Biol. 2014; 
34(9): 1977–1984, doi: 10.1161/ATVBAHA.114.304114, indexed in 
Pubmed: 25012129.

https://journals.viamedica.pl/acta_haematologica_polonica
https://www.ema.europa.eu/en/glossary/pharmacovigilance-risk-assessment-committee
https://www.ema.europa.eu/en/glossary/pharmacovigilance-risk-assessment-committee
https://www.ema.europa.eu/en/glossary/prac
https://covid19.who.int/
http://dx.doi.org/10.1016/j.thromres.2020.04.013
http://dx.doi.org/10.1213/ANE.0b013e31823a088c
https://www.ncbi.nlm.nih.gov/pubmed/22104070
http://dx.doi.org/10.1002/clc.23460
https://www.ncbi.nlm.nih.gov/pubmed/33176009
http://dx.doi.org/10.1016/S0140-6736(20)30937-5
https://www.ncbi.nlm.nih.gov/pubmed/32325026
http://dx.doi.org/10.1177/10760296211042940
http://dx.doi.org/10.1101/2020.05.31.20118315
http://dx.doi.org/10.1038/s41392-021-00819-6
https://www.ncbi.nlm.nih.gov/pubmed/34893580
http://dx.doi.org/10.3390/v13020161
https://www.ncbi.nlm.nih.gov/pubmed/33499234
http://dx.doi.org/10.1183/13993003.03147-2020
https://www.ncbi.nlm.nih.gov/pubmed/33008942
http://dx.doi.org/10.1056/NEJMoa2015432
https://www.ncbi.nlm.nih.gov/pubmed/32437596
http://dx.doi.org/10.1016/S0140-6736(20)31209-5
https://www.ncbi.nlm.nih.gov/pubmed/32464112
http://dx.doi.org/10.1111/jth.15451
http://dx.doi.org/10.1111/jth.15451
https://www.ncbi.nlm.nih.gov/pubmed/34236752
http://dx.doi.org/10.1186/s13045-020-00954-7
https://www.ncbi.nlm.nih.gov/pubmed/32887634
http://dx.doi.org/10.1016/j.cca.2020.03.022
http://dx.doi.org/10.1016/j.cca.2020.03.022
https://www.ncbi.nlm.nih.gov/pubmed/32178975
http://dx.doi.org/10.1016/j.ebiom.2020.102671
https://www.ncbi.nlm.nih.gov/pubmed/32114386
http://dx.doi.org/10.1161/ATVBAHA.114.304114
https://www.ncbi.nlm.nih.gov/pubmed/25012129


Acta Haematologica Polonica 2024, vol. 55, no. 1

www.journals.viamedica.pl/acta_haematologica_polonica20

18. Kambas K, Chrysanthopoulou A, Vassilopoulos D, et al. Tissue factor 
expression in neutrophil extracellular traps and neutrophil derived 
microparticles in antineutrophil cytoplasmic antibody associated 
vasculitis may promote thromboinflammation and the thrombophilic 
state associated with the disease. Ann Rheum Dis. 2014; 73(10): 
1854–1863, doi: 10.1136/annrheumdis-2013-203430, indexed in 
Pubmed: 23873874.

19. Wang Y, Luo L, Braun OÖ, et al. Neutrophil extracellular trap-micropar-
ticle complexes enhance thrombin generation via the intrinsic path-
way of coagulation in mice. Sci Rep. 2018; 8(1): 4020, doi: 10.1038/
s41598-018-22156-5, indexed in Pubmed: 29507382.

20. Zuo Yu, Zuo M, Yalavarthi S, et al. Neutrophil extracellular traps 
and thrombosis in COVID-19. J Thromb Thrombolysis. 2021; 51(2):  
446–453, doi: 10.1007/s11239-020-02324-z, indexed in Pubmed:  
33151461.

21. Barnes BJ, Adrover JM, Baxter-Stoltzfus A, et al. Targeting potential 
drivers of COVID-19: neutrophil extracellular traps. J Exp Med. 2020; 
217(6), doi: 10.1084/jem.20200652, indexed in Pubmed: 32302401.

22. Petito E, Falcinelli E, Paliani U, et al. COVIR study investigators. As-
sociation of neutrophil activation, more than platelet activation, with 
thrombotic complications in coronavirus disease 2019. J Infect Dis. 
2021; 223(6): 933–944, doi: 10.1093/infdis/jiaa756, indexed in 
Pubmed: 33280009.

23. Gardner AJ, Kirkin DJ, Rodriguez-Villar S, et al. Antithrombin III de-
ficiency-induced coagulopathy in the context of COVID-19: a case 
series. Br J Haematol. 2021; 194(6): 1007–1009, doi: 10.1111/
bjh.17575, indexed in Pubmed: 34053064.

24. Rostami M, Mansouritorghabeh H. Trend of fluctuations of antithrom-
bin in plasma of patients with COVID-19: a meta-analysis and system-
atic review. Expert Rev Hematol. 2022; 15(8): 747–755, doi: 10.1080
/17474086.2022.2104708, indexed in Pubmed: 35858633.

25. Tang N, Li D, Wang X, et al. Abnormal coagulation parameters are as-
sociated with poor prognosis in patients with novel coronavirus pneu-
monia. J Thromb Haemost. 2020; 18(4): 844–847, doi: 10.1111/
jth.14768, indexed in Pubmed: 32073213.

26. Gazzaruso C, Paolozzi E, Valenti C, et al. Association between 
antithrombin and mortality in patients with COVID-19. A possi-
ble link with obesity. Nutr Metab Cardiovasc Dis. 2020; 30(11): 
1914–1919, doi: 10.1016/j.numecd.2020.07.040, indexed in 
Pubmed: 32907762.

27. Chatterjee S, Sengupta T, Majumder S, et al. COVID-19: a probable 
role of the anticoagulant protein S in managing COVID-19-associat-
ed coagulopathy. Aging (Albany NY). 2020; 12(16): 15954–15961, 
doi: 10.18632/aging.103869, indexed in Pubmed: 32826388.

28. Stoichitoiu LE, Pinte L, Balea MI, et al. Anticoagulant protein S in 
COVID-19: low activity, and associated with outcome. Rom J Intern 
Med. 2020; 58(4): 251–258, doi: 10.2478/rjim-2020-0024, indexed 
in Pubmed: 32841167.

29. Lemke G, Silverman GJ. Blood clots and TAM receptor signalling in 
COVID-19 pathogenesis. Nat Rev Immunol. 2020; 20(7): 395–396, 
doi: 10.1038/s41577-020-0354-x, indexed in Pubmed: 32488201.

30. Nguyen T, Melancon D, Dean M, et al. Altered Protein S activi-
ty contributes significantly to COVID-19 pro-thrombotic state. ISTH 
Congress Abstracts, July 9–13, 2022, London. https://abstracts.
isth.org/abstract/altered-protein-s-activity-contributes-significant-
ly-to-covid-19-pro-thrombotic-state/ (July 28, 2023).

31. Sim MMS, Wood JP. Dysregulation of protein S in COVID-19. Best 
Pract Res Clin Haematol. 2022; 35(3): 101376, doi: 10.1016/j.
beha.2022.101376, indexed in Pubmed: 36494145.

32. Mocan M, Chiorescu RM, Tirnovan A, et al. Severe thrombocytopenia 
as a manifestation of COVID-19 infection. J Clin Med. 2022; 11(4), 
doi: 10.3390/jcm11041088, indexed in Pubmed: 35207365.

33. Xu P, Zhou Qi, Xu J. Mechanism of thrombocytopenia in COVID-19 
patients. Ann Hematol. 2020; 99(6): 1205–1208, doi: 10.1007/
s00277-020-04019-0, indexed in Pubmed: 32296910.

34. Wang C, Yu C, Jing H, et al. Long COVID: the nature of thrombotic se-
quelae determines the necessity of early anticoagulation. Front Cell In-
fect Microbiol. 2022; 12: 861703, doi: 10.3389/fcimb.2022.861703, 
indexed in Pubmed: 35449732.

35. The ATTACC, ACTIV-4a, and REMAP-CAP Investigators. Therapeutic 
anticoagulation with heparin in noncritically ill patients with COVID-19.  
N Engl J Med. 2021; 385(9): 790–802, doi: 10.1056/nejmoa2105911.

36. Plášek J, Gumulec J, Máca J, et al. COVID-19 associated coagulopa-
thy: mechanisms and host-directed treatment. Am J Med Sci. 2022; 
363(6): 465–475, doi: 10.1016/j.amjms.2021.10.012, indexed in 
Pubmed: 34752741.

37. Negri EM, Piloto BM, Morinaga LK, et al. Heparin therapy improv-
ing hypoxia in COVID-19 patients — a case series. Front Physiol. 
2020; 11: 573044, doi: 10.3389/fphys.2020.573044, indexed in 
Pubmed: 33192569.

38. Tang N, Bai H, Chen X, et al. Anticoagulant treatment is associated 
with decreased mortality in severe coronavirus disease 2019 patients 
with coagulopathy. J Thromb Haemost. 2020; 18(5): 1094–1099, 
doi: 10.1111/jth.14817, indexed in Pubmed: 32220112.

39. Chowdhry E, Moshman J, Carroll S. A case of COVID-19 relat-
ed coagulopathy complications and heparin resistance. Cureus. 
2021; 13(9): e18265, doi: 10.7759/cureus.18265, indexed in 
Pubmed: 34722046.

40. Rauova L, Zhai Li, Kowalska MA, et al. Role of platelet surface PF4 
antigenic complexes in heparin-induced thrombocytopenia patho-
genesis: diagnostic and therapeutic implications. Blood. 2006; 107 
(6): 2346–2353, doi: 10.1182/blood-2005-08-3122, indexed in 
Pubmed: 16304054.

41. Uaprasert N, Tangcheewinsirikul N, Rojnuckarin P, et al. Hepa-
rin-induced thrombocytopenia in patients with COVID-19: a sys-
tematic review and meta-analysis. Blood Adv. 2021; 5(21): 4521– 
–4534, doi: 10.1182/bloodadvances.2021005314, indexed in Pub-
med: 34543382.

42. Keeling D, Davidson S, Watson H, et al. Haemostasis and Thrombosis 
Task Force of the British Committee for Standards in Haematology. The 
management of heparin-induced thrombocytopenia. Br J Haematol. 
2006; 133(3): 259–269, doi: 10.1111/j.1365-2141.2006.06018.x, 
indexed in Pubmed: 16643427.

43. Ahmed I, Majeed A, Powell R. Heparin induced thrombocytopenia: diag-
nosis and management update. Postgrad Med J. 2007; 83(983): 575– 
–582, doi: 10.1136/pgmj.2007.059188, indexed in Pubmed: 17823223.

44. Frame D, Scappaticci GB, Braun TM, et al. Defibrotide therapy for 
SARS-CoV-2 ARDS. Chest. 2022; 162(2): 346–355, doi: 10.1016/j.
chest.2022.03.046, indexed in Pubmed: 35413279.

45. Fuentes E, Guzman L, Alarcon M, Moore R, Palomo I. Thrombolytic/ 
/fibrinolytic mechanism of natural products. In: Kolev K. ed. Fibrinoly-
sis and thrombolysis. [Internet]. In Tech 2014.

46. Carvalhal F, Cristelo RR, Resende DI, et al. Antithrombotics from 
the sea: polysaccharides and beyond. Mar Drugs. 2019; 17(3), 
doi: 10.3390/md17030170, indexed in Pubmed: 30884850.

47. Kwon PS, Oh H, Kwon SJ, et al. Sulfated polysaccharides effectively 
inhibit SARS-CoV-2 in vitro. Cell Discov. 2020; 6(1): 50, doi: 10.1038/
s41421-020-00192-8, indexed in Pubmed: 32714563.

https://journals.viamedica.pl/acta_haematologica_polonica
http://dx.doi.org/10.1136/annrheumdis-2013-203430
https://www.ncbi.nlm.nih.gov/pubmed/23873874
http://dx.doi.org/10.1038/s41598-018-22156-5
http://dx.doi.org/10.1038/s41598-018-22156-5
https://www.ncbi.nlm.nih.gov/pubmed/29507382
http://dx.doi.org/10.1007/s11239-020-02324-z
https://www.ncbi.nlm.nih.gov/pubmed/33151461
http://dx.doi.org/10.1084/jem.20200652
https://www.ncbi.nlm.nih.gov/pubmed/32302401
http://dx.doi.org/10.1093/infdis/jiaa756
https://www.ncbi.nlm.nih.gov/pubmed/33280009
http://dx.doi.org/10.1111/bjh.17575
http://dx.doi.org/10.1111/bjh.17575
https://www.ncbi.nlm.nih.gov/pubmed/34053064
http://dx.doi.org/10.1080/17474086.2022.2104708
http://dx.doi.org/10.1080/17474086.2022.2104708
https://www.ncbi.nlm.nih.gov/pubmed/35858633
http://dx.doi.org/10.1111/jth.14768
http://dx.doi.org/10.1111/jth.14768
https://www.ncbi.nlm.nih.gov/pubmed/32073213
http://dx.doi.org/10.1016/j.numecd.2020.07.040
https://www.ncbi.nlm.nih.gov/pubmed/32907762
http://dx.doi.org/10.18632/aging.103869
https://www.ncbi.nlm.nih.gov/pubmed/32826388
http://dx.doi.org/10.2478/rjim-2020-0024
https://www.ncbi.nlm.nih.gov/pubmed/32841167
http://dx.doi.org/10.1038/s41577-020-0354-x
https://www.ncbi.nlm.nih.gov/pubmed/32488201
https://abstracts.isth.org/abstract/altered-protein-s-activity-contributes-significantly-to-covid-19-pro-thrombotic-state/
https://abstracts.isth.org/abstract/altered-protein-s-activity-contributes-significantly-to-covid-19-pro-thrombotic-state/
https://abstracts.isth.org/abstract/altered-protein-s-activity-contributes-significantly-to-covid-19-pro-thrombotic-state/
http://dx.doi.org/10.1016/j.beha.2022.101376
http://dx.doi.org/10.1016/j.beha.2022.101376
https://www.ncbi.nlm.nih.gov/pubmed/36494145
http://dx.doi.org/10.3390/jcm11041088
https://www.ncbi.nlm.nih.gov/pubmed/35207365
http://dx.doi.org/10.1007/s00277-020-04019-0
http://dx.doi.org/10.1007/s00277-020-04019-0
https://www.ncbi.nlm.nih.gov/pubmed/32296910
http://dx.doi.org/10.3389/fcimb.2022.861703
https://www.ncbi.nlm.nih.gov/pubmed/35449732
http://dx.doi.org/10.1056/nejmoa2105911
http://dx.doi.org/10.1016/j.amjms.2021.10.012
https://www.ncbi.nlm.nih.gov/pubmed/34752741
http://dx.doi.org/10.3389/fphys.2020.573044
https://www.ncbi.nlm.nih.gov/pubmed/33192569
http://dx.doi.org/10.1111/jth.14817
https://www.ncbi.nlm.nih.gov/pubmed/32220112
http://dx.doi.org/10.7759/cureus.18265
https://www.ncbi.nlm.nih.gov/pubmed/34722046
http://dx.doi.org/10.1182/blood-2005-08-3122
https://www.ncbi.nlm.nih.gov/pubmed/16304054
http://dx.doi.org/10.1182/bloodadvances.2021005314
https://www.ncbi.nlm.nih.gov/pubmed/34543382
http://dx.doi.org/10.1111/j.1365-2141.2006.06018.x
https://www.ncbi.nlm.nih.gov/pubmed/16643427
http://dx.doi.org/10.1136/pgmj.2007.059188
https://www.ncbi.nlm.nih.gov/pubmed/17823223
http://dx.doi.org/10.1016/j.chest.2022.03.046
http://dx.doi.org/10.1016/j.chest.2022.03.046
https://www.ncbi.nlm.nih.gov/pubmed/35413279
http://dx.doi.org/10.3390/md17030170
https://www.ncbi.nlm.nih.gov/pubmed/30884850
http://dx.doi.org/10.1038/s41421-020-00192-8
http://dx.doi.org/10.1038/s41421-020-00192-8
https://www.ncbi.nlm.nih.gov/pubmed/32714563


www.journals.viamedica.pl/acta_haematologica_polonica 21

Tanusree Sengupta et al., Coagulopathy in COVID-19

48. Kuznetsova TA, Andryukov BG, Makarenkova ID, et al. The potency of 
seaweed sulfated polysaccharides for the correction of hemostasis 
disorders in COVID-19. Molecules. 2021; 26(9), doi: 10.3390/mole-
cules26092618, indexed in Pubmed: 33947107.

49. López-Farré A, Caramelo C, Esteban A, et al. Effects of aspirin on plate-
let-neutrophil interactions. Role of nitric oxide and endothelin-1. Cir-
culation. 1995; 91(7): 2080–2088, doi: 10.1161/01.cir.91.7.2080, 
indexed in Pubmed: 7895367.

50. Ghati N, Bhatnagar S, Mahendran M, et al. Statin and aspirin as adju-
vant therapy in hospitalised patients with SARS-CoV-2 infection: a ran-
domised clinical trial (RESIST trial). BMC Infect Dis. 2022; 22(1): 606, 
doi: 10.1186/s12879-022-07570-5, indexed in Pubmed: 35810307.

51. Toner P, Boyle AJ, McNamee JJ, et al. Aspirin as a treatment for 
ARDS: a randomized, placebo-controlled clinical trial. Chest. 2022; 
161(5): 1275–1284, doi: 10.1016/j.chest.2021.11.006, indexed in 
Pubmed: 34785236.

52. Amoni M, Ingelaere S, Moeyersons J, et al. Temporal changes in beat- 
-to-beat variability of repolarization predict imminent nonsustained 
ventricular tachycardia in patients with ischemic and nonischemic 
dilated cardiomyopathy. J Am Heart Assoc. 2022; 11(13): e024294, 
doi: 10.1161/JAHA.121.024294, indexed in Pubmed: 35730633.

53. Viecca M, Radovanovic D, Forleo GB, et al. Enhanced platelet inhibi-
tion treatment improves hypoxemia in patients with severe Covid-19 
and hypercoagulability. A case control, proof of concept study. Phar-
macol Res. 2020; 158: 104950, doi: 10.1016/j.phrs.2020.104950, 
indexed in Pubmed: 32450344.

54. Berger JS, Kornblith LZ, Gong MN, et al. ACTIV-4a Investigators. Effect 
of P2Y12 inhibitors on survival free of organ support among non-criti-
cally ill hospitalized patients with COVID-19: a randomized clinical tri-
al. JAMA. 2022; 327(3): 227–236, doi: 10.1001/jama.2021.23605, 
indexed in Pubmed: 35040887.

55. Bradbury CA, Lawler PR, Stanworth SJ. REMAP-CAP Writing Committee 
for the REMAP-CAP Investigators. Effect of antiplatelet therapy on sur-
vival and organ support-free days in critically ill patients with COVID-19: 
a randomized clinical trial. JAMA. 2022; 327(13): 1247–1259, 
doi: 10.1001/jama.2022.2910, indexed in Pubmed: 35315874.

56. Bohula EA, Berg DD, Lopes MS, et al. COVID-PACT Investigators. 
Anticoagulation and antiplatelet therapy for prevention of venous 
and arterial thrombotic events in critically ill patients with COVID-19: 
COVID-PACT. Circulation. 2022; 146(18): 1344–1356, doi: 10.1161/
CIRCULATIONAHA.122.061533, indexed in Pubmed: 36036760.

57. Bolek T, Samoš M, Jurica J, et al. COVID-19 and the response to 
antiplatelet therapy. J Clin Med. 2023; 12(5), doi: 10.3390/
jcm12052038, indexed in Pubmed: 36902825.

58. Moore HB, Barrett CD, Moore EE, et al. Is there a role for tissue 
plasminogen activator as a novel treatment for refractory COVID-19 
associated acute respiratory distress syndrome? J Trauma Acute Care 
Surg. 2020; 88(6): 713–714, doi: 10.1097/TA.0000000000002694, 
indexed in Pubmed: 32281766.

59. Goyal A, Saigal S, Niwariya Y, et al. Successful use of tPA for throm-
bolysis in COVID related ARDS: a case series. J Thromb Thrombolysis. 
2021; 51(2): 293–296, doi: 10.1007/s11239-020-02208-2, indexed 
in Pubmed: 32617806.

60. Wang J, Hajizadeh N, Moore EE, et al. Tissue plasminogen activator 
(tPA) treatment for COVID-19 associated acute respiratory distress syn-
drome (ARDS): A case series. J Thromb Haemost. 2020; 18(7): 1752– 
–1755, doi: 10.1111/jth.14828, indexed in Pubmed: 32267998.

61. Kipshidze N, Dangas G, White CJ, et al. Viral coagulopathy in patients 
with COVID-19: treatment and care. Clin Appl Thromb Hemost. 2020; 
26: 1076029620936776, doi: 10.1177/1076029620936776, in-
dexed in Pubmed: 32687449.

62. Kocas BB, Kilickesmez K. Catheter-directed thrombolysis in a COV-
ID-19 patient complicated with pulmonary embolism. Turk J Emerg  
Med. 2022; 22(1): 54–57, doi: 10.4103/2452-2473.336102, in-
dexed in Pubmed: 35284696.

63. Lim ML, Kim SJ, Tan MK, et al. Provision of emergency hyperbaric 
oxygen treatment for a patient during the COVID-19 pandemic. Diving 
Hyperb Med. 2021; 51(1): 78–81, doi: 10.28920/dhm51.1.78-81, 
indexed in Pubmed: 33761545.

64. El Shehaby DM, Mohammed MKh, Ebrahem NE, et al. The emerging 
therapeutic role of some pharmacological antidotes in management 
of COVID-19. Egypt J Bronchol. 2022; 16(1), doi: 10.1186/s43168-
021-00105-7.

65. Li YD, Chi WYu, Su JH, et al. Coronavirus vaccine development: 
from SARS and MERS to COVID-19. J Biomed Sci. 2020; 27(1): 
104, doi: 10.1186/s12929-020-00695-2, indexed in Pub med:  
33341119.

66. Watanabe A, Iwagami M, Yasuhara J, et al. Protective effect of 
COVID-19 vaccination against long COVID syndrome: a systemat-
ic review and meta-analysis. Vaccine. 2023; 41(11): 1783–1790, 
doi: 10.1016/j.vaccine.2023.02.008, indexed in Pubmed: 36774332.

67. Brodin-Sartorius A, Guebre-Egziabher F, Fouque D, et al. Recurrent 
idiopathic thrombotic thrombocytopenic purpura: a role for vaccina-
tion in disease relapse? Am J Kidney Dis. 2006; 48(3): e31–e34, 
doi: 10.1053/j.ajkd.2006.04.090, indexed in Pubmed: 16931205.

68. Østergaard SD, Schmidt M, Horváth-Puhó E, et al. Thromboembo-
lism and the Oxford-AstraZeneca COVID-19 vaccine: side-effect or 
coincidence? Lancet. 2021; 397(10283): 1441–1443, doi: 10.1016/
S0140-6736(21)00762-5, indexed in Pubmed: 33798498.

69. Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and thrombo-
cytopenia after ChAdOx1 nCoV-19 vaccination. N Engl J Med. 2021; 
384(22): 2124–2130, doi: 10.1056/NEJMoa2104882, indexed in 
Pubmed: 33835768.

70. Oldenburg J, Klamroth R, Langer F, et al. Diagnosis and manage-
ment of vaccine-related thrombosis following AstraZeneca COVID-19 
vaccination: guidance statement from the GTH. Hamostaseologie. 
2021; 41(3): 184–189, doi: 10.1055/a-1469-7481, indexed in Pub-
med: 33822348.

71. Greinacher A, Thiele T, Warkentin TE, et al. Thrombotic thrombocy-
topenia after ChAdOx1 nCov-19 vaccination. N Engl J Med. 2021; 
384(22): 2092–2101, doi: 10.1056/NEJMoa2104840, indexed in 
Pubmed: 33835769.

72. Houghton DE, Wysokinski WE, Padrnos LJ, et al. Risk of venous 
thromboembolism after COVID-19 vaccination. J Thromb Haemost. 
2022; 20(7): 1638–1644, doi: 10.1111/jth.15725, indexed in Pub-
med: 35398975.

https://journals.viamedica.pl/acta_haematologica_polonica
http://dx.doi.org/10.3390/molecules26092618
http://dx.doi.org/10.3390/molecules26092618
https://www.ncbi.nlm.nih.gov/pubmed/33947107
http://dx.doi.org/10.1161/01.cir.91.7.2080
https://www.ncbi.nlm.nih.gov/pubmed/7895367
http://dx.doi.org/10.1186/s12879-022-07570-5
https://www.ncbi.nlm.nih.gov/pubmed/35810307
http://dx.doi.org/10.1016/j.chest.2021.11.006
https://www.ncbi.nlm.nih.gov/pubmed/34785236
http://dx.doi.org/10.1161/JAHA.121.024294
https://www.ncbi.nlm.nih.gov/pubmed/35730633
http://dx.doi.org/10.1016/j.phrs.2020.104950
https://www.ncbi.nlm.nih.gov/pubmed/32450344
http://dx.doi.org/10.1001/jama.2021.23605
https://www.ncbi.nlm.nih.gov/pubmed/35040887
http://dx.doi.org/10.1001/jama.2022.2910
https://www.ncbi.nlm.nih.gov/pubmed/35315874
http://dx.doi.org/10.1161/CIRCULATIONAHA.122.061533
http://dx.doi.org/10.1161/CIRCULATIONAHA.122.061533
https://www.ncbi.nlm.nih.gov/pubmed/36036760
http://dx.doi.org/10.3390/jcm12052038
http://dx.doi.org/10.3390/jcm12052038
https://www.ncbi.nlm.nih.gov/pubmed/36902825
http://dx.doi.org/10.1097/TA.0000000000002694
https://www.ncbi.nlm.nih.gov/pubmed/32281766
http://dx.doi.org/10.1007/s11239-020-02208-2
https://www.ncbi.nlm.nih.gov/pubmed/32617806
http://dx.doi.org/10.1111/jth.14828
https://www.ncbi.nlm.nih.gov/pubmed/32267998
http://dx.doi.org/10.1177/1076029620936776
https://www.ncbi.nlm.nih.gov/pubmed/32687449
http://dx.doi.org/10.4103/2452-2473.336102
https://www.ncbi.nlm.nih.gov/pubmed/35284696
http://dx.doi.org/10.28920/dhm51.1.78-81
https://www.ncbi.nlm.nih.gov/pubmed/33761545
http://dx.doi.org/10.1186/s43168-021-00105-7
http://dx.doi.org/10.1186/s43168-021-00105-7
http://dx.doi.org/10.1186/s12929-020-00695-2
https://www.ncbi.nlm.nih.gov/pubmed/33341119
http://dx.doi.org/10.1016/j.vaccine.2023.02.008
https://www.ncbi.nlm.nih.gov/pubmed/36774332
http://dx.doi.org/10.1053/j.ajkd.2006.04.090
https://www.ncbi.nlm.nih.gov/pubmed/16931205
http://dx.doi.org/10.1016/S0140-6736(21)00762-5
http://dx.doi.org/10.1016/S0140-6736(21)00762-5
https://www.ncbi.nlm.nih.gov/pubmed/33798498
http://dx.doi.org/10.1056/NEJMoa2104882
https://www.ncbi.nlm.nih.gov/pubmed/33835768
http://dx.doi.org/10.1055/a-1469-7481
https://www.ncbi.nlm.nih.gov/pubmed/33822348
http://dx.doi.org/10.1056/NEJMoa2104840
https://www.ncbi.nlm.nih.gov/pubmed/33835769
http://dx.doi.org/10.1111/jth.15725
https://www.ncbi.nlm.nih.gov/pubmed/35398975

