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Abstract
The current, global situation regarding the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic and 
its potentially devastating clinical manifestations, i.e. coronavirus disease 2019 (COVID-19), took the world by storm, as 
millions of people have been infected worldwide and more than 1,600,000 patients have succumbed. Infection induced by 
various respiratory viruses may lead to thrombotic complications. Infection-elicited thrombosis may involve a repertoire of 
distinct, yet interconnected pathophysiological mechanisms, implicating a hyperinflammatory response, platelet activation 
and triggering of the coagulation cascade. In the present review, we present current knowledge on the pathophysiological 
mechanisms that may underlie thrombotic complications in SARS-CoV-2 infection. Furthermore, we provide clinical data 
regarding the incidence rate of thrombotic events in several viral respiratory infections that cause acute respiratory distress 
syndrome, including SARS-CoV-2 infection and finally we summarize current recommendations concerning thromboprophy-
laxis and antithrombotic therapy in patients with thrombotic complications related to SARS-CoV-2 infection.

Keywords Acute respiratory distress syndrome · Antithrombotic therapy · COVID-19 · Endothelium · Inflammation · 
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Highlights

• SARS-CoV-2 infection is associated with an increased 
risk of arterial and venous thrombotic events.

• The pathophysiological mechanisms underlying throm-
botic events in SARS-CoV-2 infection include platelet 
activation, triggering of the coagulation cascade, the 
formation of neutrophil extracellular traps (NETs) and 
“cytokine storm” syndromes.

• Antithrombotics, such as low-molecular-weight heparin 
or unfractionated heparin, are used for thromboprophy-
laxis or for the treatment of thrombotic events related to 
SARS-CoV-2 infection.

• More studies are required to fully elucidate the patho-
physiological mechanisms responsible for thrombotic 
events in COVID-19 patients, as well as to increase the 

efficacy of the current antithrombotic treatment strate-
gies. This will help reduce even more the incidence of 
such events.

Introduction

As of December 2020, approximately 70,000,000 people 
have been infected by the severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2), whereas more than 1,600,000 
have died from the coronavirus disease 2019 (COVID-19), 
according to the World Health Organization (https ://www.
who.int/emerg encie s/disea ses/novel -coron aviru s-2019, 
accessed on December 16, 2020).

SARS-CoV-2 infection occurs via its binding to the 
angiotensin-converting enzyme 2 (ACE2), expressed on 
various cell types, including type II pneumocytes, as well as 
macrophages and endothelial cells (ECs) [1]. Two proteins 
required for the entrance of SARS-CoV-2 into the target 
cells are the transmembrane protease serine 2 (TMPRSS2) 
and the main protein (Mpro) [2–5]. SARS-CoV-2 binding to 
ACE2 and TMPRSS2 occurs through the spike (S) protein, 
especially through the N-terminal domain of its S1 subunit 
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[2]. Therefore, co-expression of ACE2 and TMPRSS2 on 
the target cells is a pre-requisite for cell infection. Infected 
cells undergo pyroptosis, a highly inflammatory type of cell 
death, which results in the release of damage-associated 
molecular patterns (DAMPs), inducing and perpetuating a 
hyperinflammatory response.

COVID-19 patients may exhibit coagulation abnormali-
ties, resulting in a hypercoagulable state, and in an increased 
rate of thrombotic and thromboembolic events [6]. Indeed, 
in hospitalized COVID-19 patients, the rate of thrombotic 
events in intensive care units (ICU) is approximately 29.4%, 
whereas in non-ICU is 11.5% [7]. In this review, we pro-
vide insights on the pathophysiological mechanisms that 
may underlie coagulopathy and thrombotic complications 
in respiratory viral infections that induce acute respiratory 
distress syndrome (ARDS), primarily focusing on SARS-
CoV-2 infection. The clinical data on the incidence rate of 
thrombotic events in several respiratory viral infections that 
cause ARDS is also presented. Finally, we summarize cur-
rent recommendations concerning thromboprophylaxis and 
antithrombotic therapy in COVID-19 patients.

We independently searched the Medline bibliographic 
database. Any article considered potentially relevant by 
authors, was retrieved for full review. The search strategy 
involved the use of the following keywords: “Acute Res-
piratory Distress Syndrome”, “Antithrombotic therapy”, 
“COVID-19”, “Endothelium”, “Inflammation”, “Respiratory 
viruses”, “SARS-CoV-2”, “Thrombosis”, “Venous Throm-
boembolism”, in any field (title, abstract and/or the main 
body) of papers. Exclusion criteria were articles written in 
any language apart from English.

Possible pathophysiological mechanisms 
underlying hypercoagulability 
and thrombotic complications in respiratory 
viral infections

Several respiratory viral infections induce hypercoagulabil-
ity and are associated with increased risk of arterial and 
venous thrombosis. Notably, an association of viral acute 
respiratory infections, especially influenza, and acute myo-
cardial infarction has been observed, whereas the incidence 
of venous thromboembolic events following influenza infec-
tion has also been reported [8, 9]. However, infection-related 
thrombotic events may occur in patients with an atheroscle-
rotic background or undiagnosed cardiovascular disease 
[10]. In support of the association between respiratory viral 
infections and thrombosis are the results of a meta-analysis 
of randomized clinical trials showing that influenza vacci-
nation is associated with a significant reduction in the rate 
of cardiovascular events, especially in high-risk patients 
who have experienced an acute coronary syndrome [11]. 

Accumulated evidence suggests a variety of possible cel-
lular and molecular mechanisms that are accountable for 
the observed thrombotic complications. Among them, an 
overwhelming inflammatory response, in conjunction with 
platelet activation and a pro-coagulant phenotype seems to 
play a major role in the manifestation of respiratory viral 
infection-related thrombotic complications.

Viral respiratory infections are associated with the activa-
tion of platelets and the coagulation cascade [12, 13], thus 
increasing the incidence of thrombotic events. Platelets 
express on their surface several receptors, such as toll-like 
receptors (TLRs) and C-type lectin receptors, that recognize 
viruses as well as viral components, and commit platelets to 
respond to them [14]. A small study involving patients suf-
fering from upper respiratory tract viral infections, reported 
higher platelet reactivity in these patients, expressed as 
adenosine diphosphate (ADP)-induced aggregation and 
P-selectin membrane expression, compared with platelets 
from healthy individuals [12]. Platelet P-selectin signifi-
cantly contributes to the pro-thrombotic and pro-inflamma-
tory platelet activities, through binding to its glycoprotein 
ligand-1 (PSGL-1), expressed on leukocytes, thus promot-
ing monocyte and neutrophil activation [15]. In addition to 
P-selectin, activated platelets express and release a plethora 
of pro-inflammatory and pro-thrombotic mediators, such as 
CD40L, ADP, arachidonic acid (AA), von Willebrand factor 
(vWF) and chemokines, which mediate platelet interaction 
with leukocytes and ECs, thus inducing activation of these 
cells [15]. In addition to platelet activation, viral respiratory 
infections induce membrane expression of tissue factor (TF) 
by monocytes and ECs, through activation of nuclear factor 
kappa B, thus initiating the coagulation cascade, whereas 
they also induce the release of various pro-inflammatory 
cytokines, such as interleukin (IL)-1β and -8 [13].

SARS‑CoV‑2 infection and risk of thrombosis

SARS‑CoV‑2 infection and cellular components 
involved in thrombosis

SARS‑CoV‑2 infection and endothelial cell activation

Except for the lung epithelium, SARS-CoV-2 can also infect 
cells of other tissues, such as the vascular endothelium, heart 
and intestine, since ACE2 is expressed in these tissues too 
[16, 17]. Indeed, evidence suggests that blood vessel orga-
noids contain RNA of the virus after in vitro SARS-CoV-2 
infection [18], whereas ECs of the aforementioned tissues, 
obtained from SARS-CoV-2-infected patients, contain the 
virus, and histological samples of COVID-19 patients have 
revealed EC inflammation and death [19]. The abundant 
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expression of ACE2 receptors on ECs enhances their vul-
nerability to SARS-CoV-2 binding, membrane fusion 
and cell entry, thus inducing endothelial dysfunction and 
endotheliitis. Furthermore, SARS-CoV-2-infected patients 
exhibit increased concentration of pro-inflammatory factors, 
including IL-1β, IL-6, monocyte chemoattractant protein-1 
(MCP-1) and interferon γ, which adversely affect endothe-
lial integrity and functionality and lead to the endothelial 
expression of molecules such as vWF, intercellular adhesion 
molecule-1 (ICAM-1), P- and E-selectin [20, 21], which in 
turn results in platelet and leukocyte attraction and activation 
[22, 23], as well as in complement activation. Moreover, the 
hypoxia that these patients suffer, leads to overexpression 
of TF via hypoxia-inducing factors, which can trigger the 
coagulation cascade [24]. All the above data advocate to 
the display of a pro-coagulant and pro-thrombotic pheno-
type, related to the endothelial dysfunction and endotheliitis 
caused by SARS-CoV-2.

SARS‑CoV‑2 infection and platelet activation

Thrombocytopenia is a characteristic feature in patients 
exhibiting severe COVID-19. Indeed, the results of a meta-
analysis demonstrated that thrombocytopenia is associated 
with a fivefold increased risk of severe disease, albeit it is 
not a common finding in non-severe COVID-19 [25]. Impor-
tantly, platelets express ACE2, rendering them a target cell 
to SARS-CoV-2 infection and leading to their activation 
[26]. SARS-CoV-2-activated platelets secrete a repertoire 
of chemokines, e.g. platelet factor 4, regulated on activation, 
normal T expressed and secreted (RANTES), CCL3 and -7 
and CXCL1, -5 and -7, which potentiate the recruitment of 
leukocytes, granting platelets a pro-inflammatory phenotype 
in the setting of SARS-CoV-2 infection [25]. Furthermore, 
activated platelets secrete inorganic polyphosphate, which 
activates the contact pathway, as well as high-mobility 
group box-1, which potentiates the recruitment of mono-
cytes, the membrane expression of monocyte TF and the 
shedding of monocyte-derived TF-bearing microparticles, 
that in turn leads to activation of the coagulation cascade 
[25]. Moreover, platelets play a role in modulating the adap-
tive immunity, since they participate in the recruitment and 
proliferation of T-cells [27, 28], as well as they increase the 
production of immunoglobulins from B-cells [29].

SARS‑CoV‑2 infection and neutrophil extracellular traps

Activated neutrophils can form neutrophil extracellular 
traps (NETs), a web-like material structured from DNA 
and a multitude of proteins [30]. The process of NET for-
mation is termed “NETosis”. NETs display pro-inflamma-
tory properties, since they are produced and participate in 
the pathogenesis of sterile and non-sterile inflammatory 

conditions, including atherogenesis, arterial and venous 
thrombosis [31]. Although NETosis is a beneficial mecha-
nism of innate immune response when properly controlled, 
persistent NETosis can be detrimental to the host, since 
NETs bear multiple proteases that can be harmful to the 
endothelium and other tissues [32, 33]. NETs are also gen-
erated in response to viruses, such as influenza [34]. In this 
regard, several studies reported that NETs are also employed 
in response to SARS-CoV-2 [35–38]. Indeed, COVID-
19 is associated with neutrophil infiltration to the lungs, 
lung injury, microthrombosis in the lung vasculature and 
increased markers of NETosis, such as myeloperoxidase-
associated DNA and citrullinated histone H3, in the serum 
of COVID-19 patients [35–38]. NETs can be formed directly 
in the presence of DAMPs or pathogen-associated molecu-
lar patterns, or in response to cytokines, such as IL-8 [30]. 
Additionally, NETs can be formed indirectly by platelets 
activated either via classic platelet agonists (e.g. thrombin, 
ADP, AA) [39–41] or via other receptors (e.g. TLR4) [42]. 
Once formed, NETs express pro-coagulant and pro-throm-
botic effects inducing platelet activation [40, 43, 44], as well 
as through the accumulation of pro-thrombotic molecules 
such as fibrin, vWF [43] and TF on their structure [40]. 
NETs also activate the contact pathway [25] and promote the 
gene expression of coagulation factors [45]. Hence, aberrant 
NETosis has adverse consequences to the host and may con-
tribute to thrombotic complications in COVID-19 patients.

SARS‑CoV‑2 infection and non‑cellular components 
involved in thrombosis

SARS‑CoV‑2 infection and “cytokine storm” syndromes

Another factor contributing to thrombotic complications 
in SARS-CoV-2 and other respiratory viral infections are 
the “cytokine storm” syndromes, characterized by elevated 
concentrations of various cytokines, including IL-1β, -2, -6, 
-7, granulocyte colony-stimulating factor, MCP-1, tumor 
necrosis factor-α and ferritin [46–48]. Cytokine storm syn-
dromes may activate the coagulation cascade and on the 
other hand, coagulation factors can act as triggers of the 
cytokine storm [46–48]. Moreover, NETs can aggravate the 
overproduction of cytokines, as well as the pro-coagulant 
and pro-thrombotic status [37, 38]. Ultimately, the overpro-
duction of cytokines, as well as the development of thrombi, 
are crucial for multi-organ injury [47, 48], such as lung, 
cardiac and hepatic injury, and eventual failure, which may 
lead to death.
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SARS‑CoV‑2 infection and complement activation

The nucleocapsid (N) protein of SARS-CoV-2 binds to the 
mannose-binding lectin-associated serine protease (MASP)-
2, which is expressed on the microvasculature, thus leading 
to complement activation [25]. This activation potentiates 
the aforementioned mechanisms through the overexpres-
sion of endothelial and monocyte TF, as well as through 
increasing platelet activation. It also enhances endothelial 
inflammation, thus further increasing the production of 
pro-inflammatory cytokines from ECs, such as IL-1, -6, -8, 
RANTES and MCP-1. Activation of the complement com-
ponent C3 is associated with activation of the contact path-
way and may play an important role in disease pathogenesis 
and exacerbation [49]. Consistent with the above results is 
the observation that deletion of C3 in mice infected with 
mouse-adapted severe acute respiratory syndrome coronavi-
rus-1 (SARS-CoV-1) is associated with reduced neutrophil 
and monocyte numbers, as well as reduced cytokine levels 
in these animals [49], suggesting the participation of C3 in 
the inflammatory response.

SARS‑CoV‑2 infection and thrombin generation

Activation of the contact pathway, as well as the increased 
expression of TF, through the above described mechanisms, 
lead to enhanced thrombin generation in COVID-19 patients.

Thrombin is an important protease in thrombosis, since 
it cleaves fibrinogen to produce fibrin and also activates 
platelets through protease-activated receptor (PAR)-1 and 
-4 [50]. These receptors are expressed in all tissues and 
mediate a variety of cellular effects, including endothelial 
and leukocyte activation, thus promoting a pro-inflamma-
tory phenotype. In this regard, thrombin-induced activa-
tion of ECs through PAR-1 upregulates platelet-activating 
factor, MCP-1, IL-6 and -8, as well as P- and E-selectin 
and ICAM-1, which enhance the recruitment of leukocytes 
to the endothelium and further leukocyte activation. Ulti-
mately, the activation of platelets, ECs and leukocytes leads 
to thrombin generation via a positive feedback loop, which 
plays an important role in the thrombotic clinical mani-
festations observed in severe COVID-19 patients, such as 
ischemic stroke, pulmonary embolism (PE) and deep vein 
thrombosis (DVT) [25].

SARS‑CoV‑2 infection and antiphospholipid syndrome

Another possible factor contributing to the thrombotic 
complications observed in respiratory viral infections, such 
as those caused by influenza A/H1N1 and SARS-CoV-2, 
is antiphospholipid syndrome (APS) [51]. In this regard, 
antiphospholipid antibodies have been identified in COVID-
19 patients [52]. Antiphospholipid antibodies in COVID-19 

patients are predominantly directed against beta-2-glycopro-
tein I, but to a different epitope compared to the one targeted 
by antiphospholipid antibodies of individuals with estab-
lished, non-COVID-19-related APS [53].

In COVID-19-related APS, increased concentrations 
of antiphospholipid antibodies have been associated with 
increased platelet numbers, worse respiratory disease 
manifestation, as well as nephrological abnormalities [54]. 
Importantly, increased levels of antiphospholipid antibod-
ies in COVID-19 patients have been also associated with 
increased NETosis [54]. Moreover, IgG antiphospholipid 
antibody fractions from COVID-19 patients induced NETo-
sis in neutrophils from control individuals, a finding also 
observed in patients with non-COVID-19-related APS, 
whereas administration of these fractions to mice resulted 
in venous thrombosis [54]. Indeed, previous reports sug-
gested that NETs are linked to the pathogenesis of APS [55]. 
However, other researchers suggested that antiphospholipid 
antibodies are not frequent in COVID-19 patients and they 
are not responsible for the occurrence of major thrombotic 
events in these subjects [53].

A comprehensive illustration of the above described 
mechanisms of thrombotic complications during respiratory 
viral infections are presented in Fig. 1.

Main clinical data involving thrombotic 
complications in respiratory viral infections

The thrombotic complications reported in COVID-19 
patients [56–59] are a common feature of respiratory viral 
infections, like those caused by influenza viruses [9, 60–62] 
and other betacoronaviruses, including SARS-CoV-1 and 
Middle Eastern respiratory syndrome coronavirus (MERS-
CoV) [63]. The clinical data of several studies, involving 
thrombotic complications in various respiratory viral infec-
tions, is summarized in Table 1.

Results from a recent study involving 183 SARS-CoV-
2-infected patients, demonstrated that 21 (about 11.5%) 
deceased, whereas among the non-survivors 15 (about 
71.4%) developed overt disseminated intravascular coagu-
lation (DIC) [56]. In another study involving 81 COVID-19 
severe cases admitted to the ICU, 20 (about 25.0%) devel-
oped venous thromboembolism (VTE), of which 8 (40.0%) 
did not survive [57]. Similar results were reported in 184 
COVID-19 patients who were admitted to the ICU and were 
receiving thromboprophylaxis. The cumulative incidence 
of the composite outcome of VTE or arterial thrombotic 
events in these patients was 31% (27% VTE and 3.7% arte-
rial thrombosis). Among them, PE was the predominant 
thrombotic event (25 cases; about 80.6%), whereas all arte-
rial thrombosis cases were ischemic strokes [58]. In another 
report involving 25 COVID-19 patients, 7 (28%) developed 
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PE [59]. A multi-national meta-analysis of 17,799 hospital-
ized COVID-19 patients from 11 countries demonstrated 
that the total risk of stroke is 0.5%, with a pooled risk of 
0.9%, whereas the need for mechanical ventilation support 
and the history of ischemic heart disease of the patients are 
independent prognostic factors of stroke [64]. Finally, in a 
more recent meta-analysis, it was demonstrated that major 
thromboembolic events, and especially PE, were particularly 
evident in COVID-19 patients admitted to the ICU [65].

Regarding influenza infection, it was reported that, among 
119 hospitalized patients with H1N1 influenza A, 7 (about 
5.9%) experienced a thrombotic event [60]. In another 
report, which involved 11,208 patients who suffered an acute 

myocardial infarction, 3927 (about 35.0%) had an acute 
respiratory infection, including influenza [61]. Individuals 
with at least one indicator of influenza were more likely to 
develop myocardial infarction compared to those without 
any influenza indicators (p = 0.012), suggesting that influ-
enza may constitute a stronger trigger for myocardial infarc-
tion than other respiratory infections [61]. Furthermore, it 
was documented that, among 252 hospitalized patients with 
confirmed H1N1 influenza A infection, 20 (about 7.9%) 
became critically ill and required admission to the ICU. 
Among them, 5 (25.0%) experienced a thrombotic event 
[9]. A more recent study reported that, among 36 patients 

Fig. 1  Possible pathophysiological mechanisms implicated in throm-
botic complications during respiratory viral infections. The presence 
of viruses, such as severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) and influenza A, triggers a series of cellular and 
molecular events that may be accountable for thrombotic complica-
tions in such infections. For example, SARS-CoV-2 enters endothelial 
cells via simultaneous binding to angiotensin-converting enzyme 2 
(ACE2) and transmembrane protease serine 2 (TMPRSS2) (1), caus-
ing widespread endothelial disruption (2). Moreover, respiratory viral 
infections induce the membrane expression of tissue factor (TF) by 
endothelial cells, monocytes and monocyte-derived microparticles 
(MMPs), thus initiating the coagulation cascade which culminates 
in thrombin generation, which activates protease-activated receptors 
(PARs) and enhances the coagulation cascade in a positive feedback 

loop (3). Thrombin and other platelet agonists (e.g. adenosine diphos-
phate [ADP] and arachidonic acid [AA]), as well as viruses directly, 
activate platelets to express on their surface and release a plethora 
of pro-inflammatory and pro-thrombotic mediators, e.g. P-selectin 
and CD40L (not shown), more ADP and AA, von Willebrand factor 
(vWF) and various chemokines, which in turn activate endothelial 
cells and leukocytes. Notably, activated neutrophils form neutrophil 
extracellular traps (NETs), which arrest viruses but also bear pro-
thrombotic properties, for example by activating more platelets in a 
vicious cycle (4). Other factors that contribute to the manifestation of 
a pro-thrombotic phenotype are the existence of cytokine storm syn-
dromes (i.e. an overwhelming rise of cytokine levels, such as interleu-
kins and other pro-inflammatory molecules) and possibly antiphos-
pholipid antibodies, in a virus-related antiphospholipid syndrome



116 I. C. Moschonas, A. D. Tselepis 

1 3

admitted to the hospital with H1N1 influenza A infection, 
16 (about 44.4%) developed VTE [62].

Concerning SARS-CoV-1-infected patients, a study 
reported that, among 138 individuals, 44.8% had throm-
bocytopenia [66]. Another study demonstrated small vein 
thrombosis in 3 autopsied patients with SARS-CoV-1 [67]. 
Similarly, the presence of fibrin thrombi was reported in 1 
among 6 autopsied SARS-CoV-1 patients [68]. In another 
study, the existence of hematologic abnormalities, includ-
ing thrombocytopenia, at a rate of up to 45% in adults and 
50% in children with SARS-CoV-1, was reported [69]. A 
retrospective analysis demonstrated that, among 157 SARS-
CoV-1-infected patients, 87 (about 55.4%) developed throm-
bocytopenia, whereas 4 patients (about 2.5%) developed 
DIC [70]. Finally, in another study, the incidence of large 
artery ischemic stroke in 5 out of 206 SARS-CoV-1-infected 
patients (about 2.4%), was demonstrated [71].

Similarly to the above data, thrombotic vascular events 
have been also reported in MERS-CoV-infected patients. 
According to previously published results, thrombocytope-
nia was evident in 17 of 47 individuals (about 36.2%) with 
confirmed MERS-CoV infection [72], whereas in another 
study thrombocytopenia was more pronounced in MERS-
CoV-infected patients (about 57.1%, i.e. in 4 out of 7 indi-
viduals) [73]. Other investigators reported a case of MERS-
CoV-associated fatality which had presented DIC [74], 

whereas in another study, DIC was evident in 1 among 2 
cases of MERS-CoV-related neurologic complications [75]. 
Finally, in a review article it was reported that the mortality 
rate among MERS-CoV-infected patients was about 30%, 
whereas the corresponding rate in SARS-CoV-1-infected 
patients was 9.6% [76]. Importantly, DIC was one of the 
major complications in MERS-CoV-infected patients [76]. 
Due to the heterogeneous rates of thrombotic events in the 
above studies, it is difficult to draw a definite conclusion as 
to whether the prevalence of SARS-CoV-2-induced coagu-
lopathy and thrombotic complications is greater, or not, than 
those related to other respiratory viral infections.

Thromboprophylaxis and anticoagulant 
therapy in thrombotic complications related 
to respiratory viral infections

The use of antithrombotics as thromboprophylaxis or to 
treat thrombotic events is a common practice in patients 
with respiratory viral infections. Notably, in influenza A/
H1N1-infected patients, even empirical anticoagulation 
therapy using heparin reduced the incidence of thrombo-
embolic events in critically-ill subjects, without increasing 
the bleeding risk [62]. Moreover, in 184 severe COVID-19 
patients the cumulative incidence of the composite outcome 

Table 1  Main clinical 
data involving thrombotic 
complications in various viral 
infections

*Corresponds to a cumulative incidence
**Not all of these cases refer to influenza, but rather to an acute respiratory infection, including influenza
AT arterial thrombosis, DIC disseminated intravascular coagulation, MI myocardial infarction, MERS-CoV 
Middle Eastern respiratory syndrome coronavirus, PE pulmonary embolism, SARS-CoV severe acute res-
piratory syndrome coronavirus, SIC sepsis-induced coagulopathy, VTE venous thromboembolism

Viral infection Thrombotic complication(s) Prevalence (patient numbers and rates) References

SARS-CoV-2 Overt DIC 21 of 183 (11.5%) [56]
VTE 20 of 81 (25.0%) [57]
VTE or AT 31 of 184 (31%*) [58]
PE 7 of 25 (28%) [59]
VTE
PE

16 of 71 (22.5%)
7 of 71 (9.9%)

[77]

VTE 18 of 26 (69.2%) [78]
SIC 97 of 449 (21.6%) [79]

Influenza A VTE or AT 7 of 119 (5.9%) [60]
MI 3927 of 11,208 (35.0%)** [61]
Thrombotic events 5 of 252 (2.0%) [9]
VTE 16 of 36 (44.4%) [62]

SARS-CoV-1 Small vein thrombosis 3 autopsies [67]
Presence of thrombi 1 of 6 autopsies (17.0%) [68]
DIC 4 of 157 (2.5%) [70]
Ischemic stroke 5 of 206 (2.4%) [71]

MERS-CoV DIC 1 autopsy [74]
DIC 1 of 2 patients with neurologic complica-

tions (50%)
[75]
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of venous or arterial thrombosis was 31%, despite rigor-
ous thromboprophylaxis [58]. This suggests that high pro-
phylactic doses should be administered to such patients, 
in spite of the absence of relevant recommendations [58]. 
Similarly, in another study involving 71 COVID-19 patients 
under adequate thromboprophylaxis, who were not admitted 
to the ICU, a VTE incidence of about 22.5% was reported 
[77]. Authors concluded that heparin thromboprophylaxis 
should be aggressive and under the guidance of D-dimer 
levels, which may have a predictive value for VTE, with 
a cut-off value of 1.0 μg/mL [77]. In accordance with the 
above results, an additional study reported that COVID-19 
patients receiving prophylactic anticoagulation had signifi-
cantly higher rates of VTE compared to those receiving ther-
apeutic anticoagulation with either low-molecular-weight 
heparin (LMWH) or unfractionated heparin (100% vs. 56% 
respectively, p = 0.03) [78]. Finally, other investigators found 
that administration of unfractionated heparin or LMWH 
improves the clinical outcome of COVID-19-associated 
thrombotic complications [59, 79].

In light of this data, the International Society of Throm-
bosis and Haemostasis (ISTH) has recommended the use of 
prophylactic doses of LMWH in all hospitalized COVID-19 
patients (whether they have severe disease or not), in the 
absence of any contraindications [80]. LMWH should also 
prevent VTE incidence in critically-ill patients [80]. Moreo-
ver, the anti-inflammatory properties of LMWH would prob-
ably benefit patients from cytokine storm syndromes [80]. 
Other guidelines suggest thromboprophylaxis with the use 
of standard dose of unfractionated heparin or LMWH (or 
intermediate dose of LMWH), unless there are contraindica-
tions, in all non-critically-ill, hospitalized patients [81]. In 
critically-ill patients, prophylactic doses of unfractionated or 
LMWH should be considered, whereas intermediate doses 
of LMWH should be given to high-risk patients [81]. In 
therapeutic, and not prophylactic settings, administration of 
LMWH should be considered in hospital, whereas direct 
oral anticoagulants (DOACs) are recommended after hos-
pital discharge [81]. According to the CHEST guidelines, 
administration of LMWH or fondaparinux is preferred over 
unfractionated heparin, in acutely-ill, hospitalized COVID-
19 patients, in the absence of contraindications, whereas 
administration of unfractionated heparin is preferred over 
DOACs [82]. Moreover, in the absence of any contraindi-
cations, LMWH is preferred over unfractionated heparin, 
in critically-ill, COVID-19 patients, whereas administra-
tion of LMWH or unfractionated heparin is preferred over 
fondaparinux or DOACs [82]. The same guidelines recom-
mend administration of standard doses of anticoagulants 
over intermediate or full-dose treatment, in both acutely-ill 
or critically-ill COVID-19 patients [82]. Continuation of 
thromboprophylaxis in COVID-19 patients after hospi-
tal discharge is not recommended, unless a net benefit is Ta
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recognized and there is low bleeding risk [82]. Ongoing 
randomized, controlled trials on antithrombotic therapy in 
hospitalized COVID-19 patients are summarized in Table 2. 
These trials will demonstrate the possible clinical usefulness 
of this therapy in terms of efficacy and safety, not only in 
the prevention of thrombotic events, but also in the overall 
clinical management of these patients.

Concluding remarks and future directions

Patients suffering from respiratory viral infections are at 
increased risk of manifesting a thrombotic event, of arterial 
and/or venous origin. However, due to the fact that the avail-
able evidence regarding respiratory virus-related thrombotic 
complications has not been analyzed collectively and in a 
head-to-head comparison with other viruses, there cannot be 
a safe conclusion as to whether SARS-CoV-2 is responsible 
for a worse rate of thrombotic manifestations, compared to 
other respiratory viruses, or not. These thrombotic events 
are attributed to various cellular and molecular mechanisms, 
mainly involving the interplay between a hyperinflamma-
tory response, as well as the activation of platelets and the 
coagulation cascade. Thus, patients at risk of such events 
receive antithrombotic drugs either as thromboprophylaxis 
or as treatment therapy.

In the case of SARS-CoV-2, in addition to current rec-
ommendations, ongoing randomized, controlled trials on 
antithrombotic therapy in hospitalized COVID-19 patients 
will demonstrate the possible clinical usefulness of this 
therapy regarding its efficacy and safety, not only in the pre-
vention of thrombotic events, but also in the overall clinical 
management of these patients.
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