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Abstract
Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV‑2), is a global public health concern and is 
characterized by an exaggerated inflammatory response that can lead to a large variety 
of clinical manifestations such as respiratory distress, sepsis, coagulopathy, and 
death. While it was initially considered primarily a respiratory illness, different data 
suggests that COVID-19 can lead to a pro-inflammatory milieu and a hypercoagulable 
state. Several mechanisms attempt to explain the pro-coagulant state seen in 
COVID-19 patients, including increased fibrinogen concentration, different receptor 
binding, exhausted fibrinolysis, cytokine storm, and endothelial dysfunction. Some 
hematological parameters, such as elevated D-dimers and other fibrinolytic products, 
indicate that the essence of coagulopathy is massive fibrin formation. Moreover, 
elevated D-dimer levels have emerged as an independent risk factor for a worse 
outcome, including death, indicating a potential risk for deep vein thrombosis and 
pulmonary thromboembolism. Prophylactic anticoagulation is recommended in all in-
patients with COVID-19 to reduce the incidence of thrombosis. Those with elevated 
D-dimer values or with a higher risk of developing thromboembolic events should 
be treated with higher doses of anticoagulant. Anticoagulation may not be enough in 
some circumstances, highlighting the need for alternative therapies. An understanding 
of the complex cross-talk between inflammation and coagulopathy is necessary for 
developing direct appropriate interventional strategies. 
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Introduction
Coronavirus disease-19 

(COVID-19) caused by the severe acute 
respiratory syndrome coronavirus 2 
(SARS-CoV-2) emerged in Wuhan, 
China, in the last days of 2019 [1,2]. 
The recent coronavirus outbreak had 
rapidly spread throughout the world, 
reaching the pandemic denomination by 
the World Health Organization (WHO) 
in March 2020 [3-5]. The main mode 
of transmission of COVID-19 is human 
to human via droplets, the clinical 
syndrome being characterized by fever, 
cough and progression to the acute 
respiratory distress syndrome (ARDS), 

especially in the elderly and in patients 
with comorbidities [2,6-8]. Patients 
infected with SARS-CoV-2 are susceptible 
to a wide range of complications, 
coagulopathy being one of the most severe 
complications of the disease [1,2,6,9,10]. 
The risk for various thrombotic events 
is markedly increased with case series 
studies reporting a prevalence between 
25% to 43%, significantly higher than 
the incidence in patients without COVID 
[1,11,12]. Several studies suggest that 
pulmonary embolism (PE) prevalence 
is 8.3% to 21% of the patients [13-
16]. It has been suggested that this 
hypercoagulability may be associated with 
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older age, male gender, obesity, Caucasian and African-
American ethnicities [1,4,12]. In comparison to venous 
thrombosis, there have been a few cases of arterial events 
such as acute coronary syndromes, ischemic strokes 
and acute limb ischemia [1,4,17,18]. Thus, Lodigiani et 
al., reported an incidence of acute coronary syndromes 
of 1.1% in a group of 388 COVID-19 patients [19]. 
Moreover, microvascular thrombosis are also mentioned 
in the literature and several clinical reports have shown 
evidence of thrombotic microangiopathy, especially in 
lung autopsies [20].

In this review, we discuss the current understanding 
of potential mechanisms, hematological parameters, 
management and future therapies of the COVID-19-
associated coagulopathy, summarizing the existing 
literature data until now.

Brief main headings
Pathophysiology of COVID-19 coagulopathy
Critical illness is known to cause a hypercoagulable 

state due to mechanical ventilation, immobilization, 
central venous access devices, and nutritional deficiencies. 
However, COVID-19 appears to cause a hypercoagulable 
state through mechanisms unique to SARS-CoV-2 and 
centers around a complex cross-talk between inflammation 
and thrombosis [21-23]. COVID-19 causes a severe 
proinflammatory state, as evident from multiple reports 
of high C-reactive protein, lactate dehydrogenase, ferritin 
or interleukin-6 [1,15,24,25]. Researchers presently 

believe that the central event that triggers the cycle of 
inflammation and thrombosis originates in the pulmonary 
alveoli, where SARS-CoV-2 binds to host cells through 
the angiotensin converting-enzyme (ACE) 2 receptor 
[7,26,27].

SARS-CoV-2 infects host cells via the ACE2 
receptor, component of the renin angiotensin aldosterone 
system (RAAS). RAAS has a central role in regulating 
blood pressure, mainly through its final effector, 
Angiotensin II (Ang II), a vasoactive hormone whose 
effects are mediated by its interaction with specific 
receptors – Angiotensin II type 1 (AT1) and AT2 (AT3 
and AT4 receptors do not have a fully elucidated role). 
ACE2 is an exopeptidase that catalyzes the conversion 
of Angiotensin 1 to the nonapeptide Angiotensins - (1-
12) and the conversion of Angiotensin II to Angiotensins 
1-7 (Figure 1). ACE2 is expressed especially in vascular 
endothelial cells, but also in the heart, kidney, nasal and 
pulmonary cells. Thus, by inactivating Angiotensin II, 
ACE2 diminishes its adverse effects. 

SarsCov2 binds to the ACE2 receptors via a spike 
protein (S protein) which allows it to enter the host cell. 
This complex undergoes an endocytosis process that leads 
to the downregulation of ACE2 phenomena, resulting 
in the local accumulation of Angiotensin II, which is 
responsible for severe pulmonary injury (Figure 2). 

On the other hand, the blockade of ACE interrupts 
the chain of events leading to the formation of Angiotensin 
1-7 with beneficial effects. 

Figure 1. The renin-angiotensin system cascade, angiotensin receptor 1 inhibitors and angiotensin converting enzyme inhibitors 
action. Ang I=Angiotensin I; Ang II= Angiotensin II; ACE=Angiotensin converting enzyme; ACE2=Angiotensin converting enzyme 2; 
AT1R-I= Angiotensin II receptor type 1; AT2R=Angiotensin II receptor type 2; ACE-1=ACE inhibitors; AT1R-I=Angiotensin receptor 
1 inhibitors; Mas=Mitochondrial assembly protein.
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Upon infection, ACE expression is decreased, 
leading to Angiotensin II synthesis, that may cause 
susceptibility to SARS-CoV-2 entry into the tissue [5,7]. 
Thus, COVID-19 appears to generate worse outcomes in 
patients with hypertension, cardiovascular disease and 
diabetes, all of which are associated with reduced baseline 
levels of ACE2 expression, suggesting an imbalance in 
ACE1/ACE2 levels [1]. 

The interleukin (IL)-6 and fibrinogen levels are 
correlated with each other in COVID-19 patients, supporting 
the idea of inflammatory thrombosis.

Thus, the trigger event that causes the cycle of 
inflammation and thrombosis has its origin in the pulmonary 
alveoli, where SarsCov2 enters through the ACE2 receptor in 
the alveolar epithelium. Consequently, a severe inflammatory 
response that outlines the thrombosis scene by multiple 
mechanisms is initiated [14-22,28-31] (Figure 2).

Cytokine storm action
The overproduction of pro-inflammatory cytokines 

and the overactivation of immune cells during SARS-
CoV-2 infection is known as a cytokine storm [5,32]. 
Higher serum levels of proinflammatory cytokines, such as 

IL-6, IL-7, IL-1, tumor necrosis factor, interferon- γ have 
been associated with severe illness and death in multiple 
studies. The “cytokine storm” contributes to thrombosis 
through multiple mechanisms, including the activation of 
neutrophils, monocytes and the endothelium, which generate 
a prothrombotic state [1,7,33].

Endothelial activation and dysfunction
SARS-CoV-2 infection of the endothelial cell and 

the subsequent endothelial damage leads to endothelial 
activation and reduced endothelium-dependent vasodilation, 
resulting in a proinflammatory and procoagulant state 
[34,35]. The mechanisms of endothelial activation or 
dysfunction include the inflammatory cytokines, the 
activation of the complement components in the blood, 
or are a direct result of the SARS-CoV-2 infection of 
endothelial cells through the ACE2 receptor [1,20,35].

Neutrophil extracellular traps
Neutrophils, which migrate alongside platelets to 

the site of endothelial damage, contribute significantly to 
thrombosis. This is due to an important defence mechanism, 
in which neutrophil release extracellular traps (NETs), 
a process known as NETosis [1,26]. NETs are described 

Figure 2. Pathophysiology of the hypercoagulable state in COVID-19. COVID-19 leads to an inflammatory response that originates in 
the alveoli. Epithelial cells, macrophages and monocytes are activated by the release of inflammatory cytokines. Endothelial activation 
and dysfunction, platelet activation, expression of TF and increased levels of VWF and FVIII are conducted by the direct infection of 
the endothelial cells through the ACE2 receptor. All of these contribute to thrombin generation and fibrin clot formation. Thrombin 
causes inflammation through its effect on platelets which promote NET formation in neutrophils. ACE2=Angiotensin-converting enzyme 
2; IL=Interleukin; FVIII=Factor VIII; NET=Neutrophil extracellular trap; TNF=Tumor necrosis factor; TF=Tissue factor; VWF=von 
Willebrand factor.
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as extracellular DNA fibers released due to chromatin 
decondensation and spreading, comprised of histone and 
cytoplasmic granule proteins. In different conditions, NETs 
are recognized as linking inflammation, coagulation and 
thrombosis both on local and systemic levels.

There are several mechanisms which show that 
NET-driven thrombosis is platelet-dependent [26]. First of 
all, histone proteins in the DNA fragments of NETs, serve 
as potent damage-associated molecular patterns which 
can further attract platelets and thereby initiate a positive 
feedback loop, inducing platelet aggregation through toll-
like receptors on platelets. Secondly, NETs can interact 
with the von Willebrand factor, released by endothelial 
cells and platelets, which leads to platelet adhesion and 
fibrin formation. Additionally, during NETosis, neutrophil 
elastase, a serine protease, is released, which has previously 
been shown to inhibit anticoagulation by degrading the 
tissue factor pathway inhibitor and thrombomodulin. 
Degradation of these endogenous anticoagulants allows 
the unprohibited action of the tissue factor, leading to 
coagulation and thrombosis [26,34].

Complement-mediated microangiopathy
The complement system involves a cascade of 

processes, culminating in the formation of the terminal C5b-
9 membrane attack complex, also observed in COVID-19. 
Complement activation regulates a proinflammatory 
response through the actions of C5a which activates both 
mannan binding lectin serine protease 4 (MASP)-1 and 
MASP-2. Afterwards, MASP-1 cleaves fibrinogen and 
factor XIII and therefore activates coagulation and MASP-
2 amplifies the complement activity [1,7].

Abnormalities in the fibrinolysis system
Reduced fibrinolysis has been described in severe 

COVID-19 and increased thromboembolic events occur 
in patients with severe abnormalities of clot dissolution 
[34,36]. In severe COVID-19 infections, hypofibrinolysis 
has been well documented and has been linked to 
hypercoagulability, increased morbidity and mortality 
[7,37]. Even though the mechanism of hypofibrinolysis 
is still poorly understood, a few hypotheses exist. The 
fibrinolytic inhibitor plasminogen activator inhibitor 1 (PAI-
1), which is considered the main responsible factor for the 
hypofibrinolysis, is increased in the COVID-19 infection 
through several mechanisms. Prior studies have shown 
that Ang II stimulates the expression and release of PAI-1 
from the endothelial cells. Ang II perturbates endothelial 
functions in multiple ways, stimulating the expression of 
PAI-1 messenger RNA and PAI-1 production in endothelial 
cells via the AT1 receptor and further increasing plasma 
PAI-1 levels in a dose-dependent manner. As the binding 
of SARS-CoV-2 to ACE2 prevents the degradation of 
Ang II, the excess of Ang II further increases the level of 
PAI-1 [38,39]. Moreover, inflammation promotes PAI-1 
release from endothelial cells, which suppresses urokinase-
plasminogen activator and tissue-type plasminogen 

activator (tPA) from converting plasminogen to plasmin, 
which ultimately leads to reduced fibrin degradation 
[34,40]. Finally, PAI-1 expression is enhanced by 
complement activation, specifically by C5a [7]. All of 
the mechanisms described above lead to the inhibition of 
fibrinolysis, causing a hypercoagulable state.

Additional prothrombotic risk factors
Additional mechanisms have been associated with 

thrombosis in COVID-19. Increased levels of ferritin and 
elevated antiphospholipid antibody titers in COVID-19 
could contribute to inflammation and reflect cellular damage 
[6,34]. Obesity is a subacute inflammatory condition that is 
a risk factor for COVID-19 associated coagulopathy [34]. 
Patients with ARDS resulting in hypoxia have an increased 
risk of hypoxia-induced endothelial damage [41].

Hematologic laboratory findings in 
COVID-19

COVID-19 is associated with important findings 
in both hematology tests and coagulation parameters 
[1]. The main purpose of these findings is to obtain 
prognostic information that may be used to assess the 
level of care, therefore being an indirect indicator of 
disease severity [12,41]. The International Society 
on Thrombosis and Hemostasis (ISTH) has proposed 
the evaluation of  different parameters for the prompt 
recognition of coagulopathy in patients with COVID-19, 
such as D-dimer levels, prothrombin time, platelet count, 
and fibrinogen values. Hematologic laboratory findings 
include thrombocytopenia, lymphopenia, leukopenia 
and an increased neutrophil to lymphocyte ratio (NLR) 
[42-45]. Although initial studies from Wuhan reported 
leukopenia in hospitalized COVID-19 patients, subsequent 
reports showed that patients who required ICU admission 
had a higher neutrophil count [1]. Since the lymphocyte 
count has gained much attention in COVID-19 patients, 
different studies report the presence of lymphopenia in 
this setting. An increasing neutrophil count in the setting 
of lymphopenia (NLR) appears to be a sensitive marker of 
early inflammation [1,45]. Although thrombocytopenia is 
considered the most sensitive indicator of sepsis-induced 
coagulopathy, its incidence is relatively low in COVID-19 
and is more pronounced in severe infection [1,19,35]. 
D-dimers are a marker of fibrin turnover and are an 
important monitoring test in COVID-19 patients, being 
also considered an independent predictor of poor outcome, 
including death [1,15,25].

Management of COVID-19 associated 
coagulopathy

Treatments that target the hypercoagulable state 
may reduce the adverse microvascular and  macrovascular 
effects of COVID-19 and these include anticoagulants, 
antiplatelet therapy, fibrinolytics and immune modulators, 
but numerous studies are ongoing [34].
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Prophylactic versus therapeutic anticoagulant 
dosage

For COVID-19, prophylactic anticoagulation 
with low-molecular-weight heparin (LMWH) as early 
as possible in order to prevent thrombotic events and 
organ damage is required [11]. The majority of scientific 
societies recommend antithrombotic prophylaxis with 
LMWH or unfractionated heparin (UFH) for all admitted 
patients unless contraindicated [11,12,26,40,41]. For 
patients who develop venous thromboembolism, these 
guidelines suggest initial LMWH or UFH followed by the 
continuation of the same treatment schedule or shifting to 
warfarin or dabigatran analogues. Thrombolytic therapy is 
recommended only for acute patients with confirmed PE 
who show clinical deterioration [21]. In addition, the use 
of heparin is not only helpful for the anticoagulant effect, 
but also for its anti-inflammatory properties in patients 
with COVID-19 [41]. If pharmacological prophylaxis 
is contraindicated, mechanical prophylaxis (e.g., limb 
compression) should be considered in immobilized patients 
[40,46]. It should be noted that dosing recommendations 
are dynamic, and in the early phases of the pandemic, 
higher doses of anticoagulation likely helped save the 
lives of many individuals with severe COVID-19 [12]. It 
has been recommended to start therapeutic anticoagulation 
in patients with COVID-19 who have experienced a 
thromboembolic event or have a strong suspicion of venous 
thromboembolism [12,41].

Antiplatelet therapy
Aspirin would seem to be a logical drug administered 

in COVID-19 because of its beneficial effects in patients 
with cardiovascular disease and irreversible antiplatelet 
effects. Il lowers both platelet aggregates in the lung and 
IL-6 production, which may reduce the cytokine storm [22]. 
Patients who take low-dose aspirin should continue the 
therapy. In patients requiring a P2Y12 inhibitor, the drug of 
choice depends on the COVID-19 specific treatment [41].

Oral anticoagulation therapy
The patients who can have oral medication 

administrated should be transitioned to an oral 
anticoagulation therapy, such as a vitamin K antagonist. If 
there is an option for switching to direct oral anticoagulants 
(DOACs), it should be taken into consideration, because 
during isolation for COVID-19, regular international 
normalized ratio monitoring would likely be difficult 
[41,47]. Some studies suggested to stop DOAC and shift to 
heparins due to the DOACs’ interaction with antivirals or 
immunosuppressive therapy [21].

Fibrinolytic therapy
Fibrin deposition in the alveolar spaces, a known 

observation in ARDS, is leading to worse respiratory 
outcomes. Heparin agents are not effective against pre-
existing fibrin deposits, although they prevent further fibrin 
deposition [1]. Thus, other therapeutic options are needed. 
Few clinical reports have suggested that fibrinolytic therapy 

may be useful in improving survival in patients with 
COVID-19. The use of recombinant tissue plasminogen 
activator (t-PA) to treat ARDS in COVID-19 has been 
proposed, being associated with temporary improvement 
in respiratory failure, bleeding complications remaining a 
major concern of this therapy [11]. A safer approach that 
may confer benefit in COVID-19 induced ARDS is the use 
of nebulized plasminogen, leading to improvements in lung 
function and oxygenation, at least temporary. Therefore, 
by avoiding the need of using a direct fibrinolytic agent 
(ie. t-PA), the bleeding risks commonly associated with 
thrombolysis would be reduced [11,41].

Interactions between antiviral treatment, 
anticoagulant and antiplatelet therapy 

Anticoagulant therapies have several drug-drug 
interactions, and most include vitamin K antagonists (VKA) 
and DOACs interactions with antiviral agents (lopinavir/
ritonavir) and monoclonal antibodies (tocilizumab and 
sarilumab) [40]. Thus, antiviral drugs interact with DOACs 
and may cause significantly increase their blood levels, thus 
enhancing the risk of bleeding [48]. The effect of DOACs 
appears to be potentiated by atazanavir, lopinavir/ritonavir, 
hydroxychloroquine, and decreased by tocilizumab [41]. 
Atazanavir and lopinavir/ritonavir may also decrease the 
active metabolite of clopidogrel and prasugrel and increase 
ticagrelor’s efficacy [1,40]. A list of drug interactions can 
be found at http://covid19-druginteractions.org [1]. 

Duration of anticoagulation
The American Society of Hematology recommends 

that any decision to use extended post-discharge 
thromboprophylaxis with anticoagulation or aspirin should 
consider the individual patient’s VTE risk factors, such 
as reduced mobility, coagulopathy, and bleeding risk. 
For patients who have been given empirical therapeutic 
anticoagulation for suspected PE, it is recommended that 
they should remain anticoagulated for at least 3 months, 
regardless of the results of future investigation studies. 
Moreover, cases of confirmed VTE should be considered 
as “provoked” and treated for a duration of 3-6 months [1].

Future therapeutic targets and areas of research
As previously highlighted, a unique mechanisms of 

inducing coagulopathy has been observed in COVID-19 
[1]. Several other potential therapies targeting endothelial 
dysfunction or fibrinolysis in COVID-19 patients have been 
proposed or are currently underway [6]. The experimental 
use of immunosuppressive agents can potentially halt the 
bidirectional cross-talk between inflammation and the 
thrombosis process in COVID-19 patients [1]. Different data 
showed that treatment with humanized anti-C5a antibody 
significantly ameliorated lung injury and inflammation. 
Thereby, complement inhibition with agents such as 
eculizumab, may also be a promising treatment for severe 
COVID-19 forms [1]. Different studies propose several 
mechanisms of either directly targeting the molecules that 
form NETs, such as IL1β, or the processes that leads to 
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their formation, since NETs have the potential to initiate 
and propagate both inflammation and thrombosis [1,49]. 
As the cytokine storm has an important role in thrombosis, 
anti-IL drugs may prove their role as a treatment option 
in affected patients. Studies are required to see the effect 
of tocilizumab (anti IL-6) and canakinumab (anti IL-1) 
for the treatment of COVID-19. Anti-Janus kinase and 
anti-human immunoglobulin G inhibitors may also be 
potential treatment options [41]. Since the pathogenesis 
of inflammation and sepsis-induced coagulopathy 
involves the production of thrombin and the reduction 
of natural anticoagulant proteins, numerous studies have 
explored the benefit of using coagulation inhibitors such 
as antithrombin. In general, these data provide incentive 
for considering experimental therapies that address 
physiologic anticoagulant pathways that are most likely 
inhibited or inactivated in COVID-19 [1,10,40]. There 
has been development in several research lines evaluating 
antithrombotic therapies, which are listed on ClinicalTrials.
gov.

Conclusion
In conclusion, the prothrombotic status in 

COVID-19 patients is a reality, being responsible for 
the occurrence of both arterial and venous thrombosis. 
Increased D-dimer levels are an independent risk factor for 
the adverse outcomes in patients with COVID-19.

The COVID-19 associated coagulopathy is 
emerging as a major pathological occurrence with multiple 
hypercoagulable events, including stroke, myocardial 
infarction and multisystemic organ failure. Accumulating 
evidence highlights that the hypercoagulability of SARS-
CoV-2 involves a complex interplay of multiple pathways 
with unique mechanisms of thrombo-inflammation. A 
better understanding of this pathophysiology will allow to 
determine the optimal doses of anticoagulation therapies 
and to study other treatment modalities. Available evidence 
and guidelines recommend prophylactic anticoagulation 
with LMWH for all hospitalized patients. 
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