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Abstract

December 2019 will never be forgotten in the history of medicine when an outbreak

of pneumonia of unknown etiology in Wuhan, China sooner or later prompted the

World Health Organization to issue a public health warning emergency. This is not

the first nor will it be the last time that a member of β‐coronaviruses (CoVs) is

waging a full‐scale war against human health. Notwithstanding the fact that pneu-

monia is the primary symptom of the novel coronavirus (2019nCoV; designated as

SARS‐CoV‐2), the emergence of severe disease mainly due to the injury of non-

pulmonary organs at the shadow of coagulopathy leaves no choice, in some cases,

rather than a dreadful death. Multiple casual factors such as inflammation, en-

dothelial dysfunction, platelet and complement activation, renin‐angiotensin‐
aldosterone system derangement, and hypoxemia play a major role in the patho-

genesis of coagulopathy in coronavirus disease 2019 (COVID‐19) patients. Due to

the undeniable role of coagulation dysfunction in the initiation of several compli-

cations, assessment of coagulation parameters and the platelet count would be

beneficial in early diagnosis and also timely prediction of disease severity. Although

low‐molecular‐weight heparin is considered as the first‐line of treatment in COVID‐
19‐associated coagulopathy, several possible therapeutic options have also been

proposed for better management of the disease. In conclusion, this review would

help us to gain insight into the pathogenesis, clinical manifestation, and laboratory

findings associated with COVID‐19 coagulopathy and would summarize manage-

ment strategies to alleviate coagulopathy‐related complications.

K E YWORD S

coagulopathy, coronavirus, COVID‐19, SARS‐CoV‐2, thromboembolism

1 | INTRODUCTION

Since early 2020, almost all people around the world are tracking the

statistics of SARS‐CoV‐2 and offering the scary number of death tolls

which is increasing day after day. Actually, life is on hold as death and

disease have cast a sinister shadow on people's lives. It is absolutely

heartbreaking for the generation in their last decades dying alone

and also painful for families losing their loved ones. While

SARS‐CoV1 and MERS‐CoV infections infected about 10,000 cases

with mortality rates of 10% (Organization, 2003) and 37% (O'Keefe,

2016) respectively, the situation is quite eerie in the recent case

recalling that the novel coronavirus might only be the tip of the

iceberg with potentially more secretive characteristics to be dis-

covered. Clinically, coronavirus disease 2019 (COVID‐19) is a mys-

terious respiratory syndrome with a wide spectrum of symptoms;

while some cases will present no or mild symptoms, others will
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develop more serious complications entailing specialized manage-

ment in the intensive care units (ICU) (Guan et al., 2020).

The first step of SARS‐CoV‐2 infection happens when the

virus enters target cells by the interaction between the viral

surface S (spike) protein and Type I integral membrane receptor,

angiotensin‐converting enzyme 2 (ACE‐2) that is well expressed

in various tissues including lungs, kidney, heart, and gastro-

intestinal tract (Wang et al., 2020e). The next step is the cleavage

of the viral S protein which is done by host cellular proteases.

This proteolytic process is primarily promoted by TMPRSS2, the

cellular serine protease which is expressed abundantly on the

human airway epithelial cells (Sathler, 2020). In presence of this

plasma membrane protease, the viral S protein endures irrever-

sible structural changes that facilitate virus entry via the merge

of the virus to the host cell membrane. However, in the absence

of the exogenous or membrane‐bound protease, SARS‐CoV‐2
probably goes through a “late pathway” and is internalized via

either clathrin‐ or nonclathrin‐mediated endocytosis. Following

the virus entry, the pH in the endosome decreases, and then, low

pH activates endosomal protease such as cathepsins which leads

to the fusion pathway and release of the SARS‐CoV‐2 genome

(Tang et al., 2020e). Both mechanisms will drive the release of

the viral RNA genome in the host cell and the subsequent start of

the viral replication cycle (Matsuyama et al., 2010; Sathler,

2020). The virus is also targeting endothelial cells, one of the

largest organs in the human body that widely express ACE‐2.
Endothelial cells represent a major role in several physiologic

processes (Sardu et al., 2020). They manage the innate immune

responses, increase tissue permeability, set up inflammation, and

therefore, may contribute to the severity of the disease (Pons

et al., 2020). Hence, the dysfunction of the endothelium may lead

to systemic damage with abnormal coagulation, kidney disorders,

pulmonary embolism (PE), and sepsis (Varga et al., 2020). Al-

though hypoxemia secondary to acute respiratory distress syn-

drome (ARDS) plays a major role in COVID‐19 mortality, there is

growing evidence representing that thrombotic complexity and

coagulation disorders emerge as a critical issue in COVID‐19
patients. Coagulation disorders often occur in severe cases with

poor prognosis but the nature of this abnormality is not clear yet

(Al‐Ani et al., 2020). Abnormal hematological findings related to

coagulopathy including thrombocytopenia, prolonged pro-

thrombin time (PT) and activated partial thromboplastin time

(aPTT), increased fibrin degradation product (FDP) levels and, in

particular, elevated D‐dimer have been associated with poor

prognosis and also an increased rate of mortality in COVID‐19
patients (Giannis et al., 2020). Besides, data extracted from re-

cent studies consolidates that the risk of developing dis-

seminated intravascular coagulation (DIC) is higher in patients

infected by SARS‐CoV2 (Wang et al., 2020g). Therefore, a deeper

understanding of new strategies to manage and treat the disease

will help to better control the complications attributed to the

hypercoagulable state. In the present review, we are focusing on

the association between the pathophysiology of coagulation and

COVID‐19 and also gathering strategies that help the manage-

ment and treatment of COVID‐19‐associated coagulopathy.

2 | PATHOPHYSIOLOGY OF COVID ‐19 ‐
ASSOCIATED COAGULOPATHY

Pathophysiology of coagulation disorders related to COVID‐19 is

mostly relying on a wide variety of complicated interactions between

the secretion of proinflammatory cytokines/factors, platelets hyper‐
activation, and damage to the endothelial cells (Becker, 2020). Viral

infection gives rise to the release of proinflammatory cytokines by

activating inflammatory responses of the innate immune system.

Following this inflammation and upregulated immune response,

platelets are activated and natural mechanisms of anti‐coagulant are
downregulated (Esmon, 2005). Endothelial dysfunction, on the other

hand, is another risk factor responsible for coagulopathy in

COVID‐19. In addition to the indicated abnormalities, other pathogenic

mechanisms including increased secretion of von‐Willebrand factor

(vWF) from damaged endothelium, activation of TLRs, and complement

activation are involved in COVID‐19‐associated coagulopathy. In the

next section, we have a glance at the underlying mechanisms proposed

for the hypercoagulable state in these patients.

2.1 | Inflammation

Following the viral infection, high levels of inflammatory cytokines in

a systemic circulation stimulate macrophages and other leukocytes

and promote local recruitment of these inflammatory cells especially

to the lung (Liu et al., 2020e). In turn, infiltrated macrophages and

polymorphonuclear neutrophils (PMNs) produce a higher level of

inflammatory cytokines and chemokines which subsequently ex-

acerbate the recruitment of other immune cells in parenchyma; an

event which subsequently leads to hyperinflammation and cytokine

storm in severe cases of COVID‐19 (Channappanavar et al., 2016).

As there is a large amount of proinflammatory cytokines released

from activated macrophages and leukocytes, some clinicians and

researchers suggest hemophagocytic lymphohistiocytosis‐like syn-

drome that is a combination of its protean nature, secondary infec-

tions and end‐organ failure (Zuckier et al., 2020).

Generally speaking, RNA viruses are recognized by pattern re-

cognition receptors, an event which in turn leads to the production of

Type I interferons (IFNs) (Jensen & Thomsen, 2012). However, SARS‐
CoV2, as well as SARS‐CoV1, impair antiviral responses by inhibiting

signaling pathways of TLR3 and TLR7 which end to Type I IFNs

production (Li et al., 2016). Subsequently, it gives rise to an increased

viral replication and induction of a direct cytopathic effect which

together with cytokines and DAMPs released from infected cells

negatively exacerbate macrophages and neutrophils infiltration. Due

to the direct cytopathic effects of SARS‐CoV2, not only apoptotic

deaths of CD4+ T cells are increased but also the production level of

IFN‐γ is suppressed. Since CD4+ lymphocytes are critical for
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regulating the balance of the inflammatory responses, a decreased

number of these cells could undoubtedly result in a hyperin-

flammatory state through compromised suppression of inflammation

(Chen et al., 2010). A study of a mouse model of SARS confirmed

the association between Type I IFN response and the severity of the

disease. They reported that the later IFN Type 1 was produced,

the greater extent of lung injury and pulmonary edema would be

observed (Channappanavar et al., 2016).

It has been reported that the levels of interleukin (IL)‐1β, IL‐6, tumor

necrosis factor alpha (TNF‐α), G‐CSF, and ferritin are significantly ele-

vated in patients infected with SARS‐CoV2 (Henry et al., 2020a). Yang

et al. (2020c) investigated the plasma level of 48 cytokines in 53 COVID‐
19 patients and indicated that IL‐1ra, IP‐10 (IFN‐γ induced protein 10),

and monocyte chemotactic protein‐3 are three independent predictors of

the development of disease. Transcriptome sequencing of RNAs also

confirmed the relationship between COVID‐19 pathogenesis and ex-

treme release of cytokines such as CCL2/MCP‐1, CXCL10/IP‐10, CCL3/
MIP‐1A, and CCL4/MIP1B (Xiong et al., 2020b). The results of a non-

randomized clinical study performed by Xu et al. (2020c) revealed that

the suppression of the IL‐6 network using tocilizumab improved the

disease outcome, as the need for oxygen was significantly reduced in

75% of patients within 5 days of treatment. The data extracted from this

study clearly highlighted the importance of excessive production of

proinflammatory cytokines in the pathogenesis of COVID‐19.

Evidence of abnormal coagulation parameters and increased

biomarkers of inflammation has been reported in several studies.

Ranucci reported elevated levels of fibrinogen, D‐dimer, and IL‐6 in

COVID‐19 patients with ARDS (Ranucci et al., 2020). In agreement,

Zhou et al. (2020c) suggested that the elevated D‐dimer (more than

1.2 µg/ml on admission), increased PT and elevated IL‐6 are im-

portant factors associated with COVID‐19 mortality. The results of

this study showed that 50% of nonsurvivors had evidence of coa-

gulopathy and infection. In another study conducted on 183 COVID‐
19 patients, 15 of 21 nonsurvivors were diagnosed with overt DIC

with a median beginning at 4 days after admission. During their

hospitalization, they underwent DIC with decreased fibrinogen,

elevated D‐dimer, and increased PT. Antithrombin levels were also

decreased over hospitalization but it was not below the normal

ranges in the majority (Tang et al., 2020d).

The relationship between inflammation and activation of the

procoagulant pathways has been identified while the nature of this

relation is not yet well‐established (Risitano et al., 2012). Tissue

factor (TF), as a primary initiator of the coagulation cascade, is highly

induced by inflammatory cytokines like TNF‐α on the cell surface of

leukocyte and endothelial cells. So, inducible expression of TF by

inflammatory mediators may strongly contribute to a hypercoagul-

able state (Witkowski et al., 2016). Upon stimulation with in-

flammatory mediators, neutrophils release neutrophil extracellular

F IGURE 1 SARS‐CoV‐2‐induced inflammation. In viral infections, immune cells such as monocyte/macrophage and other leukocytes are
activated by pathogen‐associated molecular patterns (PAMPs) and host‐derived damage‐associated molecular patterns (DAMPs). In COVID‐19,
this stimulation leads to increased infiltration of activated immune cells to the lung and other organs and intensifies the production of
proinflammatory cytokines. Proinflammatory cytokines induce the expression of tissue factor (TF), the primary initiator of the extrinsic
coagulation cascade, which strongly contributes to a hypercoagulable state. Activated neutrophils and neutrophil extracellular traps (NETs) are
also involved in endothelial dysfunction, which eventually leads to coagulation disorders in COVID‐19
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traps (NETs) in a process named NETosis. Actually, NETs are evolved

as a defense mechanism; however, this network, on one hand, could

activate platelets, endothelial cells, and the complement system, and

on the other hand, may trigger the intrinsic pathway through sti-

mulation of FXII (Keragala et al., 2018). Apart from these mechan-

isms, polyphosphates derived from microorganisms could activate

platelets and FXII and amplify the procoagulant response of the in-

trinsic coagulation pathway. In a vicious cycle, the activated platelets

provoke NETosis in the recruited neutrophils (Zucoloto & Jenne,

2019). To provide a better outlook, a summary of the mechanisms

involved in SARS‐CoV‐2‐induced inflammation was represented in

Figure 1.

2.2 | Endothelial cells dysfunction/activation

Being a transmembrane receptor of factor VII (FVII), TF is an early

beginner of the coagulation cascade. Where there is no need for the

activation of the clotting cascade, the endothelium prevents the

binding of TF to circulating FVII. However, upon the endothelial

damage and in the presence of the inflammatory cytokines TF is

recruited on the surface of the cells and subsequently leads to the

induction of a hypercoagulable state (Witkowski et al., 2016). In

addition, inflammatory cytokines such as IL‐6, IL‐8, and TNF‐α in-

crease the secretion of large vWF fragments from injured en-

dothelium which intensifies platelets aggregation. Normally, these

ultra‐large fragments are broken down into small thrombotic forms

by the enzymatic activity of ADAMTS13, but this action is inhibited

by IL‐6 in an acute inflammatory state (Levi & Poll, 2015).

Considering the important role of the endothelium in regulating

fibrinolysis, endothelial dysfunction may act as a trigger for im-

munothrombosis, resulting in hypercoagulopathy in COVID‐19 pa-

tients (Varga et al., 2020). Impairing or inactivation of the

endogenous fibrinolytic system in the acute inflammatory state gives

rise to antithrombin consumption and downregulation of the protein

C pathway which is highly sensitive to inflammatory mediators (Levi

& Poll, 2015). Apart from the stimulatory effects of inflammation on

endothelial cell activation, SARS‐CoV‐2 may directly activate/impair

these cells (Kolaczkowska et al., 2015). In turn, it leads to the excess

generation of thrombin that could later activate platelets, increase

the permeability of vessels, and suppress fibrinolysis. Additionally,

reduced fibrinolysis (hypofibrinolysis) was observed due to an in-

creased level of fibrinolytic inhibitor plasminogen activator inhibitor

1 (PAI‐1, the main inhibitor of fibrinolysis) in COVID‐19‐related
ARDS (Whyte et al., 2020; Wright et al., 2020). Notably, inflamma-

tion can also promote PAI‐1 release from endothelial cells, an event

which in turn suppresses urokinase‐plasminogen activator and

tissue‐type plasminogen activator (tPA) and ultimately leads to re-

duced fibrin degradation (Loo et al., 2021). It is also worth noting

that there is a firm connection between the fibrinolytic system and

the renin‐angiotensin system (RAA) and ACE‐2. After attaching the

virus, ACE2 is competitively consumed and Angiotensin II (AngII)

remains in excess, therefore, freely acting as a potent stimulator of

PAI‐1. On the other hand, simultaneous activation of factor XII in-

creases bradykinin which stimulates tPA (Kwaan, 2020b). Fi-

brinolysis may thus be affected by tPA and/or PAI‐I, inducing a

prothrombotic or prohemorrhagic state depending on the sites and

severity of the biologic process. Complications such as intra‐alveolar
bleeding may be due to increased tPA, while persistence or wor-

sening of microthrombosis and evolution towards pulmonary fibrosis

may root in escalated PAI‐1. To sum up, the impaired balance be-

tween activation and inhibition of fibrinolysis may elucidate the co-

existence of thrombotic and hemorrhagic features in lungs, and also

in other organs such as kidneys in COVID‐19 patients (Hirsch

et al., 2020).

2.3 | Platelets activation

Within the viral infection, platelets and innate immune effector cells

such as PMNs, monocytes/macrophages, and complement compo-

nents interact via surface receptors to form clots. This interaction

causes activation of platelets which results in shape changes and the

release of granules that contain costimulatory molecules with the

ability to activate PMNs and macrophages. CXCL4, CXCL12, and P‐
selectin are upregulated in the storing granules of the activated

platelets that intensify interaction with other immune cells (Jensen &

Thomsen, 2012, Li et al., 2016). It has been also suggested that in-

creased expression of TLR9 and its engagement by novel en-

dogenous ligands may promote platelet hyperreactivity and

thrombosis through activating the protein kinase B (Akt/PKB) and IL‐
1 receptor‐associated kinase 1 pathways (Panigrahi et al., 2013). For

the first time, Manne et al. (2020) showed that there is a significant

alteration in the expression profile of genes that are involved in the

hyper‐activation of the platelets in patients with COVID‐19. In-

flammatory mediators may also increase the activity of platelets

which ultimately triggers the coagulant response and disturb fi-

brinolysis. In addition to being activated during inflammation, acti-

vated platelets exert proinflammatory effects as they act as

important sources of proinflammatory cytokines like IL‐1β (Rondina

and GUO, 2019).

The imbalance of endothelial function and hyperinflammation in

systemic viral infection can alter hemostasis through reduced pro-

duction or action of mediators like nitric oxide essential for the

platelets activation regulation (Canzano et al., 2021). Also, the in-

teraction of platelets with extracellular matrix (ECM) proteins can

facilitate platelets adhesion to endothelial surface, and subsequently,

trigger signaling events that activate platelets. Production of these

ECM proteins is increased in lung fibrosis and endothelial in-

flammation, which may serve as a complementary mechanism to

activate platelets in COVID‐19 patients (Hottz et al., 2020). Another

key mediator of platelet activation is proteinase‐activated receptor

1, which is, in turn, mediated by thrombin (Ulanowska & Olas, 2021).

Activated platelets express an active TF, an essential trigger of

coagulation and thrombosis in a P‐selectin‐ and αⅡb/β3‐dependent
manner (Hottz et al., 2020). A study conducted by Zhang et al.
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(2020c) showed that platelets are hyperactive in COVID‐19 patients.

The authors demonstrated for the first time that platelets express

ACE2 and TMPRSS2, and the spike protein of SARS‐CoV‐2 directly

binds to platelet ACE2 and increases platelet activation in vitro. The

Spike also enhances thrombus formation in wild‐type mice trans-

fused with hACE2 transgenic platelets. All in all, Zhang et al. (2020c)

uncovered a novel function of SARS‐CoV‐2 on platelet activation via

binding of Spike to ACE2 which may participate in thrombus for-

mation and inflammatory responses in COVID‐19 patients. Last but

not least, the crosstalk between platelets and coagulation factors

provides a proper platform for substrate and enzyme/cofactor to

make a procoagulant complex (Walsh, 2004). Taken together, acti-

vated platelets trigger coagulation proteins and provide a fertile

ground to amplify COVID‐19‐induced coagulopathy.

2.4 | Complement activation

The complement system is a part of the innate immune system

composed of several circulating proteins. Three pathways, including

classical, alternative, and lectin were introduced through which the

complement system is activated to produce C3a and C5a. Apart from

C5a, the cleavage of C5 produce another component named C5b,

which participates deeply in the production of the lytic membrane

attack complex and bacterial opsonization (Bajic et al., 2015). The

crosstalk between complement components and coagulation leads to

thrombotic microangiopathy, hypercoagulable state, and also

inflammation in COVID‐19. Complement proteins C3 and C5 exert

proinflammatory and prothrombotic effects. In turn, it gives rise to

mast cell degranulation and activation of endothelial cells leading to

TF expression and vWF secretion, respectively (Keragala et al.,

2018). In a mouse model of SARS, Gralinski et al. (2018) showed that

the dysregulation of complement activation in C3 knocked‐out mice

(C3−/−) contributed to milder lung damage as compared to wild‐type
counterparts; shedding light on the contributory role of the com-

plement system in SARS‐induced lung damage (Gralinski et al., 2018).

Other components of the complement system like MASP‐1 and

MASP‐2 proteins also accelerate coagulopathy by augmenting clot

formation through converting fibrinogen to fibrin and prothrombin

to thrombin. Examination of skin and lung tissue of severe COVID‐19
cases demonstrated significant deposits of terminal complement

components in the microvasculature, which further highlighted the

constant stimulation of the complement system in this infection

(Magro et al., 2020).

Given the critical role of complement in the regulation of innate

immune‐mediated consequences of severe SARS‐CoV‐2 infections, it

seems that the application of novel strategies to harness this system

may bring valuable therapeutic effects for patients (Campbell &

Kahwash, 2020). In a study of anticomplement C5 therapy, Diurno

et al. (2020) reported that Eculizumab has an acceptable efficacy in

the treatment of COVID‐19 patients with severe pneumonia or

ARDS. In agreement, Mastaglio et al. examined C3 inhibitor AMY‐
101 for the first time to treat a patient with severe ARDS due to

COVID‐19 pneumonia. Besides being safe, they indicated that the

F IGURE 2 Interconnections between inflammation and activation of endothelial cells, platelets, and complement in COVID‐19‐induced
coagulopathy. Endothelial cell activation/damage is triggered through multiple pathways, including proinflammatory cytokines, NETosis,
hypoxia, and complement activation. Injured endothelial cells release ultra‐large vWF multimers which in turn stimulate platelets adhesion and
activation. Not only do activated platelets intensify inflammation through secretion of proinflammatory cytokines but also provide an exposed
surface for assembly of enzyme‐cofactor‐substrate complexes throughout the coagulation cascade. Cleavage of C3 and C5 also gives rise to
mast cell degranulation which results in an increased expression of TF and endothelial cell damage. COVID‐19, coronavirus disease 2019; TF,
tissue factor
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application of AMY‐101 was coupled with favorable results

(Mastaglio et al., 2020). All in all, these studies further emphasized

the significant pathophysiologic role of complement activation in

COVID‐19 and suggested that the inhibition of this pathway may

bring outstanding outcomes in this infection, in particular for those

with a severe condition. A schematic representation of COVID‐19‐
induced coagulopathy due to the complex interconnections between

inflammation and activation of endothelial cells, platelets, and com-

plement was represented in Figure 2.

2.5 | Renin‐angiotensin‐aldosterone system
(RAAS) derangement

RAAS derangement is observed in the pathophysiology of COVID‐
19; an event that is associated with the promotion of coagulation

cascade and further microthrombi formation (Zhang & Baker, 2017).

To be more in detail, ACE2 (as one of the crucial members of RAAS)

converts AngII to Ang1–7. Upon binding to its receptor (AngII re-

ceptor Type 1), AngII could induce vasoconstriction, inflammation,

and even fibrosis (5). Impairing the balance between ACE/ACE2 le-

vels followed by a decrease in ACE2 activation within SARS‐CoV2/
ACE2 interaction leads to an elevated concentration of AngII in

plasma. Increased AngII eventually causes pulmonary vasoconstric-

tion, inflammation, and organ damage. Moreover, AngII‐mediated

pulmonary vasoconstriction could induce hypoxemia, which in turn,

stimulates the hyper‐coagulation state (Henry et al., 2020b). Khan

et al. (2017) conducted a Phase II trial examining the safety and

efficacy of a recombinant human ACE2 in patients with ARDS. The

result of this study indicated the administration of GSK2586881 is

well‐tolerated and safe, leading to a rapid decrease in the plasma

level of Ang II and an increase in Ang1–7, as well (Khan et al., 2017).

2.6 | Hypoxemia

Hypoxemia is another probable mechanism that is associated with an

increased risk of thrombosis in COVID‐19 patients (Gupta et al.,

2019). In a cohort study, Xie et al. (2020) showed that hypoxemia

could independently elevate the risk of in‐hospital mortality of

COVID‐19 cases. Gattinoni et al. (2020) also discovered that in

20%–30% of COVID‐19 patients admitted to ICU, severe hypoxemia

is associated with compliance values less than 40ml/cmH2O, in-

dicating severe ARDS. The endothelial damage and hypercoagulable

state due to COVID‐19 are exacerbated by hypoxemia via increasing

the viscosity of blood and activating the hypoxia‐inducible factor

(HIF). This occurrence intensified the risk of both PE and micro-

thrombosis in pulmonary small vessels, two phenomena that are

widely reported in COVID‐19 patients. The HIF‐dependent signaling
pathways intensify thrombosis and consequently impair pulmonary

gas exchange. It causes severe lung inflammation and contributes to

worsen hypercoagulability (Marchandot et al., 2020). For the time

being, there is no enough evidence yet to support the idea, and

further studies are required to prospect whether there is a crosstalk

between pulmonary and endothelial ACE2 receptors localization,

hypoxemia, and pulmonary microthrombi in COVID‐19.

2.7 | Changes in gene expression

The results of previous epidemic outbreaks indicated a number of

changes in the gene expression profile of procoagulant‐related
genes. Infected mononuclear cells in SARS‐CoV infection highly ex-

pressed TLR9, fibrinogen, factor II, factor III, factor X, and throm-

boxane (TBXAS) (Ng et al., 2004). It should be noted that the

thromboxane production and TLR‐9 expression in platelets could

promote platelet activation, aggregation, and degranulation. Han

et al. (2008) suggested that nucleocapsid protein (N protein) of

SARS‐CoV‐1 induced human fibrinogen‐like protein‐2 pro-

thrombinase gene transcription, which has been identified as one of

the significant factors contributing to a prothrombic state in this

infection. Dysregulation of the urokinase signaling pathway and also

downregulation of the genes involved in this pathway can play a key

role in the pathogenesis of SARS‐CoV‐related coagulation, leading to

a fatal infection (Gralinski & Baric, 2015). Given the great similarity

in the genome of SARS‐CoV and SARS‐CoV‐2 (Xu et al., 2020a), it is

expected that their clinical features should be somehow the same.

However, several differences should be considered when data from

these infections are comparing with each other.

3 | CLINICAL MANIFESTATIONS AND
COMPLICATIONS OF COVID‐19
COAGULOPATHY

The emergence of thromboembolic complications and subsequent

organ dysfunction is common in COVID‐19 (Zhou et al., 2020a). In

fact, over‐inflammatory responses due to systemic infection are

strictly linked to endothelial dysfunction and mainly affect both the

venous and the arterial vascular system in COVID‐19 patients

(Fischetti & Tedesco, 2006). The venous thromboembolism (VTE) risk

in COVID‐19 is an emerging issue. The previous history of VTE and

genetic thrombophilia could potentially increase the risk of this

complication in hospitalized COVID‐19 patients (Terpos et al., 2020).

The combination of these risk factors alongside inflammatory med-

iators may also lead to deep vein thrombosis (DVT) or even PE due to

thrombosis migration.

In agreement with previous studies from SARS experiments, a

recent study conducted on 1026 COVID‐19 patients showed that

40% of cases were at the risk of VTE when they were referred to the

hospital (Wang et al., 2020f). Another recent study also reported a

25% (20 of 81) incidence rate of VTE using systematic assessment in

severe COVID‐19 cases of which 8 patients died (Cui et al., 2020).

Klok et al. (2020) conducted a comprehensive study about the in-

cidence of venous and arterial thrombosis in 184 COVID‐19 patients

who were hospitalized in the ICU. The results of this study
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demonstrated that 31% of the studied population experienced a

thrombotic complication, indicating a remarkably high incidence of

coagulation disorders in severe COVID‐19 cases who were admitted

to the ICU. In a similar study, Lodigiani et al. (2020) evaluated

388 patients who required intensive care. They found that 28 (7.7%)

of closed cases (defined as patients discharged or died of the disease)

experienced thromboembolic events. Furthermore, the results of

VTE imaging tests were positive in 16 out of 44 (36%) patients.

Given the existence of microthrombotic disorders in pulmonary

arteries of COVID‐19 patients, it was reasonable to assume PE as an

etiology of acute respiratory deterioration in this infection. First

reports from European countries imply the significantly high in-

cidence of PE and thrombosis in the most severe and fatal cases of

the disease (Ciceri et al., 2020, Danzi et al., 2020, Klok et al., 2020).

PE was diagnosed in 32/106 (30%) of COVID‐19 patients undergoing

pulmonary CT angiograms (Léonard‐Lorant et al., 2020). Notably,

this rate of pulmonary embolus is remarkably higher than the in-

cidence rate usually encountered in either critically ill patients

without SARS‐CoV‐2 infection (1.3%) (Lim et al., 2015) or those who

were hospitalized in the emergency department (3%–10%) (Corrigan

et al., 2016). In a case report study of a COVID‐19 patient, PE was

verified with no VTE risk factors. Other case series of autopsies of

postmortem also represent that 7 of 12 (58%) of patients developed

VTE while PE was the direct cause of death in 4 (33%) patients

(Wichmann et al., 2020). The results of a recent study conducted on

328 SARS‐CoV‐2 infected patients also noted that 72 patients had

PE. Of particular importance, patients with Body mass index (BMI) of

more than 30 kg/m2 were mainly classified into the PE group (Danzi,

et al., 2020).

It has been reported that the accompaniment of low‐grade DIC

with localized pulmonary thrombotic microangiopathy may lead to

organ dysfunction in severe cases of the disease. Considering the

results of the first four autopsies from New Orleans which proposed

thrombotic microangiopathy within the alveolar capillaries as a fatal

mechanism in severe COVID‐19 patients (Fox et al., 2020), it may be

concluded that damage to the small blood vessels of vital tissues,

eventually followed by intravascular coagulopathy, will probably be

in charge of multiorgan failure (MOF). Postmortem findings also

showed typical microvascular thrombosis in small vessels of the

lungs and other organs. Coagulation activation and endothelial dys-

function also led to elevated levels of cardiac biomarkers which may

serve as a predictor of death (Ma et al., 2020). In a study of 388

COVID‐19 patients, the rate of ischemic stroke, acute coronary

syndrome/myocardial infarction, and overt DIC was 2.5%, 1.1%, and

2.2%, respectively (Lodigiani et al., 2020).

Due to an imbalance in platelet production and consumption,

some patients with COVID‐19 are assumed to have an increased risk

of bleeding (Magdi & Rahil, 2019). However, similar to SARS‐CoV‐1
infection, hemorrhagic complications are uncommon in this infection

(Iba et al., 2020) even in those with severe coagulopathy (Tang et al.,

2020b). But, it is still a need to further investigate whether bleeding

complications might happen at the specific stage of the disease or in

a specific group of patients. Taken together, although the incidence

of VTE and PE are frequent in severe cases of COVID‐19 patients,

still the information about the mechanisms through which these

complications happen remained unclear.

4 | DIAGNOSTIC AND PROGNOSTIC
FACTORS IN COVID ‐19 COAGULOPATHY

Coagulation‐related laboratory findings can deliver several valuable

diagnostic and prognostic markers. Although both the sensitivity and

specificity of these markers should be examined in additional studies,

it has been declared that they may reliably help to better stratify

COVID‐19 patients. In the following section, we take a look at the

main coagulation‐related features in COVID‐19 patients.

4.1 | Platelet count

Since thrombocytopenia is among the main hematological manifes-

tations in viral infections (Assinger, 2014), it comes as no surprise to

find that patients with rapidly evolving β‐coronaviruses may ex-

perience low platelet count (Giannis et al., 2020), and COVID‐19
shall not be considered as an exception. Although the accurate ex-

planation for the occurrence of thrombocytopenia in COVID‐19 is

still ambiguous, direct invasion of bone marrow cells by the virus,

platelet destruction by the triggered immune system, and platelet

aggregation in the lungs were suspected as the possible mechanisms

(Xu et al., 2020b). Due to the platelet release from fully mature

megakaryocytes settled in the lung, a decrease in the pulmonary

capillary bed or any structural change may also lead to an un-

fortunate defragmentation of platelets (Yang et al., 2005). A study

including 1099 patients from 31 provinces in China noted that 36.2%

had thrombocytopenia (Guan et al., 2020). Thrombocytopenia has

also been reported in 37 out of 198 COVID‐19 patients tested from

Jinyintan Hospital in China (Wu et al., 2020a). A retrospective mul-

ticenter study of 28 COVID‐19 cases in Korea demonstrated that

53.6% of patients had thrombocytopenia on admission (Kim et al.,

2020). Other studies also reported a decreased number of platelets

as a significant hematologic finding in this infection (Chen et al.,

2020b; Huang et al., 2020; Pourbagheri‐Sigaroodi et al., 2020). As a

result, it can be concluded from the mentioned studies that platelet

count is a valuable parameter in the diagnosis of COVID‐19.
In scoring systems like the Acute Physiology, Simplified Acute

Physiology Score II, Multiple Organ Dysfunction Score, and Chronic

Health Evaluation II thrombocytopenia acts as an indicator of severe

disease. As a result, the platelet count is used by these systems to

determine the severity (Lippi, Plebani & Henry, 2020). Severe COVID‐
19 cases, as compare to nonsevere counterparts, more frequently

experience decreased numbers of platelets (Xu, Zhou, 2020b). The

higher incidence of thrombocytopenia in severe COVID‐19 patients

has also been confirmed in the recent two meta‐analyses (Bashash

et al., 2020a, Lippi & Plebani, 2020). Other studies regarding the

SARS‐CoV outbreak also suggested that thrombocytopenia could
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increase the risk of the disease progression (He et al., 2003, Yang

et al., 2005). Thrombocytopenia was identified in up to 57.7% of

severe cases of COVID‐19 patients in comparison with 31.6% of

patients with the milder form of the disease (odds ratio: 2.96; 95%

confidence interval [CI]: 2.07–4.22) (Lippi & Plebani, 2020). Ac-

cording to a recent study, thrombocytopenia was also reported in

36.2% of the total COVID‐19 cases and 57.7% (90/156) in those

with severe illness (Guan et al., 2020). It should be noted that the

combination of platelet count together with other prognostic fac-

tors could make a good team for predicting the outcome of the

patients. In agreement, it has been claimed that platelet count along

with hypoxemia could anticipate severe cases of COVID‐19 with an

accuracy of 96.2% (Yang, et al., 2005; Zou et al., 2004). A recent

study conducted on 383 COVID‐19 patients, of whom 49 (12.8%)

faced death and 334 (87.2%) were discharged from the hospital,

reported thrombocytopenia as a prognostic factor of in‐hospital
mortality (p < .05) and noted that the elevation in platelet counts

per 50 × 109/L reduced the chance of death by 40% (hazard ratio:

0.60; 95% CI: 0.43, 0.84) (Liu et al., 2020c). Finally, while most of

the reports concerning the platelet count revealed that COVID‐19
cases experienced thrombocytopenia, Chen et al. (2020b) identified

thrombocytosis in a minority of patients. Although it is not yet clear

how thrombocytosis may occur in this infection, one of the major

suspects is proinflammatory cytokines such as IL‐1β and IL‐6 (Conti

et al., 2020).

4.2 | Coagulation‐based laboratory tests

On the report of Chinese published articles, viral sepsis, MOF, and

DIC were found in a group of severe COVID‐19 cases (Tang et al.,

2020d; Yin et al., 2020b) and were considered among the leading

causes of death in these patients (Zhou et al., 2020c). In a study of

183 COVID‐19 patients, PT, aPTT, antithrombin, fibrinogen, D‐
dimer, FDP were sequentially quantified during 2‐week hospitaliza-

tion. While PT and aPTT were significantly longer in the nonsurvivor

group compared to the survivors, the fibrinogen and antithrombin

levels were sharply decreased on admission. By the late hospitali-

zation in all deceased individuals, D‐dimer and FDP—which are the

manifestation of coagulation activation, disrupted thrombin genera-

tion, defective natural anticoagulants, and fibrinolysis—were sig-

nificantly increased (Tang et al., 2020d). According to recent reports,

prolonged PT, aPTT, and elevated D‐Dimer levels likely occur in

moderate‐to‐severe COVID‐19 patients with poorer outcomes

(Henry et al., 2020a, Terpos et al., 2020). Notably, the results of a

recent meta‐analysis by Bashash et al. declared that while the mean

value of D‐dimer was significantly higher in severe patients as

compared to nonsevere cases (χ2 = 6.34, p = .01), alteration of PT and

aPTT were not statistically significant (χ2 = 2.69, p = .1; χ2 = 0.01,

p = .94, respectively) (Bashash et al., 2020b).

In a study performed on 5700 COVID‐19 hospitalized patients in

New York City, the median level of D‐dimer was 438 ng/ml which

was significantly above the normal range (0–229 ng/ml) (Richardson

et al., 2020). Guan et al. (2020) also reported that 46.4% of 560

hospitalized patients with COVID‐19 showed D‐Dimer level above

500 ng/ml. In another study on 140 COVID‐19 patients with 58 se-

vere cases, Zhang et al. (2020b) declared that increased levels of D‐
dimer may be a proper marker to distinguish severe and nonsevere

cases. Age and elevated D‐dimer levels (>1mg/L) were also sug-

gested to be two independent indicators of poor prognosis for

COVID‐19 survival (Tang et al., 2020d, Wu et al., 2020a, Zhou et al.,

2020c). Elevated levels of FDPs and D‐dimer were also detected

mainly in patients with severe disease (Chen et al., 2020b, Guan

et al., 2020, Huang et al., 2020; Wang et al., 2020b; Xu et al., 2020d).

These findings are aligned with the comparability analysis of risk

factors including 17 studies that reported D‐dimer, age, C‐reactive
protein, albumin, body temperature, sequential organ failure

assessment score, and diabetes as the most related factors to

COVID‐19 severity (Rod et al., 2020). In a recent study, although

increased D‐dimer was reported as the strongest distinguisher of

status in 14 adult ICU COVID‐19 patients, it was not associated with

death. In the mentioned study, Juneja et al. (2021) reported that

D‐dimer lacks prognostic power to characterize the clinical course of

patients with COVID‐19. The data obtained from several studies

reporting the values of platelets and coagulation‐related laboratory

tests in severe and mild COVID‐19 patients were summarized

in Table 1.

Apart from coagulation‐based tests, Escher et al. (2020) identified

anticardiolipin and anti‐β2‐GPI antibodies (immunoglobulin M) in a pa-

tient with COVID‐19 pneumonia and ARDS. They also found a noticeable

elevation in both the antigen and the activity of vWF (~fourfold above

the upper limit of normal) as well as an elevated level of factor VIII in a

patient with COVID‐19 pneumonia and ARDS. In agreement, a number

of patients in critical states have been reported to develop antipho-

spholipid antibodies, coagulopathy, and elevated venous and arterial

thrombotic complications such as cerebral infarction (Zhang et al.,

2020e). Taken together, planning of comprehensive studies aiming to

determine the prognostic value of laboratory tests reflecting SARS‐CoV‐
2‐induced coagulopathy, foremost D‐dimer, will definitively be beneficial

to predict the severity of the disease.

5 | MANAGEMENT AND TREATMENT OF
COAGULATION DISORDERS IN COVID‐19

Coagulopathy is a leading cause of mortality in severe cases of

COVID‐19 (Wu et al., 2020a), and DIC may occur in the majority

of COVID‐19‐related deaths (Tang et al., 2020d). A shred of

evidence also suggested that dysfunction in blood coagulation

and thrombosis are coupled with poor prognosis and high mor-

tality in this infection. Hence, using the active application of

anticoagulants (such as heparin), at least for patients with no

contraindications, seems to be essential. A summary of the most

appropriate therapeutic strategies used in the treatment of

COVID‐19‐related coagulopathy was represented in Figure 3 and

reviewed in the next sections.
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5.1 | Heparin

The International Society of Thrombosis and Hemostasis guidelines

introduced interim guidelines for coagulopathy management in

COVID‐19 (Thachil et al., 2020b). They suggested that every hospi-

talized COVID‐19 patient would receive a prophylactic dose of low‐
molecular‐weight heparin (LMWH) if there are no contraindications,

such as active bleeding or platelet count lower than 25 × 109/L

(Thachil et al., 2020b). Apart from anticoagulation, LMWH has anti-

inflammatory activities which may be useful in COVID‐19 infection

where proinflammatory cytokines playing a key role in disease de-

velopment (Guan et al., 2020). The British Society of Hematology has

also recommended prophylactic doses of either LMWH or un-

fractionated heparin (UFH) in COVID‐19 (Hematology, 2020). The

American Society of Hematology has suggested LMWH or fonda-

parinux unless the probability of hemorrhage exceeds thrombotic

events. In patients with a contraindication for anticoagulation,

pneumatic compression devices—that are used to hinder the for-

mation of blood clots in the deep veins of the legs—should be ap-

plied. The followings are some of the studies performed to assess the

function and the challenges of choosing the proper dose of heparin in

the treatment of coagulopathy in COVID‐19.
A retrospective analysis published by Tang et al. (2020b)

examined the 28‐day mortality rate in 449 COVID‐19 patients.

Notably, this study revealed that the consumption of therapeutic

doses of heparin for a week or more would improve the prognosis

of the patients with sepsis‐induced coagulopathy, severe infec-

tion, or those with significantly elevated D‐dimer levels. In an-

other retrospective study, Yin et al. (2020a) compared severe

pneumonia‐induced coagulopathy by SARS‐CoV‐2 and non‐SARS‐
CoV‐2. Although the 28‐day mortality rate in both groups was

the same, SARS‐CoV2 patients with a sixfold elevation in D‐dimer

achieved promising results from anticoagulation therapy (Yin

et al., 2020a). Multiple studies suggested LMWH for the treat-

ment of DIC and VTE to diminish the mortality rate in COVID‐19
(Barrett et al., 2020, Casini et al., 2020a, Cattaneo et al., 2020,

Song et al., 2020, Vivas et al., 2020). Another recent study re-

ported that prophylactic doses of LMWH are also beneficial for

COVID‐19 patients who do not require ventilation (Grandone

et al., 2021). In addition, guidelines from Britain recommended

LMWH and VTE prophylaxis for all high‐risk patients. In an in-

teresting publication, Barrett et al. (2020) raised awareness

about patients who continue to clot even with the utilization of

prophylactic doses of heparin. Although the elevated level of D‐
dimer and fibrinogen have been considered to be a marker of

hypercoagulable state, still low level of antithrombin which could

confer resistance against heparin has not been addressed. Gen-

erally, Barrett et al. (2020) reported that UFH is a better choice

for hospitalized patients if there are no contraindications. Their

results indicated that the risk of bleeding would increase in pa-

tients who developed PE if LMWH is prescribed in combination

with tissue plasminogen activator (tPA), further highlighting that

the administration of UFH would be a better approach in theseT
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patients. The high frequency of renal failure in severe cases of

COVID‐19 is another reason that they recommend UFH.

Taken together, heparin is one of the best therapeutic options for

the management and treatment of coagulopathy in COVID‐19; however,
the failure in the treatment of some cases suggested that the determi-

nation of the proper dose is essential. Many healthcare centers increased

the therapeutic dose of LMWH to “intermediate intensity” doses such as

administrating enoxaparin at the dose of 0.5mg/kg twice a day (Connors

& Levy, 2020). Based on the results of a study conducted by Bikdeli et al.,

(2020) while 31.6% and 5.2% responded properly to the intermediate

intensity and therapeutic dose respectively, the rest of the patients

achieved better results with the standard dose of VTE prophylaxis that

was used for patients with moderate‐to‐severe COVID‐19 without DIC.

In another cohort study, the incidences of PE and DVT in hospitalized

COVID‐19 individuals being treated with LMWH were investigated. PE

was reported in 12% and 1.6% of patients hospitalized in the ICU and

non‐ICU ward, respectively. DVT occurred in 27% of the former and

1.6% of the latter group. In patients struggling with PE or DVT, the

mortality rate was 3.3 times higher. After the release of the final results,

the dose of LMWH increased to double in all patients in ICU (Middeldorp

et al., 2020). In agreement, Klok et al. (2020) strongly suggested an

increasing dose of LMWH, even in the absence of randomized evidence,

due to the remarkably high incidence of thrombotic complications in ICU

patients (31%). Thachil et al. (2020) also published an article concerning

the possible need for a higher dose of LMWH in patients with extremely

high D‐dimers, high BMI, ARDS, or increasing oxygen requirements.

Additionally, Savla et al. (2021) recommended a prophylactic dose of

5000–7500 units of LMWH for hospitalized COVID‐19 patients to

prevent VTE. Inline, recent recommendations published by the Swiss

Society of Hematology declared that some factors such as the patients'

BMI, D‐dimer levels along with the establishment of respiratory, hepatic,

or renal failure should be considered for dose adjustment (Casini et al.,

2020b). They reported that the elevated dose of UFH should be ad-

ministrated for patients with the creatinine clearance less than

30ml/min. If the patient has a creatinine clearance more than 30ml/min

weighted more than 100kg, the dose of LMWH should be escalated, as

well. According to their recommendations, the dosage of anticoagulation

should be increased for patients with elevated D‐dimer levels or those

who are at risk of respiratory, hepatic, or renal failure (Casini et al.,

2020b). Finally, a recent study conducted by Chistolini et al. (2020)

pointed out the advantageous use of a higher dose of LMWH. In this

study which included 27 patients admitted to ICU, 14 patients (51.9%)

were treated with low‐dose LMWH (100 IU/kg/day) and 13 (48.1%) were

treated with high‐dose LMWH (100 IU/kg/twice daily). The results de-

monstrated that the use of a higher dose of LMWH, as thromboembolic

prophylaxis, reduced the incidence of thrombotic complications without

an increase in bleeding events. Although heparin is considered as the

first‐line treatment of coagulopathy‐related complications in several

studies, its prescription should be done with caution as multiple factors

play a crucial role in designating the proper dose.

5.2 | Other therapeutic options

Thachil et al. (2020a) studied the administration of oral antic-

oagulants and their implementation as a treatment strategy in

COVID‐19. The results noted that it would be beneficial to transfer

patients currently using vitamin K antagonists (VKA) to a

F IGURE 3 Therapeutic options for
treatment of COVID‐19‐related coagulopathy.
Low‐molecular‐weight heparin (LMWH) and
unfractionated heparin which are considered
as the first line of treatment, inhibit both
extrinsic and extrinsic coagulation cascades
mainly through inhibition of thrombin
function. Due to the interaction of
inflammation and complement activation with
the coagulation pathway, anticomplement and
antiinflammatory agents may be also
considered as drugs of choice. Anakinra,
Tocilizumab, Infliximab and Adalimumab
inhibit IL‐1, IL‐6, and TNF pathways,
respectively, while AMY‐101 and Eculizumab
function through inhibiting C3 and C5,
respectively. COVID‐19, coronavirus disease
2019; IL, interleukin; TNF, tumor necrosis

factor
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TABLE 2 Therapeutic options for the treatment of COVID‐19‐induced coagulopathy

Type of drug Name of drug Description Reference

Main therapy

Heparin Dalteparin, Enoxaparin,

Nadroparin, Tinzaparin, UFH

Main treatment for coagulation

complications such as DIC, VTE,

and PE.

(Barrett et al., 2020, C., 2020, Casini

et al., 2020a, Cattaneo, et al., 2020,

Song et al., 2020, Vivas et al., 2020)

Alternative therapies

Direct‐acting oral

anticoagulant

Apixaban, Dabigatran,

Rivaroxaban, Edoxaban

Excluding the laboratory tests for

monitoring.

(Testa et al., 2020a; Thachil et al.,

2020a)

Immunoglobulin IVIg In combination with LMWH

decreases D‐dimers as well as B

and T cell counts.

(Lin et al., 2020)

Activator of fibrinolysis tPA Functional in treatment of ARDS in

COVID‐19 patients.

(Wang, et al., 2020d)

Thrombomodulin rhsTM Reducing mortality rate in COVID‐
19 patients with DIC.

(Valeriani et al., 2020)

Serine protease inhibitor Nafamosat Mesylate Potentiating the efficacy of heparin

in COVID‐19 patients with

coagulopathy.

(Asakura & Ogawa, 2020)

Nucleoside transport & PDE3

inhibitor

Dipyridamole (DIP) Suppressing viral replication and

act as an antiplatelet inhibitor.

(Liu et al., 2020b)

Antiplatelet agents Tirofiban, Clopidogrel Alleviating complications in

COVID‐19 cases with severe

respiratory failure.

(Viecca et al., 2020)

Immunosuppressive agents Hydroxychloroquine Exerts antithrombotic properties,

especially against

antiphospholipid antibodies.

(Bikdeli et al., 2020)

Immunomodulating agents Fingolimod Improving outcomes in patients

suffering from acute ischemic

stroke.

(Zhu et al., 2015)

Antiinflammatory agents Tocilizumab Inhibiting IL‐6 pathway and

complement cascade activation.

(Xu et al., 2020c)

Anakinra (IL‐1Ra) Inhibiting IL‐1, thereby reversing

cytokine storm in patients with

COVID‐19.

(Monteagudo et al., 2020)

Infliximab, Adalimumab Inhibiting TNF, thereby reducing

inflammation in COVID‐19
patients.

(Feldmann et al., 2020)

Eculizumab Preventing coagulation and hyper‐
inflammation via inhibiting C5

complement.

(Diurno et al., 2020)

AMY‐101 Treating severe ARDS due to

COVID‐19 pneumonia by

inhibiting C3.

(Mastaglio et al., 2020)

Platelet aggregation inhibitor Ticagrelor Preventing SIC in COVID‐19 via

inhibiting P2Y12 receptor.

(Omarjee et al., 2020)

Corticosteroid Methylprednisolone Reducing the risk of death in

COVID‐19 patients with ARDS.

(Wu et al., 2020b)

Abbreviations: ARDS, acute respiratory distress syndrome; COVID‐19, coronavirus disease 2019; IL, interleukin.
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direct‐acting oral anticoagulant (DOAC) since they do not need la-

boratory monitoring. Generally speaking, DOAC is safer than VKA in

terms of the incidence of intracranial bleeding; however, a detailed

caution should be taken into account for hospitalized patients on a

DOAC due to the possible intervention of the agent with anti‐
retroviral drugs and the necessity of close monitoring in patients

with kidney malfunction (Testa et al., 2020a). DOACs are partially

metabolized through the Cytochrome P450 and P‐glycoprotein me-

tabolic pathways that make them a target for multiple drug inter-

actions (Aly et al., 2021). Indeed, antiviral drugs such as remedesvir

are the substrate of CYP 3A4, CYP 2D6, and CYP 2C8, and dex-

amethasone is also an inducer of CYP3A4. These drugs cause

drug–drug interactions, and subsequently, alter the pharmacody-

namics and pharmacokinetic profile of DOAC. Indeed, it leads to

unstable and unpredictable DOAC anticoagulant effects and exposes

patients to the risk of uncontrolled bleeding and thrombotic com-

plications (Schutgens, 2020). In agreement, Testa et al. (2020b) be-

lieve that consumption of DOAC should be withheld in COVID‐19
patients treated with antiviral agents (lopinavir, ritonavir, or dar-

unavir) due to an increase of C‐trough DOAC level.

Thrombomodulin (TM) acts as a cofactor in the thrombin‐
induced activation of proteins C and S in the anticoagulant pathway

thus inhibiting blood coagulation via inhibition of activated factors V

and VIII. In this regard, the results of three clinical trials indicated

that administration of the intravenous recombinant human TM was

successful in diminishing the mortality of COVID‐19 patients with

DIC (Valeriani et al., 2020). Another potential therapy reported by

Asakura & Ogawa, (2020) is the combination of heparin with a serine

protease inhibitor named Nafamostat which suppresses proteolytic

enzymes including plasmin, trypsin, or thrombin. They showed that

this agent may potentiate the efficacy of heparin in COVID‐19 pa-

tients with coagulopathy.

Another promising option for the treatment of severely ill

COVID‐19 patients is the antiplatelet agent dipyridamole which acts

as a phosphodiesterase inhibitor and elevates intracellular cyclic

adenosine monophosphate (cAMP)/cyclic guanosine monophosphate

(cGMP). Notably, it can also bind to SARS‐CoV‐2 protease Mpro,

thereby suppressing viral replication in vitro. The result of a clinical

trial involving 31 patients showed a remarkable decrease in D‐
dimers levels, increased lymphocytes, platelet recovery in the cir-

culation, and significantly improved clinical outcomes after receiving

dipyridamole. Seven out of eight critically ill patients (87.5%) suc-

cessfully responded to the remedy and were discharged from the

hospitals (Liu et al., 2020b). In a study performed by Viecca et al.,

(2020) the efficacy of antiplatelet therapy has been also evaluated on

the outcome of severe COVID‐19 patients who suffered from hy-

percoagulability. Acetylsalicylic acid and oral clopidogrel were given

to five patients for 30 days and then patients underwent the treat-

ment with 25 μg/kg/body weight tirofiban followed by a continuous

infusion of 0.15 μg/kg/body weight per minute for 48 h. During

hospitalization, subcutaneous Fondaparinux (2.5 mg/day) was given

to patients. Prophylactic or therapeutic doses of heparin also were

given to the control group. After receiving the antiplatelet agents,

the admission of continuous positive airway pressure was stopped in

all patients after 3 days except one. This was not true for the control

group, showing that the antiplatelet therapy might be effective in

alleviating respiratory complications in COVID‐19 patients with se-

vere respiratory failure.

One of the raised hypotheses about the cause of lung injury and

adverse symptomology of breathing is probably the devastating effects

of SARS‐CoV‐2 on multiple fibrinolysis pathways (Kwaan, 2020a). As a

result of the coagulation system activation, local fibrins may accumulate

due to the repression of the fibrinolysis system (Bastarache et al.,

2006). Therefore, the administration of tPA may be beneficial in pa-

tients with COVID‐19 who suffered from ARDS (Wang et al., 2020d);

however, the bleeding risk in patients is an important issue that should

be taken seriously when tPA is administrated. Compromised immune

system due to the reduction of T and B cells together with acute

thrombocytopenic disorders including heparin‐induced thrombocyto-

penia or immune thrombocytopenic purpura are frequent findings in

COVID‐19. Hence, intravenous immunoglobulin G can be considered as

a possible therapeutic option for the treatment of COVID‐19‐induced
coagulation disorders. Lin et al. (2020) reported that the combination of

0.5 g/kg/body weight immunoglobulin G with LMWH given to patients

for 5 days led to a constant decrease in the D‐dimer level. Taken to-

gether, since both inflammation and complement activation could result

in the initiation of the coagulation cascade, administration of antiin-

flammatory agents and complement inhibitors—in addition to antic-

oagulants as the main therapeutic options—seems promising for the

treatment of COVID‐19‐related coagulopathy (Table 2).

6 | CONCLUSION AND FUTURE
PERSPECTIVE

The systemic inflammatory response, platelet activation, and

endothelial dysfunction all and all go hand in hand to disturb the

tune balance between the pro‐ and anticoagulant pathways and

orchestrate a catastrophic event that makes the disease more

complicated. Indeed, the participation of a wide range of mole-

cules in the propagation of coagulation complications and our

minimal information about the molecular mechanisms evolving

this process put serious obstacles in the way of successful man-

agement and treatment of COVID‐19‐associated coagulopathy.

Thus far, laboratory monitoring of coagulopathy parameters (i.e.,

D‐dimer, fibrinogen, platelet count, and coagulation‐based tests)

undeniably assists clinicians to better stratify COVID‐19 patients

due to the risk of thrombosis. Concerning the therapeutic ap-

proaches, thromboprophylaxis with LMWH is one of the main

treatment strategies that is widely prescribed for patients with a

high risk of thrombosis; however, like other kinds of thrombotic

disorders, this anticoagulant prophylaxis should also be perso-

nalized on the authority of patients' profile. While many un-

answered questions remain, clinical and laboratory data arising

from ongoing clinical trials will definitively aid us to better op-

timize the management of coagulopathy in COVID‐19.
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