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ABSTRACT

Introduction: SARS-CoV-2, the causative agent of COVID-19, attacks the immune system causing an
exaggerated and uncontrolled release of pro-inflammatory mediators (cytokine storm). Recent studies
propose an active role of coagulation disorders in disease progression. This hypercoagulability has been
displayed by marked increase in D-dimer in hospitalized patients.

Areas Covered: This review summarizes the pathogenesis of SARS-CoV-2 infection, generation of
cytokine storm, the interdependence between inflammation and coagulation, its consequences and
the possible management options for coagulation complications like venous thromboembolism (VTE),
microthrombosis, disseminated intravascular coagulation (DIC), and systemic and local coagulopathy.
We searched PubMed, Scopus, and Google Scholar for relevant reports using COVID-19, cytokine storm,
and coagulation as keywords.

Expert Opinion: A prophylactic dose of 5000-7500 units of low molecular weight heparin (LMWH) has
been recommended for hospitalized COVID-19 patients in order to prevent VTE. Treatment dose of
LMWH, based on disease severity, is being contemplated for patients showing a marked rise in levels of
D-dimer due to possible pulmonary thrombi. Additionally, targeting PAR-1, thrombin, coagulation
factor Xa and the complement system may be potentially useful in reducing SARS-CoV-2 infection
induced lung injury, microvascular thrombosis, VTE and related outcomes like DIC and multi-organ
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failure.

1. Introduction

An outbreak of pneumonia of unknown cause was detected in
Wuhan, China in late December 2019 and began spreading
across the world at an alarming rate [1]. Chinese researchers
and scientific workers discovered a new, previously unknown
strain of betacoronavirus, also known as the 2019-new coro-
navirus (2019-nCoV), using the method of unbiased sequen-
cing of samples obtained from the pneumonia patients [2].
This nCoV, known as the SARS-CoV-2, was found to cause
a highly contagious and infectious disease called the
Coronavirus Disease 2019 (COVID-19), which could easily and
rapidly be transmitted from person to person*** [3]***, Owing
to the alarming rate of transmission and severity of the dis-
ease*** [4]*** on January 30, 2020, COVID-19 was declared as
an international public health emergency and on March 11,
2020, it was placed as a global pandemic by the World Health
Organization (WHO) (Statement on the second meeting of the
International Health Regulations (2005) Emergency Committee
regarding the outbreak of novel coronavirus (2019-nCoV)).
According to the COVID-19 epidemiological update given by
WHO, as of March 9, 2021 the number of corona positive cases
globally is 116.2 million with a global death toll of 2.6 million
deaths [5].

Coronaviruses are RNA viruses which are enveloped and are
widely distributed across various species of birds and mammals,

including humans. They cause enteric, neurologic, respiratory
and hepatic diseases [6]. Seven strains of coronavirus, which
include OC43, 229E, HKU1, NL63, SARS-CoV, MERS-CoV, and
SARS-CoV-2, are known to cause diseases in humans and new
strains are emerging [7]. Out of these, four coronavirus strains,
0C43, 229E, HKU1 and NL63, have been reported to affect the
upper respiratory tract, causing mild-moderate and seasonal
symptoms similar to common cold in individuals with an incom-
petent immune system [8]. The other two strains, severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV), have zoonotic
origin, affect the lower respiratory tract and have been causative
of some fatal illnesses like severe pneumonia, acute lung injury
(ALl) and acute respiratory distress syndrome (ARDS) [9-11].
ARDS is also known as respiratory distress syndrome or wet
lung. It is a condition in which the lung air sacs get filled with
fluid, thus depriving organs of oxygen [12]. The seventh strain of
coronaviruses affecting humans is SARS-CoV-2, which is the
causative agent of COVID-19 [7]. SARS-CoV was identified as
the causative agent for the outbreaks of severe acute respiratory
syndrome in the years 2002 and 2003 in the Guangdong pro-
vince of China [13-15]. MERS-CoV caused the outbreak of severe
respiratory distress disorders in the Middle East in the year 2012
[16]. The wide distribution and prevalence of coronaviruses, their
genetic diversity along with their genomes’ ability of frequent
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Article highlights

o Coronavirus disease 2019 (COVID-19) was first detected in China in
December 2019 and declared as a pandemic by WHO on
11 March 2020.

o This review summarises the pathogenesis of SARS-CoV-2 infection —
mediated generation of cytokine storm, the interdependence
between inflammation and coagulation, its consequences and the
possible management options for coagulation complications.

e The most vital question in the progression of COVD-19 lies in deter-
mining the link between immune response and coagulation, the
extremes of both of which have resulted in cytokine storm, and the
clinical presentation of venous and arterial thromboembolism,
respectively.

e In view of the thrombotic risk in progression of COVID-19, anti-
coagulation treatment has gained importance for both, prophylactic
as well as therapeutic purposes. However, the choice of anticoagulant
and intensity of anticoagulation must be varied depending on the
patient condition.

e Targeting PAR-1, thrombin, coagulation factor Xa and the comple-
ment system may be a potentially useful approach in reducing
coagulation complications associated with COVID-19.

recombination and the increase in activities involving human-
animal interfaces make the periodic emergence of novel strains
of human coronaviruses highly possible as a result of cross-
species infections [9,17].

SARS-CoV-2 enters the human lungs via angiotensin-
converting enzyme 2 (ACE2) and the CD147 receptors present
on the alveolar epithelial cells [18-20]. Upon entry into the
respiratory tract, the virus may cause mild - moderate respira-
tory infections or severe acute respiratory distress syndrome
(ARDS) consequently accompanied with inflammatory
responses [21-23]. Recent clinical observations are indicative
that the severity of the SARS-CoV-2 infection can range from
a non-symptomatic, unapparent infection, to a respiratory dis-
order with fever spikes and dry cough, which is accompanied
by a rapid and high transmission rate. Atypical pneumonia of
the upper respiratory tract, which is one of the most severe
complications of COVID-19, poses a great challenge in the
management of the disease. Critically ill COVID-19 pneumonia
patients have displayed an abnormally high production of
inflammatory cytokines [24]. The production of GM-CSF leads
to further activation of CD14+ or CD16+ inflammatory mono-
cytes, producing an excessive amount of IL-6 and other pro-
inflammatory factors via a positive feedback mechanism [25].
Additionally, high levels of extracellular neutrophil traps can
also be a contributing factor to the release of cytokines.
Ultimately, an uncontrolled and exaggerated inflammatory
response leads to a condition, commonly known as the ‘cyto-
kine storm’, resulting in damage to heart, kidney and liver
tissues along with respiratory or multi-organ failure. This has
proved to be fatal in patients suffering from severe SARS-CoV
-2 infection [26]. This uncontrolled ‘cytokine storm’ was found
to have central involvement in symptom exacerbation and
disease progression, thus becoming a major contributing fac-
tor in COVID-19 - related mortality [26].

Furthermore, the correlation between viral infections and
non-communicable co-morbid diseases has previously been
observed in other viral infections, such as the influenza [27].

Similarly, it has been well established that individuals above
60 years of age with co-morbid conditions like cardiovascular
diseases, diabetes, chronic respiratory and inflammatory dis-
eases are at a higher risk of either developing COVID-19 or of
progressing toward a severe disease state due to the presence
of a low-grade inflammatory condition [7]. There are implica-
tions of unresolved chronic inflammation in development,
onset and progression of these diseases, which may cause
exacerbation of SARS-CoV-2 infection [28]. Diabetic patients
may get infected due to impairment in their phagocyte cell
capabilities. The Mendelian randomization analysis revealed
a causal relationship between high levels of ACE-2 receptors
and diabetes, which may prejudice diabetic patients to
a higher chance of developing SARS-CoV-2 infection [29].
Furin, which is a membrane-bound protease and is highly
expressed in diabetics, facilitates the pre-activation of the
S protein of SARS-CoV-2, and promotes the entry of the virus
by helping it escapes the host immune system [30,31].
Uncontrolled blood pressure has found association with
COVID-19 and has led to a high case fatality rate (CFR). In
China, 23% hypertensive COVID-19 patients reported 6% CFR
[32]. In hypertensive patients, angiotensin receptor blockers
(ARBs) and ACE-2 inhibitors are frequent therapeutic medica-
tions. When these medications are used in high concentra-
tions, they cause upregulation of ACE-2 receptor expression,
which leads to an increased susceptibility to SARS-CoV-2 infec-
tion [33]. Moreover, SARS and MERS showed a strong associa-
tion with cardiovascular disorders [34,35]. A similar prevalence
was observed in COVID-19 patients, mainly among those with
severe disease. The exact mechanism of this association is not
elusive; however, it may be due to the presence of ACE-2
receptors on cardiac muscle cells, which is suggestive of its
involvement in the SARS-CoV-2 infection. Patients having car-
diovascular disorders commonly have a compromised
immune system, and may have high risk of developing acute
coronary syndrome, procoagulant activation, atherosclerosis,
and hemodynamic instability, causing thrombosis and ische-
mia [28,36].

The hyper-responsiveness of the immune system, exhibited
as the cytokine storm, has been considered as the predomi-
nant cause of clinical deterioration of symptoms and mortality
of COVID-19 patients [37]. However, there have been several
recent reports of an increase in the number and severity of
thrombotic events in severely ill COVID-19 patients [38-41].
Giuseppe Magro suggests that the key to lower mortality rates
of these severely-ill COVID-19 patients may be related to the
coagulation disorder [42]. This hypercoagulability has been
displayed by the marked increase in D-dimer in nearly all
hospitalized patients [43]. D-dimer is a product of fibrin degra-
dation, measurable in plasma or whole blood, which is formed
due to thrombi breakdown by the system of fibrinolysis [44]. It
is a marker of the activation of fibrinolysis and coagulation,
and it is used for quick assessment of thrombotic activities. Its
role has been well established in diagnosing venous throm-
boembolism (VTE), thus causing a reduction in the need for
imaging studies for many patients having deep vein thrombo-
sis (DVT) and pulmonary embolism (PE) [44]. Venous throm-
boembolism is a condition characterized by the formation of
a blood clot in the deep veins of the arms, legs and groin,



which then circulates through blood, and may lodge itself in
the lungs. It is further classified into DVT (arms, groin and legs)
and PE (lungs) based on the location of the clot [45]. Hence,
the most prevalent and vital question in the recent events of
progression of COVD-19 lies in determining the link between
the immune response and coagulation, the extremes of both
of which have resulted in the cytokine storm, and clinical
presentation of venous and arterial thrombo-embolism,
respectively.

This review summarize the pathogenesis of SARS-CoV-2
infection and the generation of the cytokine storm, the inter-
dependence and interplay between inflammation and coagu-
lation, its consequences and the possible management
options for the coagulation complications like venous throm-
boembolism, microthrombosis, disseminated intravascular
coagulation (DIC), and systemic and local coagulopathy.

2. Pathogenesis of ‘cytokine storm’ in COVID-19

It has been widely believed and an accepted fact that a well-
coordinated and rapid response of the innate immune system
is the first-line defense mechanism of the human body against
a viral infection [46]. Cytokine release plays a vital role in the
immune-pathology against a virus [47-49]. However, over-
expressions and responses of immune cells and mediators
may cause severe damage to the human organ systems.
Patients suffering from COVID-19 have been diagnosed with
overexpression of monocyte chemo-attractant protein (MCP-
1), IFN-y, IP-10, and IL-1(3 [50]. These pro-inflammatory cyto-
kines may cause activation of responses from the T-helper
type 1 cells (Th1) [50]. This marks a key event in activating
specific immune responses [51]. However, unlike patients with
SARS, those with COVID-19 have also shown high levels of
cytokines secreted by Th2 cells like IL-10 and IL-4 [52]. These
two cytokines are involved in inhibition of the inflammatory
response. Furthermore, the levels of IL-6 and IL-2 R, obtained
from serum, depict a positive correlation with the disease
severity, which means they are highest in patients who are
critically ill and lowest in ordinary patients [52]. Another study
on patients in Wuhan, China, compared the COVID-19 patients
from the general wards and the intensive care units (ICUs). The
latter were reported to exhibit increased levels of serum IP-10,
macrophage inflammatory protein-1A, MCP-1, granulocyte col-
ony-stimulating factor and TNF-a [50]. The above studies act
as evidence of the positive correlation between the ‘cytokine
storm’ and COVID-19 progression.

A retrospective, single-centered, observational study on
critically ill COVID-19 patients by Yang et al reported that
71.2% patients required mechanical ventilation and 67.3%
patients suffered from ARDS. This study highlighted
a significant increase in mortality of geriatric ARDS patients
[53]. A major pathological factor in ARDS is the damage to the
interstitial and pulmonary tissue, which is caused due to infil-
tration of nonspecific inflammatory cells [54]. The induction of
this damage and its clinical manifestation is caused by ele-
vated localized release of pro-inflammatory cytokines [55]. In
COVID-19, close relation exists between the generation of
cytokine storm, development of ARDS and the progression
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of the disease. Elevated serum cytokine levels are observed
in the case of ARDS and this increase is directly related to the
rate of mortality [56]. The clinical progression of extrapulmon-
ary multi-organ failure is also closely dependent on the cyto-
kine storm [57].

Several clinical symptoms in patients with COVID-19 have
been identified which may have developed as a result of the
‘Cytokine Release Syndrome’ (CRS). CRS is the consequence of
the uncontrolled cytokine storm caused by the SARS-CoV2
infection. CRS is an acute condition of systemic inflammation
and it characterized by fever and multi-organ dysfunction [58].
IFN-y may cause fever with chills, headaches, fatigue and
dizziness. TNF-a may also exhibit flu-like symptoms along
with cardiomyopathy, vascular leakage, synthesis of acute
phase proteins and lung injury [58]. IL-6 is thought to be an
important target against adoptive cell therapy-induced CRS.
IL-6 can cause vascular leakage, complement activation and
activation of the coagulation cascade. This leads to diffuse/
disseminated intravascular coagulation (DIC), which is
a characteristic symptom of severe CRS [59,60]. IL-6 is also
highly likely to lead to cardiomyopathy via promotion of
myocardial dysfunction, which is a common symptom in
patients having CRS [61]. Another major clinical hallmark of
severe CRS is endothelial activation, which can result in leak-
age of capillaries, coagulopathy and hypotension [62]. Figure 1
summarizes the generation and clinical consequences of cyto-
kine storm induced by the SARS-CoV-2 infection.

3. Interplay between cytokine storm and
coagulation

There have been reports of the existence of a common
immune and hemostatic system, known as the hemo-
lymph, in embryological organisms like the horse-shoe
crab [63]. In these cases, the hemostatic system formed
a blood clot resulting in the prevention of loss of nutrients
along with formation of a barrier to the pathogenic inva-
sion. This function of the immune system has been studied
and explored by a number of researchers, calling it an
immune-thrombosis concept [64]. Here, various hemostatic
system components like thrombocytes, thrombin and coa-
gulation factors all act as immune workers. Their function
is to act as chemotactic for the immune system cells,
resulting in the stimulation of the components of immune
system. They also themselves get activated by the immune
system components [65-67]. In simpler terms, the activa-
tion of pathways of coagulation during the inflammatory
immune response to the infection leads to an over-
production of various pro-inflammatory cytokines and ulti-
mately results in multi-organ injury. IL-1a, which is
expressed widely by activated platelets, endothelial cells,
and circulating monocytes during pro-inflammatory condi-
tions, functions as a link between the coagulation cascade
and inflammatory response [68,69]. Mechanistically, during
hemorrhage or wounding, thrombin causes activation of
pro - IL-1a, which shows expression on the endothelial cell
surfaces. Human conditions involving activation of the
thrombo-inflammatory system, like sepsis, show the pre-
sence of thrombin-cleaved IL-1a. IL-1a plays a role in
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Figure 1. Pathogenesis of Cytokine Storm. The figure depicts the structure of SARS-CoV-2, its viral genome comprising of single stranded RNA and various viral
proteins responsible for binding, entry and replication of the virus. Process of replication of SARS-CoV-2 begins with binding of viral S protein with the Angiotensin-
Converting-Enzyme and CD147 receptors of the host leading to release of viral genome followed by its genomic and sub-genomic replication, and subsequent
exocytosis of mature viruses. SARS-CoV-2 infection in the host lungs, upon its entry through the type 2 alveolar epithelial cells and interaction with the blood vessels
at the pneumocyte - capillary interface, causes the activation of host innate immunity leading to the release of pro-inflammatory cytokines, which eventually results
in an uncontrolled and exaggerated response, the cytokine storm. IL — interleukin; IP — interferon gamma-induced protein; MCP — monocyte chemoattractant
protein; MIP — macrophage inflammatory protein; IFNy - interferon gamma; TNFa — tumor necrosis factor alpha.

thrombosis by causing an increase in clot lysis time, an
increase in platelet activity, and endothelial cell activation
[70-72]. The pathogenesis of the SARS-CoV-2 infection
recapitulates many key steps of inflammation mediated
by IL-1a. IL-1a release by epithelial cells as an alarmin is
followed by the sensing of inflammatory myeloid cells and
inflammasome activation, ultimately resulting in amplifica-
tion of inflammatory cascade. Simultaneously, IL-1a expres-
sion by endothelial cells causes recruitment of
granulocytes and inflammation-mediated thrombosis [73].
The primary function of thrombin is promotion of clot

formation by activation of thrombocytes and by conver-
sion of fibrinogen to fibrin. However, there are multiple
cellular effects of thrombin, which can cause further aug-
mentation of inflammatory responses by activating the
proteinase-activated receptors (PARs), especially PAR-1
[74]. PARs are transmembrane GPCRs and have a unique
activation code. There are collectively four PARs, named
PAR; 4. The proteinases of the cascade of coagulation are
able to target all four PARs. Thrombin is one of the major
activators of PAR;_3. Other activators of PAR1 are matrix
metalloproteinase-1  (MMP-1) and activated protein



C (APQ). In cases of lung injury and inflammation, receptors
PAR; and PAR, are mostly expressed on fibroblasts and
macrophages in the alveoli, and on the pulmonary
endothelium and epithelium. PARs, 4, are also expressed
by various cells, like neutrophils, platelets and monocytes,
upon their recruitment to the lungs. Multiple effects are
exhibited upon activation of PARs and these effects
depend on the type of cells involved, concentration and
nature of the proteinases involved inside the microenvir-
onment of the tissue [75]. Elevation of tissue factor (TF),
thrombin, and D-dimer are observed in the bronchoalveo-
lar fluid of ARDS patients. This is indicative of an on-going
and activated coagulation pathway [76]. The protective
effects of inflammation and coagulation processes have
been considered in cases of infection. However, excessive
activity of these processes may result in an augmentation
of tissue injury, causing disruption to the alveolar-
endothelial capillary barrier along with protein-rich fluid
accumulation in alveolar spaces. Current evidence is sug-
gestive of an important role of PAR; in experimental mod-
els of ARDS [77]. PAR, signaling exerts influence on many
important features of ARDS like recruitment of neutrophils,
alveolar leak and fibrosis in cases of lung injury. The
alveolar leak is likely to be mediated via direct effects of
PAR; but it may also occur as a result of release of che-
mokines from neutrophils, ultimately leading to further
recruitment of neutrophils and tissue injury [77,78]. The
pathogenesis of pulmonary fibrosis, including both sys-
temic sclerosis and idiopathic pulmonary fibrosis (IPF),
has also been strongly correlated with PAR; mediated
coagulation signaling [79]. It is evident that PAR; plays
a vital role in the interplay between coagulation and
inflammation. Generation of thrombin is controlled tightly
by negative feedback mechanisms and anticoagulants like
tissue factor pathway inhibitor, protein C system, and
antithrombin 1ll. The prevalence of inflammation can
impair all of these feedback control mechanisms and
there is a reduction in the concentrations of these anti-
coagulants due to their increased consumption and
reduced production. The defect in this procoagulant -
anticoagulant balance leads to the development of DIC,
micro-thrombosis and multi-organ failure, as observed in
COVID-19 patients with severe pneumonia. The increased
levels of D-dimer act as a poor prediction factor for DIC,
which is common in non-survivors of this infection [43,80].
The activation of coagulation by the inflammatory
responses occurs via many pro-coagulant pathways.
Microorganism-derived polyphosphates cause activation
of mast cells, coagulation factor Xl (also known as
Hageman factor or FXIl), and platelets present in the con-
tact pathway of the process of coagulation. These polypho-
sphates also play downstream roles in amplification of
responses of pro-coagulants in the intrinsic pathway of
coagulation [81]. There is contribution from complement
pathways too in activating various factors of coagulation
[82]. The neutrophil extracellular traps (NETs) show pre-
sence inside thrombi [83,84]. However, activation of the
contact and other prothrombotic pathways is caused by
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the individual NET components of cell-free histones and
DNA, which ultimately results in the generation of throm-
bin [83,84]. In case of sepsis, the pathogen-associated
molecular mechanisms (PAMPs) play vital roles in the inter-
actions between coagulation and the inflammatory
responses [84,85]. Cytokines exert certain inflammatory
effects which lead to activation of vascular endothelial
cells and injury to the endothelium, ultimately resulting
in pro-thrombotic properties [84,86]. The existence of this
bidirectional relationship between coagulation and the
immune system, as depicted in Figure 2, is being widely
studied and correlated with some common observations in
cases of COVID-19.

Treatment of COVID-19 patients warrants the use of anti-
viral and supportive therapeutic agents. Cytokine storm has
been commonly observed in severe cases, and often leads to
disease exacerbation, using anti-inflammatory therapeutic
agents has proved to be helpful in preventing further injury.
There is a wide range of anti-inflammatory drugs available for
use, which includes glucocorticoids, immunosuppressants,
antagonists of inflammatory cytokines (like, TNF inhibitors,
monoclonal antibodies of IL-6 R, IL-1 antagonists, and janus
kinase (JAK) inhibitors). Siddigi and Mehra suggest the use of
immunomodulatory agents for tailored therapy in stage Il of
the disease, resulting in reduced systemic inflammation and
preventing multi-organ dysfunction. In this phase, glucocorti-
coids may be used along with cytokine inhibitors like anakinra
(IL-1 R antagonist) and tocilizumab (IL-6 inhibitor). The prog-
nosis and recovery at these stages has been poor and prompt
recognition is critical, which warrants the use of this therapy
[87]. However, there is a significant dilemma regarding the use
of anti-inflammatory therapy due to the criticality of their
benefit/risk ratio. A major concern regarding anti-
inflammatory drugs like corticosteroids is that they may
delay viral elimination and increase secondary infection risk
in individuals with an impaired immune system. Additionally,
biological antagonists or inhibitors of certain pro-
inflammatory cytokines can act only against a specific inflam-
matory factor, which may prove to be ineffective in curbing
the overall cytokine storm in COVID-19. It has been observed
that IL-1a inhibitors, like anakinra, show more beneficial
effects than IL-6 inhibiting monoclonal antibodies [73,88].
Furthermore, JAK inhibitors are known to cause an inhibition
of interferons, which may be significant in fighting the viral
infection. Therefore, it is critical to explore the advantages and
limitations of anti-inflammatory therapies as adjunct alterna-
tives for the treatment of severe COVID-19. Table 1 sum-
marizes the beneficial effects and limitations of some
commonly investigated anti-inflammatory drugs in the treat-
ment of COVID-19.

4, Coagulation complications in COVID-19

So far in this pandemic, the occurrence of severe symptoms
has been rare in cases of children with proven infection.
However, there have been certain reports of hyper-
inflammatory responses in a very small number of child
patients [109]. This could be due to the fact that in the
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Figure 2. Interplay between inflammation and coagulation. A: Pulmonary intravascular coagulopathy — figure shows the interface between infected type 2
alveolar cells, the activation of immune and inflammatory cells, and the pulmonary micro-vascular network. This infected inflammatory state triggers the coagulation
cascade, which in-turn activates production and release of pro-inflammatory mediators via positive feedback mechanism. B: Comparative pneumocyte-capillary
interface with and without SARS-CoV-2 infection — the left side depicts normal anatomy and physiology of this interface, whereas the right side depicts vascular
leakage, pro-inflammaotry and pro-coagulant state, which are effects of infection — mediated activation of inflammatory cells and exaggerated release of cytokines.

absence of a central venous access device or an underlying
cancer, pediatric thrombotic complications are a rare occur-
rence [110]. Similarly, milder symptoms have been observed in
infected pregnant women despite being at risk for coagulation
abnormalities. This may be due to the suppression of their
immune system during the period of gestation in order to
prevent fetal rejection. Hence, the concept of immune-
thrombosis is not evident in the cases of pregnant females
[111]. On the contrary, geriatric patients have been found to
display severe symptoms if they had been prone to develop-
ing thrombotic complications before the SARS-CoV-2 infection
[112]. There have also been differences in mortality rates
between cohorts from South East Asia and the Western

population. This may be due to a lack of tendency of pro-
thrombotic complications in the case of south East Asian
population [113]. However, the reason for some Western
patients displaying a severe respiratory disorder requiring cri-
tical care while others are displaying relatively milder symp-
toms still remains unknown.

A critical issue in case of COVID-19 patients is the emer-
gence of various thrombotic complications. Preliminary
reports on the outcomes of patients of this pandemic have
displayed the development of thrombocytopenia in 36.2% of
the 46.4% infected patients showing elevated levels of
D-dimer. These rates have been higher in severely ill COVID-
19 patients (57.7% patients developed thrombocytopenia out
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of 59.6% patients showing elevated D-dimer levels) [114].
Recent data supports the risk of development of DIC in
patients suffering from SARS-CoV-2 infection [43,114,115].
DIC is disseminated intravascular coagulopathy. DIC is
a condition in which blood clots are formed throughout the
small vessels in the body [116]. However, poor prediction of
thrombotic events in these patients have been associated with
increase in D-dimer levels, increased levels of fibrin degrada-
tion products and a prolonged pro-thrombin time [43].
A report by Tang and coworkers states that out of 21 non-
survivors of COVID-19, 15 patients (which was 8% of the total
cohort) had shown development of an overt DIC (= 5 points),
based on the criteria laid down by the International Society on
Thrombosis and Hemostasis [43]. Lippi et al. conducted
a meta-analysis, identifying significantly low platelet counts
in cases of patients suffering from severe infection (mean
difference: —31 x 109/L, 95% Cl: =35 to —29 x 109/L). They
also report that thrombocytopenia has been associated with
a fivefold higher risk in cases of severe infection (OR: 5.13; 95%
Cl: 1.81-14.58) [117].

As discussed above, the SARS-CoV-2 enters mainly
through lungs where there is presence of a localized coa-
gulation system, also known as broncho-alveolar hemosta-
sis. This coagulation system counters the infection
alongside the immune system [118]. There were two
proofs for this clot formation specifically in the lungs.
First, the inclusion of fibrinogen and platelets in the
acute phase response along with other markers like ferritin
and C-reactive protein (CRP). These patients exhibited an
increase in the thrombocyte count in the initial phase,
which is not commonly reported in cases of infectious
diseases. This count is not found to be severely low even
in critically-ill COVID-19 patients [119]. Similarly, a marked
rise in levels of fibrinogen has been a historic marker for
hypercoagulability [120]. Second, examinations carried out
postmortem have reported the presence of micro-thrombi
in COVID-19 patients [121]. These micro-thrombi are
thought to be vital factors for the clinical deterioration of
these patients [122]. In cases of non-severe infection, these
micro-thrombi undergo degradation by the fibrinolytic
function of the lungs, which are highly active to allow
exchange of gases. This is exhibited by elevated levels of
D-dimers. On the contrary, in cases of severe infection, the
coagulation system of the lungs undergoes activation,
which is clinically manifested by increase in oxygen
demand and possibly, an increase in the risk of renal
impairment. In critical cases of infection, venous and arter-
ial thrombosis along with ischemia of the limbs, intestines
and cerebrum, and a multi-organ failure has been reported
[116,123,124]. Understanding this spectrum of the localized
to the more widespread systemic pulmonary coagulopathy
is essential for adequate management of critically-ill
COVID-19 patients.

The presence of an associated coagulopathy and/or the pre-
sence of certain anti-phospholipid antibodies have been recently
observed in some cases of COVID-19 patients with multiple
infarcts [125]. These patients have displayed evidences of ischemia
in hands and lower limbs, and bilateral cerebral infarcts in many

vascular areas [125]. On hospitalization, laboratory findings of
these patients included thrombocytopenia, increased prothrom-
bin time and partial thromboplastin time, leucocytosis, increased
level of D-dimer and fibrinogen, and the presence of anti-beta2
glycoprotein IgA and IgG antibodies and anti-cardiolipin IgA anti-
bodies. An important finding was the negative detection of Lupus
anticoagulant [125]. These observations point toward a systemic
coagulopathy. However, there is a possibility of the lungs being
the point of origin of this coagulopathy, which eventually spreads
into other vital organs. Hence, it suggests that the etiology of
mortality may not be restricted to an uncontrolled inflammatory
response but may also include a localized coagulation disorder,
which eventually takes systemic effect. Figure 3 highlights the
generation and types of coagulation complications, which
develop as a result of SARS-CoV-2 mediated cytokine storm.

5. Management of coagulation complications

On the basis of multiple reports on hypercoagulability, it has
now been recognized that all hospitalized COVID-19 patients
require prophylactic anti-coagulant therapy, when absolute
contraindications are absent [126,127]. However, in cases
where observations of localized coagulopathy progressing or
becoming systemic are prevalent, the prophylactic dose of
anti-coagulant has been deemed inadequate. Several clinical
trials have looked at increasing the dose of anti-coagulant as
well as using therapeutic doses in such patients. However, it
may not be necessary to administer a full-dose of anti-
coagulant to treat systemic coagulopathy in all cases.
Furthermore, more aggressive therapies against thrombosis
(such as thrombolysis or anti-platelet drugs) and therapies
against immune-thrombosis (such as anti-complement and
immune-modulatory drugs) may be warranted in cases of
extra-pulmonary coagulopathy [128-131]. However, in these
cases, it is ideal to be dependent on pathological markers for
prediction of the transition from activated pulmonary coagu-
lation, which may be beneficial, to the more harmful systemic
spread of coagulopathy.

5.1. Surveillance of laboratory tests

Newly confirmed cases as well as presumptive cases of hospi-
talized patients with COVID-19 infection are warranted to have
coagulation tests performed on their admission. These tests
include D-dimer, activated partial thromboplastin time (aPTT),
prothrombin time (PT), platelet count, and fibrinogen, and can
be productive of prognostic information useful for manage-
ment and treatment of these patients. Typically, D-dimer levels
have been found to increase parallel with age. This leads to
a large number of geriatric patients exhibiting levels of
D-dimer which are higher than the conventional values,
which have been set at 500 pg/L FEU. FEU is a type of unit
used to measure D-dimer, and represents a comparison of
D-dimer mass to that of fibrinogen. Using cutoffs adjusted
according to age, calculated as pg/L FEU = [(age in years)
x 10], is now recommended universally for reporting test
results for D-dimer [132]. Risk of coagulation complications
has reportedly been higher among elderly patients as com-
pared to young patients in COVID-19. Hence, for a 60 year old
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Figure 3. Pathogenesis of coagulation complications in COVID-19 The figure depicts the pathogenesis of inflammation-associated coagulation complications,
highlighting the roles of PARs, TLR, mononuclear cells, inflammatory cells and pro-inflammatory cytokines in activation of coagulation cascade resulting in

manifestations of severe complications.

patient, threshold value of D-dimer would be considered as
600 pg/L FEU instead of 500 pg/L. Therefore, in such cases,
age-adjusted threshold values find more clinical applicability
to prevent obtaining false positive results related to risk of VTE

[132]. Within 7-11 days following the onset of symptoms or
4-10 days following hospitalization of COVID-19 patients,
a rapid decrease in fibrinogen, which may be associated with
DIC, and a rise in D-dimer, which is associated with non-
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survivors of the infection, has been observed [43,80,133]. It is
noteworthy that the timing for laboratory findings of increases
in aPTT, D-dimer, PT, and decreases in platelet count and
fibrinogen clearly coincides with the hospitalization duration,
commencing between 7-10 days on admission. However,
increase in D-dimer can begin by the 4™ day. Such patients
are found to be critically ill having a septic physiology. This
progressive coagulation may be indicative of developing DIC,
which can be independent of the effects of COVID-19 due to
the prolongation of hospitalization, superinfection, mechanical
ventilation, and other types of ICU etiologies [43,80,133].
Additionally, elevated serum levels of C-reactive protein
(CRP), procalcitonin (PCT), and ferritin may be used as patho-
logical biomarkers of risk of poor outcome or mortality in
COVID-19. Cutoff points for PCT (= 0.5 ng/mL), CRP (=
10 mg/L), and D-dimer (> 0.5 mg/L) have been suggested
and higher cutoff values may be indicative of a poorer out-
come in severely ill COVID-19 patients [134]. Furthermore,
serum CRP has been proposed as a marker to monitor the
improvement of disease in COVID-19. Elevated PCT has been
proposed as useful marker for guiding therapeutic strategies
to combat bacterial co-infections with COVID-19 [134]. Table 2
summarizes threshold values for important laboratory biomar-
kers, which are useful in determining disease severity and
potential of developing coagulation complications in COVID-
19 patients.

5.2. Venous thromboembolism

Clarity has been gained on the fact that the DIC associated
with COVID-19 is predominantly of prothrombotic origin hav-
ing high rates of venous thromboembolism (VTE), elevated
levels of fibrinogen and D-dimer, and low levels of anti-
thrombin. A report by Tang et al. investigated the predictive
factors associated with 28-day death of severely ill COVID-19
patients and stated that the usage of heparin as anti-
coagulant for at least seven days has been associated with
a decreased mortality. Higher death rate found association
with elevation in D-dimer, prolongation of prothrombin time
and increased age, whereas an increase in the platelet count
was found to be associated with a relatively lower death rate.
Heparin, more commonly available as unfractionated heparin
(UFH), is a natural polysaccharide that inhibits coagulation.

Table 2. Important laboratory parameters and their significance in COVID-19.

Low molecular weight heparin (LMWH) is derived from UFH
by chemical or enzymatic digestion of longer heparin chains
to shorter chains. Decreasing the length of heparin chains
increases its half-life and makes its pharmacodynamics more
predictable. Some examples of commercially available LMWHs,
employed for VTE prophylaxis and the treatment of DVT and
PE, are dalteparin and enoxaparin [138]. The positive effect of
administration of low molecular weight heparin (LMWH) was
observed especially in cases of patients meeting the criteria of
sepsis-induced coagulopathy (SIC = 4; LMWH: 40.0% v/s No-
LMWH: 64.2%, p = 0.029) and in cases of patients showing
a marked six-fold elevation in D-dimer (LMWH: 32.8% v/s No-
LMWH: 52.4%, P = 0.017) [40]. This information is suggestive of
considering the usage of low molecular weight heparin
(LMWH) at its prophylactic doses for patients having high
D-dimer and meeting the SIC criteria. The finding of an
increase in levels of D-dimer in COVID-19 patients has
prompted curiosity regarding the exacerbation of the ventila-
tion - perfusion match due to prevalence of venous thrombo-
embolism, and certain evidences of the existence of pulmon-
ary embolism (PE) have also been observed [139]. However,
there is an increased risk of bleeding, which has been found in
previously conducted negative sepsis-related trials of endo-
genous anti-coagulants.

All suspected or confirmed cases of hospitalized COVID-
19 patients should be administered pharmacological treat-
ment for prophylaxis of VTE due to the prevalence of
elevated inflammation, unless there is a specific contra-
indication. However, in coronavirus infections apart from
COVID-19, VTE incidences have been reportedly low in
Asian population, thus the routine prophylaxis treatment
of VTE is not used frequently in COVID-19 [140,141].
Reports of severely ill ICU patients with the SARS-CoV-2
infection are suggestive of a higher incidence of VTE even
with the usage of the standard procedures for VTE prophy-
laxis. A report from the Netherlands found a cumulative
VTE incidence of 27% in ICU patients. A second report
found symptomatic VTE incidences at 11% and 23% on
the seventh and fourteenth days, respectively, having an
SHR of 3.8 on comparing findings of ICU patients and ward
patients [142]. An increased prophylactic VTE dosage was
given to the ICU patients based on these findings in the
Netherlands. An increase in the VTE risk in ICU patients has

Pathological observations in

Parameter Normal/threshold value CovID-19 Effect on disease progression References
D-dimer 500 pg/L FEU Marked increase Increased risk of VTE [132]

(age-adjusted cutoffs Presence of low-grade DIC

recommended) May be associated with severe COVID-19
aPTT 21-35 seconds Mild prolongation [135]
PT 11-12.5 seconds Mild prolongation [43]
Platelet count 150 x 10°-450 x 10° cells/L Mild decrease [50,126]
Fibrinogen 200-400 mg/dL At upper limits of normal [43]
Lactate Dehydrogenase 140-280 units/L Increase Thrombotic microangiopathy [80,135]
(LDH)

Ferritin Men: 24-336 pg/L Striking increase

Women: 11-307 pg/L
CRP 10-1000 mg/L Increased Marker of inflammation in severe COVID-19 [136,137]
PCT 0.15 ng/mL Normal to slight increase Presence of bacterial co-infection in severe [134]

COvID-19




also been reported in France. One center reported an
increase in VTE on comparing cohorts of patients suffering
from COVID-19 ARDS and those without COVID-19, with
incidences of 11.7% and 2.1% respectively [39,143].
Another center reported similar increase in PE prevalence
having incidence of 20.4% at fifteen days. Of the 22 cases
of PE occurring in 107 ICU patients, 20 cases occurred in
patients while they were on standard dosage for VTE pro-
phylaxis [144]. This increase in the VTE incidences has led
to the discussion regarding an increment in the intensity
of anti-coagulant therapy for VTE prophylaxis. Multiple
centers have reportedly increased the anti-coagulation
doses for prophylaxis to doses of ‘intermediate intensity’
like 0.5 mg/kg b.i.d of enoxaparin by using strategies
adapted for risk stratification based on D-dimer and fibri-
nogen levels, the location of ICU and other risk-associated
factors. A document using the Delphi method of consensus
for centers involved in treatment of hospitalized patients
having moderate to severe COVID-19 and showing a lack
of DIC reported that 31.6% of the participants were in
support of dosing at intermediate intensity and 5.2% of
participants preferred a therapeutic dosing, while the
others supported usage of standard prophylactic dosage
for VTE [127].

In the case of obese patients, it has been suggested
that a daily dose of 40 mg of enoxaparin is insufficient
under post-operative settings as it does not achieve ade-
quate plasma levels. Higher dosage based on individual
weight was found to be well tolerated with 7500 units of
unfractionated heparin (UFH) t.i.d or 40 mg of enoxaparin
b.i.d [145,146]. Therefore, an imperative requirement for
prophylaxis of VTE is the individualized patient assessment
approach incorporating risk factors for VTIE and bleeding
with clinical judgment.

However, beside the management of venous thromboem-
bolism, it has become evidently clear that activation of coa-
gulation cascades have effects which are beyond clotting
disorders and the interplay between inflammation and coagu-
lation can affect progression of the disease significantly lead-
ing to a poor outcome. Along with its known primary use,
heparin has been found to have anti-inflammatory properties
[147]. These could find therapeutic application in patients
suffering severe inflammation of lungs and impairment in
the pulmonary exchange.

Another common complication of severe SARS-CoV-2 infec-
tion is ARDS, which is associated with the activation of the
coagulation system. Comparative analysis of laboratory find-
ings of ARDS patients with non-ARDS patients showed signifi-
cantly higher levels of median plasma concentrations of
plasminogen activator inhibitor - 1 (PAI-1) and tissue factor
(TF) at seventh day. Localized TF-mediated generation of
thrombin and a plasminogen activator-mediated fibrinolysis
depression, which is linked with increase in PAI-1, gives rise
to coagulopathy [148]. This suggests the usefulness of LMWH
against this coagulopathy.

Another therapeutic property of interest is heparin’s antiviral
activity [149]. A study conducted by Vicenzi et al. reports the
inhibitory activity of heparin (100 mg/kg) in vitro in experimental
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vero cells, infected with sputum from a SARS-CoV pneumonia
patient [150]. Collectively, all this evidence is suggestive of the
potential application of low dose of heparin in early stages in the
SARS-CoV-2 infection in order to prevent the progression of coa-
gulation toward systemic spread.

5.3. Microvascular thrombosis

The theoretical basis for the management strategy for SIC is
the quick and timely treatment of the causative and under-
lying infection. However, there is still an unavailability of
a specific anti-viral therapy for combating the SARS-CoV-2
infection. Overall management should consider inclusion of
assessment of prevalence of concomitant infections, like ARDS
and acute lung injury in case of patients who are critically ill.
Despite their importance in the management of VTE, heparin
and its derivatives have found to have limited efficacy in cases
of SIC. Previous randomized clinical trials of physiologic anti-
coagulants like APC, anti-thrombin and thrombomodulin have
demonstrated their limited efficacy. However, these trials were
not specifically conducted for patients having SIC and DIC.
Post-hoc database analyses which examined patients having
sepsis and laboratory proven DIC have reported a decrease in
mortality in cases of thrombomodulin and anti-thrombin sup-
plementation tending toward an improvisation in septic
patient survival [151-153]. However, the levels of anti-
thrombin have not been observed to markedly decreased in
COVID-19 patients [43].

Microvascular thrombosis has proven to cause multi-organ
failure in patients having a prolonged SARS-CoV-2 infection.
Patients having sepsis should undergo standard treatment
with supportive care. Despite the possible mitigation of micro-
vascular thrombosis and end-organ dysfunction by the use of
anti-coagulants, there have been no observable survival
advantages for patients with sepsis. Therefore, such patients
should receive prophylactic treatment with anti-coagulants as
previously discussed. However, for prevention of microvascu-
lar thrombosis the usage of full dosage of anti-coagulants has
been considered in cases of severe infection using theoretical
correlation based on evidence from cases of DIC-induced skin
necrosis and previous SARS-CoV infections [150,154-157].
These mechanisms look theoretically interesting but there is
no concrete evidence for the interaction of heparin and SARS-
CoV-2, and there is no established role for the clinical applica-
tion of heparin and derivatives for the purpose of lowering the
infection level in COVID-19 patients.

6. Expert opinion
6.1. Current approaches for treatment of COVID-19

The first-line treatment options for COVID-19 are the classic anti-
viral drugs, which are important in reducing mortality in mild to
severe cases along with simultaneous organ function support
[158]. The antiviral drugs used in SARS-CoV-2 infection include
Remdesivir, Ribavarin, Galidesivir, Tenofovir, Lopinavir, Ritonavir
and Sofosbuvir [158]. There have been previous reports of the
anti-inflammatory properties of these antiviral drugs, when used
individually or in combination as highly active antiviral therapies
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[159]. The anti-malarial drugs like chloroquine and hydroxychlor-
oquine have also shown beneficial effects against SARS-CoV-2
infection. Hydroxychloroquine was found to possess immunomo-
dulatory effects, which have been useful in targeting the cytokine
storm in moderate to severe cases [37,160]. Additionally, these
antiviral medications have been effectively combined with several
biological agents targeting specific cytokines, like IL-6 R monoclo-
nal antibodies, IL-1 inhibitors, TNF inhibitors, JAK inhibitors, etc.
Tocilizumab has also effectively reduced microthrombosis.
Adopting drugs or compounds that work against a specific cyto-
kine is associated with the risk of targeting only a specific part of
the cytokine storm. Furthermore, immunosuppressive medication
should be used rationally as it may result in a compromise of host
innate immunity [159].

There are many points in the pathophysiology of SARS-CoV-2
infection, from initial infection to development of cytokine
storm, ARDS, and multi-organ failure, which can be controlled
with effective therapeutic intervention. Dexamethasone plays
a role against ARDS in moderate to severe COVID-19. It reduces
mortality and has therefore been incorporated in the standard
treatment regimen alongside immunomodulatory and antiviral
therapies. Supplementation with a combination of zinc, oral
vitamin D and intravenous vitamin C has been implicated as
these levels may be diminished due to systemic inflammation.
Aspirin, Azithromycin, and N-acetylcysteine have shown roles in
inhibition of NF-kB with effective reduction in activation of
coagulation cascade in moderate to severe COVID-19 [161].

6.2. Clinical indications for anti-coagulation

In view of the thrombotic risk in the progression of COVID-19,
anti-coagulation treatment has gained importance for both,
prophylactic as well as therapeutic purposes. However, the
choice of anticoagulant and intensity of anticoagulation must
be varied depending on the patient condition. Patients hav-
ing other indications which require anti-coagulation, like
recently diagnosed VTE, mechanical cardiac valves, or atrial
fibrillation, must be treated with a full - or therapeutic dose of
anticoagulant, or with dosage pertaining to their on-going
therapy. In case of critically ill in-patients, LMWH or UFH
usage has been preferred over oral anticoagulants due to
the former having shorter half-lives and can be administered
via parenteral route. Certain COVID-19 patients have dis-
played an increase in fibrinogen levels, which is one of the
causes of heparin resistance as well as hypercoagulability.
Hence, in case of concerns with respect to aPTT measure-
ment, levels of anti-factor Xa heparin should be evaluated
for monitoring such patients [162]. In cases of PE presump-
tions, problems regarding mobility of mechanically ventilated
patients, and limiting staff exposure have been encountered
for CT scanning procedures. Here, D-dimers have proven to
provide little help due to being significantly elevated in these
patients. In such cases, evidences of right ventricular strain in
ECG or deep vein thrombosis (DVT), and clinical manifesta-
tions of sudden respiratory decompensation, have been used
for increasing the dosage of therapeutic anticoagulants.
Hence, the pragmatic requirement of administration of ther-
apeutic anticoagulants in such cases cannot be denied [163].
In the absence of clinical trials proving the anticoagulant

therapy for COVID-19 patients, these decisions will be empiri-
cally made and will be mainly based on opinions. Figure 4
depicts the guidelines for anticoagulation in COVID-19
patients at low, intermediate and high risk of developing
coagulation abnormalities. The risk is determined by
a number of factors like the presence or absence of VTE and
bleeding, the D-dimer levels, the SIC score and other factors.
Along with the BMI and weight of individual patients, another
important player in determining the type and dose of antic-
oagulant medication is creatinine clearance (CrCl). CrCl is an
important marker of kidney impairment. Owing to the risk of
anticoagulant accumulation, LMWH is contraindicated in
patients having CrCl of less than 30 mL/min [164]. Thus,
Figure 4 gives an empirical idea about how an individualized
anticoagulant therapy can look for COVID-19 patients based
on their disease severity and risk of developing coagulation
complications.

6.3. Future perspective

A prophylactic dose of LMWH or UFH has been recommended
for hospitalized COVID-19 patients in order to prevent VTE.
Treatment dose of LMWH is being contemplated for patients
showing a marked rise in levels of D-dimer due to possible
pulmonary thrombi. Furthermore, LMWH also has some anti-
inflammatory properties like inhibition of chemokine synthesis
and function, inhibition of NF-kB, TNF-a and other cytokines,
which could prove to be useful against COVID-19. Heparin’s
anti-inflammatory effects are associated with vasculature and
the airway tracts. Heparin has found to bind and interact with
many pro-inflammatory mediators like IL-8, stromal-derived
factor 1a, L - and P-selectins, neutrophil elastase, platelet
growth factor 4 (PGF4), etc [165]. Moreover, it is important to
understand the role and activity of PAR antagonists and inhi-
bitors of coagulation proteases. PAR-1 has been established as
the primary thrombin receptor and is involved in mediating
platelet aggregation induced by thrombin and the interplay
between fibrotic, inflammatory and coagulation responses,
which are all vital aspects in the COVID-19 pathophysiology
[74]. PAR-1 antagonists have been developed for treating CVDs
as anti-platelet agents. Despite being less likely to ameliorate
VTE, these drugs may cause attenuation of the deleterious
effects linked with formation of thrombin and coagulation
cascade activation [166]. A PAR-1 antagonist drug, approved
for clinical application, was found to cause a reduction in
murine levels of neutrophilic lung inflammation, pro-
inflammatory cytokines and alveolar leakage in cases of bacter-
ial pneumonia and LPS-induced lung injury [167,168]. Anti-
thrombin and antifactor Xa directed oral anticoagulants have
been established for prophylaxis and management of VTE.
Thrombin is considered as the primary PAR-1 activator, and
production of pro-inflammatory cytokines by activating PAR-2,
PAR-1 and PAR-5 is induced by the coagulation factor Xa [74].
Therefore, these drugs display a promising potential in ameli-
oration of the severity and attenuation of the progression of
COVID-19 infection. Moreover, targeting the complement sys-
tem is another frontier being investigated for effective manage-
ment of severe COVID-19 hyperinflammation associated
hypercoagulability [169]. The complement system s
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ANTICOAGULATION ALGORITHMS FOR COVID-19 PATIENTS

* No VTE or other coagulation
indications.
« D-dimer < 2000 ng/mL
* Disease severity - MILD
* Acceptable bleeding risk
* No bleeding,
thrombocytopenia or severe

coagulopathy

Resting Platelet Blood Clot

BMI =< 40 5000 units BMI = 40 40 mg

Weight<120kg [ twice daily Weight < 120 kg [ once daily
BMI = 40 7500 units BMI = 40 40 mg
Weight > 120 kg (" twice daily Weight > 120 kg | twice daily

y s « Confirmed VTE A

- * Presence of an established reason -

for therapeutic anticoagulation
« High risk for development of DVT, PE
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Figure 4. Algorithm for Anticoagulation in COVID-19 patients. The figure represents possible protocols and algorithms for management of coagulation
complications using suitable anti-coagulant therapy. Varied approaches have been laid down for patients with low, moderate and high risk of development of these

complications. CrCL — creatinine clearance.

responsible for mediating innate immune responses promoting
inflammation, and its activation may be critically related to
thrombosis and cytokine storm in SARS-CoV-2 infection. Here,
a possible pharmacological solution could be the use of biolo-
gical agents like Eculizumab or Ravulizumab, which are mono-
clonal antibodies responsible for blocking the complement
protein C5, which ultimately inhibits activation of downstream
terminal complement cascade involved in pro-inflammatory
and prothrombotic activities [170,171]. Despite the risk of
bleeding posed by the usage of these drugs, their benefits in
this pro-coagulant state outweigh these risks. Furthermore, the
existence of reversal drugs against the anti-coagulant effects of
these agents helps in consideration of these approaches for
clinical application. Hence, targeting PAR-1, thrombin,

coagulation factor Xa and the complement system may be
a potentially useful approach in reducing SARS-CoV-2 infection
induced lung injury, microvascular thrombosis, VTE and related
outcomes like DIC and multi-organ failure.
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