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Abstract

The SARS-CoV-2 is a new coronavirus responsible for the COVID-19 disease

and has caused the pandemic worldwide. A large number of cases have over-

whelmed the healthcare system worldwide. The COVID-19 infection has been

associated with a heightened risk of thromboembolic complications. Various

mechanisms are leading to the high thrombotic risk in COVID-19 patients

such as inflammation, endotheliitis, hyperviscosity, and hypercoagulability.

We searched PubMed, EMBASE, and CINAHL from January 2020 to

December 2020. We used the following search terms: COVID-19,

coagulopathy, and thrombosis. We reviewed the epidemiology, clinical

features, mechanisms, and treatment of COVID-19-associated coagulopathy.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic is
caused by the severe acute respiratory syndrome corona
virus-2 or SARS-CoV-2, which is a single-strand positive-
sense RNA virus that belongs to the genera of
betacoronaviridae. The virus is named corona because
of the presence of a crown-like halo on electron micros-
copy. The SARS-CoV-2 showed �96% sequence homol-
ogy with the bat coronavirus RaTG13.1,2 The high
sequence homology may point towards bats origin of the
virus and the possibility of species jumping. The
sequence homology to SARS-CoV and MERS-CoV are
79.6% and 33.84%, respectively.1 The virus entry inside
the cell depends on the interaction between the viral
spike protein or “s” protein and the human angiotensin-

converting enzyme 2 (ACE2).3 The ACE2 protein is a
membrane-bound receptor expressed on the surface of
lung alveolar epithelial cells (Type II pneumocyte) and
enterocytes of the small intestine that explains the route
of entry in COVID-19 infection.4 The serine protease
TMPRSS2 primes the S protein for binding with the
ACE2 receptor. Li et al.5 reported the highest level of
ACE2 expression in the small intestine, testis, kidneys,
heart, thyroid, and adipose tissue, indicating that SARS-
CoV-2 may infect various extrapulmonary organs. In
December 2019, local health authorities in China
reported a cluster of patients with mysterious pneumonia
cases of unknown cause, which was initially linked to a
seafood wholesale market in Wuhan, China. Zhu et al.6

identified the causative agent as a novel coronavirus
(2019-nCoV) from samples of airway epithelial cells.
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From Wuhan, the disease spreads globally. Person-
to-person transmission via droplets and contact is the
main means of transmission. COVID-19-associated
coagulopathy (CAC) is an important feature of
COVID-19 infection and may cause respiratory complica-
tions and death.

1.1 | Pathophysiology of
COVID-19-associated coagulopathy

COVID-19 coagulopathy involves both the venous and
arterial system, and it develops due to coagulation activa-
tion by several factors that affect Virchow’s triad:
endotheliitis, hypercoagulopathy, and stasis. The hyper-
inflammation of COVID-19 infection itself may lead to a
hypercoagulable state by activating the coagulation path-
way and inactivating the anticoagulation and fibrinolysis
pathway. Hypoxia due to COVID-19 lung pathology may
lead to vasoconstriction and hyperviscosity of the blood.7

Moreover, hypoxia can shift the anti-inflammatory
and anti-thrombotic properties of basal endothelium
towards a proinflammatory and prothrombotic
phenotype by altering the expression of transcription
factors such as hypoxia-inducible factor-1 (HIF-1).8

Figure 1 shows the various pathogenesis mechanisms of
COVID-19-associated coagulopathy.

1.2 | Endothelium and SARS-CoV-2

The endothelium has an important role in mediating
neutrophilic inflammation and microvascular

thrombosis. Endothelial cells inhibit coagulation through
several mechanisms. They display several anticoagulants
substances such as proteoglycans, heparan sulfate, and
thrombomodulin. Moreover, they sequester von
Willebrand factor (vWF) within their storage granules as
Weibel–Palade bodies (WPB). They also synthesize and
release nitric oxide (NO), which inhibits platelet
activation.9 Endothelial dysfunction shifts the vascular
endothelium from an anticoagulant to a procoagulant
state. SARS-CoV-2 can directly infect endothelial cells of
various organs via ACE2 receptors and can cause
endotheliitis and its dysfunction. Varga et al.10 noted the
presence of viral inclusions in endothelial cells of various
organs associated with diffuse endothelial inflammation
and apoptosis. Autopsy study has also confirmed severe
endothelial injury and the presence of intracellular viral
particles.11 Goshua et al.12 reported significantly high
levels of marker of endothelial and platelet activation in
hospitalized patients with COVID-19, which increased
further with disease severity. The plasma mean vWF was
565% [SD 199] in 48 patients admitted to the ICU versus
278% [133] in 20 non-ICU patients, p < 0.0001. Similarly,
the soluble P-selectin level was 15�9 ng/ml [4.8] versus
11�2 ng/ml [3.1], p = 0.0014, in ICU and non-ICU
patients, respectively. They also reported a significant
correlation between endotheliopathy and mortality.
Escher et al.13 similarly reported markedly high vWF
levels (vWF: antigen 555%, vWF: activity 520%) and
Factor VIII levels (clotting activity of 369%) along with a
continued rise in D-dimer levels in a patient with severe
COVID-19 infection. All these indicate widespread
activation of endothelial cells in COVID-19 infection.
Endothelial cell activation is triggered by various

F I GURE 1 Various pathogenesis

mechanisms of COVID-19-associated

coagulopathy
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pathways such as proinflammatory cytokines, hypoxia,
complement, and neutrophil extracellular traps
(NETosis), resulting in the release of vWF and P-selectin.
The vWF promotes thrombosis by binding to platelet
receptors and thus activate platelet adhesion and aggre-
gation.14 They may also cause thrombotic micro-
angiopathy.15 Moreover, along with angiopoitein-2, vWF
regulate angiogenesis also, characteristically seen in
COVID-19 infection.16 Sugiyama et al.17 had shown that
experimental influenza infection of human endothelial
cells promotes platelet-endothelial adhesion and also
induces shedding of cell surface anticoagulants. In the
future, we need to study the role of antiplatelet agents on
the outcome of respiratory viral infections.

1.3 | Platelets and COVID-19

Thrombocytopenia in COVID-19 is usually mild. Huang
et al.18 reported a platelet count below 100 � 109/L only
in 5% of hospitalized patients and 8% of those in ICU.
The mechanisms of preserved platelet counts include an
increased thrombopoietin production by liver activation
and excessive platelet production by megakaryocytes in
the lungs.19 Significant thrombocytopenia, if occurs, is
due to the consumption of platelets by the formation of
pulmonary thrombi.19 Lippi et al.20 in a meta-analysis
of nine studies involving 1779 COVID-19 patients
(399 with severe disease) reported a significantly lower
platelet count in patients with severe disease (weighted
mean difference �31 � 109/L; 95% CI: �35 to
�29 � 109/L). Subsequently, a subgroup analysis com-
paring patients by survival reported lower platelet count
correlated with mortality. Manne et al.21 have reported
an increased gene expression and activation of platelets
in COVID-19 infection, which also supports its role in
thrombosis. Because platelets lack SARS-CoV-2 ACE2
receptors, the activation of platelets may be mediated by
an increased mitogen-activated protein kinases (MAPK)
pathway activation and thromboxane generation.

1.4 | Inflammothrombiosis

Profound inflammation seen in COVID-19 infection
is the most likely cause of thrombus formation and
the process is called immunothrombosis or
thromboinflammation. The central component of
thromboinflammation is the loss of normal anti-
inflammatory and antithrombotic functions of endothe-
lium. Endothelial cells prevent thrombus formation in
healthy individuals by exerting their antiplatelet,

anticoagulant, and anti-inflammatory actions. Inflamma-
tory damage to endothelial cells due to SARS-CoV-2 leads
to the following consequences: loss of anticoagulant sur-
face, fibrin formation, release of endothelial granules and
deposition of vWF, leukocyte recruitment, and comple-
ment activation. Apart from its effects on endothelium,
the inflammatory pathway may also activate coagulation
via other mechanisms: complement activation, NETosis,
activation of monocytes.22

1.5 | Role of complement in thrombosis

The complement pathway is an important component of
the innate defence system and helps in viral clearance.
However, complement activations have several down-
stream deleterious effects such as inflammation, apopto-
sis, and thrombosis. Magro et al.23 reported autopsy
findings from five decedents with severe COVID-19 infec-
tions and ARDS and observed evidence of complement-
mediated microvascular injury. They noted marked depo-
sition of C5b-9, C4d, and Mannan-binding lectin serine
protease (MASP)-2 supporting a generalized activation of
alternate and lectin-based pathways. There was also evi-
dence of co-localization of SARS-CoV-2 and activated
complement components. There are several mechanisms
proposed about how the complement pathways are acti-
vated in COVID-19 infection. Zhou et al.24 had shown
that Mannose-binding lectin (MBL) binds to a site on
SARS-CoV “S” glycoprotein, which does not interfere
with the viral binding with ACE2 receptors. This binding
activated the lectin pathway. Complement activation
may occur without interaction with the viral S protein.
One important pathway is the Renin–Angiotensin–
Aldosterone pathway. The ACE2 receptors undergo
down-regulation after SARS-CoV-2 binding, resulting in
an accumulation of angiotensin II and Angiotensin-
(1–7).25 The high angiotensin II and Angiotensin-(1–7)
lead to the generation of reactive oxygen species (ROS)
formation and complement activation. It also interferes
with the antioxidant mechanism. Activated complement
and its products may promote thrombus formation by
various mechanisms. It causes activation of platelets,
endothelial cells, induction of tissue factors, secretion of
VW factor, and enhanced expression of P-selectin. The
lectin pathway activates thrombin and fibrinolysis
inhibitor.26 Therefore, the SARS-CoV-2 infection has the
potential to drive complement-mediated inflammation,
endothelial injury, and thrombosis. Diurno et al.27 in a
case series from Italy have reported efficacy of
eculizumab in COVID-19-associated ARDS with a fall in
inflammatory parameters.
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1.6 | Neutrophils extracellular traps

Neutrophils extracellular traps (NETs) are extracellular
tangles of DNA released by Neutrophils and are enriched
with granules-derived antimicrobial peptides and
enzymes.28 The purpose is to contain the infection, but
NETs also play a role in microthrombi formation by prov-
ing a scaffold and by promoting the propagation of
thrombus. They do so by causing platelet and RBC adhe-
sion and by concentrating effector proteins and coagula-
tion factors.29,30 Neutrophils bound to NETs in an active
stage digests major coagulation inhibitors antithrombin
III and tissue factor pathway.31 Zuo et al.32 reported sig-
nificantly elevated levels of NETs in 50 hospitalized
patients with COVID-19 compared with healthy controls.
Heparin destabilizes NETs by removing histone moiety,
suggesting an additional antithrombotic effect of
heparin.28

1.7 | Hyperviscosity

Maier et al.33 reported hyperviscosity in 15 COVID-19
patients and four patients with a viscosity above 3.5 cP
had a documented thrombus. Hyperviscosity develops
due to an increase in fibrinogen levels and can promote
thrombosis as one of the components of Virchow’s triad,
and it can also damage the endothelium.34 Fibrinolysis
resistance is another potential mechanism of
COVID-19-associated coagulopathy.35 Children may be
less prone to COVID-19-associated coagulopathy.36 It is
due to a higher α2-Macroglobulin (α2-M) level, which is
a protease inhibitor and is having antithrombin activity.37

Being localized on the luminal surface of the
endothelium, α2-M may protect the development of
SARS-CoV-2-induced thrombophlebitis.

1.8 | Macrophage activation syndrome
in COVID-19 pneumonia

Macrophage activation syndrome (MAS) or secondary
haemophagocytic lymphohistocytosis may develop in
COVID-19 patients and is characterized by highly ele-
vated CRP and hyperferritinaemia, coagulopathy, and
abnormal liver function.38,39

1.9 | Thrombotic microangiopathy

This is characterized by microvascular thrombosis,
microangiopathic haemolytic anaemia (MAHA), and
thrombocytopenia. On autopsy, microvascular thrombus

has been detected in COVID-19 infection. COVID-19
patients may show decreased haemoglobin, increase in
LDH, and bilirubin, and a decrease in haptoglobin along
with schistocytes.40 Features suggestive of thrombotic
thrombocytopenia purpura (TTP) and haemolytic
uraemic syndrome (HUS) have also been reported in the
literature.41

1.10 | Antiphospholipids syndrome

Antiphospholipids syndrome is characterized by throm-
botic complications, particularly in young patients. The
COVID-19 patients had shown the presence of anti-
phospholipids antibodies such as lupus anticoagulant
and anticardiolipin, and anti-β2-glycoprotein antibodies
have been detected in COVID-19 patients. The character-
istics laboratory parameter includes prolonged aPTT.
However, the lupus anticoagulant data should be
analysed with care in patients with COVID-19 infection
with underlying inflammation as markedly high CRP
may cause false-positive result if CRP sensitive reagents
are used.42,43

2 | CLINICAL MANIFESTATIONS
OF COVID-19-ASSOCIATED
COAGULOPATHY

COVID-19 infection is a state of hyperinflammation and
systemic hypercoagulability characterized by a tendency
of venous, arterial, and microvascular thrombosis.
Another characteristic of CAC is the frequent occurrence
of catheter-associated thrombosis and clotting of
vascular access catheter and dialysis circuits. The risk of
thrombosis is high in hospitalized COVID-19 patients
and in particular patients admitted in the intensive care
unit (ICU). Patients may develop myocardial infarction,
and the culprit lesion is not identified by coronary
angiography in approximately 40% of patients with
COVID-19 with an acute ST-elevation myocardial
infarction (STEMI).44

Thrombotic phenomenon seen in COVID-19
infection:

1. Microthrombosis of various organs, often leading to
organ dysfunction (lung, kidney, and liver, etc.);

2. Venous thromboembolism (VTE): pulmonary
embolism (PE) and deep vein thrombosis (DVT);

3. Stroke: large vessels and often young patients45;
4. Myocardial infarction, often in absence of culprit

lesions;
5. Thrombosis occurs despite routine thromboprophylaxis.46
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The evidences for COVID-19-associated coagulopathy
are the following evidences: high D-dimer, increase VTE
prevalence, cerebrovascular accident (CVA) (case reports)
and microthrombosis (autopsy studies). D-dimer is the
degradation product of cross-linked fibrin and is mea-
sured by two different assays based on molecular weight:
fibrinogen equivalent unit (FEU) and D-dimer unit
(DDU). The normal reference range is <500 ng/ml FEU.
The source of elevated D-dimer in COVID-19 infection is
excessive fibrinolysis. Fibrinolysis of the fibrin deposited
in the intra-alveolar space in acute lung injury patients
may also raise the D-dimer levels.47 The fibrinolysis pro-
cess is being mediated by the urokinase-type plasmino-
gen activator (uPA) secreted by the alveolar epithelial
cells.48 The endothelial cells damaged by inflammation
may also elevate the D-dimer levels in COVID-19 infec-
tion.10 The CD169+ macrophages are also important in
SARS-CoV-2 viral spread within the body49 and are
responsible for D-dimer generation.

Elevated D-dimer on admission is a poor prognostic
marker and is associated with severe disease and in-
hospital mortality. In a retrospective study from China,
which included 1099 COVID-19 patients, a D-dimer
≥0.5 μg/ml was observed among 60% of patients with
severe disease compared with 43.2% patients with mild
disease (p = 0.002). Patients who attained the primary
composite endpoint (admission to an intensive care unit,
the use of mechanical ventilation, or death) had a higher
D-dimer level compared with those who did not (69.4%
vs.44.2%). However, thrombocytopenia defined as a plate-
let count of less than 150 � 109/L was seen in only 36.2%
of patients of COVID-19 disease.50 Huang et al.18 in a
prospective study of 41 COVID-19 positive cases reported
a significantly high D-dimer level and PT on admission
in ICU patients compared with those in the wards
(D-dimer level: 2.4 and 0.5 mg/L, respectively,
p = 0.0042). The corresponding PT values were 12.2 and
10.7 s, respectively (p value = 0.012). Zhou et al.51 in a
multivariable regression analysis of 191 COVID-19
patients reported an odds ratio of 18.42 (2.64–128.55,
p = 0.0033) of in-hospital mortality for patients with a
D-dimer of >1 μg/ml. Other factors included older age
(OR: 1.10, 95% CI: 1.03–1.17, p value = 0.0043) and
higher sequential organ failure score (SOFA) score
(OR: 5.65, 95% CI: 2.61–12.33, p = <0.0001). A low plate-
let count (<100 � 109/L) and a high prothrombin time
(PT) (≥16 s) levels were observed in 20% and 13% of non-
surviving patients, respectively.

Tang et al.52 in a retrospective-designed study from
Wuhan, China, reported a difference in coagulation
profiles in patients with COVID-19 infection between
survivors and nonsurvivors. They reported an overall
mortality of 11.5%. The coagulation profiles of the

nonsurvivors on admission were as follows: a signifi-
cantly higher D-dimer (2.12 mg/L vs. 0.61 mg/L,
p value < 0.001) and fibrin degradation product (FDP)
levels, a significantly longer PT and aPTT levels com-
pared with survivors. However, the fibrinogen level was
elevated in both the group. They also reported the pro-
gression of coagulopathy to overt DIC as indicated by the
International Society on Thrombosis and Haemostasis
(ISTH) DIC score of ≥5 in 71.4% of nonsurvivors com-
pared with 0.6% of survivors only. Petrilli et al.53 in a
single-centre prospective cohort study conducted on 5279
COVID-19 patients admitted to a hospital in New York
City reported that a D-dimer level of >2500 ng/ml was
more strongly associated with critical illness than age or
comorbidities (odds ratio: 3.9, range 2.6 to 6.0).

VTE risk is high in patients with COVID-19, and ICU
patients with severe COVID-19 infections have a higher
incidence of VTE than patients admitted in the general
wards and historic ICU rates, despite standard VTE pro-
phylaxis. The prevalence is heterogeneous in various
studies. The majority of studies were retrospective in
nature and including inpatients in ICU. Moreover, there
was inconsistent use of thromboprophylaxis also. Llitjos
et al.54 screened 26 severe COVID-19 patients in two
French intensive care units (ICU) by complex duplex
ultrasound (CDU). All patients were on anticoagulation:
prophylactic anticoagulation in eight (31%) patients and
therapeutic anticoagulation in 18 (69%) patients. The
cumulative incidence of peripheral VTE was 69%, which
included six patients with PE (23%). The VTE incidence
in the prophylactic and therapeutic anticoagulation
group was 100% and 56%, respectively (p = 0.03). Klok
et al.46 evaluated the cumulative incidence of venous and
arterial thrombotic events, including DVT, PE, ischaemic
strokes, and myocardial infarction in 184 patients admit-
ted to the ICU. All patients received nandroparin (2850
to 5700 IU per day based on body weight) prophylaxis.
The composite incidence of thrombotic events was 31%
(95% CI: 20–41) and arterial thrombosis was 3.7% (95%
CI: 0–8.2). Computed tomography-diagnosed pulmonary
embolism was the most frequent thrombotic complica-
tion (n = 25, 81%). Age and coagulopathy defined as
prolongation of PT > 3 s and aPTT > 5 were the
independent predictors of thrombotic events. DIC was
not detected in any patient. Helms et al.55 in a French
prospective study involving 150 critically ill COVID-19
patients reported thrombotic complications developed in
64 patients and majority of them had a pulmonary embo-
lism (16.7%) despite thromboprophylaxis. Patients with
COVID-ARDS develop significantly higher thrombotic
complications than non-COVID-ARDS (11.7% versus
2.1%, p value <0.008). Among 29 patients undergoing
renal replacement therapy, 28 (96.6%) developed circuit
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clotting, and three out of 12 patients requiring extracor-
poreal membrane oxygenator (ECMO) developed circuit
thrombotic occlusions. The authors reported the presence
of Lupus anticoagulant in 50 of 57 patients tested (87.7%).
None of the COVID-19-associated ARDS developed DIC.
Al-Samkari et al.56 retrospectively analysed the incidence
of thrombotic and haemostatic complications of 400 hos-
pitalized COVID-19 patients from the United States.
Radiographically confirmed VTE was 4.8% (95% CI: 2.9–
7.3), 3.1% in noncritically ill patients and 7.6% in criti-
cally ill patients. Overall incidence of VTE was 9.5%. All
patients were receiving standard-dose throm-
boprophylaxis. Arterial thrombosis was detected in 2.8%.
They also reported an overall bleeding rate of 4.8%, and it
was 7.6% among critically ill patients. Elevated D-dimer
(D-dimer > 2500 ng/ml) had an odds ratio of 6.79 for
thrombosis. Thrombosis was also associated with inflam-
matory markers.

Another striking complication of COVID-19 infection
is the occurrence of acute large vessel occlusion in
patients less than 50 years of age presenting with
ischaemic strokes. Among the five patients reported in
the case series by Oxley et al.,45 the youngest one was
33 years of age and the mean National Institute of Health
stroke scale (NIHSS) score was 17, suggestive of severe
large vessel stroke. In the Klok et al.46 series, out of
184 patients, 65 patients were diagnosed with PE, five
developed ischaemic strokes, and two patients had arte-
rial thrombosis. Beyrouti et al.57 published a case series
of six COVID-19 patients with ischaemic stroke with the
youngest patient of age 53 years. Most patients had severe
disease and various underlying comorbidities. They
reported the following distinct characteristics:

1. Large vessel occlusion in all patients and in three, it
involves multiple territories;

2. Ischaemic stroke developed in two patients despite on
thromboprophylaxis;

3. Majority of patients had a very high D-dimer level
(>7000 μg/L);

4. Concurrent VTE developed in two patients;
5. Majority developed ischaemic stroke 8–24 days after

symptoms onset, indicating a delayed onset of
COVID-19-associated stroke;

6. Concurrent venous thromboembolism may occur;
7. Positive lupus anticoagulant without a history of

antiphospholipid syndrome.

Annie et al.58 in database-based research from the
United States found a low incidence of stroke of 0.7%
among young patients ≤50 years of age; however,
patients who developed stroke had a grim prognosis.
In a systematic review, Wijeratne et al.59 observed that

patients with higher neutrophil–lymphocytes ratios on
admission had a shorter interval between infective
symptoms of COVID-19 and clinical manifestations of
ischaemic stroke. The prognosis was also poor as 75%
of patients with acute ischaemic stroke died or were
severely disabled. An ischaemic stroke usually
occurs 8–24 days after symptom onset but may also
occur in the early phase of the disease. The
mechanisms of ischaemic stroke in COVID-19 infection
are the hypercoagulable state, vasculitis, and
cardiomyopathy.60

Zhang et al.61 documented antiphospholipid anti-
bodies in three ICU patients with multiple hemispheric
infarcts. Antiphospholipid antibodies consist of lupus
anticoagulant (LA), anticardiolipin antibody, and anti-ß2
glycoprotein 1 antibody. They also reported concomitant
elevation of PT, aPTT, fibrinogen, D-dimer, and CRP.
Bowles et al.62 found LA in 31 of 34 (91%) COVID-19
patients who had an elevated aPTT; however, the
frequency of VTE was 6%. The significance of LA and
APLA in COVID needs further exploration.

2.1 | Microvascular thrombi

Two types of microthrombi have been reported in the lit-
erature: hyaline platelet-fibrin thrombi located in capil-
laries and arterioles and laminated fibrin clots seen in
preacinar and large intra-acinar arteries.63,64 Fox et al.65

performed autopsies on four decedents from New
Orleans, LA, and reported small vessel occlusion due to
fibrin-platelets accumulation and microangiopathy along
with haemorrhage. They also noted the absence of
thromboembolism in the pulmonary arteries at the
hilum. Microscopic examination also revealed CD61
+ megakaryocytes within alveolar capillaries, actively
producing platelets. In another autopsy series,
Ackermann et al.11 observed distinctive vascular changes
in COVID-19 pneumonia. They compared autopsy find-
ings of COVID-19 patients with lungs obtained on
autopsy from patients with ARDS secondary to influenza
A (H1N1) infection and age-matched, uninfected control
lungs. They reported a ninefold higher prevalence of
microthrombi and a twofold increase in angiogenesis
in COVOID-19 infection compared with influenza
infection (p value <0.001). There was also evidence of
endotheliitis. Similarly, Menter et al.66 published the
autopsy findings of COVID-19 patients from Switzerland
and noticed microthrombi of alveolar capillaries in 45%
of patients. Microvascular thrombi are not a unique fea-
ture in patients with COVID-19 infection and have been
observed in ARDS due to various causes. 64 Microvascu-
lar thrombosis in patients with COVID-19 infection may
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cause hypoxemic respiratory failure with preserved
compliance.

2.2 | COVID-19 coagulopathy versus
sepsis-induced disseminated intravascular
coagulation (DIC)

COVID-19-associated coagulopathy differs from the clas-
sical sepsis-induced DIC. Delabranche et al. proposed a
three-step model in the natural history of sepsis-induced
coagulopathy (SIC): adaptive haemostasis, thrombotic
DIC, and fibrinolytic DIC.67 Phase of adaptive
haemostasis is characterized by an increase in platelet
count, and fibrinogen production, shortening of PT and
activated partial thromboplastin time (aPTT). The inhibi-
tion of fibrinolysis by plasminogen activator inhibitor-1
(PAI-1) results in a low D-dimer level. The thrombotic
DIC phase is characterized by a prolonged clotting time
(PT and aPTT) with a high platelet and fibrinogen con-
sumption leading to a decrease in their levels. D-dimer is
also moderately increased. The stage of fibrinolytic DIC
shows very low levels of fibrinogen, platelets, a prolonged
PT and aPTT, and very high D-dimers. Microangiopathic
haemolytic anaemia may also be seen. Therefore, the
classical laboratory findings include reduced platelet
counts and fibrinogen levels, an increase in PT, aPTT,
and D-dimer levels. The COVID-19-associated
coagulopathy, in contrast, shows a more profound rise in
the D-dimer level. The PT and aPTT time remains either
normal or mildly elevated. The fibrinogen level is ele-
vated in COVID-19 infection unlike in sepsis-induced
DIC where the level is decreased. This is the reason why
thrombosis is more common in COVID-19 infection
rather than bleeding. The platelet count is usually normal
or there is mild thrombocytopenia. Huang et al.18

reported a platelet count of less than 100 � 109/L in only
5% of 41 hospitalized COVID-19 patients from China.
The absence of thrombocytopenia indicates that CAC is
not a consumptive coagulopathy unlike DIC. Another
reason for a lack of thrombocytopenia is
proinflammatory cytokines secreted in COVID-19
patients which increase platelet counts.68 Table 1 shows
the distinguishing features of disseminated intravascular
coagulation and COVID-19- associated coagulopathy.

3 | LABORATORY
INVESTIGATIONS

The ISTH recommends measurement of the following
parameters in decreasing order of importance: D-dimer,
PT, and platelet count in all patients presenting with

COVID-19 infection.69 Other parameters are aPTT, INR,
fibrin degradation products, and fibrinogen. The D-dimer
and fibrinogen if showing a rising trend should be moni-
tored on daily basis. Worsening of D-dimer indicates
severe disease and poor prognosis.

3.1 | Rotational thromboelastometry

There are various point-of-care (POC) coagulation moni-
toring devices that assess the viscoelastic properties of
whole blood, for example, thrombelastography (TEG®),
rotation thrombelastometry (ROTEM®), and Sonoclot®

analysis.70 This technique has the advantage of measur-
ing the clotting process, starting with fibrin formation
and continue through to clot retraction and fibrinolysis
at the bedside of the patients.71 Pavoni et al.72 in a
retrospectively-designed study analysed 40 critically ill
Italian patients by rotation thrombelastometry
(ROTEM®) on the day of admission, days 5 and 10. The
VTE was detected in 20% of patients. The whole blood
thromboelastometry showed evidence of hyp-
ercoagulability such as a shortened clotting time (CT),
shortened clot formation time (CFT), and increase in
maximum clot firmness (MCF). No evidence of secondary

TABL E 1 The distinguishing features of disseminated

intravascular coagulation and COVID-19-associated coagulopathy

Parameters DIC
COVID-19
coagulopathy

D-dimer Increased Profoundly increased

PT Frequently
Increased

Normal or increase

aPTT Frequently
Increased

Normal or increase

Platelet count Frequently
low

Normal,
thrombocytopenia
rare

Fibrinogen Decrease Increase initially, may
decrease in later
stage

Fibrin
degradation
products
(FDPs)

Increased Increased

Consumptive
coagulopathy

Seen Rare

vWF Increased increased

Antithrombin
(AT)

Decreased Increased

Outcome Bleeding Thrombosis

SARKAR ET AL. 1265



hyperfibrinolysis was seen. The hypercoagulable state
persists initially for the first 5 days. It starts decreasing
10 days later and does not return to the normal values.
Panigada et al.73 evaluated 24 severe COVID-19 patients
by thromboelastography and observed a hypercoagulable
state rather than DIC. There was a decrease in R (time to
fibrin formation) and K (time to 20-min clot) values and
increased K (speed to clot) angle and MA (clot strength).
The fibrinogen level and D-dimer levels are increased.

3.2 | Prevention and management of
COVID-19-associated coagulopathy

Anticoagulant therapy was associated with decreased
mortality in COVID-19 patients. In a retrospective study,
Tang et al.74 evaluated the effect of prophylactic anti-
coagulation on 28-day mortality in a cohort of
449 patients with severe COVID-19 infection, 99 patients
received prophylactic VTE anticoagulation for at least
7 days. Ninety-seven (22%) patients had an ISTH SIC
score of >4. Overall, they could not detect any difference
in 28-day mortality between heparin users and
nonheparin-treated patients. However, when stratified by
D-dimer level and SIC score, they observed 28-day mor-
tality benefit with heparin use only in patients with an
elevated D-dimer sixfold higher than ULN (32.8%
vs. 52.4%, p value 0.017) and SIC ≥ 4 (40.0% vs. 64.2%,
p value 0.029). Patients with a high D-dimer or meeting
SIC criteria (Table 2) have a better prognosis with anti-
coagulation therapy. However, the authors did not men-
tion the incidence of VTE. Yin et al.75 in a retrospective
study had shown a significant decrease in 28-day mortal-
ity in heparin users compared with nonusers when the
D-dimer level was more than six times the upper limit of
normal (>3.0 μg/ml) (32.8% vs. 52.4%, p = 0.017).
Paranjpe et al.76 evaluated the effect of in-hospital
treatment dose anticoagulation and survival in 2773

COVID-19 patients in New York and found benefit in a
subset of patients requiring intubation (n = 395). The in-
hospital mortality and median survival in the anticoagu-
lant group were 29.1% and 21 days as compared with
62.7% and 9 days, respectively, in those who did not
receive treatment dose anticoagulation. Major bleeding
has been reported in 3% of cases. This study also found
that the anticoagulated group required invasive mechani-
cal ventilation to a significantly high number. However,
the authors did not mention the rationale of anti-
coagulation therapy, so this is difficult to interpret.
Table 2 shows the ISTH-proposed SIC scoring.78 Heparin
has several other potential benefits that seem attractive
in the setting of COVID-19 infection. It has antivirals:
anti-inflammatory, endothelial protection activity.79

SARS-CoV-2 viral entry inside cells is mediated by bind-
ing of the viral spike protein to ACE2 receptors. Cell sur-
face heparan sulfate is one co-factor for viral entry.80

Heparin being a glycosaminoglycan similar to heparin
may bind with the spike protein and impair viral entry.

3.3 | Venous thromboembolism
prophylaxis

In patients with COVID-19-related acute illness who do
not have suspected or confirmed VTE, the American
Society of Hematology (ASH) 2021 recommends prophy-
lactic dose thromboprophylaxis over intermediate-
intensity or therapeutic-intensity thromboprophylaxis.81

ISTH interim guidance on recognition and management
of coagulopathy in COVID-19 also recommended throm-
boprophylaxis with low molecular weight heparin
(LMWH) in all hospitalized COVID-19 patients except in
the presence of active bleeding, platelet counts less than
25 � 109/L, or fibrinogen less than 0.5 g/L.69 The bleed-
ing risk should always be assessed routinely. In a retro-
spective analysis, Nadkarni et al.82 reported the following
major bleeding rates: 3.0% in patients on therapeutic anti-
coagulation, 1.7% in patients on prophylactic
anticoagulation compared with 1.9% in patients who
were not receiving any anticoagulation. Patients with a
contraindication to pharmacological prophylaxis should
receive mechanical thromboprophylaxis, for example,
intermittent pneumatic compression devices. However,
they should be regularly reassessed for switching over to
pharmacological prophylaxis. LMWH is preferred over
UFH as the latter requires frequent monitoring and
increasing healthcare staff contact with patients.
Alhazzani et al.83 in a systematic review and meta-
analysis that included seven trials with 7226 medical-
surgical ICU patients in 2013 observed that compared
with UFH, LMWH reduced the rates of pulmonary

TAB L E 2 The International Society of Thrombosis and

Haemostasis (ISTH) proposed “sepsis-induced coagulopathy” (SIC)
scoring77

Item Score Range

Platelet count (�109/L) 1 100–150

2 <100

PT-INR 1 1.2–1.4

2 >1.4

SOFA score 1 1

2 ≥2

Total score for SIC ≥4
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embolism (risk ratio, 0.62 [95% CI: 0.39, 1.00]; p = 0.05;
I = 53%) and symptomatic pulmonary embolism (risk
ratio, 0.58 [95% CI: 0.34, 0.97]; p = 0.04). However, there
was no significant differences in major bleeding and
DVT. Factors that may help in deciding the choice of
anticoagulants include availability, resources required,
familiarity, minimization of personal protective
equipment (PPE) use, renal function, a history of
heparin-induced thrombocytopenia, concerns about
gastrointestinal tract absorption, and drug–drug interac-
tions.81 Fondaparinux may be considered in patients with
a history of heparin-induced thrombocytopenia. Pharma-
cological thromboprophylaxis with heparin reduces
mortality in patients with SIC score >4 or D-dimer >6
times the ULN.74 Pharmacological thromboprophylaxis
for outpatients with COVOID-19 infection is not
routinely recommended; however, thromboprophylaxis
may be considered in patients with immobility, particu-
larly when other risks factors for VTE such as the history
of prior VTE or malignancy are present.84

3.4 | Hospitalized patients with severe
COVID-19

The incidence of VTE is particularly high in severe
COVID-19 patients, and the threshold for ordering inves-
tigation for VTE should be low, particularly in patients
with sudden, rapid deterioration in oxygen saturation
(unexplained), tachypnoea, unilateral leg symptoms, and
hypotension. Screening for DVT can be done by point of
care ultrasounds (POCUS) in the ICU.85 Patients with
COVID-19-related critical illness who do not have
suspected or confirmed VTE, the ASH 2021 guideline rec-
ommends prophylactic dose thromboprophylaxis over
intermediate-intensity or therapeutic-intensity throm-
boprophylaxis.81 The randomized, multicentric INSPIRA-
TION trial randomly assigned 600 people with critical
COVID-19 admitted in the ICU to receive intermediate-
dose (enoxaparin, 1 mg/kg daily) or standard-dose pro-
phylactic (enoxaparin, 40 mg daily). The intermediate-
dose prophylactic did not improve a composite outcome
of thrombosis, use of ECMO, or mortality within 30 days
(hazard ratio [HR] 1.06; 95% CI: 0.83 to 1.36).86 The
intermediate-dose cohort also had an increased, although
statistically nonsignificant trend towards bleeding. There-
fore, the routine use of intermediate-dose prophylactic is
not recommended. The preprint version of the three
randomized trials (REMAP-CAP, ACTIV-4a, ATTACC)
that included 1074 hospitalized patients with severe
COVID-19 reported that the therapeutic-dose anti-
coagulation did not improve the hospital survival com-
pared with the standard prophylactic dosing (64.3

vs. 65.3%, adjusted odds ratio [OR] 0.88; 95% CI: 0.67 to
1.16). The median organ support-free days were 3 days
(interquartile range �1, 16) and 5 days (interquartile
range �1, 16), respectively, in patients assigned to thera-
peutic anticoagulation versus usual care pharmacological
thromboprophylaxis (adjusted odds ratio 0.87, 95%
credible interval [CrI]: 0.70–1.08, posterior probability of
futility [odds ratio < 1.2] 99.8%). The major bleeding was
reported in 3.1% of patients on therapeutic dosing and
2.4% of those assigned to standard prophylaxis. The
difference was not statistically significance.87 Throm-
boprophylaxis should be given for the entire duration of
the hospital stay. Figure 2 shows the thromboprophylaxis
at various sites of care.

3.5 | Indications for therapeutic-dose
anticoagulation (e.g., enoxaparin 1 mg/kg
every 12 h)88–90

Therapeutic dose anticoagulation should only be used in
patients with proven VTE unless there is a contraindica-
tion to anticoagulation. Patients with strongly suspected
VTE in whom a standard computed tomography with
pulmonary angiography (CTPA) or ventilation/perfusion
(V/Q) scan is not feasible, the following may be sufficient
to initiate treatment:

1. Evidence of DVT (confirmed by POCUS);
2. Consider PE in the case of:

a. Sudden unexplained deterioration in respiratory status
(acute worsening of oxygenation, blood pressure,
tachycardia with chest imaging findings are not
consistent with worsening COVID-19 pneumonia or
fluid overload);

b. Marked increase/rising D-dimer from priors;

c. Point of care transthoracic echocardiography showing
presence of clot in transit in the main pulmonary
artery or intra-cardiac, evidence of acute, otherwise
unexplained right heart strain and high clinical
suspicious for PE;

d. Recurrent clotting of intravascular access devices
(arterial lines, central venous catheters) or extracorpo-
real circuits (continuous renal replacement therapy,
extracorporeal membrane oxygenation [ECMO])
despite prophylactic-intensity anticoagulation. The
intensity of anticoagulation may be increased after
assessment of individual patient’s bleeding risk;

e. Hospitalized COVID-19 patients who are already
receiving therapeutic anticoagulation with direct-
acting oral anticoagulant or warfarin (for atrial
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fibrillation, prosthetic heart valves and history of
previous VTE), therapeutic-dose enoxaparin should be
used.

3.6 | Standard prophylactic dose

Enoxaparin 40 mg subcutaneously once daily is given.
Patients with BMI > 40 should receive enoxaparin 40 mg
subcutaneously every 12 h.91 Patients with renal insuffi-
ciency should have their enoxaparin dose modified or
should receive UFH. Fondaparinux should be used
2.5 mg daily if creatinine clearance >50 ml/min and
1.5 mg daily if creatinine clearance is between 20 and
50 ml/min.92

3.7 | Intermediate-intensity
anticoagulation

Enoxaparin 40 mg subcutaneously every 12 h is given if
BMI < 40 or 0.5 mg/kg subcutaneously every 12 h should
be given especially if the patient is obese.

3.8 | High-intensity anticoagulation

Enoxaparin 1 mg/kg subcutaneously every 12 h is
administered when creatinine clearance above 30 ml/min.

if creatinine clearance is less than 30 ml/min, Enoxaparin
1 mg/kg subcutaneously once daily or IV UFH
should be given. Monitoring of UFH should be based
on anti-Xa assay as APTT level is often raised in
COVID-19.93

3.9 | Patients on chronic anticoagulation
therapy

Patients who are on chronic anticoagulation therapy
are at risk of contracting SARS-CoV-2 infection due to
frequent hospital visits. Their hospital visit due to peri-
odic INR testing should be minimized. The American
College of Chest Physicians’ guideline suggested that a
12-week INR testing interval may be appropriate.91

Other options would be to use portable coagulometers,
which the patient can use at home. Warfarin may also
be switched to a direct oral acting anticoagulant
(DOAC) except in patient with an antiphospholipid
syndrome or those who are on mechanical valve
prostheses, valvular atrial fibrillation, and breastfeeding
patients.92 Stable COVID-19 patients who are on a
DOAC may continue it but should switch if any sign of
progression of COVID-19 infection occurs. Stable
COVID-19 patients on warfarin should be considered
switching over to LMWH/UFH. Similarly, unstable
COVID-19 patients should be switched over to LMWH/
UFH for the better ability to monitor.

F I GURE 2 Thromboprophylaxis in COVID-19 patients at various sites of care

1268 SARKAR ET AL.



4 | DIAGNOSIS OF PE

Diagnosis of PE is difficult in COVID-19 patients due to
the issues of getting the radiological investigations as
shifting the patients outside the ICU for imaging is often
difficult and may contaminate the surroundings.93 As the
incidence of VTE is high in COVID-19, the clinical
threshold for ordering investigation should be low. A pre-
sumptive diagnosis of PE should be considered in
patients with sudden, unexplained hypoxemia, hypoten-
sion, tachycardia, tachypnoea, increasing A-a gradient,
increasing oxygen requirements disproportionate to the
radiological severity of pneumonia, and new right
ventricular strain on bedside echocardiography. The
European Society of Radiology and the European Society
of Thoracic Imaging94 suggested that if supplemental oxy-
gen is needed in patients with limited disease extension,
contrast-enhanced CT should be performed to rule out
PE. Therapeutic anticoagulation may be initiated even
with a presumptive diagnosis. The duration of anti-
coagulation in suspected or confirmed VTE cases should
be 3–6 months. Treatment of VTE should consider the
following factors: renal function and bleeding risk
(e.g., thrombocytopenia), drug–drug interactions, and the
issues with monitoring.

5 | OUTPATIENT
THROMBOPROPHYLAXIS

Gervaise et al.95 evaluated retrospectively evaluated
72 nonhospitalized COVID-19 patients who were referred
to the emergency department for CTPA and observed
acute PE in 18% of COVID-19 patients. Routine outpa-
tient prophylaxis is not recommended. However, there is
a possibility of potential benefits in patients with underly-
ing comorbidities or past/family history of VTE or
thrombophilia. However, future clinical trials will answer
this question.

5.1 | Extended thromboprophylaxis

Bajaj et al.96 in a systematic review and meta-analysis of
five trials including 40 247 patients hospitalized for acute
medical illness reported the beneficial effects of extended
postdischarge thromboprophylaxis by 4 to 6 weeks period
in reducing symptomatic or fatal VTE events. However,
there was an increased risk of major or fatal bleeding. In
another systematic review and meta-analysis, Chiasakul
et al.97 reported that extended prophylaxis significantly
decreased the risk of symptomatic VTE (RR = 0.52; 95%
CI: 0.36–0.76, I2 = 38%) but not VTE-related death

(RR = 0.80; 95% CI: 0.60–1.09, I2 = 0%). However, it
significantly increased the risk of major bleeding
(RR = 2.04; 95% CI, 1.42–2.91, I2 = 23%). An exploratory
analysis of Mariner study regarding the role of extended
duration rivaroxaban therapy of 10 mg once a day for
45 days among hospitalized medically ill patients showed
a 28% reduction in fatal and major thromboembolic
events without a significant increase in major bleeding
risk.98 Roberts et al.99 reported a postdischarge VTE rate
of 4.8 per 1000 discharges after 1877 discharges compared
with 3.1 per 1000 discharges in 2019 among non-COVID
patients (after 18 159 discharges) within 42 days after dis-
charge. The odds ratio for postdischarge VTE associated
with COVID-19 compared with control was 1.6 (95% CI:
0.77–3.1). Therefore, routine postdischarge prophylaxis is
not recommended in all patients with COVID-19.
However, all hospitalized COVID-19 patients should be
routinely screened for extended thromboprophylaxis.

The following criteria may be used to select a patient
for extended thromboprophylaxis

• Modified International Medical Prevention Registry on
Venous Thromboembolism (IMPROVE) VTE risk
score ≥4; or

• Modified IMPROVE VTE risk score ≥2 and D-dimer
level >2 times the upper limit of normal.100,101

Any decision to use postdischarge VTE prophylaxis
for patients with COVID-19 should include consideration
of the individual patient’s risk factors for VTE, including
reduced mobility, bleeding risks, and feasibility. Partici-
pation in clinical trials is also encouraged. Table 3 shows
the modified IMPROVE-VTE risk score.102

The following drugs may be used for extended
postdischarge prophylaxis.103,104

TABL E 3 Modified IMPROVE-VTE risk score102

VTE risk factor
VTE risk
score

Previous VTE 3

Known thrombophilia 2

Current lower limb paralysis or paresis 2

History of cancer excluding non-melanoma skin
cancer present at any time in the past 5 years
(cancer must be in remission to meet
eligibility criteria)

2

ICU/CCU stay 1

Complete immobilization ≥1 day 1

Age ≥60 years 1
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a. Rivaroxaban: 10 mg orally once daily for 31 to 39 days.
Dose modification: It should not be used with a creati-
nine clearance (CrCl) of <30 ml/min;

b. Betrixaban: 160 mg orally loading dose, followed by
80 mg once daily thereafter for 35 to 42 days. Dose
modification: if CrCl 15–29 ml/min, 80 mg orally
loading dose, followed by 40 mg once daily;

c. Enoxaparin 40 mg subcutaneously once a day. Dose
modification: if CrCl 15–29 ml/min, Enoxaparin 30 mg
subcutaneously once a day, if CrCl <15 ml/min, con-
sider other options.

The American College of Cardiology (ACC) suggested
extended thromboprophylaxis with LMWH or DOACs
for a maximum period of 45 days in case of high risk for
VTE such as D-dimer level of more than two times the
upper limit of normal or presence of active cancer and a
low risk of bleeding.

5.2 | Drug–drug interactions

LMWH, UFH, and Fondaparinux can be given safely
with other COVID-19 drugs as there are no proven
interactions. Moreover, the anti-inflammatory effects of
Heparin could have a potential benefit.105 Lopinavir–
ritonavir inhibits CYP3A4 and P-gp and increases
the blood level of direct Xa inhibitors such as
apixaban and rivaroxaban.106 Similarly, chloroquine/
hydroxychloroquine increases the blood level of direct Xa
inhibitors.

5.3 | Role of thrombolysis in patients
with COVID-19

Wang et al.107 in a small case series of three patients with
COVID-19-associated ARDS studied the role of tPA. The
tPA dose used was 25 mg given intravenously over 2 h
followed by a 25-mg tPA infusion over the subsequent
22 h. Anticoagulation therapy was withheld during tPA
infusion. All three patients showed an initial improve-
ment in PaO2/FiO2 ratio; however, the improvement was
durable in only one patient. There were no bleeding
events. Thrombolytic therapy has also been associated
with bleeding complications. There is currently no high-
quality evidence for thrombolysis in COVID-19 patients.
Therefore, thrombolytic should be used only in the fol-
lowing clinical conditions such as ST-elevation myocar-
dial infarction, acute ischaemic stroke, or high-risk
(massive) PE with haemodynamic compromise.93

5.4 | COVID-19 and heparin resistance

Heparin resistance is defined as the need for 35 000 units
of heparin (UFH)/day.77 Causes include antithrombin
deficiency, presence of heparin-binding proteins (platelet
factor4, histidine-rich glycoprotein, vitronectin, fibronec-
tin), and elevated factor VIII and fibrinogen, which affect
aPTT. White et al.108 reported heparin resistance in 80%
of ICU admitted COVID-19 patients and a suboptimal
peak anti-Xa following therapeutic anticoagulation in
100% patients where it was measured. Patients with hepa-
rin resistance should be monitored with anti-Xa rather
than aPTT. Dutt et al.109 evaluated anti-FXa activity in
hospitalized COVID-19 patients who were receiving
enoxaparin 40 mg once a day with normal creatinine
clearance and platelet counts. They compared the 4-h
postdose anti-FXa between the ward and ICU patients.
About 95% of ITU patients failed to achieve the target
anti-FXa activity (0.2–0.4 IU/ml) compared with 27% of
ward patients. This study suggests two things: first ITU
patients with COVID-19 required augmented pharmaco-
logical thromboprophylaxis. Second, anti-FXa-guided
LMWH dosing is important even in the ward patients as
approximately 30% showed suboptimal anti-FXa levels
with standard dosing. Monitoring inaccuracies regarding
measurement of anti-FXa and aPTT may occur in
patients with COVID-19 and severe illness. Elevated
fibrinogen and elevated factor FVIII falsely lower the
aPTT levels whereas hypertriglyceridemia increases anti-
FXa level and antiphospholipid antibodies increases
levels of both anti-FXa and aPTT.110

5.5 | Choice of agents

There is no study comparing various anticoagulant
agents in COVID-19 infection. However, data extrapo-
lated from the study done in patients with acute
medical illness had shown no benefit of direct oral
anticoagulant (DOACs) drugs over LMWH. Neumann
et al.111 in a systematic review reported that the use of
DOACs was not associated with a reduction in the risk
of PE or symptomatic DVT in comparison with
LMWH. Moreover, there was an increased risk of
major bleeding (RR 1.70; 95% CI: 1.02–2.82). The Chest
guideline recommends LMWH, Fondaparinux, or UFH
over the use of DOACs in acutely ill hospitalized
patients with COVID-19. In acutely ill hospitalized
patients with COVID-19, LMWH and Fondaparinux
should be preferred over UFH as it will prevent expo-
sure of HCWs.112,113
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5.6 | Conclusions

COVID-19 infection is associated with a higher incidence
of the thromboembolic phenomenon and the incidence is
particularly high in ICU patients. COVID-19-associated
coagulopathy is a predictor of poor outcome. All hospital-
ized COVID-19 patients should be advised pharmacologi-
cal thromboprophylaxis unless there is contraindication.
The role of intermediate to high dose throm-
boprophylaxis needs further well-designed study.
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