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A B S T R A C T

COVID-19-associated coagulopathy (CAC) is a feature of COVID-19 that can lead to various thrombotic com-
plications and death. In this review, we briefly highlight possible etiologies, including direct cytotoxicity
caused by the SARS-CoV-2 virus, and the activation of proinflammatory molecules such as cytokines, under-
lying coagulopathy. Endothelial dysfunction has been highlighted as pivotal, irrespective of the mechanism
involved in CAC. Specific features of CAC distinguishing it from disseminated intravascular coagulopathy and
sepsis or ARDS-associated coagulopathy have been discussed. We have also highlighted some hematological
parameters, such as elevated D-dimers and partial prothrombin and prothrombin times prolongation, which
can guide the use of anticoagulation in critically ill patients. We conclude by highlighting the importance of
prophylactic anticoagulation in all COVID-19 hospitalized patients and reiterate the need for institution-spe-
cific guidelines for anticoagulation COVID-19 patients since individual institutions have different patient
populations.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

The Coronavirus disease-19 (COVID-19) caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has since
reached pandemic proportions after first reported in Wuhan, China.1

The number of deaths has surpassed 2,000,000 worldwide with more
than 400,000 reported in the USA alone, and unfortunately, this num-
ber is projected to increase. The case-fatality rate for COVID-19
depends on many factors and ranges from 0.3 deaths per 1000 cases
to 304.9 deaths per 1000 cases in patients aged 5�17 years and
�85 years in the US, respectively. The case fatality is as high as 40% in
ICU hospitalized patients.2,3

The SARS-CoV-2 virus is known to cause clinical symptoms of vary-
ing severity, ranging from common flu-like symptoms to death, espe-
cially in the elderly and in patients with comorbidities. However, recent
data have shown increased vulnerability of the young and healthy to
the virus. A major factor contributing to the difficulty managing COVID-
19 is the multifaceted nature of its presentation at different stages.4 One
such presentation/complication is COVID-19-associated coagulopathy
leading to thrombosis, multi-organ damage, and death. Therefore, it is
imperative to have a clear understanding of the mechanisms of COVID-
19-associated coagulopathy. Herein, we discuss current knowledge on
this topic, including hematologic parameters associated with COVID-19-
associated coagulopathy and current guidelines on the use of anticoagu-
lation therapy in affected patients.
Pathogenesis of intravascular coagulation in COVID-19

One of the concerning features of COVID-19 is coagulopathy lead-
ing to intravascular coagulation thought to be a major contributing
factor to mortality. Direct evidence of microvascular thrombosis in
COVID-19 patients has been demonstrated in autopsied cadavers.5

The documented characteristic features of COVID-19-associated coa-
gulopathy include elevated D-dimer, fibrinogen, and platelet counts,
and prolongation of prothrombin time all promoting a prothrombotic
state that favors venous thromboembolism observed in critically ill
patients, irrespective of pharmacological thromboprophylaxis.6,7

Although the detailed mechanism of COVID-19-associated coagulop-
athy has not been fully elucidated, the current school of thought
implicates endothelial dysfunction as crucial. It has been established
that SARS-CoV-2 infection induces a proinflammatory state leading
to the activation of proinflammatory molecules including cytokines
such as IL-6, IL-1b, IL-2, IL-4, tumor necrosis factor-alpha (TNF-a),
interferon-gamma (IFN-g), granulocyte-colony stimulating factor, as
well as C-reactive protein (CRP), and D-dimer. The changes in proin-
flammatory cytokines in the early stages of the infection differ from
those observed in other viral and bacterial infections and seem to
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correlate with the severity of the disease; however, as the disease
progresses, the cytokine profile becomes more like that seen in
ARD.8,9 The alterations in inflammatory parameters further promote
a pro-inflammatory state with numerous proinflammatory cells in
the circulatory system perpetuating endothelial damage and platelet
activation leading to aberrant activation of coagulation (Fig. 1). Also,
this proinflammatory hyperproteinemic state induced by SARS-CoV-
2 may lead to a COVID-19-associated hyper-viscous state thought to
be an important link between inflammation and coagulopathy in crit-
ically ill COVID-19 patients.10

The direct cytotoxic effects of the SARS-CoV-2 virus on endothelial
cells represent another mechanism by which the virus can promote
endotheliopathy and coagulopathy. This mechanism is supported by
the detection of viral inclusions in endothelial cells from autopsied
specimens of COVID-19 patients�vascular endothelial cells express
the ACE2 receptor and ACE2 is expressed on the surface of the SARS-
CoV-2 virus.11,12 Further, Goshua et al. showed that the levels of von
Willebrand factor (VWF) antigen, soluble P-selectin, and factor VIII
activity, were significantly elevated in laboratory-confirmed COVID-
19 patients admitted to the intensive care unit (ICU), further
highlighting a state of endothelial activation/damage during infec-
tion.13 Of note, mortality was also significantly correlated with the
levels of VWF antigen and soluble thrombomodulin in all patients.

Parameters associated with thrombosis in patients with COVID-19

Because dysfunctional activation of coagulation plays a critical
role in the etiology of COVID-19, identifying parameters associated
with such aberrant activation is critical in mitigating disease course.
Using the Padua prediction score, Wang et al. evaluated the risk for
venous thromboembolism (VTE) in COVID-19 patients and found
that of the 1026 patients included in their study, those with a high
score (i.e., Padua score of �4) were more likely to be admitted to the
ICU, to be mechanically ventilated, and to die of COVID-19 or its com-
plications, such as VTE.14 Of note, when compared with low-risk
Fig. 1. Mechanisms involved in aberrant coagulation in COVID-19
SARS-CoV-2 enters host cells via interaction of its spike protein with the ACE2 receptor o

to activation of the coagulation cascade. EC damage and thromboinflammation can also be ca
cosity, promoted by SARS-CoV-2 which causes inhibition of IFN signaling, while simultane
(Right).

SARS-CoV-2; severe acute respiratory syndrome coronavirus 2, EC; endothelial cells, IFN
ulating factor, CRP; c-reactive protein.
patients and after adjusting for age, those at a high risk of VTE had
abnormal levels of aspartate aminotransferase (ASP), alanine amino-
transferase, and C-reactive protein as seen in earlier results from
Wuhan, China demonstrating elevated ASP in COVID-19.15

Studies showing hematological parameters associated with an
increased risk for coagulopathy and widespread arterial and venous
thrombosis have been done. Tang et al. retrospectively analyzed data
from 183 COVID-19 patients and found that in the non-survivors, who
constituted 11.5% of their study population, significantly higher D-
dimer and fibrin degradation product (FDP) levels, longer prothrombin
time (PT), and activated partial thromboplastin (APTTT) time were
noted, when compared with survivors. Interestingly, >70% of non-sur-
vivors met criteria for disseminated intravascular coagulopathy (DIC),
with only <1% of their surviving counterparts meeting the same crite-
ria.16 Cui et al. also reported significant longer APTT and higher
D�dimer concentrations in severe COVID-19 cases and further noted
that when a 1.5 mg/mL D-dimer cut-off value for predicting VTE was
implemented in their cohort, the sensitivity, specificity, and the nega-
tive predictive value was 85.0%, 88.5%, and 94.7%, respectively.17 Sev-
eral other studies have shown D-dimer levels, fibrinogen levels, and
APTT, as good indices for identifying patients at high-risk for VTE and
in predicting disease severity.18,19 These studies, therefore, implicate
dysregulated coagulation as an essential aspect in the evolution of
COVID-19 since it is associated with both disease severity and mortal-
ity. Therefore, earlier stratification of patients, based on these parame-
ters, can be critical in decreasing mortality.

A recent study by Lioa et al. of 380 COVID-19 patients showed that
thrombocytopenia (i.e., a platelet count <100 £ 109 cells/L), pro-
longed prothrombin time (i.e., >16 s), and increased D-dimer levels
were significantly higher in those with critical disease and associated
with increased mortality. Significantly higher levels of fibrin degrada-
tion products were associated with disease severity as well and,
interestingly, death was associated with an increased neutrophil to
lymphocyte ratio (i.e., a ratio �9).18 Other hematological parameters
not directly linked to the coagulation cascade have been associated
n the surface of ECs (left). This entry can cause direct virus-mediated EC damage leading
used by the hyperinflammatory state, characterized by hyperproteinemia and hypervis-
ously promoting the production of proinflammatory cytokines such as IL-6 and TNFa

; interferon, IL; interleukin, TNF;tumor necrosis factor, G-CSF; granulocyte colony-stim-
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with disease severity and mortality in COVID-19 patients and these
parameters, in addition to the ones discussed above, have been sum-
marized in table 1.

It is important to highlight that the coagulopathy observed in
COVID-19 is different from classic DIC seen in bacterial sepsis. The
most common pattern of COVID-19-associated coagulopathy in mild
to moderate cases is characterized by elevated fibrinogen and D-
dimer levels along with the rise in parameters of inflammation such
as CRP. The prolongation of the aPTT and/or PT is only minimal, and
thrombocytopenia is mild with platelet counts of about 100 £ 109/L.
In critically ill COVID-19 patients, coagulopathy is characterized by
moderate to severe thrombocytopenia, i.e., platelet count <50 £ 109/
L, prolongation of the PT and aPTT, higher levels of D-dimer, and
fibrinogen < 1.0 g/L, resembling overt DIC. It has been recently sug-
gested that the prolongation of aPTT is caused by the presence of
lupus anti-coagulant after one study found that of 35 patients with
prolonged aPTT on admission, more than 90% were positive for lupus
anticoagulant, the presence of which, if persistent, can be associated
with a thrombotic tendency within the antiphospholipid syndrome.20

Current anticoagulation guidelines for COVID-19 patients

Since the initial report from Wuhan suggested that elevated D-
dimers and prolonged PT were among the baseline features of critically
ill COVID-19 patients,15 the actual burden of VTE complications in
these patients has been confirmed, and the current incidence is
between 16 and 49% in ICU admitted COVID-19 patients.21,22 Current
evidence, seen on autopsied lung specimens, indicate microvascular
thrombosis as a contributor to hypoxemic respiratory failure in
COVID-19 patients.5 Thus, therapeutic anticoagulation is expected to
positively impact outcomes in COVID-19 patients. However, the bene-
fit of therapeutic anticoagulation is currently controversial based on
the retrospective and cross-sectional studies that have been carried
out.23,24 While awaiting concrete data from randomized controlled tri-
als to support changes in current practice, current guidelines support
anticoagulating critically ill COVID-19 patients. Whether critically ill
COVID-19 patients should receive therapeutic anticoagulation in the
absence of confirmed VTE remains unknown at large.

Current general guidelines for managing coagulopathy in COVID-
19 patients have been set forth by leading societies in the field, such
as the American society of hematology (ASH), International Society of
Thrombosis and Haemostasis (ISTH), and the American College of
Cardiology.25�27 Per the current recommendations, prophylactic
dose LMWH is recommended for all hospitalized COVID-19 patients
Table 1
Hematologic parameters associated with COVID-19 coagulopathy.

Parameters Association Reference

� Prolonged PT
� Prolonged APTT
� Increased D-dimer

Disease severity, mortality 18

� Neutrophilia Organ dysfunction and mortality 42
� Thrombocytopenia

(<100 £ 109 cells/L)
Severity and mortality 18

� Decreased lymphocytes
� Decreased eosinophils

Severity and mortality 18

� Elevated neutrophil:lympho-
cyte ratio (�9)

Mortality 18

� FDPs Disease severity, mortality 6,18
� Anticardiolipin IgA antibodies
� Anti-b2-glycoprotein IgA IgG
� Antiphospholipid
� Lupus anticoagulant,
� vWF activity
� Elevated vWF antigen
� Elevated FVIII

Unknown association 20, 36, 43

PT; prothrombin time: APTT; activated partial thromboplastin time: FDPs; fibrinogen
degradation products: vWF; vonWillebrand Factor.
in the absence of active bleeding or except when the platelet count is
< 25 £ 109/L or fibrinogen levels is < 0.5 g/L. Per these guidelines,
abnormal PT or aPTT is not a contraindication for pharmacological
thromboprophylaxis, and when pharmacological thromboprophy-
laxis is contraindicated, mechanical thromboprophylaxis should
always be used. These guidelines are based on evidence that
markedly elevated D�dimer levels are associated with increased
mortality in COVID�19 patients, and that multi�organ failure is
more likely in septic patients who develop coagulopathy; therefore,
inhibiting thrombin generation may reduce mortality.28,29 Besides,
LMWH is known to have anti�inflammatory properties which could
provide added benefit to COVID patients who have marked elevation
of pro�inflammatory cytokines.15,25,30,31

The current guidelines endorsed by these societies are general,
leaving room for modifications to meet the needs of specific institu-
tions. For example, specifics on when and how often D-dimers should
be measured are institution-specific. However, when patients pres-
ent to the emergency department or outpatient clinic, obtaining a
baseline D-dimer level is considered appropriate and studies have
established that a cut off value of >1 mg/mL can stratify patients at
higher risk of poor outcomes.17 For institution-specific guidelines,
the reader is directed to the websites of different institutions such as
the Brigham and Women’s Hospital, Massachusetts General Hospital,
and the University of Washington to access the most recent up to
date protocols and guidelines.32�34

Though the benefits of anticoagulating COVID-19 patients still need
validation via randomized clinical trials, promising outcomes have
already been documented in small scale studies such as that by Tang
et al.35 However, as demonstrated by another study, prophylactic anti-
coagulation can be insufficient in most COVID-19 patients with ARDS,
suggesting that therapeutic doses may be needed.36 Randomized clini-
cal trials to compare the efficacy and safety of high versus low LMWH
dosages in hospitalized patients with severe COVID-19 pneumonia
and coagulopathy are ongoing.37 Such studies, in addition to ongoing
ones interrogating the use of other treatment modalities such as con-
valescent plasma, ramdesevir, and dexamethasone will shed more
light on how COVID-19 coagulopathy can be better managed.38�43

In conclusion, COVID-19 represents a hypercoagulable state that
contributes to increased mortality. The pathways causing aberrant
coagulation in COVID-19 involve a complex interplay of multiple
pathways. Clinical trials are ongoing to fully elucidate these path-
ways, determine optimal doses of anticoagulation therapies, and
study other treatment modalities. In the meantime, general guide-
lines for anticoagulation have been put in place by societies such as
ASH and ISTH, with modifications to suit the needs of specific institu-
tions encouraged.
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