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S evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
causes the viral respiratory illness coronavirus disease 2019

(COVID-19). Up to 20% of these patients require hospital and
critical care resources because of hypoxemic respiratory failure,
which has overwhelmed healthcare systems.1,2 Coronavirus dis-
ease 2019 patients with severe acute lung injury (ALI) present in
a characteristic manner with 5 to 10 days of febrile illness and
viral respiratory tract symptoms and bilateral infiltrates on chest
radiography, followed by progressive hypoxemia with or with-
out respiratory distress.3,4 About 3% to 5% of patients develop
a rapidly evolving acute respiratory distress syndrome (ARDS),
like decompensation.2,4,5

Coronavirus disease 2019 patients are prone to coagulop-
athy, a broad term that defines any derangement of hemostasis
resulting in either excessive bleeding or clotting.6 In contrast
to patients with severe sepsis from other causes, disseminated in-
travascular coagulation (DIC), a consumptive coagulopathy of-
ten associated with bleeding, is uncommon with COVID-19.
Instead, most patients with COVID-19 have a hypercoagulable
state with elevated levels of fibrinogen, factor VIII, and von
Willebrand factor (vWF). These findings, together with high
levels of D-dimer levels, manifest clinically as thromboembolic
complications including deep vein thrombosis (DVT), pulmonary
embolism (PE), and ischemic stroke.7 The development of ALI
and associated hypoxemic respiratory failure in COVID-19
appear to be due to pulmonary microvascular thrombosis and
intra-alveolar fibrin deposits.8–10 The thromboinflammatory
response and microvascular thrombosis may provide important
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therapeutic targets to mitigate ALI.11 However, the specific
coagulation and fibrinolysis defects in COVID-19–associated
coagulopathy (CAC) are incompletely understood, and it re-
mains unclear why some patients progress toward ARDS.
This article focuses on (1) the mechanisms by which CAC
develops, (2) potential pathways through which CAC may con-
tribute to progressive lung injury, and (3) considerations for man-
agement of CAC depending on disease severity and the extent of
the coagulopathy.

BURDEN OF COAGULOPATHY IN COVID-19

Coronavirus disease 2019 causes a prothrombotic state
with macrovascular complications (stroke, DVT/PE), andmicro-
vascular thrombosis, potentially driving ALI and multiorgan fail-
ure. Bleeding is a rare complication. Venous thromboembolism was
found in 25%of a cohort of 81COVID-19 patients admitted to the in-
tensive care unit (ICU) in Wuhan where routine thromboprophylaxis
is rarely provided.12 Despite thromboprophylaxis, a study from
The Netherlands that included 184 patients with COVID-19 ad-
mitted to the ICU reported a 31% incidence of PE, DVT, ische-
mic stroke, or myocardial infarction.13 In a prospective cohort
study from France, thromboembolic events (including PE and
dialysis circuit clotting), occurred in 64 (43%) of 150 patients
with COVID-19 admitted to the ICU despite routine anticoagu-
lant thromboprophylaxis.14

The inflammatory and coagulopathic response in COVID-19
may be a central driver of lung injury. In a retrospective single-center
study of 1,008 patients with COVID-19 pneumonia in Wuhan,
the diagnosis of PE was confirmed in 10 (40%) of 25 patients
who underwent computed tomography pulmonary angiography
for suspected PE.15 Although all of the patients had elevated
levels of D-dimer, the mean D-dimer level was significantly
higher in those with confirmed PE than in those without PE.
In most cases, PE was multilobar and involved small distal seg-
mental or subsegmental arteries. Initial histopathologic studies
reveal thrombosis in the lung microvasculature with areas of dif-
fuse alveolar damage containing intra-alveolar fibrin deposits
with entrapped neutrophils possibly representing neutrophil ex-
tracellular traps (NETs).8–10,16 Autopsy results have shown that
a proportion of such patients have unsuspected DVT.10 Thus,
microvascular thrombosis from CAC may accelerate ALI and
hypoxemic respiratory failure.
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MECHANISM OF COVID-19–ASSOCIATED
COAGULOPATHY

The SARS-CoV-2 virus directly enters alveolar epithelial
cells via the angiotensin-converting enzyme 2 receptor (Fig. 1).17

Infected epithelial cells generate a dysregulated inflammatory
response cytokine storm,18 potentially causing hypercoagula-
bility via activation of multiple procoagulant pathways and
disruption of anticoagulant systems. It is well established that
sepsis and, in particular, pneumonia-induced ALI19 begin as an
inflammation-driven prothrombotic state (immunothrombosis),20

which drives multiorgan failure, ending with DIC in some pa-
tients.21 This acute phase is characterized by five primary insults
(reviewed in detail by Iba et al.21).

1. Coagulation activation is initiated by inflammatory responses
caused by recognition of pathogen-associated molecu-
lar patterns by pattern-recognizing receptors.22 These
induce the widespread release of proinflammatory cy-
tokines (interleukin [IL]-1, IL-6, tumor necrosis factor
α), thus increasing the expression of tissue factor and in-
ducing NETosis, which are processes that lead to coagula-
tion activation through the extrinsic and intrinsic pathways,
respectively.23,24

2. Endothelial cells also express angiotensin-converting en-
zyme 2 receptors, and viral infection of the vascular endo-
thelium may cause upregulation of tissue factor and vWF
expression, destruction of the endothelial glycocalyx, and
release of tissue plasminogen activator (tPA) and plasmino-
gen activator inhibitor 1 (PAI-1). The resultant disruption
of the antithrombotic phenotype of the endothelium may
be a major driver of CAC.

3. Platelets are activated by infectious agents, proinflammatory
cytokines, thrombin, and increased vWF expression.7,25,26

4. Endogenous anticoagulant systems become dysregulated via
mechanisms that include loss of endothelial glycocalyx with
reduced heparan sulfate catalysis of antithrombin and reduced
Figure 1. The SARS-CoV-2 viral infection–driven immunothrombosis
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protein C activation because of shedding of thrombomodulin
and endothelial protein C receptor.27

5. Fibrinolytic suppression occurs later in the course of infec-
tion because of increased PAI-1 release. Thus, early fibrino-
lysis driven by tPA released from damaged tissues causes the
elevation in D-dimer levels. Rebound suppression occurs
later via PAI-1 and is a harbinger to the end organ dysfunc-
tion observed in sepsis-induced DIC.28

High levels of proinflammatory cytokines such as IL-2,
IL-7, granulocyte-macrophage colony-stimulating factor, inter-
feron gamma-induced protein 10, monocyte chemoattractant
protein 1, macrophage inflammatory protein 1A, and tumor ne-
crosis factor α are found in COVID-19 patients.1 Severe disease
is characterized by a cytokine storm with uncontrolled innate in-
flammatory and adaptive immune responses.29 Biomarkers of
exhaustion are increased (NKG2A), and lymphopenia is common
with decreased numbers of CD4+, aswell as CD8+ T cells, B cells,
and natural killer cells.29 Acute phase biomarkers are increased,
demonstrated by an increase in fibrinogen, C-reactive protein,
ferritin, lactate dehydrogenase, IL-6, vWF, and factor VIII.3,30

The inflammatory response associated with the cytokine storm
triggers a procoagulant state11 with abnormal coagulation tests
including prolongation of the prothrombin time and, less fre-
quently, the activated partial thromboplastin time.6,31–33 How-
ever, D-dimer has emerged as the biomarker most closely
correlated with disease severity, progression, and mortality.34

COVID-19–ASSOCIATEDCOAGULOPATHYANDALI

The overwhelming pathology in COVID-19 is hypoxemic
respiratory failure from an ARDS-like process. In ARDS, inflam-
matory airspace disease leads to diffuse destruction of alveoli,
increased capillary permeability, and development of alveolar
edema.35 This results in decreased lung compliance and pulmo-
nary shunting, causing hypoxemia, ventilatory failure, and right
heart failure. The mainstay of treatment is supportive ventilation
with low tidal volumes and pulmonary pressures.35
.
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In early COVID-19 pneumonia, the traditional ARDS criteria
may not be fully applicable.36,37 Most patients with COVID-19
pneumonia have normal respiratory compliance. Some reports
suggest that early traditional ARDS-type ventilator support may
worsen ALI in COVID-19.36 In contrast to the pathology of typical
ARDS, histopathology suggests that alveolar capillaries have primar-
ilymicrovascular thrombosis, with colocalized neutrophils and fibrin
deposits, possibly including NETosis.8,11,24 A subset of patients
with severe COVID-19–related lung injury shows few signs of
fibroproliferative changes characteristic of classic ARDS.38

An Italian intensive care group suggested that COVID-19
pneumonia and ALI predominantly present as “Type L,” compli-
ant lungs with hypoxemia explained by decreased perfusion
from hypoxic vasoconstriction.36 As ALI proceeds, there is a
transition to “Type H” fitting the traditional features of ARDS—
noncompliant lungs with fibroproliferative changes.35 The pro-
gression from ALI to traditional ARDS may be driven by the
inflammatory coagulopathy. Like the changes reported in severe
influenza pneumonia-driven ARDS, the inflammatory stormwith
subsequent triggering of systemic thrombosis, fibrinolysis resis-
tance, and loss of anticoagulant mechanisms may be a hallmark
of COVID-19.19 Therefore, early identification and management
of coagulopathy may prevent the progression of hypoxemic respi-
ratory disease in COVID-19.

EMERGING MANAGEMENT PARADIGMS AND
CONSIDERATIONS FOR EMERGENCY

DEPARTMENT AND ACUTE CARE MANAGEMENT

The Role of Anticoagulation
If thromboinflammation is the driving factor for the devel-

opment of ARDS, early anticoagulant administration may reduce
disease progression and save lives. In critically ill COVID-19 pa-
tients, the incidence of thromboembolic disease may be as high as
40% despite routine thromboprophylaxis, suggesting the need to
evaluate therapeutic anticoagulation in this population.14 The
most robust predictor of death has been an elevatedD-dimer level.
In an early retrospective cohort of 191 patients from two Wuhan
hospitals, D-dimer levels more than 1,000 μg/L (approximately
two times the upper limit of normal in most laboratories) were as-
sociated with an odds ratio of 18 for mortality.3 The D-dimer level
begins to increase more than 1,000 μg/L 5 to 10 days into the
course of the disease, possibly coinciding with the development
of hypoxemic respiratory failure.3 In critically ill patients where
D-dimer levels were greater than 3,000 μg/L, prophylactic antico-
agulationwas associatedwith a 20% reduction inmortality.39 Fur-
thermore, in a retrospective cohort of 2,773 patients in a single
center, the use of full dose systemic anticoagulation reduced mor-
tality in patients requiring mechanical ventilation.40

Guidance from the International Society on Thrombosis
and Hemostasis (ISTH) suggests early risk stratification for ad-
mission and thromboprophylaxis for patients with COVID-19
including determination of D-dimer and fibrinogen levels as well
as the prothrombin time and platelet count.41 The American So-
ciety of Hematology,42 American College of Cardiology,43 and,
more recently, the ISTH Scientific and Standardization Committee
on Perioperative, Critical Care on Thrombosis and Haemostasis44

have also published anticoagulation guidance documents. Al-
though there is no single or group of parameters that can guide
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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the need for hospital admission or anticoagulation, COVID-19
patients are now known to be at high risk for thromboembolism.
The ISTH DIC scores are low in COVID-19 patients. However,
the sepsis-induced coagulopathy (SIC) score may be helpful to
identify patients at risk for progression to DIC21 and could be used
to identify those requiring high-intensity care and those who might
be candidates for intensified anticoagulant thromboprophylaxis.

Because of the high baseline prevalence of venous throm-
boembolism in COVID-19 patients admitted to hospital, recent
interim guidance documents have suggested venous thrombo-
embolism (VTE) risk assessment for all patients with COVID-19
admitted to the hospital and administration of prophylactic doses
of heparin or low molecular weight heparin to those without con-
traindications.43 Initiation of thromboprophylaxis could be expedited
by incorporating thromboprophylaxis into emergency department
order sets for COVID-19 patients referred for hospital admission.
In critically ill patients, consideration could be given to intensified
anticoagulation therapy, although the benefits or risks of such
an approach are unknown. Vigilance and early investigation and
treatment of macrothrombotic complications are recommended.44

Stable patients who are considered well enough for dis-
charge home from the emergency department are less likely to
have ongoing thromboinflammation. There have been no studies
reporting the use of parameters such as D-dimer to predict out-
comes in such patients, and the incidence of VTE is unknown.
Presently, no risk stratification tools exist to identify patients
who would benefit from thromboprophylaxis at home. Home
thromboprophylaxis would also be complicated by either the
need for injectable low-molecular weight heparin (LMWH) or
concerns regarding potential drug interactions between direct oral
anticoagulants and azithromycin (P-gp inhibition) or investiga-
tional antiviral medications (such as lopinavir/ritonavir).43 At the
current time, we believe that it is preferable to advise return to the
emergency department in the case of worsening pneumonia symp-
toms to facilitate hospital admission and thromboprophylaxis. There
are insufficient data to suggest thromboprophylaxis for outpatients or
for postdischarge patients with COVID-19. However, guidance from
the American College of Cardiology recommends considering ex-
tended prophylaxis (up to 45 days) for discharged COVID-19 pa-
tients at increased risk of VTE (immobility, medical comorbidities
such as cancer, and persistently elevated D-dimer levels).43,44

Risk Stratification Based on Coagulopathy
In an interim guide from ISTH, Thachil et al.41 suggest

early risk stratification for admission and thromboprophylaxis
based on D-dimer, prothrombin time, platelet count, and fibrin-
ogen level. Because of the insensitivity and lack of rapidly avail-
able measures of fibrinolysis, viscoelastic testing may be helpful
for rapid stratification of COVID-19 patients based on hyper-
coagulability because these tests may be completed in an hour.
Viscoelastic testing, including thromboelastography and rota-
tional thromboelastometry have been of benefit for predicting
organ failure45 and DIC in patients with sepsis.46 Viscoelastic
testing is now being investigated for predicting hypercoagula-
bility in COVID-19 patients. From two studies in critically ill
COVID-19 ICU patients in Italy, these patients appear to be
hypercoagulable.7,30

Early prognostication using the ISTH SIC score may prevent
progression toward overt DIC. The ISTH Scientific Standardization
e179
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Committee has proposed a new category of SIC that encom-
passes the acute phase of infection to identify earlier therapeutic
points that may prevent progression toward fulminant DIC.21

Nonsurvivors go on to develop overtDIC,with up to 71%of patients
meeting the ISTH diagnostic criteria for overt-DIC (≥5 points) in the
later stages of infection.31 In the 183-patient series, only 1 person
whomet the criteria for DIC survived. Understanding the timing
and association of coagulation parameters in the course of
COVID-19 infection may yield important markers for earlier
treatment of thrombosis to lower the burden of critical illness.40

Salvage and Experimental Therapies for the
Critically Ill

There have been promising animal and phase I studies
looking at the role of thrombolysis in ALI.47–49 Fibrinolytic
treatment of microvascular thrombosis in COVID-19 ARDS
may emerge as a salvage therapy because of ALI-induced clot
formation and fibrinolysis suppression.50 One group has proposed
low-dose tPA salvage therapy for patients with COVID-19 ARDS
who fail to oxygenate despite ventilator support and prone-positioning
and are not candidates for extracorporeal membrane oxygenation
(ECMO). In three such patients, tPA administration resulted in
improved oxygenation.51 A phase IIa study evaluating the effi-
cacy and safety of intravenous tPA is underway (NCT04357730).

Directly targeting immunothrombosis through degradation
of excess NETs from neutrophils is reviewed by Barnes et al.24

Acute respiratory distress syndrome and microthromboses are
linked to NETopathies, and drugs inhibiting NET formation have
been investigated in clinical trials.52 A recombinant inhaled DNase
I (dornase alfa) has been shown to dissolve NETs and clear mucus
in the airways of CF patients.53

Recombinant activated protein C (aPC; drotrecogin α) was
briefly approved as a therapy for sepsis but was withdrawn from
the market because of concerns about bleeding and lack of mor-
tality reduction.54,55 Subgroup analyses of trials supporting the
use of aPC in severe sepsis suggest that patients with severe
ARDS from pneumonia had a mortality benefit,56 which may be
a promising lead for its use in COVID-19 pneumonia. A recombi-
nant aPC variant with normal EPCR and PAR1 signaling and low
anticoagulant activity has been developed and reduces mortality in
animal models of sepsis.57 Soluble thrombomodulin has received
support for sepsis-induced DIC in Japan and, unlike aPC, may
have a lower potential for bleeding due to thrombomodulin's
antifibrinolytic activity.58,59

SUMMARY

Coronavirus disease 2019–associated coagulopathy is emerg-
ing as a potential target for intervention in SARS-CoV-2–related
illness. Many questions remain in the targeting of inflammation,
coagulation, and fibrinolysis in these patients.
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