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Severe acute respiratory syndromecoronavirus 2 (SARS-CoV-2)
infection is associatedwith arterial and venous thrombotic compli-
cations. In a US registry of patients with coronavirus disease 2019
(COVID-19), thrombotic complicationsoccurred in2.6%of229non–

critically ill hospitalized pa-
tients and in 35.3% of 170 hos-
pitalized critically ill patients.1

The risk of thromboembolism in SARS-CoV-2 infection in nonhos-
pitalized patients is unknown. Thrombotic complications include
myocardial infarction (MI), ischemic stroke, and venous thrombo-
embolism (VTE). Autopsy findings of microthrombi in multiple or-
gan systems, including the lungs, heart, and kidneys, suggest that
thrombosismaycontribute tomultisystemorgandysfunction in se-
vere COVID-19.2

Although the pathophysiology is not fully defined, prothrom-
botic abnormalities have been identified in patients with COVID-
19. In a study of 19 critically ill patientswith COVID-19, elevated lev-
els of the following markers of hypercoagulability were identified:
D-dimer in 100%of participants, fibrinogen in 74%of participants,
and factor VIII in 100%of participants.3 Antiphospholipid antibod-
ies were detected in 53%of participants, and decreased protein C,
proteinS, andantithrombin levelsweredetected inall participants.3

Coagulation abnormalities were associatedwith stroke, peripheral
arterial ischemia, and VTE.3 A study of 115 patients with COVID-19
(71 with nonsevere and 44 with severe disease) documented the
presence of SARS-CoV-2 RNA in platelets and high platelet-
associated cytokine levels.4 In this study, platelet aggregation oc-
curred at lower than expected thrombin concentrations.4Histopa-
thology from38autopsiesofpatientswithCOVID-19demonstrated
microvascular thrombi, neutrophil extracellular traps (networks of
extracellular neutrophil-derived DNA), and neutrophil-platelet
aggregates.5 Invitro assaysperformedonperipheral bloodsamples
in3patientswithCOVID-19documentedexcessiveplateletandneu-
trophil activation, assessedbydegranulationand integrin IIb-IIIa ac-
tivation and immunofluorescence, compared with samples from 5
healthy control patients.5

Direct viral infection of endothelial cells with dense perivascu-
lar T-cell infiltration along with aberrant macrophage activation,
endothelial and inflammatory cell death, thromboticmicroangiopa-
thy, and angiogenesis further distinguish COVID-19 histopathologi-
cally from other respiratory viruses.6 The pathophysiology of
thromboembolism in COVID-19 compared with non–COVID-19 dis-
orders may be more platelet-dependent and related to viral-
mediated endothelial inflammation, in addition to hypercoagulabil-
ity associated with increased concentrations of coagulation factors,
acquired antiphospholipid antibodies, and decreased concentra-
tions of endogenous anticoagulant proteins.

More severe systemic inflammation and respiratory compro-
mise inCOVID-19 are associatedwith ahigher prevalenceof throm-
boticcomplications.Among388patientshospitalizedwithCOVID-19

(16% were critically ill), despite low-molecular-weight heparin
(LMWH)thromboprophylaxis inall patients in the intensivecareunit
and in 75% of those not in intensive care, symptomatic VTE oc-
curred in 4.4%of patients, ischemic stroke in 2.5%, andMI in 1.1%.7

The extent towhich SARS-CoV-2 increases the risk of thrombo-
embolismisunclear.AUK-basedstudyof 1877hospitaldischarges re-
lated to COVID-19 and 18 159 related to non–COVID-19 medical ill-
ness did not differ in rates of hospital-associated VTE (4.8/1000 vs
3.1/1000; odds ratio, 1.6 [95% CI, 0.77-3.1]; P = .20).8 The high rate
of VTE in COVID-19 may be less specific to the virus and predomi-
nantly due to the overall illness severity and complications.

Althoughmultiple trials testing interventions toprevent throm-
boticcomplications inCOVID-19areunderway,currentclinicalguide-
lineshavereliedonpreviousstudiesofVTEprophylaxis inacutenon–
COVID-19 medical illness. Pending completion of ongoing trials,
guidelines forCOVID-19arederived fromrecommendations inmedi-
cally ill populations (Table). Whether these guidelines are optimal
for COVID-19–related thrombosis remains unclear. Guidelines from
the American College of Chest Physicians (ACCP) suggest prophy-
laxis with LMWH or fondaparinux instead of unfractionated hepa-
rin or direct oral anticoagulants (DOACs) for all hospitalized pa-
tients with COVID-19 in the absence of contraindications, such as
active bleeding.9 Once-daily injectable LMWH, 40 mg, and
fondaparinux, 2.5mg, are preferred to unfractionated heparin (2-3
times per day), because the former options limit clinician exposure
to infected patients. These drugs are preferred to DOACs because
of drug-drug interactions with antiviral agents. Although double-
dose or therapeutic-dose LMWHs have been proposed, given the
high VTE incidence despite standard thromboprophylaxis in criti-
cally ill patients with COVID-19, the ACCP suggests standard-dose
LWMH based on the absence of clinical trial data.9 Guidance from
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Table. Current Guideline Recommendations for Venous
Thromboembolism Prevention in Hospitalized Patients
With Coronavirus Disease 2019

Patient/setting

Recommendation
American College of
Chest Physicians

International Society on
Thrombosis and Hemostasis

Critically ill Prophylactic-dose
LMWH

Prophylactic-dose LMWH;
half–therapeutic-dose
LMWH can be considered if
patient is high risk

Non–critically ill Prophylactic-dose
LMWH or fondaparinux

Prophylactic-dose LMWH

After discharge Extended prophylaxis
not recommended

LMWH/DOAC for up to 30 d
can be considered if high
thrombosis risk and low
bleeding risk

Nonhospitalized Routine prophylaxis not
recommended

Routine prophylaxis not
recommended

Abbreviations: DOAC, direct oral anticoagulant; LMWH, low-molecular-weight
heparin.
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the International SocietyonThrombosis andHemostasis (ISTH)sug-
gests that half–therapeutic-doseLMWH(1mg/kgdaily) canbe con-
sidered forprophylaxis inhigh-riskpatientswithCOVID-19, and that
a 50% higher dose be considered in patients with obesity; how-
ever, optimal prophylactic therapy remains unclear.10 Full-dose an-
tithrombotic therapy as prophylaxis for high-risk patients with
COVID-19 is being evaluated in clinical trials (eTable in the Supple-
ment). Although the pathophysiology of thromboembolism in
COVID-19 involves platelet hyperreactivity, evaluation of antiplate-
let therapy for prophylaxis is ongoing.

The riskofVTEpersists afterdischarge inhigh-riskpatientshos-
pitalized for COVID-19.10 However, the ACCP does not recommend
postdischarge thromboprophylaxis.9 In contrast, the ISTH recom-
mends postdischarge thromboprophylaxis with LMWH or a DOAC
for all high-risk hospitalizedpatientswithCOVID-19whohavea low
riskof bleeding.10High-risk features inCOVID-19 includeolder than
65years, critical illness, cancer, priorVTE, thrombophilia, severe im-
mobility,andelevatedD-dimer (>2timestheupper limitofnormal).10

The ISTH suggests a duration of 14 to 30 days for postdischarge
thromboprophylaxis, although optimal duration remains unclear.

Thromboprophylaxis for patients who do not require hospitaliza-
tion is not currently recommended.

Diagnosis of thromboembolic complications, such as pulmo-
nary embolism and MI, should use methods validated for patients
without COVID-19. Given no evidence of benefit, surveillance ultra-
sonography for VTE is not recommended.9,10 Patients with
COVID-19 diagnosed with arterial or venous thrombosis should be
treated according to guidelines, recognizing the practical advan-
tages of LMWH in the inpatient setting and of DOACs in the outpa-
tient setting.10 At this time, neither the ISTH nor ACCP recommend
measuring D-dimer to screen for VTE or for determining intensity
of prophylaxis or treatment.9,10

Conclusions
Arterial and venous thrombosis are common inCOVID-19, especially
incritically ill patients.Thromboprophylaxis shouldbeconsidered for
all hospitalized patientswith COVID-19 in the absence of contraindi-
cations.Ongoing investigationwilldetermineoptimalpreventiveregi-
mens inCOVID-19 inthe intensivecareunit, athospitaldischarge,and
in nonhospitalized patients at high-risk for thrombosis.
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