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The emergence of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) in China in December 2019 has led to an
ongoing global pandemicwithmore than 8.5million cases and
460,000 deaths worldwide.1 Early reports fromWuhan, China,
where the pandemic is believed to have originated, highlighted
abnormal coagulation studies in patients, including elevated
levels of D-dimer and fibrinogen, prolonged prothrombin time
(PT), and mild thrombocytopenia.2–4 Severe coronavirus dis-
ease-2019 (COVID-19) is associatedwithpulmonarymicrovas-
cular thrombosis, and arterial and venous thromboembolism
that has been termedCOVID-associated coagulopathy (CAC).5,6

The pathophysiology of CAC is incompletely understood, but
includes upregulation of proinflammatory cytokines that pro-
mote immunothrombosis and endothelial dysfunction leading
to widespread micro- and macrovascular thrombosis.7–10

These thromboembolic events are particularly prevalent in
critically ill patients (35–45%), evenwhencomparedwithother
critically ill patients with non-COVID-19 diagnoses (5–15%).11

Although initial reports from China included patients who
were not on thromboprophylaxis, the use of heparin throm-
boprophylaxis was shown to decrease mortality, especially in
subsets of patients with higher D-dimer levels.12,13 Further-
more, studies from Europe have demonstrated high venous
thromboembolism (VTE) rates despite the use of pharmaco-
logic thromboprophylaxis.5

Given the concern for the heightened thrombotic risk and
the contribution of the ensuing hypercoagulable state to the
considerablemorbidity andmortality of severe COVID-19, the
role of anticoagulation beyond standard thromboprophylaxis
for hospitalized medical patients has been raised. Currently,
several drugs targeting the thromboinflammatory pathway in
COVID-19 patients are under investigation, including paren-
teral and oral antithrombotics, antiplatelet, and fibrinolytic
agents.14

Notably, several clinical trials are currently underway to
examine the role of higher than standard dose thrombopro-
phylaxis and even therapeutic intensity anticoagulation pro-
phylaxis in patients with COVID-19 (e.g., NCT04359277,
NCT04345848, and NCT04344756). However, in the absence
of randomized clinical trial data, numerous professional soci-
eties have published interim consensus recommendations to
guide clinicians based on expert consensus and observational
data (►Table 1).15–20 These documents universally recom-
mend standard prophylactic doses of low molecular weight
heparin (LMWH) or subcutaneous unfractionated heparin
(UFH) for all hospitalized patients with COVID-19. In addition,
monitoring of coagulation parameters, including platelet
count, PT, D-dimer, and fibrinogen, are encouraged. The
American Society of Hematology guidelines published in
May 2020 specifies that therapeutic anticoagulation is not
required unless documented indications such as VTE or atrial
fibrillation are present.17 A notable specified exception is� Both authors contributed equally.
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Table 1 Current societal guidance

Source Recommendation Date Published

International Society
on Thrombosis and
Haemostasis18

Monitor: Platelet count, PT, D-dimer and fibrinogen March 25, 2020

Prophylactic LMWH should be considered in all patients who require hospitalization for
COVID-19 infection unless contraindicated (active bleeding, platelet< 25� 109/L; moni-
toring advised in severe renal impairment)

American Society of
Hematology17

Monitor: Platelet count, PT/aPTT, D-dimer, and fibrinogen May 18, 2020

Prophylactic dose LMWH is recommended for all hospitalized COVID-19 patients despite
abnormal coagulation tests in the absence of active bleeding, and held only if plate-
let< 25� 109/L, or fibrinogen less than 0.5 g/L
Therapeutic anticoagulation is not required unless VTE or atrial fibrillation is documented
Empiric therapeutic anticoagulation may be considered in the following cases when
imaging cannot be performed: intubated patients who develop sudden clinical and
laboratory findings highly consistent with PE, patients with physical findings of thrombosis
(i.e., superficial thrombophlebitis, cyanosis, thrombosis of dialysis filters/catheters/tub-
ing), or patients with respiratory failure with very high D-dimer and fibrinogen and in which
other causes have not been identified
All patients with COVID-19 who are started on empiric therapeutic anticoagulation for
presumed or documented PE should be given a minimum course of 3 months of the
therapeutic regimen
It is reasonable to consider extended thromboprophylaxis after discharge using a regula-
tory-approved regimen (e.g., betrixaban 160 mg on day 1 followed by 80 mg once daily for
35–42 days or rivaroxaban 10 mg daily for 31–39 days). Any decision to use postdischarge
thromboprophylaxis should consider the individual patient’s VTE risk factors, including
reduced mobility and bleeding risk as well as feasibility
The use of LMWH or UFH in hospitalized critically ill patients should be considered because
of the shorter half-life and fewer drug–drug interactions compared with direct oral
anticoagulants and potential antiviral therapies

American College
of Cardiology16

For hospitalized patients with COVID-19 and not in DIC or in suspected/confirmed DIC but
not overtly bleeding, prophylactic doses of anticoagulation can be administered to prevent
VTEwith enoxaparin 40mg daily or similar LMWH regimen (e.g., dalteparin 5000 U daily), or
UFH 5000 U SC BID or TID for renal dysfunction. There is insufficient data to consider routine
therapeutic or intermediate-dose parenteral anticoagulation with UFH or LMWH
For patients with moderate or severe COVID-19 and an indication for dual antiplatelet
therapy (e.g., PCI within the past 3 months or recent myocardial infarction) and with
suspected/confirmed DIC without overt bleeding, in the absence of evidence, decisions for
antiplatelet therapy need to be individualized. In general, it is reasonable to continue dual
antiplatelet therapy if platelet> 50,000, reduce to single antiplatelet therapy if
25,000< platelet< 50,000, and discontinue if platelet< 25,000
For patients with presentations concerning for STEMI and COVID-19, clinicians should
weigh the risks and severity of STEMI presentation with that of potential COVID-19 severity
in the patient, as well as risk of COVID-19 to the individual clinicians and to the health care
system at large to inform decisions on primary percutaneous coronary intervention or
fibrinolytic therapy
Special attention should be also given to drug–drug interactions between antiplatelet
agents or anticoagulants, i.e., DOAC, and COVID-19 investigational therapies
Pharmacological prophylaxis for up to 45 days postdischarge should be considered if there
is elevated risk for thrombotic events (prior VTE, active cancer, major cardiopulmonary
disease) without high bleeding risk

April 15, 2020

World Health
Organization19

Use pharmacological prophylaxis (LMWH [preferred if available] or heparin 5000 U SC BID)
in adolescents and adults without contraindications. For those with contraindications, use
mechanical prophylaxis (intermittent pneumatic compression devices)

March 13, 2020

National Institutes
of Health26

Monitor: In nonhospitalized patients with COVID-19, there are currently no data to support
the measurement of coagulation markers (e.g., D-dimers, prothrombin time, platelet
count, fibrinogen)
In hospitalized patients with COVID-19, hematologic and coagulation parameters are
commonly measured, although there are currently insufficient data to recommend for or
against using this data to guide management decisions

May 12, 2020

Patients who are receiving anticoagulant or antiplatelet therapies for underlying conditions
should continue these medications if they receive a diagnosis of COVID-19
Any time anticoagulant or antiplatelet therapy is being used consideration must be given to
potential drug–drug interactions with other concomitant drugs.
Venous thromboembolism prophylaxis and screening:
Hospitalized adults with COVID-19 should receive VTE prophylaxis per the standard of care
for other hospitalized adults
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presumed VTE, such as acute respiratory decompensation in
intubated patients with clinical and laboratory findings that
are suggestive of VTE, when radiographic confirmation is not
feasible. Epidemiologic data are currently lacking for postdi-
scharge rates of VTE in COVID-19 patients, although factors
including the hypercoaguable state of COVID-19, comorbid-
ities, advanced age, and prolonged hospitalization may put
these patients at higher risk.21 Of note, three of the existing
guidelines recommend postdischarge thromboprophylaxis
(►Table 1).16,17,20

Until more evidence-based guidelines for thromboprophy-
laxis are available, individualmedical institutions have created
their own institutional algorithms, presumably based on local
individual expertise and consensus, as well as interim profes-
sional society and governmental recommendations.21,22 To
assess the alignment of these institutional recommendations
with published guidance from national and international pro-
fessional societies and health authorities, we obtained local
writtenalgorithms from15 largeU.S. institutionsacross 11U.S.
states (►Table 2). Written treatment algorithms from these

Table 1 (Continued)

Source Recommendation Date Published

LMWH or UFHmay be preferred in hospitalized, critically ill patients because of their shorter
half-lives, ability to be administered intravenously or subcutaneously, and fewer drug–drug
interactions compared with oral anticoagulants
There are currently insufficient data to recommend for or against the use of thrombolytics
or increasing anticoagulant doses for VTE prophylaxis in hospitalized COVID-19 patients
outside the setting of a clinical trial
Patients with COVID-19 who experience an incident thromboembolic event or who are
highly suspected to have thromboembolic disease at a time when imaging is not possible
should be managed with therapeutic doses of anticoagulant therapy as per the standard of
care for patients without COVID-19
Patients with COVID-19 who require extracorporeal membrane oxygenation or continuous
renal replacement therapy or who have thrombosis of catheters or extracorporeal filters
should be treated with antithrombotic therapy per the standard institutional protocols for
those without COVID-19
Hospitalized patients with COVID-19 should not routinely be discharged on VTE prophy-
laxis, however, using Food and Drug Administration-approved regimens, extended VTE
prophylaxis can be considered in patients who are at low risk for bleeding and high risk for
VTE as per protocols for patients without COVID-19

Spanish Society
of Cardiology15

Monitor: It is proposed to monitor the proinflammatory and hemostatic parameters every
24–48 hours including C-reactive protein, D-dimer, IL-6, ferritin, and absolute lymphocyte
count

April 22, 2020

Prophylactic LMWH (enoxaparin 40 mg/24 h or bemiparin 3500 U/24 h) should be
considered in all patients who require hospitalization for COVID-19 infection unless
contraindicated (active bleeding, platelet< 20� 109/L), with weight-adjusted doses for
patients with a body mass index> 35 or renal impairment
If the patient does not have refractory respiratory insufficiency (PaO2/FiO2< 200 or SaO2/
FiO2< 300), does not have a high risk of thromboembolism (determined by 2 ormore of the
following proinflammatory parameters, CRP> 15, D-dimer> 3� ULN, IL-6> 40, ferri-
tin> 1000, and/or lymphocytopenia< 800) and does not have a history of prior VTE or
ischemic vascular disease, prophylactic LMWH should be used
If the patient has refractory respiratory insufficiency but does not have high risk features
(criteria noted above), intermediate dose LMWH (enoxaparin 1 mg/kg/24 h or bemiparin
5000 U/24 h) is recommended
If the patient has refractory respiratory insufficiency and high-risk features (criteria noted
above) or a high suspicion for VTE, high-dose LMWH (enoxaparin 1mg/kg/12 h or bemiparin
175 U/kg/24 h) is recommended
If the diagnosis of VTE is established, LMWH should be administered at therapeutic doses
Hospitalized patients who are receiving anticoagulant therapies for underlying conditions
should continue these medications if stable and do not meet criteria for severe disease or
may be transitioned to LMWH if they receive a diagnosis of COVID-19 (with adjustments for
renal insufficiency)
It is considered prudent to prolong the use of LMWH in prophylactic doses for 7–10 days
after discharge
In patients with an acute STEMI, even though primary angioplasty is the preferred
reperfusion strategy, fibrinolysis can be considered for infected patients with a poor clinical
situation that makes transfer difficult or who have a low bleeding risk and symptoms of
evolution< 3 hours
If it is considered essential to use any of the antiviral treatments that interact with
clopidogrel or ticagrelor, then it would be reasonable to prescribe prasugrel

Abbreviations: aPTT, activated partial thromboplastin time; BID, two times a day; COVID-19, coronavirus disease-2019; CRP, C-reactive protein; DIC,
disseminated intravascular coagulation; DOAC, direct oral anticoagulant; IL, interleukin; LMWH, low molecular weight heparin; PCI, percutaneous
coronary intervention; PE, pulmonary embolism; PT, prothrombin time; STEMI, ST-elevation myocardial infarction; TID, three times a day; UFH,
unfractionated heparin; ULN, upper limit of normal; VTE, venous thromboembolism.
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institutions were obtained by searching publicly available
online algorithms or via a unique educational initiative, “He-
matology and Oncology Inter-Institutional Collaborative Vid-
eoconferencingLearning,” thatbrings togetherhematologyand
oncology fellowship trainees, faculty, and program leadership
from these 15 institutions to share important updates and
institutional best practices at the participating institutions.

Of the 15 centers, 4 institutional algorithms (Massachu-
setts General Hospital, Moffit Cancer Center/University of
South Florida, University of Alabama, and Vanderbilt
University Medical Center) are generally consistent with
evidence-based thromboprophylaxis recommendations in
non-COVID-19 populations, that is, enoxaparin 40mg sub-
cutaneous daily (with adjustments for body mass index or
renal insufficiency). Numerous laboratory and clinical
parameters are recommended to risk-stratify hospitalized
COVID-19 patients into intermediate or higher risk. Eight of
the 15 institutions recommend using D-dimer thresholds to
risk-stratify hospitalized COVID-19 patients into intermedi-
ate or higher risk, with different cutoffs recommended. For
such “higher risk populations,” anticoagulation strategies
vary across the institutions. In 8 centers, use of an “interme-
diate” dose of LMWH (0.4–0.6mg/kg two times daily) is
advised for this population. An additional 4 institutions
advise full-dose anticoagulation with heparins (LMWH or
UFH, three institutions) or direct oral anticoagulants
(DOACs) (apixaban, one institution). Although bleeding has
not been raised as a major concern in hospitalized patients
with COVID-19, one institution (University of Michigan)
recommends using clinical prediction rules to estimate a
patient’s thrombotic (Wells score) and bleeding (VTE-BLEED
score) risks to guide individualized decisions regarding
empiric use of high-dose or therapeutic anticoagulation.
Almost all algorithms agree that for situations with a high
clinical suspicion for VTE without confirmatory imaging,
therapeutic anticoagulation with LMWH, UFH, or DOAC is
recommended. One institution (Beth Israel Deaconess Medi-
cal Center), mentions consideration of empiric fibrinolysis
for salvage therapy in severe and persistent hypoxia. Extend-
ed-duration thromboprophylaxis following hospitalization,
especially in critically ill patients, has been shown to be
effective in reducing VTE incidence in certain high-risk
populations23,24; however, data specifically for COVID-19
patients are not yet available.25 Notably, among the 15
institutional protocols presented here, 8 include guidance
on postdischarge outpatient thromboprophylaxis, recom-
mending LMWH or DOACs for 1 to 3 months in selected
higher risk subgroups.

The COVID-19 pandemic has pressurized themedical com-
munity to make medical decisions and recommendations
based on limited anecdotal, observational, and in some cases,
a complete absence of evidence.26 The observed increased risk
for VTE has led institutional experts across the world and
North America to create a variety of algorithms to guide
anticoagulant use in this population, extrapolating from gen-
eral experience from other subsets of patients with VTE. Here,
we have collated guidelines from 15 U.S. institutions to: (1)
allow comparison of similarities and differences in practice

recommendations; (2) allow critical analysis of advantages
and disadvantages of strategies proposed; and (3) allow other
institutions both in the United States and abroad to strategize
theirpreferredapproachwhileawaitingmore robustevidence.
The wide disparity in institutional recommendations high-
lights the existing equipoise regarding antithrombotic man-
agement inpatientswith COVID-19, the lackof a true standard
of care, and the need for data from robust, randomized
prospective clinical trials to guide clinical practice.
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