
Henry Ford Health Henry Ford Health 

Henry Ford Health Scholarly Commons Henry Ford Health Scholarly Commons 

Hospital Medicine Articles Hospital Medicine 

5-17-2022 

Thromboembolic prevention and anticoagulant therapy during the Thromboembolic prevention and anticoagulant therapy during the 

COVID-19 pandemic: updated clinical guidance from the COVID-19 pandemic: updated clinical guidance from the 

anticoagulation forum anticoagulation forum 

Geoffrey D. Barnes 

Allison Burnett 

Arthur Allen 

Jack Ansell 

Marilyn Blumenstein 

See next page for additional authors 

Follow this and additional works at: https://scholarlycommons.henryford.com/hospitalmedicine_articles 

Recommended Citation Recommended Citation 
Barnes GD, Burnett A, Allen A, Ansell J, Blumenstein M, Clark NP, Crowther M, Dager WE, Deitelzweig SB, 
Ellsworth S, Garcia D, Kaatz S, Raffini L, Rajasekhar A, Beek AV, and Minichiello T. Thromboembolic 
prevention and anticoagulant therapy during the COVID-19 pandemic: updated clinical guidance from the 
anticoagulation forum. J Thromb Thrombolysis 2022: 1-14. 

This Article is brought to you for free and open access by the Hospital Medicine at Henry Ford Health Scholarly 
Commons. It has been accepted for inclusion in Hospital Medicine Articles by an authorized administrator of Henry 
Ford Health Scholarly Commons. 

https://scholarlycommons.henryford.com/
https://scholarlycommons.henryford.com/hospitalmedicine_articles
https://scholarlycommons.henryford.com/hospitalmedicine
https://scholarlycommons.henryford.com/hospitalmedicine_articles?utm_source=scholarlycommons.henryford.com%2Fhospitalmedicine_articles%2F68&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors Authors 
Geoffrey D. Barnes, Allison Burnett, Arthur Allen, Jack Ansell, Marilyn Blumenstein, Nathan P. Clark, Mark 
Crowther, William E. Dager, Steven B. Deitelzweig, Stacy Ellsworth, David Garcia, Scott Kaatz, Leslie Raffini, 
Anita Rajasekhar, Andrea Van Beek, and Tracy Minichiello 

This article is available at Henry Ford Health Scholarly Commons: https://scholarlycommons.henryford.com/
hospitalmedicine_articles/68 

https://scholarlycommons.henryford.com/hospitalmedicine_articles/68
https://scholarlycommons.henryford.com/hospitalmedicine_articles/68


1 3

Journal of Thrombosis and Thrombolysis
https://doi.org/10.1007/s11239-022-02643-3

numerous expert guidance documents were published 
addressing the intensity of thromboprophylaxis in the hospi-
tal and non-hospital setting, the role of biomarkers to guide 
antithrombotic therapy, and best practices for minimizing 
COVID-19 exposure for patients on chronic anticoagulant 

Introduction and background

Early in the coronavirus disease 2019 (COVID-19) pan-
demic, thrombosis was identified as a key associated com-
plication. Without the benefit of high-quality evidence, 
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Abstract
Thromboembolism is a common and deadly consequence of COVID-19 infection for hospitalized patients. Based on clini-
cal evidence pre-dating the COVID-19 pandemic and early observational reports, expert consensus and guidance docu-
ments have strongly encouraged the use of prophylactic anticoagulation for patients hospitalized for COVID-19 infection. 
More recently, multiple clinical trials and larger observational studies have provided evidence for tailoring the approach 
to thromboprophylaxis for patients with COVID-19. This document provides updated guidance for the use of anticoagu-
lant therapies in patients with COVID-19 from the Anticoagulation Forum, the leading North American organization of 
anticoagulation providers. We discuss ambulatory, in-hospital, and post-hospital thromboprophylaxis strategies as well as 
provide guidance for patients with thrombotic conditions who are considering COVID-19 vaccination.
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Clinical Area Recommendation
Adult patients
Thromboem-
bolic Prevention 
- Ambulatory

We recommend against any specific antithrombotic preventative therapy for ambulatory (non-hospitalized) adult patients 
with mild COVID-19 infection who have no other indication for antithrombotic therapy.
We recommend patients on antithrombotic therapy prior to diagnosis of COVID-19 continue their antithrombotic therapy 
unless a significantly elevated risk of bleeding has developed

Thromboembolic 
Prevention – Hos-
pitalized (all)

We recommend that all patients hospitalized with COVID-19 receive at least standard dose thromboprophylaxis.
We suggest that non-heparin anticoagulants (i.e., direct oral anticoagulants) be avoided when therapeutic intensity throm-
boprophylaxis is utilized.
We recommend that “intermediate” intensity thromboprophylaxis and/or antiplatelet agents only be used in the setting of 
a clinical trial for hospitalized patients with COVID-19.
We suggest that adult patients admitted to the hospital for COVID-19 remain on the intensity of VTE thromboprophylaxis 
that was initiated at hospital admission as long as their bleeding risk is not significantly elevated.
In patients admitted to the hospital for indications other than COVID-19 but incidentally found to have COVID-19 infec-
tion, we recommend standard dose thromboprophylaxis with LMWH or UFH unless specific contraindications exist.
We suggest that the use of adjunctive therapies (i.e., statins, antiplatelets) only be used in the setting of a clinical trial.

Thromboembolic 
Prevention – 
Hospitalized (non-
critically ill)

We suggest that clinicians consider the use of therapeutic intensity LMWH or UFH thromboprophylaxis for non-critically 
ill patients at increased risk of disease progression or thromboembolism and who are not high risk for anticoagulant-
related bleeding (Table 2).

Thromboem-
bolic Prevention 
– Hospitalized 
(critically ill)

We recommend that adult patients who are critically ill at the time of hospitalization receive standard dose thrombopro-
phylaxis instead of intermediate- or therapeutic intensity thromboprophylaxis.

Thromboem-
bolic Prevention 
– Post-hospital

We recommend that clinicians not routinely use post-hospital thromboprophylaxis after discharge following hospital-
ization for COVID 19 for all patients, including those who may have received therapeutic intensity anticoagulation for 
thromboprophylaxis.
We suggest post-hospital thromboprophylaxis with rivaroxaban 10 mg daily for 35 days following a hospitalization for 
COVID-19 may be considered in select patients at increased risk of thromboembolism (e.g., IMPROVE VTE score ≥ 4 
or score 2–3 with elevated D-dimer) and not at increased risk of bleeding regardless of the intensity of their inpatient 
thromboprophylaxis.
We recommend clear documentation and communication of indication and intended duration of post-hospital thrombo-
prophylaxis to providers and next care settings to avoid unnecessarily prolonged exposure to anticoagulation.

VTE Treatment We recommend that most patients who are diagnosed with VTE while hospitalized for COVID-19 receive anticoagulation 
for a minimum of three to six months, in accordance with recent guidelines for VTE with a transient provoking risk factor.
We suggest a finite course of anticoagulation (e.g., 3–6 months) rather than continuing anticoagulation long-term for sec-
ondary prevention in most patients with COVID-19 associated VTE. The duration should be a minimum of three months 
and defined by the presence or absence of persistent risk factors and the patients’ return to their baseline functional status.

COVID-19 
Vaccination

We recommend that all patients with a history of thromboembolism, thrombophilia, or current use of anticoagulation be 
offered and encouraged to receive COVID-19 vaccination.
We recommend that anticoagulation not be withheld for vaccine administration.
If a patient currently uses anticoagulant therapy, we recommend that pressure be held at the site of vaccine administration 
for 5 min to minimize any risk of injection-related bleeding.
We recommend that standard warfarin monitoring schedules not be altered in relation to vaccine administration for most 
patients. Individual patients experiencing significant symptoms, such as fever or dietary disruption, should contact their 
prescriber to determine if additional INR follow up is warranted.

Pediatric patients
We suggest that clinicians consider thromboprophylaxis with twice daily LMWH (e.g., enoxaparin 0.5 mg/kg BID) 
targeted to an anti-Xa activity level of 0.2 to < 0.5 IU/ml (in combination with mechanical prophylaxis when feasible) in 
pediatric patients hospitalized with acute COVID-19 or MIS-C and one or more additional risk factors associated with 
hospital-acquired VTE (e.g., central venous catheter, age > 12 years, immobility, mechanical ventilation, history of VTE, 
obesity, active malignancy, etc.) OR markedly elevated D-dimer, as long as the patient is not high risk for bleeding.
We recommend against thromboprophylaxis in hospitalized children who are incidentally found to have asymptomatic 
SARS-CoV-2 in the absence of other VTE risk factors that would normally merit prophylaxis.
Because of very limited published evidence, we suggest that post-discharge thromboprophylaxis be considered on a case-
by-case basis in highly select pediatric patient with multiple ongoing risk factors.

Obstetric patients

Table 1 Summary of Guidance Recommendations
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greater than any potential thromboembolism risk following 
vaccination.[8] A past history of venous thromboembolism 
and enhanced risk for venous thromboemboli do not consti-
tute a rationale for not being vaccinated.

Methods

As with previous Anticoagulation Forum guidance docu-
ments, we prioritized a set of key questions and/or clinical 
practice areas relevant to thrombosis prevention and treat-
ment among patients at risk for or diagnosed with COVID-
19. These questions and clinical practice topics were selected 
through discussion and consensus among the authors as 
well as by members of the Anticoagulation Forum through 
an online survey (Table 1). We searched PubMed to identify 
evidence related to these questions. This search was supple-
mented by articles from the authors’ files and manual review 
of references. For each question or topic area, a summary of 
the evidence is provided, followed by guidance representing 
consensus of the authors.

Guidance statements with strong evidence-base or broad 
expert consensus are described using the term “recom-
mend.” Statements with less strong evidence or less con-
sensus are described using “suggest.” As with all clinical 

therapy.[1–4] These documents were based largely on indi-
rect evidence from non-COVID patients and relied on expert 
opinion. Since then, evidence in the prevention and treatment 
of COVID-19 has emerged. Clinical trials have addressed 
vaccine efficacy and safety, the role of steroids and the 
utility of numerous anti-viral therapies. Understanding of 
pathophysiologic mechanisms of thrombosis in COVID-19 
has evolved, with recognition that patients may be at risk for 
both macrothrombotic events (e.g., deep venous thrombo-
sis, pulmonary embolism) and immunothrombosis in situ. It 
has been proposed that anticoagulants may have pleiotropic 
antiviral and anti-inflammatory effects, in addition to throm-
boembolism prevention in hospitalized COVID-19 patients.
[5–7] In light of the emerging evidence, we provide updated 
guidance for key areas of thromboembolism prevention and 
treatment for patients with COVID-19 (Table 1).

COVID-19 vaccination dramatically reduces the risk 
of severe infection, and therefore also greatly reduces the 
risk of infection-associated thrombosis. Patients with prior 
venous thromboembolism (VTE) may be leery of vaccina-
tion due to concerns that the immunization will increase the 
risk of thrombosis. Providers should educate patients about 
the thrombotic risk associated with COVID-19 infection and 
emphasize that COVID-19 itself is likely to greatly accen-
tuate their risk of thromboembolism orders of magnitude 

Clinical Area Recommendation
We recommend against routine thromboprophylaxis for pregnant women found to be COVID-19 positive and not requir-
ing admission to the hospital. Patients should be encouraged to stay hydrated and ambulate at home.
For pregnant women requiring hospitalization for COVID-19, we recommend use of thromboprophylaxis in accordance 
with existing obstetric guidelines for non-COVID-19 positive women. Readers are referred to those population-specific 
resources for thromboprophylaxis dosing recommendations that take into consideration trimester, as well as ante- and 
post-partum needs.
For pregnant women already receiving anticoagulant prophylaxis or treatment prior to hospital admission for COVID-19, 
we recommend continuing those therapies during admission and beyond if indicated.
We suggest against routine post-discharge prophylaxis for COVID-19 positive obstetric patients unless they otherwise 
meet criteria for extended obstetric prophylaxis for non-COVID populations.

Other Special Populations
Long-term Care 
Facilities

We suggest that patients who reside in long-term care settings who are ill enough with COVID-19 to be considered for 
hospital admission but remain in the long-term care facility be offered standard intensity thromboprophylaxis (Table 3) for 
up to 10–14 days only if this aligns with their goals of care.

Patients with 
Thrombophilia

We recommend that all adult patients with a known thrombophilia receive at least standard intensity thromboprophylaxis 
when hospitalized for COVID-19, unless already on chronic therapeutic-intensity anticoagulation for the thrombophilia.

Patients with antico-
agulation use prior 
to hospitalization

We recommend that patients who are admitted to the hospital for COVID-19 infection be assessed for the use of ongoing 
outpatient anticoagulation.
We recommend that the outpatient anticoagulation regimen be continued during the hospitalization for COVID-19 unless 
there are conditions that will preclude safe use (e.g., acute renal failure, anticipated invasive procedures, significant drug-
drug interactions). Therapeutic or prophylactic UFH or LMWH may be substituted according to the clinical scenario. Dos-
ing intensity of UFH or LMWH should take into consideration the underlying non-COVID indication for anticoagulation 
as well as COVID-related thromboprophylaxis needs as described in the above recommendations.
We recommend that patients who were receiving reduced dose or very low dose anticoagulation (i.e., rivaroxaban 2.5 mg 
twice daily) prior to admission and who are hospitalized for COVID-19 substitute either receive either standard dose or 
therapeutic intensity thromboprophylaxis with LMWH or UFH as clinically appropriate (see recommendations above).

VTE – venous thromboembolism, ULN – upper limit of normal, ICU – intensive care unit, DOAC – direct oral anticoagulant, LMWH – low-
molecular-weight heparin, UFH – unfractionated heparin

Table 1 (continued) 
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explored the potential role of different intensities of anti-
coagulation (online appendix). In the multiplatform clinical 
trials (ATACC, ACTIV-4 A, REMAP-CAP) of more than 
2200 patients, use of therapeutic-intensity heparin (primar-
ily enoxaparin) was superior to ‘usual care’ pharmacologic 
thromboprophylaxis (71.7% standard dose, 26.5% interme-
diate dose) with heparin (primarily low-molecular-weight 
heparin [LMWH]) for increasing organ support-free days 
which is the number of days without cardiovascular (e.g. 
use of vasopressor or inotropic medications) or respiratory 
(e.g. use of high-flow nasal cannula, noninvasive or inva-
sive mechanical ventilation) support (80.2% vs. 76.4%, 
adjusted difference 4.0%, 95% CI 0.5–7.2%).[14] Presence 
of elevated baseline D-dimer did not significantly alter the 
primary outcome. Overall survival until hospital discharge 
was not different among the two treatment arms (adjusted 
risk difference 1.3%, 95% CI − 1.1 to 3.2%), however there 
was a reduction in the secondary outcome of major throm-
boembolic events or death (2.6%, 95% CI 0.2–4.4%) favor-
ing therapeutic heparin. There was a numerically higher 
risk of major bleeding with treatment-dose heparin (1.9% 
vs. 0.9%) that did not reach statistical significance. Of 
note, these trials screened more than 13,000 patients. Key 
strengths of this trial are the large size, global site inclu-
sion, and use of blinded adjudication of event outcomes. But 
interpreting clinicians should be aware that > 12,000 of the 
screened patients were not included and that approximately 
one-quarter of patients received an intermediate-dose of 
heparin. This may have blunted any differences in efficacy 
and safety outcomes between the two treatment groups. 
Furthermore, interpretation of these absolute risk differ-
ences should be done carefully given the adaptive, Bayes-
ian nature of the study design rather than traditional 1:1 
randomization as is often seen in most traditional random-
ized clinical trials. Patients at high risk of bleeding were 
excluded from the study, which may partially explain the 
low rate of major bleeding in the trial population. The defini-
tion of ‘major’ thrombotic events did not include deep vein 
thrombosis; however, the addition of deep vein thrombosis 
did not alter the results of the secondary outcome analysis. 
There is also some question as to the value patients place on 
the outcome of the absolute number of organ support-free 
days versus any need for organ support, objective throm-
boembolic events, or overall survival. Finally, while large 
and well conducted, there are concerns about the relatively 
low rate of symptomatic thromboembolic events and lack of 
mortality benefit.

In the RAPID COVID COAG study, 465 moderately 
ill adult patients admitted with COVID-19 and elevated 
D-dimer levels were randomized to receive therapeutic 
intensity or standard dose prophylactic heparin.[15] Greater 
than 90% of both treatment arms received LMWH (vs. 

guidance, these statements should not replace clinical judge-
ment by the treating care team and review of evolving clini-
cal evidence.

Thromboembolic Prevention – Adult Non-
Pregnant Populations

Ambulatory Patients with COVID-19

For ambulatory (non-hospitalized) adult patients with 
COVID-19, the overall risk of thromboembolism does not 
appear to be markedly elevated.[9, 10] The National Insti-
tutes of Health (NIH)-sponsored ACTIV-4b clinical trial 
comparing placebo, aspirin, and two doses of apixaban 
for patients with COVID-19 infection who did not require 
hospitalization was recently stopped due to a low number 
of thromboembolic events across all treatment groups.
[11] Overall rates of death, symptomatic arterial or venous 
thromboembolism, myocardial infarction, stroke, or cardio-
pulmonary hospitalization were extremely low in all groups 
(0.7–1.4%) without any meaningful difference between 
groups.

For patients who already take chronic antithrombotic 
therapy (e.g., stroke prevention in atrial fibrillation, sec-
ondary prevention of coronary artery disease), observa-
tional studies have shown mixed results. Some have found 
an association between use of antithrombotic agents and 
improved outcomes while others have failed to demonstrate 
such a benefit.[12, 13] Nonetheless, even in the presence 
of COVID-19 infection, these patients usually retain their 
indication for antithrombotic therapy. Therefore, unless 
their clinical condition changes and the risk of bleeding sig-
nificantly increases, continued use of the chronic antithrom-
botic agent is generally advised.

Guidance Recommendation:

1) We recommend against any specific antithrombotic 
preventative therapy for ambulatory (non-hospitalized) 
adult patients with mild COVID-19 infection who have 
no other indication for antithrombotic therapy.

2) We recommend patients on antithrombotic therapy 
prior to diagnosis of COVID-19 continue their anti-
thrombotic therapy unless a significantly elevated risk 
of bleeding has developed..

Non-Critically Ill Hospitalized Patients with 
COVID-19

For adult patients who are not critically ill but still hospital-
ized for COVID-19 and do not otherwise have an indica-
tion for anticoagulation, four completed clinical trials have 
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of randomization into ICU (32.8%) and non-ICU (67.2%) 
cohorts. Use of therapeutic intensity thromboprophylaxis 
reduced the primary efficacy outcome (arterial or venous 
thromboembolism or death) significantly (28.7% versus 
41.9%, RR 0.68, 95% CI 0.49–0.96), which was driven by 
the non-ICU cohort (16.7% versus 36.1%, RR 0.46, 95% CI 
0.27–0.81). Major bleeding was non-significantly elevated 
in patients receiving therapeutic intensity thromboprophy-
laxis (4.7% versus 1.6%, RR 2.88, 95% CI 0.59–14.02) 
overall but rates were similar among the non-ICU stratum 
(2.4% versus 2.3%). Of note, this trial screened more than 
11,000 patients to enroll 257, largely excluding patients 
who did not meet criteria or lacked sufficiently elevated 
D-dimer levels, which raises concerns about external valid-
ity. Furthermore, this study relied on local adjudication 
of clinical events, which can lead to biased assessments 
when treatment allocation is known. The analysis also 
included asymptomatic VTE events identified on routine 
lower extremity compression ultrasound study at hospital 
day 10 ± 4 (or hospital discharge), the clinical importance 
of which are unknown. However, symptomatic DVT was 
significantly reduced (5.4% vs. 15.3%, RR 0.35, 95% CI 
0.15–0.81) while symptomatic VTE was non-significantly 
reduced (1.6% vs. 2.4%, RR 0.38, 95% CI 0.12–1.19).

In the ACTION trial, 615 patients randomized to treat-
ment-dose rivaroxaban experienced similar risk of death, 
duration of hospitalization, and duration of supplemental 
oxygen as compared to prophylactic dose heparin.[17] The 
composite thrombotic outcome (VTE, myocardial infarc-
tion, stroke, and major adverse limb events) was similar in 
the two treatment groups (7% vs. 10%, RR 0.75, 95% CI 
0.45–1.26). The outcome of ISTH-defined major bleeding 
was higher in the rivaroxaban group than with prophylactic 
dose heparin (8% vs. 2%, RR 3.64, 95% CI 1.61–8.27).

A few key points can be abstracted from these four pub-
lished trials. First, use of therapeutic intensity non-heparin 
thromboprophylaxis (e.g., rivaroxaban) did not demonstrate 
benefit over standard dose thromboprophylaxis with hepa-
rin and increased the risk of major bleeding. Second, each 
of the randomized trials used a different D-dimer threshold 
for inclusion and/or analysis subgroups. Third, each of these 
trials had strict inclusion and exclusion criteria that selected 
for low bleeding risk patients, like most anticoagulant trials 
for a new indication, suggesting that therapeutic intensity 
anticoagulation, if used, should be applied only after weigh-
ing risks and benefits.

unfractionated heparin). Patients were included if their 
D-dimer level was > 2-times the hospital upper limit of nor-
mal (ULN) or if it was > 1-time the upper limit of normal 
along with documented hypoxia. The primary endpoint of 
death, invasive or non-invasive mechanical ventilation, or 
ICU admission was not statistically different between the 
two groups (16.2% versus 21.9% for therapeutic and stan-
dard intensity prophylaxis, respectively, OR 0.69, 95% 
CI 0.43–1.10). Interestingly, the secondary outcome of 
all-cause mortality was reduced with therapeutic intensity 
prophylaxis (1.8% vs. 7.6%, OR 0.22, 95% CI 0.07–0.65) 
while the VTE risk was low and similar in the two groups 
(0.9% vs. 2.5% in the therapeutic and prophylactic groups, 
respectively, OR 0.34, 95% CI 0.07–1.71). The rate of 
major bleeding was similar in both groups (0.9% vs. 1.7%, 
OR 0.52, 95% CI 0.09–2.85). VTE risk was low and similar 
in the two groups − 0.9% versus 2.5% in the therapeutic and 
prophylactic groups, respectively (OR 0.34, 95% CI 0.07–
1.71). This trial screened nearly 4000 patients to enroll and 
randomize 465 patients. Strengths of this trial include the 
use of blinded adjudication of outcomes and a set of study 
endpoints that are patient centric. However, RAPID COVID 
COAG was likely underpowered to detect a difference in 
key outcome measures.

In the HEP-COVID trial, 257 patients admitted to the 
hospital with COVID-19 and D-dimer levels > 4-times 
the ULN were randomized to receive standard dose or 
therapeutic intensity thromboprophylaxis with heparin 
(mostly LMWH).[16] Patients were stratified at the time 

Table 2 Suggested Criteria for Therapeutic Intensity Thromboprophy-
laxis for Moderately Ill Patients with COVID-19
Criteria for Potential Disease 
Progression

Bleeding Risk Factors That 
Must Not Be Present

Admitted for COVID-19 infection (not 
an incidental finding)

End stage renal disease on 
dialysis

Supplemental oxygen requirement Advanced liver disease or 
cirrhosis

Elevated d-dimer (> 2–4 times ULN) Severe thrombocytopenia
Use of dual antiplatelet 
therapy
Need for therapeutic 
anticoagulation (e.g., atrial 
fibrillation, mechanical 
heart valve)
Severe anemia
Contraindication to 
heparin agents or Heparin-
inducted thrombocytopenia
Recent bleeding
Bleeding disorder

To consider therapeutic intensity thromboprophylaxis for moderately 
ill patients with COVID-19, they should meet all 3 criteria for disease 
progression as well as not having any bleeding risk factors. Note that 
the risk factors listed are not exhaustive
ULN – upper limit of normal
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thromboprophylaxis with LMWH or unfractionated 
heparin (UFH) unless specific contraindications exist.

5) We suggest that clinicians consider the use of therapeu-
tic intensity LMWH or UFH thromboprophylaxis for 
non-critically ill patients at increased risk of disease 
progression or thromboembolism and who are not high 
risk for anticoagulant-related bleeding (Table 2).

6) We recommend that “intermediate” intensity throm-
boprophylaxis and/or antiplatelet agents only be used 

Guidance Recommendation:

3) We recommend that all patients hospitalized 
with COVID-19 receive at least standard dose 
thromboprophylaxis.

4) In patients admitted to the hospital for indications 
other than COVID-19 but incidentally found to have 
COVID-19 infection, we recommend standard dose 

Table 3 Dosing of COVID-19 Thromboprophylaxis in Hospitalized, Non-Pregnant Adults
Category Enoxaparin UFH Dalteparin Rivaroxaban
Standard-intensity 40 mg SQ daily 5000 units SQ 

BID-TID
5000 units SQ 
daily

N/A

Renal impairment
CrCl 20–30 ml/min 30 mg SQ daily 5000 units SQ 

BID-TID
Usual dose with 
caution
or use UFH

N/A

CrCl < 20 ml/min[41] Use UFH Use UFH
Obesity
BMI > 40 kg/m2 40 mg SQ 

BID[42]
or
0.5 mg/kg SQ 
daily[43]

7500 units SQ 
BID-TID[44]

7500 units SQ 
daily[45]

N/A

Renal impairment + obesity Use UFH 7500 units SQ 
BID-TID[44]

Use UFH

Therapeutic-intensity 1 mg/kg SQ BID Per local IV 
protocol

100 units/kg SQ 
BID

N/A

Renal impairment
CrCl 20–30 ml/min 1 mg/kg SQ daily Per local IV 

protocol
Usual dose with 
caution
or use IV UFH 
per local protocol

N/A

CrCl < 20 ml/min Use IV UFH per 
local protocol

Use IV UFH per 
local protocol

Obesity
BMI > 40 kg/m2 N/A 

(weight-based)
Per local IV 
protocol

N/A 
(weight-based)

N/A

Renal impairment + obesity Use IV UFH per 
local protocol

Per local IV 
protocol

Use IV UFH per 
local protocol

N/A

Extended duration N/A N/A N/A 10 mg 
PO daily 
x 35–39 
days[46, 47]

Renal impairment
CrCl < 30 ml/min N/A N/A N/A Avoid use#

Obesity
N/A N/A N/A 10 mg PO 

daily x 35–39 
days

*Dosing list is not exhaustive, but represents the most commonly used regimens in the cited COVID-19 clinical trials and in routine clinical 
practice
#Rivaroxaban is FDA-approved for this indication in patients with CrCl ≥ 15 ml/min, but based on minimal evidence. Utilize with caution in 
this population
Mg – milligrams, SQ – subcutaneous, BID – twice daily, TID – three times daily, UFH – unfractionated heparin, CrCl – creatinine clearance, 
IV – intravenous, PO - oral
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Guidance Recommendation:

7) We recommend that adult patients who are critically 
ill at the time of hospitalization receive standard dose 
thromboprophylaxis instead of intermediate- or thera-
peutic intensity thromboprophylaxis.

Suggested dosing regimens for hospitalized non-pregnant 
adults, including adjustments for renal impairment and obe-
sity, are reflected in Table 3.

Antiplatelet Use

Two trials have explored the use of antiplatelet therapy in 
patients hospitalized with COVID-19. The RECOVERY 
trial enrolled adult patients in the United Kingdom, Indone-
sia, and Nepal who were hospitalized with COVID-19.[21] 
Patients were randomized to receive aspirin 150 mg daily or 
usual care. Among the 14,892 patients who were random-
ized, the rate of 28-day all-cause mortality was similar in 
the two groups (17% vs. 17%, RR 0.96, 95% CI 0.89–1.04). 
There was also no significant difference in the median time 
to discharge alive (8 vs. 9 days). In the ACTIVE-4a study, 
562 non-critically ill patients hospitalized for COVID-19 in 
Brazil, Italy, Spain, and the United States were randomized 
to receive therapeutic intensity heparin plus a P2Y12 inhibi-
tor (ticagrelor preferred) or therapeutic intensity heparin 
alone.[22] The primary outcome of organ support-free days 
was similar in both treatment groups (21 vs. 21, adjusted OR 
0.83, 95% CI 0.55–1.25). There was also no difference in 
the rate of survival to hospital discharge or major bleeding.

Guidance Recommendation:

8) Werecommendthat patients hospitalized with COVID-
19 do not receive antiplatelet therapy (e.g., aspirin, 
P2Y12 inhibitor) for the specific purpose of preventing 
thromboembolism or COVID-19 disease progression.

Hospital Transitions of Care

Many patients who are hospitalized for COVID-19 infec-
tion will require transfers of care between the floor and 
ICU and vice versa. No studies have specifically compared 
different anticoagulation strategies when patients initially 
admitted to one unit (e.g., floor) require a chance in level 
of care (e.g., transfer to an ICU). The study protocols of the 
various randomized trials generally recommended patients 
remain on their initial intensity of anticoagulation even 

in the setting of a clinical trial for hospitalized patients 
with COVID-19.

Given that there are no head-to-head comparisons of 
various heparin agents, use of either LMWH or UFH can be 
considered for thromboprophylaxis. However, most heparin 
used in the clinical trials was LMWH which also affords 
less exposure and personal protective equipment utilization.

Suggested UFH and LMWH regimens for hospitalized 
non-pregnant adults, including adjustments for renal impair-
ment and obesity, are reflected in Table 3.

Whenever therapeutic intensity of UFH, LMWH, or 
other anticoagulants are given for thromboprophylaxis and 
not for treatment of presumed or confirmed thromboembo-
lism, this should be clearly documented in the patient chart.

Critically Ill Hospitalized Patients with COVID-19

Three studies have examined the use of non-standard doses 
of heparin for thromboprophylaxis in critically ill adult 
patients with COVID-19 (online appendix). In the multi-
platform trials, patients admitted to the ICU and requiring 
organ support (e.g., high-flow oxygen, invasive ventilation, 
vasopressor or inotropic support) did not experience benefit 
when receiving therapeutic intensity thromboprophylaxis 
(primarily LMWH) as compared to ‘usual care’ thrombo-
prophylaxis (primarily LMWH).[18] Of note, use of “inter-
mediate” intensity thromboprophylaxis was quite common 
(51.7%) in the ‘usual care’ thromboprophylaxis group. Two 
trials have evaluated intermediate versus standard dose 
thromboprophylaxis in this population and failed to find a 
statistically significant benefit. In the INSPIRATION trial, 
patients admitted to the ICU did not experience benefit when 
receiving intermediate-dose enoxaparin (1 mg/kg daily) as 
compared to standard dose thromboprophylactic enoxaparin 
(40 mg daily).[19] Finally, a small, multi-center random-
ized trial of 176 patients with COVID-19 admitted to the 
ICU found a non-significant reduction in 30-day all-cause 
mortality associated with intermediate-dose enoxaparin as 
compared to standard dose thromboprophylactic enoxaparin 
(15% vs. 21%, OR 0.66, 95% CI 0.30–1.45) with a low rate 
of major bleeding (2% in each arm).[20].

Of note, approximately one-third of patients in the previ-
ously described HEP-COVID study required nonrebreather 
oxygen mask or more intensive respiratory support.[16] The 
primary efficacy endpoint (a composite of arterial throm-
boembolism, VTE, or death) was not significantly reduced 
in the stratum of patients admitted to the ICU (51.1% vs. 
55.3%, RR 0.92, 95% CI 0.62–1.39).
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thromboprophylaxis with rivaroxaban reduced the primary 
composite outcome of symptomatic venous or arterial 
thromboembolism, VTE-related death, bilateral VTE, myo-
cardial infarction, non-hemorrhagic stroke, major adverse 
limb event or cardiovascular death compared to no interven-
tion (3.14% VS. 9.43%, RR 0.33, 95% CI 0.13–0.90). There 
were no major bleeds in either group. However, it should 
be noted that the MICHELLE trial screened 997 patients in 
order to enroll 320, suggesting that post-hospital extended 
thromboprophylaxis is not appropriate for all patients hos-
pitalized with COVID-19. Note that the IMPROVE VTE 
score used in the MICHELLE trial gave 1 point for immobi-
lization (confined to bed or chair with or without bathroom 
privileges) that lasted ≥ 1 day. This contrasts with the origi-
nal IMPROVE VTE score which defined immobilization as 
≥ 7 days immediately prior to and including hospitalization.
[28].

Guidance Recommendation:

10) We recommend that clinicians not routinely use post-
hospital thromboprophylaxis after discharge following 
hospitalization for COVID 19 for all patients, including 
those who may have received therapeutic intensity anti-
coagulation for thromboprophylaxis.

11) We suggest post-hospital thromboprophylaxis with 
rivaroxaban 10 mg daily for 35 days following a hos-
pitalization for COVID-19 may be considered in select 
patients at increased risk of thromboembolism (e.g., 
IMPROVE VTE score ≥ 4 or score 2–3 with elevated 
D-dimer at hospital discharge) and not at increased risk 
of bleeding regardless of the intensity of their inpatient 
thromboprophylaxis.

12) We recommend clear documentation and communica-
tion of indication and intended duration of post-hos-
pital thromboprophylaxis to providers and next care 
settings to avoid unnecessarily prolonged exposure to 
anticoagulation.

Thromboprophylaxis for Pediatric Patients 
with COVID-19

In general, children with SARS-CoV2 have much milder 
infections compared to adults, rarely requiring hospitaliza-
tion. However, more severe acute COVID-19, characterized 
by the typical respiratory phenotype, does occur and is more 
common in children with underlying medical conditions. 
Children may also develop a post-infectious multisystem 
inflammatory syndrome (MIS-C) that manifests with fever, 
cardiovascular shock, hyperinflammation and multi-system 

when transferring between different levels of care (e.g., 
floor to ICU) for up to 14 days or until recovery since the 
patients were enrolled and randomized shortly after hospi-
tal admission.[14, 18] Any decisions to use higher intensity 
anticoagulation should be clearly documented to provide 
guidance on approaches to post ICU management. Further-
more, there is no prospective clinical evidence to support 
the use of serial D-dimer testing to guide the intensity of 
antithrombotic therapy.

Guidance Recommendation:

9) We suggest that adult patients admitted to the hospital 
for COVID-19 remain on the intensity of VTE throm-
boprophylaxis that was initiated at hospital admission as 
long as their bleeding risk is not significantly elevated.

Thus, a moderately-ill patient with COVID-19 admitted to 
the ward and started on therapeutic intensity thrombopro-
phylaxis should continue therapeutic intensity thrombopro-
phylaxis when transferring to the ICU. The dose should be 
reduced to standard dose thromboprophylaxis when clini-
cally necessary based on bleeding risk.

Similarly, patients initially admitted to the ICU for organ 
support and started on standard dose thromboprophylaxis 
should continue standard dose thromboprophylaxis when 
they transfer to the floor.

Patients should receive therapeutic intensity anticoagula-
tion if a thromboembolic event is confirmed or highly sus-
pected, and bleeding risk is not prohibitively high.

Post-hospital Period

Observational studies have reported conflicting results 
regarding post-hospital VTE risk. In most reports, the 
observed risk of VTE was similar to patients without 
COVID-19.[9, 23–25] However, in one report, the risk of 
post-hospital VTE was elevated compared to patients with-
out COVID-19.[26] Most recently, the MICHELLE trial 
randomized 320 patients hospitalized for COVID-19 who 
were receiving standard dose thromboprophylaxis during 
their admission and were considered at increased risk for 
post-discharge events, with an IMPROVE VTE score of ≥ 4 
or an IMPROVE VTE score of 2–3 plus a D-dimer > 500 
ng/ml at discharge.[27] Patients at increased risk of bleed-
ing, such as those with bleeding in prior 3 months, on dual 
antiplatelet therapy or with chronic kidney disease, were 
excluded. Only 11 patients with creatinine clearance 30–50 
ml/min were included in the study. Enrolled subjects were 
randomized to rivaroxaban 10 mg by mouth daily for 35 days 
or no post-discharge thromboprophylaxis. Post-hospital 
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The expert panel acknowledged the lack of pediatric data to 
support these recommendations, particularly with regard to 
intensity of anticoagulation, and called for additional inves-
tigation in this area.

Thromboprophylaxis in Obstetric Patients 
with COVID-19

Randomized trials of thromboprophylaxis in adult COVID-
19 patients have excluded pregnant women. Thus, there is no 
high-quality evidence to inform best approaches in COVID-
19 positive obstetric patients. Pregnancy itself is a hyper-
coagulable condition and paired with acute illness, reduced 
mobility and dehydration may place pregnant women at sig-
nificant risk of VTE. Retrospective analyses have reported 
thromboembolic complications in pregnant women with 
COVID-19, but it is unknown if the incidence is higher than 
in non-pregnant women. Routine use of thromboprophy-
laxis for pregnant women who are COVID-19 positive but 
do not require hospitalization is not required.[32] However, 
thromboprophylaxis should be considered for hospitalized 
pregnancy according to existing population-specific societal 
guidelines, taking into consideration patient characteristics 
(e.g., renal function, obesity) and obstetrical status (e.g., 
trimester, timing relative to expected labor and delivery). 
Additionally, close collaboration with obstetric and anesthe-
siology colleagues is recommended in the event of sponta-
neous delivery and/or need for epidural anesthesia during 
hospitalization. For pregnant women already receiving pro-
phylactic or therapeutic anticoagulation who are admitted to 
the hospital for COVID-19, these therapies should be con-
tinued during the admission and for the appropriate duration 
after discharge. DOACs should be avoided in pregnancy as 
they have not been adequately studied and may cause fetal 
harm. There is no data to suggest need for routine thrombo-
prophylaxis beyond hospitalization for COVID-19, and use 
should be limited to pregnant women who otherwise meet 
non-COVID-19 criteria for extended obstetric prophylaxis 
as per societal guidelines.[33].

Guidance recommendations:

16) We recommend against routine thromboprophylaxis 
for pregnant women found to be COVID-19 positive 
and not requiring admission to the hospital. Patients 
should be encouraged to stay hydrated and ambulate at 
home.

17) For pregnant women requiring hospitalization for 
COVID-19, we recommend use of thromboprophy-
laxis in accordance with existing obstetric guidelines 

involvement. Rates of thrombotic complications in children 
with COVID-19 and MIS-C have not been well established, 
but a multi-center retrospective cohort study reported radio-
logically confirmed venous or arterial thrombosis in 2.1% 
(9/426) and 6.5% (9/138) of children hospitalized with acute 
COVID-19 and MIS-C respectively. Risk factors for throm-
bosis included age > 12 years, cancer, presence of a central 
venous catheter and MIS-C.[29] D-dimer > 5x upper limit of 
normal was also a risk factor in the univariate model. The 
mortality rate in children hospitalized with COVID-19 or 
MIS-C was 2.3%, but was 28% in those with thrombosis, 
suggesting thrombosis may contribute to mortality. Simi-
lar to what has been reported in adult studies, a significant 
proportion of VTE (71%) occurred in children who were 
already receiving anticoagulant prophylaxis. There was 
wide variation in the intensity of anticoagulation used for 
thromboprophylaxis among centers; no patient developed a 
post-discharge VTE.[30].

Randomized trials evaluating the efficacy and inten-
sity of anticoagulant prophylaxis in COVID-19 pediatric 
patients have not yet been conducted, although prophylaxis 
is frequently used in tertiary care centers. In the interim, we 
suggest adhering to the Pediatric/Neonatal Hemostasis and 
Thrombosis Scientific Subcommittee of the International 
Society on Thrombosis and Hemostasis expert-consensus- 
based guidance for thromboprophylaxis in this population.
[31].

Guidance recommendations:

13) We suggest that clinicians consider thromboprophylaxis 
with twice daily LMWH (e.g., enoxaparin 0.5 mg/kg 
BID) targeted to an anti-Xa activity level of 0.2 to < 0.5 
IU/ml (in combination with mechanical prophylaxis 
when feasible) in pediatric patients hospitalized with 
acute COVID-19 or MIS-C and one or more additional 
risk factors associated with hospital-acquired VTE (e.g., 
central venous catheter, age > 12 years, immobility, 
mechanical ventilation, history of VTE, obesity, active 
malignancy, etc.) OR markedly elevated D-dimer, as 
long as the patient is not high risk for bleeding.

14) We recommend against thromboprophylaxis in hos-
pitalized children who are incidentally found to have 
asymptomatic SARS-CoV-2 in the absence of other 
VTE risk factors that would normally merit prophylaxis.

15) Because of very limited published evidence, we suggest 
that post-discharge thromboprophylaxis be considered 
on a case-by-case basis only in highly select pediatric 
patients with multiple ongoing risk factors.
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already on chronic therapeutic-intensity anticoagulation 
for the thrombophilia.

The presence of a known thrombophilia (and in the absence 
of chronic therapeutic-intensity anticoagulation for the 
thrombophilia) may sway the risk-benefit balance toward 
the use of therapeutic-intensity thromboprophylaxis in adult 
hospitalized medical patients with moderate COVID-19 ill-
ness as long as the risk of bleeding is not prohibitively high. 
Patients with a known thrombophilia who are admitted to 
the hospital with critically ill COVID-19 should typically be 
treated with standard thromboprophylaxis in a similar fash-
ion to critically ill patients without thrombophilia.

Patients with a known thrombophilia that are not other-
wise on chronic therapeutic-intensity anticoagulation may 
be candidates for post-hospital thromboprophylaxis if they 
meet the inclusion criteria stated above.

Management of Patients on Anticoagulation 
Prior to Admission for COVID-19

Patients who use anticoagulation for chronic thromboem-
bolic conditions (e.g., atrial fibrillation, VTE, mechanical 
valve) continue to be at risk of their baseline thromboem-
bolic condition during their hospitalization for COVID-19. 
However, during hospitalization, they may also develop 
transient or long-standing bleeding risk factors (e.g., acute 
renal failure, need for invasive procedures, drug-drug inter-
actions) that require adjustment to the anticoagulation treat-
ment strategy.

Guidance recommendation:

22) We recommend that patients who are admitted to the 
hospital for COVID-19 infection be assessed for the use 
of ongoing outpatient anticoagulation.

23) We recommend that the outpatient anticoagulation 
regimen be continued during the hospitalization for 
COVID-19 unless there are conditions that will preclude 
safe use (e.g., acute renal failure, anticipated invasive 
procedures, significant drug-drug interactions). Thera-
peutic or prophylactic UFH or LMWH may be substi-
tuted according to the clinical scenario. Dosing intensity 
of UFH or LMWH should take into consideration the 
underlying non-COVID indication for anticoagulation 
as well as COVID-related thromboprophylaxis needs as 
described in the above recommendations.

24) We recommend that patients who were receiving 
reduced dose or very low dose anticoagulation (i.e., 
rivaroxaban 2.5 mg twice daily) prior to admission and 

for non-COVID-19 positive women.[33–36] Readers 
are referred to those population-specific resources for 
thromboprophylaxis dosing recommendations that take 
into consideration trimester, as well as ante- and post-
partum needs.

18) For pregnant women already receiving anticoagulant 
prophylaxis or treatment prior to hospital admission for 
COVID-19, we recommend continuing those therapies 
during admission and beyond if indicated.

19) We suggest against routine post-discharge prophylaxis 
for COVID-19 positive obstetric patients unless they 
otherwise meet criteria for extended obstetric prophy-
laxis for non-COVID populations.

Thromboprophylaxis for Moderately Ill Patients in 
Long-term Care Facilities Who Are Not Transferred to 
the Hospital.

Many patients who reside in long-term care facilities 
have multiple comorbidities and advanced age which pres-
ents increased risk for thrombotic complications during an 
acute, infectious illness such as COVID-19. When aligned 
with a patient’s goals of care, similar approaches to throm-
boprophylaxis can be used in the long-term care setting as 
would be used in the acute hospital setting if the patients is 
otherwise ill enough to warrant hospital admission.

Guidance recommendation:

20) We suggest that patients who reside in long-term care 
settings who are ill enough with COVID-19 to be 
considered for hospital admission but remain in the 
long-term care facility be offered standard intensity 
thromboprophylaxis (Table 3) for up to 10–14 days only 
if this aligns with their goals of care.

Thromboprophylaxis in Patients with Known 
Thrombophilia

Patients with known thrombophilia are at increased risk for 
VTE from any acute medical hospitalization. However, data 
regarding any differential risk of thromboembolism while 
hospitalized with COVID-19 is lacking.

Guidance Recommendation:

21) We recommend that all adult patients with a known 
thrombophilia receive at least standard intensity throm-
boprophylaxis when hospitalized for COVID-19, unless 



Thromboembolic prevention and anticoagulant therapy during the COVID-19 pandemic: updated clinical…

1 3

unusual site thromboembolism following COVID-19 vacci-
nation, many have wondered about the safety of COVID-19 
vaccination for patients with a history of thromboembolism, 
thrombophilia, or current use of anticoagulation. Given the 
strong association between COVID-19 infection and throm-
boembolism, the rare occurrence of usual or unusual site 
thrombosis following COVID-19 vaccination is greatly out-
weighed by the benefit of preventing COVID-19 infection.
[8] Furthermore, the occurrence of unusual site thromboem-
bolism associated with thrombocytopenia (known as Vac-
cine-induced Thrombosis and Thrombocytopenia [VITT] or 
the Thrombosis and Thrombocytopenia Syndrome [TTS]) is 
driven by an immune-mediate process that is not linked to a 
history of thrombosis, thrombophilia, or current anticoagu-
lant use.[40] A prior history of VTE or current use of anti-
coagulation should not influence the selection of one type of 
COVID-19 vaccine over another. There is no role for spe-
cific thromboprophylaxis (anticoagulation or antiplatelet) 
prior to receiving the COVID-19 vaccine.

Guidance Recommendation:

27) We recommend that all patients with a history of throm-
boembolism, thrombophilia, or current use of anticoag-
ulation receive COVID-19 vaccination if eligible.

28) We recommend that anticoagulation not be withheld 
for vaccine administration.

29) If a patient currently uses anticoagulant therapy, we 
recommend that pressure be held at the site of vaccine 
administration for 5 min to minimize any risk of injec-
tion-related bleeding.

30) We recommend that standard warfarin monitoring 
schedules not be altered in relation to vaccine admin-
istration for most patients. Individual patients experi-
encing significant symptoms, such as fever or dietary 
disruption, should contact their prescriber to determine 
if additional INR follow up is warranted.

Guidance recommendations for patients with thrombo-
philia, those in long-term care facilities, those using antico-
agulation prior to COVID-19 hospitalization, and those with 
prior VTE considering COVID-19 vaccination are based on 
expert consensus given the lack of prospective clinical trial 
data or high-quality observational data.

Conclusions

While the guidance statements above are based on the best 
available evidence at the current time, there are multiple tri-
als underway that may refine the recommended approach to 

who are hospitalized for COVID-19 receive either stan-
dard dose or therapeutic intensity thromboprophylaxis 
with LMWH or UFH as clinically appropriate (see rec-
ommendations above).

VTE Treatment

VTE guidelines favor a finite duration of anticoagulation 
therapy (e.g., 3–6 months) for VTE provoked by non-surgi-
cal transient risk factors such as medical illness, while also 
favoring ongoing therapy in the setting of significant persis-
tent risk factors.[37, 38] Whether the risk of VTE recurrence 
among hospitalized patients with COVID-19 who develop 
VTE differs significantly from that of VTE provoked by 
other medical illness is not well established. Experience 
would suggest that the number of patients experiencing 
continued debility beyond three months is not insignificant. 
As such, while a finite duration of anticoagulation therapy 
should be the goal, having a low threshold for continuing 
therapy and reassessing patients’ recovery at regular inter-
vals is a reasonable approach. Recurrence risk is likely low 
once the COVID-19 infection resolves and patients return to 
their baseline level of health.[39] Initial therapy likely will 
include LMWH or UFH, but can transition to DOAC ther-
apy once the patient stabilizes prior to hospital discharge.

Guidance Recommendation:

25) We recommend that most patients who are diagnosed 
with VTE while hospitalized for COVID-19 receive 
anticoagulation for a minimum of three to six months, 
in accordance with recent guidelines for VTE with a 
transient provoking risk factor.[37, 38].

26) We suggest a finite course of anticoagulation (e.g., 3–6 
months) rather than continuing anticoagulation long-
term for secondary prevention in most patients with 
COVID-19 associated VTE. The duration should be a 
minimum of three months and defined by the presence 
or absence of persistent risk factors and the patients’ 
return to their baseline functional status.

Vaccination for patients on anticoagulation 
or prior VTE/thrombophilia

Vaccination is the leading strategy to control the COVID-19 
pandemic. With significant protection against both infec-
tion and severe illness, major public health organizations 
strongly recommend that all eligible people are vaccinated 
against COVID-19. Given rare reports of both typical and 



G. D. Barnes et al.

1 3

use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Thachil J, Tang N, Gando S et al (2020) ISTH interim guidance 
on recognition and management of coagulopathy in COVID-
19. J Thromb Haemost 18:1023–1026. https://doi.org/10.1111/
jth.14810

2. Spyropoulos AC, Levy JH, Ageno W et al (2020) Scientific and 
Standardization Committee communication: Clinical guidance on 
the diagnosis, prevention, and treatment of venous thromboembo-
lism in hospitalized patients with COVID-19. J Thromb Haemost 
18:1859–1865. https://doi.org/10.1111/jth.14929

3. Moores LK, Tritschler T, Brosnahan S et al (2020) Prevention, 
Diagnosis, and Treatment of VTE in Patients With Coronavirus 
Disease 2019. Chest 158:1143–1163. https://doi.org/10.1016/j.
chest.2020.05.559

4. Barnes GD, Burnett A, Allen A et al (2020) Thromboembolism 
and anticoagulant therapy during the COVID-19 pandemic: 
interim clinical guidance from the anticoagulation forum. J 
Thromb Thrombolysis 50:72–81. https://doi.org/10.1007/
s11239-020-02138-z

5. Young E (2008) The anti-inflammatory effects of heparin and 
related compounds. Thromb Res 122:743–752. https://doi.
org/10.1016/j.thromres.2006.10.026

6. Kim SY, Jin W, Sood A et al (2020) Characterization of hepa-
rin and severe acute respiratory syndrome-related coronavirus 2 
(SARS-CoV-2) spike glycoprotein binding interactions. Antiviral 
Res 181. https://doi.org/10.1016/j.antiviral.2020.104873

7. Shaw RJ, Bradbury C, Abrams ST et al (2021) COVID-19 and 
immunothrombosis: emerging understanding and clinical man-
agement. Br J Haematol 194:518–529. https://doi.org/10.1111/
bjh.17664

8. Hippisley-Cox J, Patone M, Mei XW et al (2021) Risk of throm-
bocytopenia and thromboembolism after covid-19 vaccination 
and SARS-CoV-2 positive testing: Self-controlled case series 
study. BMJ 374. https://doi.org/10.1136/bmj.n1931

9. Roubinian NH, Dusendang JR, Mark DG et al (2021) Incidence 
of 30-Day Venous Thromboembolism in Adults Tested for SARS-
CoV-2 Infection in an Integrated Health Care System in Northern 
California. JAMA Intern Med 181:997. https://doi.org/10.1001/
jamainternmed.2021.0488

10. Piazza G, Campia U, Hurwitz S et al (2020) Registry of Arte-
rial and Venous Thromboembolic Complications in Patients 
With COVID-19. J Am Coll Cardiol 76:2060–2072. https://doi.
org/10.1016/j.jacc.2020.08.070

11. Connors JM, Brooks MM, Sciurba FC et al (2021) Effect of 
Antithrombotic Therapy on Clinical Outcomes in Outpatients 
With Clinically Stable Symptomatic COVID-19: The ACTIV-4B 
Randomized Clinical Trial. JAMA 326:1703–1712. https://doi.
org/10.1001/jama.2021.17272

12. Chow JH, Yin Y, Yamane DP et al (2021) Association of prehos-
pital antiplatelet therapy with survival in patients hospitalized 
with COVID-19: A propensity score-matched analysis. J Thromb 
Haemost 19:2814–2824. https://doi.org/10.1111/jth.15517

13. Tremblay D, van Gerwen M, Alsen M et al (2020) Impact of 
anticoagulation prior to COVID-19 infection: a propensity 
score-matched cohort study. Blood 136:144–147. https://doi.
org/10.1182/blood.2020006941

14. Investigators ATTACC, Investigators REMAP-CAP et al (2021) 
Therapeutic Anticoagulation with Heparin in Noncritically Ill 

thromboprophylaxis in COVID-19. Clinicians are encour-
aged to use the rapidly emerging evidence in concert with 
expert guidance to make clinical management decisions for 
individual patients. Online resources, such as the Anticoagu-
lation Forum Centers of Excellence, receive timely updates 
to provide clinicians reliable resources as new data emerge.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s11239-
022-02643-3.

Funding No external funding was utilized for the production of this 
manuscript.

The content in this Guidance is provided for informational purposes 
only and is based on the latest available evidence and expert opinion. 
It does not constitute medical advice and is not to be used as a substi-
tute for careful medical judgments by qualified medical professionals. 
Anticoagulation Forum, Inc. makes no representations or express or 
implied warranty or guaranty whatsoever as to any information, state-
ments, opinions, recommendations, or conclusions in this Guidance. It 
remains the responsibility of the medical professionals to determine 
appropriate medical advice, diagnosis, and treatment for their pa-
tients.

Conflict of Interest Disclosures Marilyn Blumenstein, Allison Burnett, 
Nathan Clark, William Dager, Stacy Ellsworth, David Garcia, Tracy 
Minichiello, and Andrea Van Beek have no disclosures to declare. Ar-
thur Allen has received consulting fees from Boehringer-Ingelheim, 
Bristol-Myers Squibb/Pfizer, Janssen Pharmaceuticals, Alexion Phar-
maceuticals, and Roche Diagnostics. Jack Ansell Consultant to Covis 
Pharmaceuticals, Abbott Laboratories as well as serving on advisory 
board and has equity interest in Perosphere Technology, Inc. Geoffrey 
D Barnes has received grant funding from the Agency for Healthcare 
Quality and Research, National Heart, Lung, and Blood Institute, and 
Blue Cross Blue Shield of Michigan and has received consulting fees 
from Bristol-Myers Squibb/Pfizer, Janssen Pharmaceuticals, and Ace-
lis Connected Health. Mark Crowther has sat on advisory boards and/
or received personal funding from Precision Biologicals, Hemostasis 
Reference Laboratories, and Syneos Health. Dr Crowther has pre-
pared educational materials and/or presented on behalf Bayer, Pfizer, 
and CSL Behring. Steven B Deitelzweig has received consulting fees 
from Bristol-Myers Squibb, Novosys, Pfizer, Scott Kaatz has received 
research funding from Janssen Pharmaceuticals, BMS, Osmosis Re-
search and NIH and consulting fees from Janssen Pharmaceuticals, 
Bristol-Myers Squibb/Pfizer, Portola Pharmaceuticals/Alexion, Gilead 
and CSL Behring. Leslie Raffini has received consulting fees from 
Bayer, CSL Behring, and Genentech. Anita Rajasekhar has received 
consulting fees from Alexion, Baxter, Bayer, Kedrion Biopharma, Oc-
tapharma Plasma and her institution has received research support on 
her behalf from Biomarin, Bio Products laboratory, LTD, Dimensions 
Therapeutics, Genentech, Janssen Pharmaceuticals, Momenta Phar-
maceutical, Roche, Sanofi, and Takeda.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1111/jth.14810
http://dx.doi.org/10.1111/jth.14810
http://dx.doi.org/10.1111/jth.14929
http://dx.doi.org/10.1016/j.chest.2020.05.559
http://dx.doi.org/10.1016/j.chest.2020.05.559
http://dx.doi.org/10.1007/s11239-020-02138-z
http://dx.doi.org/10.1007/s11239-020-02138-z
http://dx.doi.org/10.1016/j.thromres.2006.10.026
http://dx.doi.org/10.1016/j.thromres.2006.10.026
http://dx.doi.org/10.1016/j.antiviral.2020.104873
http://dx.doi.org/10.1111/bjh.17664
http://dx.doi.org/10.1111/bjh.17664
http://dx.doi.org/10.1136/bmj.n1931
http://dx.doi.org/10.1001/jamainternmed.2021.0488
http://dx.doi.org/10.1001/jamainternmed.2021.0488
http://dx.doi.org/10.1016/j.jacc.2020.08.070
http://dx.doi.org/10.1016/j.jacc.2020.08.070
http://dx.doi.org/10.1001/jama.2021.17272
http://dx.doi.org/10.1001/jama.2021.17272
http://dx.doi.org/10.1111/jth.15517
http://dx.doi.org/10.1182/blood.2020006941
http://dx.doi.org/10.1182/blood.2020006941
http://dx.doi.org/10.1007/s11239-022-02643-3
http://dx.doi.org/10.1007/s11239-022-02643-3


Thromboembolic prevention and anticoagulant therapy during the COVID-19 pandemic: updated clinical…

1 3

28. Spyropoulos AC, Anderson FA Jr, FitzGerald G et al (2011) 
Predictive and associative models to identify hospitalized medi-
cal patients at risk for VTE. Chest 140:706–714. https://doi.
org/10.1378/chest.10-1944

29. Feldstein LR, Rose EB, Horwitz SM et al (2020) Multisystem 
Inflammatory Syndrome in U.S. Children and Adolescents. N Engl 
J Med 383:334–346. https://doi.org/10.1056/nejmoa2021680

30. Whitworth H, Sartain SE, Kumar R et al (2021) Rate of throm-
bosis in children and adolescents hospitalized with COVID-
19 or MIS-C. Blood 138:190–198. https://doi.org/10.1182/
blood.2020010218

31. Goldenberg NA, Sochet A, Albisetti M et al (2020) Consensus-
based clinical recommendations and research priorities for 
anticoagulant thromboprophylaxis in children hospitalized for 
COVID-19–related illness. J Thromb Haemost 18:3099–3105. 
https://doi.org/10.1111/jth.15073

32. Servante J, Swallow G, Thornton JG et al (2021) Haemostatic and 
thrombo-embolic complications in pregnant women with COVID-
19: a systematic review and critical analysis. BMC Pregnancy 
Childbirth 21:1–14. https://doi.org/10.1186/s12884-021-03568-0

33. Bulletins AC of O and GC on P (2018) ACOG Practice Bulle-
tin No. 196: Thromboembolism in Pregnancy. Obstet Gynecol 
132:e1–e17. https://doi.org/10.1097/AOG.0000000000002706

34. Bates SM, Rajasekhar A, Middeldorp S et al (2018) Ameri-
can Society of Hematology 2018 guidelines for management 
of venous thromboembolism: venous thromboembolism in 
the context of pregnancy. Blood Adv 2:3317–3359. https://doi.
org/10.1182/bloodadvances.2018024802

35. Bates SM, Middeldorp S, Rodger M et al (2016) Guidance for the 
treatment and prevention of obstetric-associated venous throm-
boembolism. J Thromb Thrombolysis 41:92–128. https://doi.
org/10.1007/s11239-015-1309-0

36. Royal College Obstetricians &, Gynaecologists, Midwives 
RC (2022) of Coronavirus (COVID-19) Infection in Preg-
nancy. https://www.rcog.org.uk/globalassets/documents/
guidelines/2022-01-11-coronavirus-covid-19-infection-in-
pregnancy-v14.3.pdf. Accessed 2 Feb 2022

37. Ortel TL, Neumann I, Ageno W et al (2020) American Society of 
Hematology 2020 guidelines for management of venous throm-
boembolism: treatment of deep vein thrombosis and pulmonary 
embolism. Blood Adv 4:4693–4738. https://doi.org/10.1182/
bloodadvances.2020001830

38. Stevens SM, Woller SC, Baumann Kreuziger L et al (2021) Execu-
tive Summary: Antithrombotic Therapy for VTE Disease: Second 
Update of the CHEST Guideline and Expert Panel Report. Chest 
160:2247–2259. https://doi.org/10.1016/j.chest.2021.07.056

39. Whyte MB, Barker R, Kelly PA et al (2021) Three-month follow-
up of pulmonary embolism in patients with COVID-19. Thromb 
Res 201:113–115. https://doi.org/10.1016/j.thromres.2021.02.023

40. Makris M, Pavord S, Lester W et al (2021) Vaccine-induced 
Immune Thrombocytopenia and Thrombosis (VITT). Res Pract 
Thromb Haemost 5:2–5. https://doi.org/10.1002/rth2.12529

41. Nagge J, Crowther M, Hirsh J (2002) Is impaired renal func-
tion a contraindication to the use of low-molecular-weight hepa-
rin? Arch Intern Med 162:2605–2609. https://doi.org/10.1001/
archinte.162.22.2605

42. Scholten DJ, Hoedema RM, Scholten SE (2002) A comparison 
of two different prophylactic dose regimens of low molecular 
weight heparin in bariatric surgery. Obes Surg 12:19–24. https://
doi.org/10.1381/096089202321144522

43. Rondina MT, Wheeler M, Rodgers GM et al (2010) Weight-based 
dosing of enoxaparin for VTE prophylaxis in morbidly obese, 
medically-Ill patients. Thromb Res 125:220–223. https://doi.
org/10.1016/j.thromres.2009.02.003

44. Samuel S, Iluonakhamhe EK, Adair E et al (2015) High dose 
subcutaneous unfractionated heparin for prevention of venous 

Patients with Covid-19. N Engl J Med 385:790–802. https://doi.
org/10.1056/NEJMoa2105911

15. Sholzberg M, Tang GH, Rahhal H et al (2021) Effectiveness 
of therapeutic heparin versus prophylactic heparin on death, 
mechanical ventilation, or intensive care unit admission in mod-
erately ill patients with covid-19 admitted to hospital: RAPID 
randomised clinical trial. BMJ n 2400. https://doi.org/10.1136/
bmj.n2400

16. Spyropoulos AC, Goldin M, Giannis D et al (2021) Efficacy and 
Safety of Therapeutic-Dose Heparin vs Standard Prophylactic or 
Intermediate-Dose Heparins for Thromboprophylaxis in High-
risk Hospitalized Patients With COVID-19: The HEP-COVID 
Randomized Clinical Trial. JAMA Intern Med 181:1612–1620. 
https://doi.org/10.1001/jamainternmed.2021.6203

17. Lopes RD, de Barros E, Silva PGM, Furtado RHM et al (2021) 
Therapeutic versus prophylactic anticoagulation for patients 
admitted to hospital with COVID-19 and elevated D-dimer con-
centration (ACTION): an open-label, multicentre, randomised, 
controlled trial. Lancet (London England) 397:2253–2263. 
https://doi.org/10.1016/S0140-6736(21)01203-4

18. Investigators REMAP-CAP, Investigators ATTACC et al (2021) 
Therapeutic Anticoagulation with Heparin in Critically Ill 
Patients with Covid-19. N Engl J Med 385:777–789. https://doi.
org/10.1056/NEJMoa2103417

19. Investigators INSPIRATION, Sadeghipour P, Talasaz AH et al 
(2021) Effect of Intermediate-Dose vs Standard-Dose Prophylac-
tic Anticoagulation on Thrombotic Events, Extracorporeal Mem-
brane Oxygenation Treatment, or Mortality Among Patients With 
COVID-19 Admitted to the Intensive Care Unit: The INSPIRA-
TION Randomized Clinic. JAMA 325:1620–1630. https://doi.
org/10.1001/jama.2021.4152

20. Perepu US, Chambers I, Wahab A et al (2021) Standard prophy-
lactic versus intermediate dose enoxaparin in adults with severe 
COVID-19: A multi-center, open-label, randomized controlled 
trial. J Thromb Haemost 19:2225–2234. https://doi.org/10.1111/
jth.15450

21. Abani O, Abbas A, Abbas F et al (2022) Aspirin in patients admit-
ted to hospital with COVID-19 (RECOVERY): a randomised, 
controlled, open-label, platform trial. Lancet 399:143–151. 
https://doi.org/10.1016/S0140-6736(21)01825-0

22. Berger JS, Kornblith LZ, Gong MN et al (2022) Effect of P2Y12 
Inhibitors on Survival Free of Organ Support Among Non-Crit-
ically Ill Hospitalized Patients With COVID-19: A Randomized 
Clinical Trial. JAMA 327:227–236. https://doi.org/10.1001/
jama.2021.23605

23. Roberts LN, Whyte MB, Georgiou L et al (2020) Post-dis-
charge venous thromboembolism following hospital admission 
with COVID-19. Blood 3:1347–1350. https://doi.org/10.1182/
blood.2020008086

24. Patel R, Bogue T, Koshy AG et al (2020) Post-discharge throm-
bosis and hemorrhage in patients with COVID-19. https://doi.
org/10.1182/blood.2020007938. Blood

25. Hill JB, Garcia D, Crowther M et al (2020) Frequency of venous 
thromboembolism in 6513 patients with COVID-19: a retrospec-
tive study. Blood Adv 4:5373–5377. https://doi.org/10.1182/
bloodadvances.2020003083

26. Giannis D, Allen SL, Tsang J et al (2021) Postdischarge throm-
boembolic outcomes and mortality of hospitalized patients with 
COVID-19: the CORE-19 registry. Blood 137:2838–2847. 
https://doi.org/10.1182/blood.2020010529

27. Ramacciotti E, Barile Agati L, Calderaro D et al (2021) Riva-
roxaban versus no anticoagulation for post-discharge thrombo-
prophylaxis after hospitalisation for COVID-19 (MICHELLE): 
an open-label, multicentre, randomised, controlled trial. 
Lancet (London England) 19. https://doi.org/10.1016/
S0140-6736(21)02392-8

http://dx.doi.org/10.1378/chest.10-1944
http://dx.doi.org/10.1378/chest.10-1944
http://dx.doi.org/10.1056/nejmoa2021680
http://dx.doi.org/10.1182/blood.2020010218
http://dx.doi.org/10.1182/blood.2020010218
http://dx.doi.org/10.1111/jth.15073
http://dx.doi.org/10.1186/s12884-021-03568-0
http://dx.doi.org/10.1097/AOG.0000000000002706
http://dx.doi.org/10.1182/bloodadvances.2018024802
http://dx.doi.org/10.1182/bloodadvances.2018024802
http://dx.doi.org/10.1007/s11239-015-1309-0
http://dx.doi.org/10.1007/s11239-015-1309-0
https://www.rcog.org.uk/globalassets/documents/guidelines/2022-01-11-coronavirus-covid-19-infection-in-pregnancy-v14.3.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/2022-01-11-coronavirus-covid-19-infection-in-pregnancy-v14.3.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/2022-01-11-coronavirus-covid-19-infection-in-pregnancy-v14.3.pdf
http://dx.doi.org/10.1182/bloodadvances.2020001830
http://dx.doi.org/10.1182/bloodadvances.2020001830
http://dx.doi.org/10.1016/j.chest.2021.07.056
http://dx.doi.org/10.1016/j.thromres.2021.02.023
http://dx.doi.org/10.1002/rth2.12529
http://dx.doi.org/10.1001/archinte.162.22.2605
http://dx.doi.org/10.1001/archinte.162.22.2605
http://dx.doi.org/10.1381/096089202321144522
http://dx.doi.org/10.1381/096089202321144522
http://dx.doi.org/10.1016/j.thromres.2009.02.003
http://dx.doi.org/10.1016/j.thromres.2009.02.003
http://dx.doi.org/10.1056/NEJMoa2105911
http://dx.doi.org/10.1056/NEJMoa2105911
http://dx.doi.org/10.1136/bmj.n2400
http://dx.doi.org/10.1136/bmj.n2400
http://dx.doi.org/10.1001/jamainternmed.2021.6203
http://dx.doi.org/10.1016/S0140-6736(21)01203-4
http://dx.doi.org/10.1056/NEJMoa2103417
http://dx.doi.org/10.1056/NEJMoa2103417
http://dx.doi.org/10.1001/jama.2021.4152
http://dx.doi.org/10.1001/jama.2021.4152
http://dx.doi.org/10.1111/jth.15450
http://dx.doi.org/10.1111/jth.15450
http://dx.doi.org/10.1016/S0140-6736(21)01825-0
http://dx.doi.org/10.1001/jama.2021.23605
http://dx.doi.org/10.1001/jama.2021.23605
http://dx.doi.org/10.1182/blood.2020008086
http://dx.doi.org/10.1182/blood.2020008086
http://dx.doi.org/10.1182/blood.2020007938
http://dx.doi.org/10.1182/blood.2020007938
http://dx.doi.org/10.1182/bloodadvances.2020003083
http://dx.doi.org/10.1182/bloodadvances.2020003083
http://dx.doi.org/10.1182/blood.2020010529
http://dx.doi.org/10.1016/S0140-6736(21)02392-8
http://dx.doi.org/10.1016/S0140-6736(21)02392-8


G. D. Barnes et al.

1 3

bariatric surgery. Obes Surg 20:487–491. https://doi.org/10.1007/
s11695-008-9738-x

46. Spyropoulos AC, Ageno W, Albers GW et al (2018) Rivaroxa-
ban for thromboprophylaxis after hospitalization for medical 
illness. N Engl J Med 379:1118–1127. https://doi.org/10.1056/
NEJMoa1805090

47. Spyropoulos AC, Lipardi C, Xu J et al (2019) Improved Benefit 
Risk Profile of Rivaroxaban in a Subpopulation of the MAGEL-
LAN Study. Clin Appl Thromb Hemost 25:1076029619886022. 
https://doi.org/10.1177/1076029619886022

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

thromboembolism in overweight neurocritical care patients. J 
Thromb Thrombolysis 40:302–307. https://doi.org/10.1007/
s11239-015-1202-x

45. Simoneau MD, Vachon A, Picard F (2010) Effect of prophylactic 
dalteparin on anti-factor Xa levels in morbidly obese patients after 

http://dx.doi.org/10.1007/s11695-008-9738-x
http://dx.doi.org/10.1007/s11695-008-9738-x
http://dx.doi.org/10.1056/NEJMoa1805090
http://dx.doi.org/10.1056/NEJMoa1805090
http://dx.doi.org/10.1177/1076029619886022
http://dx.doi.org/10.1007/s11239-015-1202-x
http://dx.doi.org/10.1007/s11239-015-1202-x

	Thromboembolic prevention and anticoagulant therapy during the COVID-19 pandemic: updated clinical guidance from the anticoagulation forum
	Recommended Citation
	Authors

	Thromboembolic prevention and anticoagulant therapy during the COVID-19 pandemic: updated clinical guidance from the anticoagulation forum
	Abstract
	Introduction and background
	Methods
	Thromboembolic Prevention – Adult Non-Pregnant Populations
	Ambulatory Patients with COVID-19
	Non-Critically Ill Hospitalized Patients with COVID-19
	Guidance Recommendation:


	Critically Ill Hospitalized Patients with COVID-19
	Guidance Recommendation:

	Antiplatelet Use
	Hospital Transitions of Care
	Post-hospital Period
	Thromboprophylaxis for Pediatric Patients with COVID-19
	Guidance recommendations:

	Thromboprophylaxis in Obstetric Patients with COVID-19
	Guidance recommendation:

	Thromboprophylaxis in Patients with Known Thrombophilia
	Management of Patients on Anticoagulation Prior to Admission for COVID-19
	VTE Treatment
	Vaccination for patients on anticoagulation or prior VTE/thrombophilia
	Conclusions
	References


