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Abstract
Despite the emergence of high quality randomized trial data with the use of antithrom-
botic agents to reduce the risk of thromboembolism, end-organ failure, and possibly 
mortality in patients with coronavirus disease 2019 (COVID-19), questions still re-
main as to optimal patient selection for these strategies, the use of antithrombotics 
in outpatient settings and in-hospital settings (including critical care units), throm-
boprophylaxis in special patient populations, and the management of acute throm-
bosis in hospitalized COVID-19 patients. In October 2021, the International Society 
on Thrombosis and Haemostasis (ISTH) formed a multidisciplinary and international 
panel of content experts, two patient representatives, and a methodologist to de-
velop recommendations on treatment with anticoagulants and antiplatelet agents 
for COVID-19 patients. The ISTH Guideline panel discussed additional topics to be 
well suited to a non-Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) for Good Practice Statements (GPS) to support good clinical care 
in the antithrombotic management of COVID-19 patients in various clinical settings. 
The GPS panel agreed on 17 GPS: 3 in the outpatient (pre-hospital) setting, 12 in the 
hospital setting both in non-critical care (ward) as well as intensive care unit settings, 
and 2 in the immediate post-hospital discharge setting based on limited evidence or 
expert opinion that supports net clinical benefit in enacting the statements provided. 
The antithrombotic therapies discussed in these GPS should be available in low- and 
middle-income countries.
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1  |  METHODS

After finalizing the Population, Intervention, Comparison, and 
Outcome (PICO) questions for the International Society on 
Thrombosis and Haemostasis (ISTH) Guidelines on antithrom-
botic management of COVID-19, several topics were identified 
by the Guidelines panel to be well suited to a non-Grading of 
Recommendations, Assessment, Development, and Evaluation 
(GRADE) for Good Practice Statements (GPS). The ISTH Guideline 
panel discussed these topics to support good clinical care in the an-
tithrombotic management of coronavirus disease 2019 (COVID-19) 
patients and drafted an initial set of statements for distribution to 
the panelists of the GPS. The GPS panel constructed additional 
statements in pre-hospital (outpatient), in-hospital, and immediate 
post-hospital discharge settings and reviewed all statements for rel-
evance and accuracy. The GPS were revised based on panelist feed-
back. The final GPS were redistributed for further revisions, which 
were approved by all panelists.

2  |  COMMENT

The GPS are not based on a systematic search or formal review of the 
evidence and are intended to provide expert-based opinion on vari-
ous aspects of antithrombotic management of COVID-19 patients 
that are considered clinically important. Moreover, they address 
topics for which there is either no or very limited high-certainty evi-
dence, yet there is a body of direct or indirect evidence or clinical ex-
perience that supports the premise of net clinical benefit in enacting 
the statements provided. The following GPS are intended to assist 
health-care providers in antithrombotic management of COVID-19 
patients and should be considered with caution, given this limited 
evidence base. As always, the unique clinical circumstances of in-
dividual patients, the provider's clinical judgment, and the patient's 
values and preferences should all be considered in clinical manage-
ment decisions. Last, the antithrombotic therapies discussed in 
these GPS, including antiplatelet agents such as aspirin and heparins 
(including unfractionated heparin [UFH] and low molecular weight 
heparin [LMWH]), should be available in low- and middle-income 
countries.

3  |  OUTPATIENT (PRE- HOSPITALIZ ATION) 
PERIOD

Retrospective studies and clinical trials suggest that patients with 
COVID-19 who do not require hospital-based care have an over-
all low rate (~1.0%) of major thromboembolism and mortality.1 In 
general, two patient types with COVID-19 have been described in 
this outpatient (non-hospitalized) period: those with mild-severity 
disease, who are hemodynamically stable and have a resting room 
air oxygen saturation ≥ 94%, or those with moderate-severity dis-
ease who are hemodynamically stable, but have a resting room air 

oxygen saturation 90%–94% and require advanced care such as a 
“hospital-at-home” program, especially when hospitals are over 
capacity.2–4 One placebo-controlled randomized trial—the ACTIV 
4b trial—that compared usual care to treatment with the direct oral 
anticoagulant (DOAC) apixaban at therapeutic (5  mg twice daily) 
and prophylactic (2.5 mg twice daily) doses or 81 mg of aspirin daily, 
in addition to unadjusted cohort studies, has not shown benefit of 
initiating antithrombotic therapy during the outpatient period in 
COVID-19.2 However, the results of other large placebo-controlled 
randomized trials in COVID-19 outpatients with similar inclusion cri-
teria (including advanced age and cardiovascular risk factors) using 
LMWH and the DOAC rivaroxaban, respectively, are still pending.5–9 
Observational data suggest that COVID-19 outpatients with clini-
cal indications for antiplatelet or oral anticoagulant therapy should 
continue such therapy.1,10

3.1 | The use of DOACs versus vitamin K antagonists  
in the outpatient (pre-hospitalization)  
period

3.1.1  |  Statement 1

In non-hospitalized patients with clinical indications for antico-
agulant therapy and eligible to receive certain anti-viral COVID-19 
medications (e.g., nirmatrelvir/ritonavir [Paxlovid]), there is po-
tential for important drug–drug interactions, particularly with 
oral direct factor Xa inhibitors (apixaban, rivaroxaban, edoxaban) 
that may increase the bioavailability of these anticoagulants and, 
in turn, may increase patients’ risk for bleeding.11,12 In the case 
of Paxlovid, the ritonavir component creates the potential drug–
drug interaction because it competes with DOACs for cytochrome 
P450 (CYP) 3A4 metabolic elimination. Alternatives to drugs such 
as Paxlovid include the antiviral remdesivir or the monoclonal an-
tibody sotrovimab in patients at high risk for hospitalization (e.g., 
immunocompromised), and fluvoxamine or inhaled budesonide in 
patients at low risk for hospitalization, although available mono-
clonal antibodies may have decreased efficacy against emerging 
COVID-19 variants. Although patients who are taking a DOAC 
could be switched to a vitamin K antagonist (VKA) such as warfa-
rin, which would allow monitoring of the anticoagulant effect with 
international normalized ratio (INR) testing, this approach is prob-
lematic because of increased variability of INR in patients with 
newly diagnosed COVID-19 pneumonia, coupled with the short 
5-day treatment duration of anti-viral drugs such as Paxlovid, es-
pecially as inhibition resolves approximately 3 days after Paxlovid 
is discontinued.13 Unless otherwise stated, potentially interacting 
medications should be managed (held/dose-reduced/monitored 
closely) for at least 7 days from the time of Paxlovid initiation. 
Temporary use of LMWH is also a potential option for some. It is 
suggested to take an individualized approach with consideration of 
patient preference of oral anticoagulants during the period of anti-
viral COVID-19 treatment; however, oral anticoagulants should be 
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continued whenever possible.14 The current revised product label 
(April 8, 2022) states the following about oral anticoagulants and 
use of Paxlovid: closely monitor the INR with warfarin and either 
avoid concomitant use with rivaroxaban and dabigatran, or de-
pending upon dabigatran indication and renal function, reduce the 
dose of dabigatran (DDI Recommendations_v005.pdf; pfizerpro.
com). Further guidance on use with medications that have poten-
tial drug–drug interactions can be found in the Paxlovid package 
insert at Paxlovid HCP FS 04142022 (fda.gov) and the Paxlovid pa-
tient eligibility checklist at PAXLOVID Patient Eligibility Screening 
Checklist and Drug Interaction Tool for Prescribers (fda.gov).

3.2  |  LMWH and other heparins versus no heparin 
in the outpatient (pre-hospitalization) period

3.2.1  |  Statement 2

A cohort study that evaluated patients (n = 5597) with COVID-19 
demonstrated a decreased risk of hospitalization among the 2.9% 
(n = 160) of those on anticoagulation for cardiovascular indications 
prior to hospitalization.10 Of those on anticoagulants, 82 patients 
were on DOACs, 67 on warfarin, and 11 on the LMWH enoxaparin. 
These findings suggest that anticoagulation may be of benefit among 
those with pre-existing cardiovascular disease. Expert opinion sug-
gests continuation of heparin-specific anticoagulation in patients 
with prior indications.10 Two ongoing trials with LMWH should pro-
vide guidance on whether its initiation in outpatients with COVID-19 
will improve clinical outcomes.9,15 Given the lack of evidence to date, 
heparin agents including LMWH should not be initiated in outpa-
tients with COVID-19. Patients in “hospital-at-home” programs with 
the need for supplemental oxygen of at least 2 L/min and immobility 
may be considered for primary thromboprophylaxis (e.g., enoxaparin 
40 mg subcutaneously daily) if determined to have the same risk as 
hospitalized patients with moderate-severity disease. Outpatients 
with COVID-19 with an ongoing clinical indication for UFH/LMWH 
therapy (e.g., cancer-associated thrombosis or thromboprophylaxis 
during pregnancy) should continue their heparin therapy during this 
period.

3.3  |  Antiplatelets during the outpatient  
(pre-hospitalization) period

3.3.1  |  Statement 3

A large retrospective cohort study suggested that prior antiplate-
let use in patients who developed COVID-19 was associated with 
a decreased risk of venous thromboembolism (VTE) or mortal-
ity.1 The previously described ACTIV-4b trial did not show benefit 
of daily low dose aspirin initiated in outpatients with COVID-19.5 
As such, antiplatelet therapy should be continued in outpatients 
with COVID-19 if there is a clinical indication, but as per the ISTH 

COVID-19 Antithrombotic Guidelines, antiplatelet therapy, includ-
ing aspirin, should not be initiated in non-hospitalized patients with 
COVID-19.

4  |  HOSPITALIZ ATION PERIOD

4.1  |  Hospitalized non–critically ill COVID-19 
populations

Hospitalization criteria for non–critically ill patients with COVID-19 
have varied across countries, health systems, and phases of the 
pandemic.16–18 Definitions of non–critically ill patients have also var-
ied across randomized trials in hospitalized patients for COVID-19.19 
In general terms, patients hospitalized for COVID-19 not requiring 
mechanical ventilation or organ support other than low-flow sup-
plemental oxygen are considered non–critically ill.

4.1.1  |  Patient selection for therapeutic-dose 
heparin thromboprophylaxis in ward settings

Statement 4
There have been approximately 20 trials assessing optimal throm-
boprophylaxis dosing in hospitalized COVID-19 patients, comparing 
therapeutic-dose heparins (mostly LMWH) to either prophylactic-dose 
or up to intermediate-dose heparins including LMWH and UFH.19 
Inclusion criteria for moderately ill patients in non–critical care set-
tings included those with an elevated D dimer (Dd), an elevated sep-
sis induced coagulopathy score, and increased oxygen requirements 
not requiring mechanical ventilation.19 All trials selected patients at 
low bleeding risk, with key exclusionary criteria consisting of receipt 
of dual antiplatelet therapy, bleeding within the past month, active 
cancer (especially gastrointestinal or intracranial cancer), bronchi-
ectasis or pulmonary cavitation, hepatic dysfunction with a baseline 
INR >1.5, creatinine clearance (CrCl) less than 15 ml/min/1.73 m2, or a 
platelet count <25 000/μl. Three trials revealed improved outcomes 
with mostly therapeutic-dose LMWH: the large multiplatform trial 
showed reduced need for organ support and increased probability of 
survival to hospital discharge as part of the primary outcome; the HEP-
COVID trial showed a reduction in the primary composite outcome of 
major thromboembolism and all-cause mortality; and the RAPID trial 
showed a reduction in the secondary outcome of mortality.20–22 The 
multiplatform trial (ATTACC, ACTIV-4a, and REMAP-CAP) showed the 
greatest absolute treatment effect in the high Dd cohort (≥2 times the 
local laboratory upper limit of normal [ULN]),20 while both HEP-COVID 
and RAPID selected patients with very high (>4 times ULN) or high 
(≥2 times ULN, irrespective of oxygen saturation) Dd levels.21,22 HEP-
COVID and RAPID also included requirements for supplemental oxy-
gen or reduced oxygen saturation (≤93% on room air).21,22 Moderately 
ill patients hospitalized for COVID-19 in non–critical care settings not 
requiring organ support and who have (1) low bleeding risk, and (2) 
elevated Dd levels (≥2 times ULN) or require supplemental oxygen or 
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have reduced oxygen saturation (≤93% on room air) are ideal candi-
dates for therapeutic heparin anticoagulation as thromboprophylaxis. 
The most widely studied heparin anticoagulant in this setting is LMWH 
at weight-based therapeutic doses given subcutaneously.

4.2  |  Special patient populations

4.2.1  |  Pregnancy and post-partum patients

Statement 5
Thromboprophylaxis strategies in hospitalized pregnant and post-
partum patients with COVID-19 have relied substantially on ex-
pert opinion given a preponderance of very limited data. While 
pregnancy confers a prothrombotic state due to many factors (e.g., 
increased factor VII, VIII, X, XII, fibrinogen; decreased protein S; 
altered fibrinolysis),23 early observational studies, including those 
specifically of hospitalized patients, reported conflicting thrombosis 
rates associated with inconsistent or unclear thromboprophylaxis 
protocols.24–27 A critical review of 35 professional society guidelines 
recommended a strategy of standard thromboprophylaxis, preferen-
tially with LMWH, for all hospitalized ante-partum patients admitted 
primarily for COVID-19 pneumonia and without bleeding risk or an-
ticipated delivery within 12 h; in cases of elevated bleeding risk (e.g., 
placenta previa), intravenous UFH could represent a safer alterna-
tive.28 In light of a subsequent systematic review showing a nearly 
3-fold increased rate of thromboembolic complications in pregnant 
patients with COVID-19 pneumonia compared to pregnant patients 
without COVID-19 during early waves of COVID-19 infection,29 as 
well as randomized controlled trial data in non-pregnant popula-
tions,20 experts affiliated with the Royal College of Obstetricians 
and Gynaecologists suggested a role for empiric treatment-dose 
UFH/LMWH on an individualized basis in moderately ill pregnant 
patients hospitalized due to COVID-19,30 unless they were due to 
deliver. All ante-partum patients hospitalized for COVID-19 should 
receive standard-dose heparin thromboprophylaxis, preferably with 
LMWH. For moderately ill pregnant patients, empiric therapeutic-
dose thromboprophylaxis, preferably with LMWH, should be con-
sidered on an individualized basis. For patients at high bleeding risk, 
intravenous weight-based UFH using a standardized nomogram 
should be considered. In cases of ongoing morbidity, or in patients up 
to 6 weeks post-partum, extended post-discharge prophylaxis may 
also be considered, especially in cases of high International Medical 
Prevention Registry on Venous Thromboembolism (IMPROVE) score 
and/or elevated Dd, with low bleeding risk.28,31

4.3  |  Pediatrics

4.3.1  |  Statement 6

Observational studies indicate that much like the adult popula-
tion, children <18 years of age hospitalized with COVID-19 are at 

increased risk of thromboembolic disease as well as a multisystem 
inflammatory syndrome phenotype, the pediatric multisystem in-
flammatory syndrome (PMIS).32–34 A previous consensus-based clin-
ical recommendation panel for anticoagulant thromboprophylaxis in 
children hospitalized for COVID-19 suggested the use of twice-daily 
subcutaneous LMWH thromboprophylaxis targeted to achieve a 4 h 
post-dose anti-Xa level of 0.2 to <0.5 U/ml (in the absence of con-
traindications) in combination with mechanical thromboprophylaxis 
using sequential compression stockings where feasible.35 This rec-
ommendation included children with PMIS and markedly elevated 
Dd or those with added clinical risk factors for VTE.35 For children 
who were clinically unstable or with severe renal impairment the 
same panel suggested the use of intravenous UFH given by continu-
ous infusion.35 More recently, the results of an open-label, multi-
center phase 2 trial among 40 children <18 years of age hospitalized 
for primary COVID-19 with or without PMIS found twice-daily 
enoxaparin thromboprophylaxis (0.5  mg/kg/dose; max of 60 mg/
dose) to be safe in achieving target anti-Xa levels without observed 
clinically relevant bleeding or related serious adverse events.36 As 
such, twice daily weight-based LMWH at half the treatment dose 
should be considered for primary thromboprophylaxis in children 
hospitalized for COVID-19 with or without PMIS.

4.4  |  Chronic kidney disease and acute 
kidney injury

4.4.1  |  Statement 7

Studies suggest that both the incidence and intensity of hypercoagu-
lability presentations are higher in hospitalized COVID-19 patients 
with chronic kidney disease (CKD), which itself predisposes patients 
to cardiovascular complications.37 Presentations range from arterial 
thrombosis and VTE (especially pulmonary embolism), renovascular 
thrombosis, disseminated intravascular coagulopathy, and end-organ 
failure.37 The incidence of VTE may be as high as 36% in intensive 
care unit (ICU) patients.38 In addition, the coagulopathy and over-
all mortality in COVID-19 patients with CKD may be worsened by 
their pre-existing cardiovascular co-morbidities and advanced age. 
Last, acute kidney injury (AKI) may be seen in as many as 19% and 
up to 63% of hospitalized COVID-19 patients and is associated with 
an over 3-fold increased risk of death, in addition to other adverse 
outcomes.37,39 Although there is insufficient evidence to suggest 
specific anticoagulant strategies in COVID-19 patients with CKD or 
AKI, both observational studies and clinical trials support the use of 
standard prophylactic doses of LMWH (e.g., enoxaparin 40 mg sub-
cutaneously daily) or UFH (5000 IU subcutaneously twice or thrice 
daily) down to a CrCl of 30 ml/min. In non–critically ill COVID-19 
patients that meet criteria for therapeutic-dose heparin, thera-
peutic doses of LMWH (e.g., enoxaparin 1  mg/kg subcutaneously 
twice daily) may be the preferred agent down to a CrCl of 30 ml/
min.21,22 For CrCl of 15–29 ml/min, one should consider a renal dose 
adjustment of LMWH for both prophylaxis (e.g., enoxaparin 30 mg 
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subcutaneously daily) or treatment (e.g., enoxaparin 1 mg/kg sub-
cutaneously every 24 h or 0.5  mg/kg subcutaneously twice daily). 
The preferred parenteral agent for patients with a CrCl < 15 ml/min 
should be UFH, which does not require renal adjustment for pro-
phylactic doses (UFH 5000  IU subcutaneously twice daily) or for 
standard therapeutic dosing (80 IU/kg bolus intravenously followed 
by 18 IU/kg/hr infusion, monitored by heparin anti-Xa levels or by 
the activated partial thromboplastin time [APTT]).39 In general, due 
to its high dependence on renal clearance, fondaparinux should be 
avoided in this population, especially in cases of fluctuating renal 
function or with a CrCl < 30 ml/min.

4.5  |  Renal replacement therapy

4.5.1  |  Statement 8

Critically ill patients hospitalized with COVID-19 pneumonia who 
develop AKI frequently require continuous renal replacement 
therapy (CRRT).40 In these cases, not only does the hyperinflamma-
tory state predispose patients to thrombosis, but it may also lead to 
thrombosis of the extracorporeal CRRT circuit.41 Adding systemic 
UFH to regional citrate anticoagulation is associated with less fre-
quent filter thrombosis without increased rates of bleeding and with 
similar rates of mortality compared to citrate alone.42–45 If filter 
thrombosis occurs despite systemic UFH, an option is to consider 
an intravenous direct thrombin inhibitor such as argatroban moni-
tored with a standardized APTT nomogram. Patients with COVID-19 
pneumonia requiring CRRT have generally been excluded from trials 
of escalated-dose thromboprophylaxis, though in the INSPIRATION 
trial there was a non-significant increase in need for CRRT among 
patients receiving intermediate-dose enoxaparin.46 Given the pau-
city and uncertainty of available evidence, standard-dose throm-
boprophylaxis should be used in this population (e.g., UFH 5000 IU 
subcutaneously twice daily or renal dose-adjusted LMWH given 
subcutaneously).

4.6  |  Obesity and weight-adjusted 
thromboprophylaxis

4.6.1  |  Statement 9

Obesity is a known risk factor for thrombosis, where a strong cor-
relation exists between body mass index (BMI) and rates of VTE.47 
This thrombotic risk is noted particularly in COVID-19.48 Reduced 
mobility and comorbid cardiovascular disease often seen in morbid 
obesity can increase rates of hospitalization and death in the setting 
of obesity and COVID-19.49,50 Adipose tissue in an obese individual 
is metabolically active because adipocytes produce interleukin (IL)-6 
and other cytokines predisposing to a prothrombotic state including 
increased activation of platelets and production of microparticles, in 
addition to producing plasminogen activator inhibitor-1.51 In cases 

of COVID-19, obesity predisposes to further problems because adi-
pose tissue, especially visceral fat, expresses the angiotensin con-
verting enzyme 2 receptor and therefore it has been suggested that 
fat is a reservoir for the SARS-CoV-2 virus.52,53

Historically poor representation of obese patients in high-quality 
trials complicates VTE prophylaxis and treatment dosing guidance.54 
Before the COVID-19 pandemic, higher-than-standard-dose UFH 
and LMWH showed greater reductions in hospital-associated VTE 
without increases in bleeding among patients weighing >100 kg,55 
and observational studies56 as well as a randomized controlled trial57 
showed that weight-based dosing of enoxaparin achieves target an-
ti-Xa levels more often than fixed dosing. Yet, in the INSPIRATION 
trial, which evaluated intermediate-dose (0.5  mg/kg twice daily) 
enoxaparin thromboprophylaxis in critically ill COVID-19 patients, 
dosing was further increased (to 0.6  mg/kg twice daily) in pa-
tients with a BMI > 35 kg/m2, without improved efficacy.46 Trials of 
treatment-dose anticoagulants (including heparins and the DOAC 
rivaroxaban) in patients with either moderate or critical illness due 
to COVID-19 have not reported obesity subgroup data; however, 
in all primary studies the mean or median BMI was approximately 
30 kg/m2.20–22,58 In hospitalized COVID-19 patients with Class I 
obesity (BMI 30–35 kg/m2) thromboprophylaxis dosing may reason-
ably follow existing guidelines using low (prophylactic) dose LMWH 
(e.g., enoxaparin 40 mg subcutaneously daily) or UFH (e.g., 5000 IU 
subcutaneously twice or thrice daily).59,60 Patients hospitalized for 
COVID-19 with Class II or greater obesity (BMI ≥35 kg/m2) who do 
not meet criteria for therapeutic-dose heparin may be considered 
for escalated-dose heparins either using fixed intermediate dose 
LMWH (e.g., enoxaparin 40 mg subcutaneously twice daily) or a 
weight-based LMWH regimen (e.g., enoxaparin 0.5 mg/kg subcuta-
neous twice daily), which is typically ~50% higher than correspond-
ing doses for non-obese patients.59,61 Treatment of VTE associated 
with COVID-19 in obesity follows guidance for the non-COVID-19 
population: weight-based dosing (e.g., enoxaparin 1  mg/kg twice 
daily) should be continued for the standard duration.62 Moreover, 
there does not appear to be any firm basis for (1) dose-capping of 
heparins at extremes of weight, nor (2) deviating from standard, 
fixed dosing of DOACs.54,63

4.7  |  Hospitalized patients with existing indications 
for antithrombotic therapy

4.7.1  |  Statement 10

There is no firm basis to reduce pre-hospital anticoagulant dosing 
for hospitalized COVID-19 patients on therapeutic anticoagulation 
either for confirmed VTE or stroke prevention (as in atrial fibrilla-
tion or mechanical heart valve). For patients receiving a VKA such 
as warfarin, COVID-19 coagulopathy can manifest as INR prolon-
gation, which is associated with Dd elevation and, accordingly, 
disease severity.64 Patients prescribed VKA therapy who develop 
COVID-19 pneumonia exhibit a decreased time in therapeutic range 
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and increased variance of INR measurements.13 Yet, observational 
studies have produced conflicting data on whether baseline use of 
oral anticoagulants including VKAs improves or worsens clinical out-
comes among patients hospitalized with COVID-19 pneumonia.65–67 
Existing guidance does not compare oral anticoagulant therapies for 
COVID-19 inpatients and there is a lack of high-quality studies spe-
cifically on continuation of pre-hospital VKAs during admission.59,68

A major question in the anticoagulation of patients hospitalized 
for COVID-19 pneumonia is whether to continue DOACs in those 
patients with pre-existing indications. DOACs are substrates of P-
glycoprotein (P-gp) and CYP3A4; drugs that interact strongly with 
these enzymes can alter DOAC levels.11,12 This category includes 
many drugs used in the treatment of COVID-19 pneumonia, nota-
bly the antivirals ritonavir (a component of Paxlovid) and remdesivir, 
which can induce P-gp and inhibit CYP3A4.69,70 Short-term dexa-
methasone treatment did not alter DOAC levels in a small study, 
although authors speculated longer exposure could lead to unfavor-
able clinical outcomes.71 Lastly, SARS-CoV-2 itself directly alters IL-6 
levels, which are known to affect CYP regulation.72 Beyond drug–
drug and disease–drug interactions, questions remain about the 
efficacy of DOACs in COVID-19 without an indication for oral anti-
coagulation as seen in one moderate-sized trial.58 The ACTION trial 
showed that therapeutic dose of rivaroxaban 20 mg once daily for 
hospitalized COVID-19 patients who did not have an indication for 
OAC did not improve outcomes at 30 days and did increase bleeding 
compared to traditional prophylactic doses of heparin.58

DOACs also lack anti-inflammatory and other immune-
modulating pleiotropic effects of heparins observed in vitro.73 In 
terms of antiplatelet agents, both a large multiplatform trial as well 
as other trials have highlighted that coupled with therapeutic-dose 
anticoagulation for thromboprophylaxis, the use of antiplatelet ther-
apy poses a significant increased risk of bleeding.74,75

Based on these observations, patients prescribed pre-hospital 
VKAs should continue these drugs in-hospital at the prescribed tar-
get INR range (usually 2.0 to 3.0 or 2.5 to 3.5) and the INR should 
be frequently monitored. If there is INR instability, consideration 
should be made to switch to therapeutic-dose heparins (preferably 
LMWH) during hospitalization. For patients prescribed pre-hospital 
therapeutic-dose DOACs, consideration should be made to switch to 
parenteral therapeutic-dose heparin in-hospital, either LMWH with 
renal dose adjustment if the CrCl is 15–29 ml/min or dose-adjusted 
intravenous UFH if CrCl < 15 ml/min (refer to Statement 7). This is 
due to potential for multiple interactions of DOACs with SARS-CoV-2 
itself or anti-viral or immunosuppressant therapy, or potential loss of 
efficacy due to lack of immunomodulatory effects, or other factors 
compared with heparins.59,68 Patients who are on antiplatelet agents 
on admission should continue these drugs with continued assess-
ment of the risk–benefit of their antiplatelet treatment in light of the 
use of anticoagulation for thromboprophylaxis. Consideration with 
antiplatelet therapy needs to be given to those requiring therapeutic 
anticoagulation for thromboprophylaxis, as this group is at high risk 
of bleeding. For patients who were previously receiving antiplatelet 
therapy, the decision to continue or interrupt such treatment during 

anticoagulant therapy should be based on an individual assessment 
of risk factors for thrombosis and bleeding; for example, it would be 
reasonable to continue antiplatelet therapy in patients with a recent 
acute coronary syndrome or in those with a coronary stent.

5  |  HOSPITALIZED CRITIC AL C ARE 
COVID -19 POPUL ATIONS

Critical illness due to COVID-19 signifies a life-threatening condition 
requiring immediate organ support, such as invasive or non-invasive 
positive pressure ventilation, high-flow supplemental oxygen ther-
apy, vasopressor or inotrope support, extracorporeal membrane 
oxygenation, or CRRT, irrespective of patient location within a hos-
pital (as high COVID-19 admission volumes may necessitate make-
shift/temporary critical care areas, in addition to named critical care 
units).20–22,46,58,59,68

5.1  |  Heparin thromboprophylaxis versus no 
thromboprophylaxis in critical settings

5.1.1  |  Statement 11

Three observational studies compared the use of heparin thrombo-
prophylaxis versus no heparin thromboprophylaxis in patients hospi-
talized for COVID-19 in which a small percentage (<10%) contained 
patients in critical care settings.16,76,77 Two of those studies showed 
a decrease in mortality with low (prophylactic) dose LMWH/UFH 
versus no heparin thromboprophylaxis, with an absolute risk reduc-
tion in death of 4.4% in one study.16 In another study the mortal-
ity benefit was only evident among those with a very high Dd level 
(>10 μg/ml).76 There was no significant increase in bleeding events 
and/or transfusion requirement as reported in two studies.16,77 No 
data were reported on the incidence of VTE, although routine low-
dose heparin thromboprophylaxis in non–COVID-19 ICU patients 
has been recommended in previous antithrombotic guidelines as 
low dose heparin has been shown to reduce VTE.78 The use of low 
(prophylactic) dose LMWH or UFH should be strongly considered 
over no heparin thromboprophylaxis in hospitalized, critically ill 
COVID-19 patients to reduce the risk of VTE or death.

5.2  |  Heparin dose when ward patients 
on therapeutic dose LMWH become critically ill

5.2.1  |  Statement 12

In trials of hospitalized non–critically ill COVID-19 patients compar-
ing therapeutic heparin to standard-of-care anticoagulation, ap-
proximately 5%–10% of patients developed severe illness requiring 
mechanical intubation and ICU level of care.20–22 In ICU settings 
of the same trials, therapeutic UFH/LMWH was associated with a 
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multifold increase in major bleeding, including critical site bleed-
ing.21,79 Both the National Institutes of Health and National Institute 
for Health and Care Excellence guidelines on the topic suggest dose 
reduction of heparin if a hospitalized COVID-19 patient on a medi-
cal ward on therapeutic anticoagulation develops critical illness.68,80 
As such, given the increased bleeding risk in critically ill patients on 
therapeutic heparin, for those hospitalized COVID-19 patients on 
therapeutic dose heparin in a ward setting who develop severe ill-
ness and require transfer to the ICU, it would be prudent to switch 
from therapeutic dose UFH/LMWH to a prophylactic dose of heparin, 
unless the patient has confirmed thrombosis, atrial fibrillation, or an-
other indication for therapeutic anticoagulation.

5.3  |  Critically ill patient selection for add-on 
antiplatelet therapy

5.3.1  |  Statement 13

Despite many in vitro studies showing that platelets are activated 
in hospitalized patients with COVID-19 pneumonia,81 multiple trials 
in moderate COVID-19 patients showed no benefit of add-on an-
tiplatelet therapy to anticoagulants in improving clinical outcomes 
and conversely increased bleeding risk.74,75 The REMAP-CAP trial in 
critically ill COVID-19 patients compared the use of add-on therapy 
with either low-dose aspirin or clopidogrel or other P2Y12 inhibi-
tors and found no benefit in improving the primary outcome of sur-
vival and freedom from organ support at 21 days with the different 
classes of antiplatelet agents.82 However, there was a significant 
improvement in the secondary outcome of all-cause mortality until 
discharge.82 Patients in this trial were at low risk of bleeding, did not 
receive therapeutic-dose anticoagulation, and received gastric acid 
suppression. Although routine use of add-on antiplatelet therapy in 
critically ill COVID-19 patients should not be used as per the ISTH 
COVID-19 Antithrombotic Guidelines, select critically ill patients at 
low bleeding risk, not on therapeutic anticoagulation, and receiving 
gastric acid suppression may be considered for add-on antiplatelet 
therapy with low-dose aspirin or a P2Y12 inhibitor in addition to 
standard low-dose heparin thromboprophylaxis, provided that the 
patient does not have an indication for therapeutic anticoagulation.

5.4  |  Management of acute thrombosis in 
COVID-19 in-patients

5.4.1  |  Statement 14

The principles of management of in-hospital acute thrombotic epi-
sodes in those with COVID-19 pneumonia should be the same as 
the management of thrombosis in other hospitalized patients; that 
is, the use of parenteral anticoagulation and consideration of a tem-
porary inferior vena cava filter in case of an absolute contraindica-
tion for anticoagulation. As previously discussed, DOACs are not 

ideal agents due to multiple potential drug–drug and disease–drug 
interactions and potential for reduced efficacy in this setting.72 A 
feature of COVID-19 pneumonia is an acute inflammatory state 
and thus greatly increased levels of fibrinogen and factor VIII that 
may, in addition to high levels of factor VIII, affect APTT level in-
terpretation through a pseudoheparin resistance effect.83 For pa-
tients hospitalized for COVID-19 with an acute thrombotic event, 
the use of LMWH or UFH should be considered over a DOAC, with 
weight-based therapeutic-dose LMWH at twice daily dosing as the 
preferred agent. For patients with a high BMI, the use of weight-
adjusted LMWH and the use of anti-Xa trough and peak levels to 
assess adequate anticoagulation on one occasion after 48 h can be 
considered. For patients on intravenous UFH, weight-adjusted and 
nomogram-based monitoring with anti-Xa levels should be preferred 
over APTT monitoring.

5.5  |  Management of heparin-induced 
thrombocytopenia with/without thrombosis in 
COVID-19 in-patients

5.5.1  |  Statement 15

For hospitalized COVID-19 patients either suspected of heparin-
induced thrombocytopenia with/without thrombosis (HIT/HITT) 
or having confirmed HIT/HITT, treatment principles should follow 
those of non-COVID-19 hospitalized populations, namely initial 
treatment with a non-heparin based parenteral agent (e.g., an intra-
venous direct thrombin inhibitor such as argatroban using a stand-
ardized APTT nomogram or the pentasaccharide fondaparinux, 
given at treatment doses of 5–10 mg subcutaneously daily adjusted 
by weight), followed by dose-adjusted warfarin once the diagnosis 
is confirmed and platelet counts have stabilized.84 Although DOACs 
have been used to treat HIT/HITT in non–COVID-19 hospitalized 
populations, they should be avoided as initial therapy in hospital-
ized COVID-19 patients due to the previously described potential for 
drug–disease and important drug–drug interactions with anti-viral 
medications as well as potential lack of DOACs’ efficacy compared 
to parenteral agents in hospitalized COVID-19 patients as shown in 
the ACTION study.58

6  |  POST-HOSPITAL DISCHARGE PERIOD

Although early retrospective reports suggested a low risk of post-
hospital discharge adverse events and mortality for up to 45 days 
in patients hospitalized for COVID-19, a large prospective regis-
try revealed a 90-day rate of arterial and venous thromboembolic 
events of ~3.2% and an all-cause mortality rate of 4.8%.85–88 Studies 
suggest that patients with classic cardiovascular risk factors or 
renal comorbidities, ICU stay, or an IMPROVE VTE risk score of 4 
or more or a score of 2 or 3 plus an elevated Dd (>2X ULN), are as-
sociated with an increased risk of thrombotic events and mortality 
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in the post-discharge period.88,89 The IMPROVE VTE risk model 
with or without elevated Dd and the IMPROVE-DD VTE risk model 
that incorporates elevated Dd (>2X ULN) have both been exter-
nally validated in multiple studies of hospitalized COVID-19 popu-
lations to identify a high-risk hospitalized COVID-19 population 
for thrombosis and death that would likely benefit from extended 
thromboprophylaxis.90–92

6.1  |  Patient selection for extended post-hospital 
discharge thromboprophylaxis

6.1.1  |  Statement 16

The MICHELLE randomized trial was able to identify a high-risk 
hospitalized COVID population using an IMPROVE VTE score of 4 
or more or a score of 2–3 and elevated Dd (>2X ULN).93 The trial 
selected patients at low risk of bleeding. The results showed ben-
efit from a 35-day course of rivaroxaban 10  mg daily versus no 
anticoagulation at hospital discharge in reducing the primary out-
come of major thromboembolism and cardiovascular death (9% ver-
sus 3%, relative risk 0.33, 95% confidence interval [CI] 0.12–0.90, 
p = 0.029).93 There was no major bleeding in either group. An indi-
vidualized approach should be used to identify high-risk hospitalized 
COVID-19 patients for extended thromboprophylaxis with a DOAC 
(rivaroxaban 10 mg daily) for approximately 35 days. Evidence sug-
gests these patients can be identified using an IMPROVE VTE score 
of 4 or more or a score of 2–3 with elevated Dd (>2X ULN) at any 
time during their hospitalization but ideally closer to hospital dis-
charge, provided that they are at low bleeding risk. For pregnant pa-
tients hospitalized for COVID-19, consideration should be given for 
heparin thromboprophylaxis (preferably LMWH) for 10 to 42 days 
post-discharge, depending on the severity of the presentation.28

6.2  |  Transition from hospital-based 
parenteral anticoagulation to the post-discharge 
outpatient setting

6.2.1  |  Statement 17

Parenteral heparins (including LMWH and UFH in patients with 
renal insufficiency) are preferred to oral anticoagulants in hospi-
talized COVID-19 patients due to potential for INR instability with 
warfarin13 and drug–drug and disease–drug interactions, as well 
potential loss of efficacy with DOACs.58,69,70 However, oral antico-
agulation in favor of DOACs is preferred for at least 3 to 6 months 
in patients with confirmed VTE, with the possibility to extend treat-
ment if the recurrence risk for VTE is elevated.94 As such COVID-19 
inpatients can be switched from parenteral heparins (either subcu-
taneous LMWH or intravenous UFH) to oral anticoagulant therapy 
with a DOAC or warfarin upon hospital discharge according to the 
usual local practice.
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