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Summary
Background Patients hospitalised with COVID-19 are at risk for thrombotic events after discharge; the role of extended 
thromboprophylaxis in this population is unknown.

Methods In this open-label, multicentre, randomised trial conducted at 14 centres in Brazil, patients hospitalised with 
COVID-19 at increased risk for venous thromboembolism (International Medical Prevention Registry on Venous 
Thromboembolism [IMPROVE] venous thromboembolism [VTE] score of ≥4 or 2–3 with a D-dimer >500 ng/mL) 
were randomly assigned (1:1) to receive, at hospital discharge, rivaroxaban 10 mg/day or no anticoagulation for 
35 days. The primary efficacy outcome in an intention-to-treat analysis was a composite of symptomatic or fatal 
venous thromboembolism, asymptomatic venous thromboembolism on bilateral lower-limb venous ultrasound and 
CT pulmonary angiogram, symptomatic arterial thromboembolism, and cardiovascular death at day 35. Adjudication 
was blinded. The primary safety outcome was major bleeding. The primary and safety analyses were carried out in the 
intention-to-treat population. This trial is registered at ClinicalTrials.gov, NCT04662684.

Findings From Oct 8, 2020, to June 29, 2021, 997 patients were screened. Of these patients, 677 did not meet eligibility 
criteria; the remaining 320 patients were enrolled and randomly assigned to receive rivaroxaban (n=160 [50%]) or no 
anticoagulation (n=160 [50%]). All patients received thromboprophylaxis with standard doses of heparin during 
hospitalisation. 165 (52%) patients were in the intensive care unit while hospitalised. 197 (62%) patients had an 
IMPROVE score of 2–3 and elevated D-dimer levels and 121 (38%) had a score of 4 or more. Two patients (one in each 
group) were lost to follow-up due to withdrawal of consent and not included in the intention-to-treat primary analysis. 
The primary efficacy outcome occurred in five (3%) of 159 patients assigned to rivaroxaban and 15 (9%) of 159 patients 
assigned to no anticoagulation (relative risk 0·33, 95% CI 0·12–0·90; p=0·0293). No major bleeding occurred in either 
study group. Allergic reactions occurred in two (1%) patients in the rivaroxaban group.

Interpretation In patients at high risk discharged after hospitalisation due to COVID-19, thromboprophylaxis with 
rivaroxaban 10 mg/day for 35 days improved clinical outcomes compared with no extended thromboprophylaxis.

Funding Bayer.

Copyright © 2021 Published by Elsevier Ltd. All rights reserved. 

Introduction 
Thrombotic events complicate COVID-19 at higher rates 
than previously observed in other comparable clinical 
situations, such as acute distress respiratory syndrome 
not related to SARS-CoV-2.1 Prophylactic use of parenteral 
anticoagulants during hospitalisation is recommended,2 
and there is emerging consensus about the role of in-
hospital heparin as primary thromboprophylaxis.3,4 There 
is no consensus on the use of extended thrombo
prophylaxis beyond the hospital stay. Multiple studies of 

post-discharge patients with COVID-19 show incidences 
of symptomatic venous thromboembolism ranging from 
below 1%5 to 2·5%.6,7 In the largest prospective registry, 
which included 4906 post-discharge patients with 
COVID-19, the incidence of the primary endpoint of 
venous thromboembolism, arterial thromboembolism, or 
all-cause death was 7·13%, and was 46% lower in patients 
prescribed post-discharge prophylactic anticoagulation.6

Extended venous thromboembolism prophylaxis after 
hospitalisation for medically ill (non-COVID-19) patients 
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was previously assessed. The MARINER trial8 evaluated 
rivaroxaban 10 mg or 7·5 mg (if creatinine clearance 
<50mL/min) once per day versus placebo for 45 days 
after hospital discharge in 12 019 medically ill patients. 
Although the trial did not achieve superiority on 
the primary endpoint of symptomatic or fatal venous 
thromboembolism, there was a statistically significant 
56% reduction in the relative risk of the prespecified 
outcome of isolated symptomatic venous thrombo
embolism, a 27% relative risk reduction of symptomatic 
venous thromboembolism and all-cause death, and a 
28% relative risk reduction in major and fatal thrombo
embolic events.8 There was no statistically significant 
increase in the rate of major bleeding.9

There are conflicting recommendations about the role 
of post-hospital discharge extended antithrombotic 
prophylaxis in patients hospitalised due to COVID-19.10–12 
We hypothesised that in patients hospitalised with 
COVID-19, prophylaxis with rivaroxaban 10 mg/day for 
35 days after discharge would improve clinical outcomes, 
including major and fatal thromboembolic events.

Methods 
Study design 
The MICHELLE trial was a pragmatic, open-label 
(with blinded adjudication), multicentre, randomised, 
controlled trial in patients discharged after hospitalisation 
for COVID-19. The methods have been previously 
described.13 The changes in the protocol during the study 
period are described in the appendix (p 24). The study was 
conducted at 14 hospitals in Brazil. Details around the 

centres are described in the appendix (p 5). The objective 
was to assess whether rivaroxaban 10 mg/day for 35 days, 
initiated at hospital discharge, reduced the combination 
of symptomatic and asymptomatic venous and arterial 
thromboembolism, including cardiovascular death.

The study was led by an academic steering committee 
(appendix p 3) whose members designed the trial and 
coordinated the scientific and medical aspects of the 
study. Science Valley Research Institute (São Paulo, 
Brazil) was responsible for data and site management, as 
well as all statistical analysis. All events were evaluated by 
an independent clinical events adjudication committee, 
including a core laboratory for image analysis, whose 
members were unaware of the study treatment 
assignment. The study also had an independent data 
safety monitoring board for safety surveillance during the 
trial.

The Brazilian National Commission for Research 
Ethics and ethics committees at all the participating 
sites approved the trial protocol. The MICHELLE 
trial institutional review board number is CAAE 
35432520.3.1001.5485. The last version of the protocol is 
included in the appendix (p 42).

Participants 
We included patients at discharge who were hospitalised 
with COVID-19 (confirmed by RT-PCR, antigen, or IgM 
tests) for a minimum of 3 days (intensive care unit [ICU] 
stay was allowed). Patients received standard prophylactic 
doses of parenteral enoxaparin (40 mg subcutaneously 
once per day), unfractionated heparin (5000 IU two or 

Research in context

Evidence before this study
COVID-19 leads to higher rates of thrombotic events than 
previously observed in other comparable clinical situations. 
Prophylactic dosage of parenteral anticoagulants during 
hospitalisation is mandatory, and there is emerging consensus 
about optimal dose of in-hospital heparin as primary 
thromboprophylaxis. However, there is no consensus on 
extended thromboprophylaxis after hospitalisation. 
We searched MEDLINE, the Cochrane Central register of 
Controlled Trials, Web of Science, and Scopus using the terms 
(“rivaroxaban” OR “apixaban” OR “dabigatran” OR “edoxaban” 
OR “heparin” OR “enoxaparin”) AND (“extended 
thromboprophylaxis” OR out-of-hospital thromboprophylaxis”) 
AND (“SARS-CoV-2” OR “COVID” OR “coronavirus” OR 
“COVID-19”) AND (“randomised” OR “clinical trials”), with no 
date or language restrictions. We did not find any published 
randomised trial assessing the effects of extended 
thromboprophylaxis after hospitalisation due to COVID-19.

Added value of this study
The MICHELLE trial is the first study, to our knowledge, to 
randomly assign patients hospitalised because of COVID-19, 

with high IMPROVE scores at hospital discharge, to receive 
either prophylactic doses of rivaroxaban (10 mg/day) or no 
anticoagulation for 35 days. Our study is also the first to use 
systematically CT pulmonary angiogram for the primary efficacy 
outcome evaluation. The results of the MICHELLE trial show that  
in patients at high risk discharged after COVID-19 
hospitalisation, thromboprophylaxis with rivaroxaban 
10 mg/day for up to 35 days improved clinical outcomes, 
reducing thrombotic events compared with no post-discharge 
anticoagulation. The MICHELLE trial provides high-quality 
evidence to guide medical decisions.

Implications of all the available evidence
To our knowledge, this study is the first positive direct oral 
anticoagulant randomised controlled trial in 
thromboprophylaxis for medically ill patients. In the era of the 
COVID-19 pandemic, in which most medical decisions 
regarding anticoagulation strategies have been made based on 
low-quality evidence, our study provides high-quality data to 
help clinicians in the decision making process when managing 
and treating patients with COVID-19.

See Online for appendix
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three times per day), or fondaparinux (2·5 mg once 
per day) during hospitalisation. Patients also needed to 
have an increased risk for venous thromboembolism, 
defined as an elevated modified International Medical 
Prevention Registry on Venous Thromboembolism 
(IMPROVE) venous thromboembolism (VTE) score 
of 2–3 with a D-dimer level of more than 500 ng/mL 
using local laboratory criteria or a score of 4 or more 
independent of the D-dimer level at hospital discharge. It 
was recommended that an elevated D-dimer level close to 
hospital discharge was to be used by sites when available, 
but any high D-dimer level (above 500 ng/mL) during 
any time of hospitalisation was considered for calculating 
the IMPROVE VTE score during randomisation. This 
approach was also used in the MARINER trial.9

No patient was scanned with Doppler ultrasound or 
pulmonary angiogram CT in hospital before being 
recruited. Suspicion or confirmation of a thrombotic event 
was an exclusion criterion, so patients with previously 
positive scans were not eligible for the MICHELLE trial. 
Vasopressor support was allowed for patients in the ICU 
and no limit to the level of oxygen support was a limitation 
to enrol patients in this pragmatic clinical trial. Full 
eligibility criteria are provided in the appendix (p 7).

Following local regulations, all participants provided 
written or electronically signed informed consent.

Randomisation and masking 
Patients were randomly allocated in a 1:1 ratio to receive 
either thromboprophylaxis with rivaroxaban 10 mg/day or 
regular follow-up (no anticoagulation) for 35 days (SD 4). 
Randomisation was done in permuted blocks of variable 
size, using a central, concealed, web-based, automated 
randomisation system (RedCap, version 11.0.3). The 
MICHELLE trial was an open-label study, with no 
masking of investigators or patients to group allocation.

Procedures 
Patients were screened for the eligibility criteria 
during hospitalisation. Baseline assessment included 
demographic characteristics, risk factors, medical 
history, intrahospital anticoagulation use, ICU stay, and 
laboratory data (D-dimer and creatinine clearance). Study 
medication was provided at randomisation and started 
within the first 24 h after hospital discharge and 
maintained for 35 days, irrespective of the second 
evaluation day. Patients allocated to the no anticoagulation 
group received no intervention. At randomisation, patients 
were asked to report in the protocol evaluations or by 
assessment any symptom suggestive of venous or arterial 
thromboembolism or bleeding. In every consultation, the 
investigators performed a detailed assessment of chest 
pain, dyspnoea, peripheral oedema, pain in the lower 
limbs, pulse evaluation, and signs of bleeding.

The first visit was on day 7 after randomisation and 
was done either by telephone or at an outpatient clinic. 
The second visit was done on day 35 (SD 4) at an 

outpatient clinic or hospital. On the same day, bilateral 
lower limb venous Doppler ultrasound and CT 
pulmonary angiograms were performed.

Outcomes 
The primary efficacy outcome was a composite 
of symptomatic or fatal venous thromboembolism, 
asymptomatic venous thromboembolism detected by 
bilateral lower limb venous Doppler ultrasound and CT 
pulmonary angiogram, symptomatic arterial thrombo
embolism (myocardial infarction, non-haemorrhagic 
stroke, and major adverse limb event), and cardiovascular 
death at day 35.

The primary safety outcome was major bleeding, 
defined according to the International Society on 
Thrombosis and Haemostasis (ISTH) criteria.14 During 
the study, we added an amendment including arterial 
events for the primary outcome. We included myocardial 
infarction, non-haemorrhagic stroke, and major adverse 
limb events, primarily because of the prespecified 
MARINER subanalysis,8 published in 2020, that showed 
a relative risk reduction of 28% on arterial events.

The secondary efficacy outcomes were a combination 
of symptomatic or fatal venous thromboembolism; a 
composite of symptomatic venous thromboembolism or 
all-cause mortality; and a composite of symptomatic 
venous thromboembolism, myocardial infarction, non-
haemorrhagic stroke, or cardiovascular death (death 
from known cardiovascular disease or death in which 
cardiovascular disease cause cannot be excluded).

The secondary safety outcomes were a combination of 
major, clinically relevant non-major, and other bleeding, 
according to ISTH criteria.14 Prespecified subgroup 
analyses were age (≤60 years or >60 years); body-mass 
index (≤30 kg/m² or >30 kg/m²); creatinine clearance 
(30 to <50 mL/min or ≥50 mL/min); modified IMPROVE 
VTE score (2–3 or ≥4); D-dimer concentration 
(≤500 ng/mL or >500 ng/mL), and antiplatelet use.

An independent clinical events classification committee, 
whose members were unaware of the study treatment 
assignment, adjudicated all venous and arterial 
thromboembolic and bleeding events, and causes of 
death. All presumed or suspected thromboembolic events 
were reported for adjudication, regardless of the 
availability of imaging tests. If an imaging test was 
positive, the event was classified as a confirmed pulmonary 
embolism, venous thromboembolism, or arterial 
thrombosis. If imaging results were not available, but 
there was a high clinical suspicion of deep venous 
thrombosis or pulmonary embolism, the case was 
classified as probable deep venous thrombosis or 
pulmonary embolism. An independent core laboratory 
adjudicated all CT pulmonary angiograms, and pulmonary 
embolism was considered if three observers detected a 
defect in the intraluminal filling in the CT. The clinical event 
adjudication committee had access to necropsy data. 
According to the clinical events classification charter, 



Articles

www.thelancet.com   Vol 399   January 1, 2022	 53

patients who died with an unknown cause of death were 
classified as a possible pulmonary embolism. Outcome 
definitions are provided in the appendix (p 6).

Statistical analysis 
The sample size was calculated assuming 80% power, at 
a significance level of 0·05, of a primary efficacy endpoint 
occurrence of 15% in the standard of care group (control 
group) and 5% in the treatment group, with a relative 
risk reduction of 67%.

If there was a true absolute difference in favour of the 
proposed treatment of 10% (15% vs 5%), then 282 patients 
were required with a power of 80% that the upper limit of 
a 95% CI would exclude a difference in favour of the 
standard group of more than 50%. With a projected drop-
out rate of 10%, 320 patients were enrolled (n=160 
per group).

This 56% relative risk reduction was observed in 
symptomatic events in the MARINER trial, which 
included more than 12 000 patients.9 For the MICHELLE 
trial, we projected a relative risk reduction of 67% on the 
anticoagulation group because we incorporated both 
mandatory bilateral lower limb Doppler ultrasound and 
pulmonary angiogram CT scans for all patients as part of 
the primary outcome. We believed that an increase of 
11% in the relative risk reduction driven by asymptomatic 
events (both deep-venous thrombosis and pulmonary 
embolism) was realistic. The importance of asymptomatic 
thrombosis is not dismissible and earlier data showed that 
all-cause mortality is two times higher among patients 
with asymptomatic proximal deep-venous thrombosis.15

Efficacy analyses were done using the intention-to-treat 
principle.

The efficacy analysis tests were one-sided, with a type I 
error rate of 2·5%, assuming a two-sided 95% CI. 
The cumulative incidence of the composite events was 
compared between the rivaroxaban and control groups, 
and the relative risk (RR) or risk ratio was estimated. The 
same analysis was carried out for secondary efficacy 
outcomes. For the safety analysis, statistical tests were 
two-sided, with a type I error rate of 5% and a two-sided 
95% CI. Superiority of the treatment group was claimed 
if the upper limit of 95% CI was less than 1.

Sensitivity analyses were performed for the primary 
and secondary outcomes using the per-protocol 
population (patients who received the proposed 
treatment [anticoagulation or no anticoagulation] with at 
least 80% of intervention compliance (definitions in the 
appendix p 10). Additional sensitivity analyses were 
performed for the risk difference using a 95% Wilson CI. 
For the risk difference, superiority of the treatment group 
was claimed if the upper limit of the 95% Wilson CI was 
less than 0. Details around the Wilson CI for a risk 
difference are described in the appendix (p 26).

Subgroup analyses for the primary outcome were 
performed between treatment and control groups 
according to predefined groups of age, body-mass index, 

creatinine clearance, modified IMPROVE VTE score, 
D-dimer levels, and use of antiplatelets. Interaction tests 
were performed to assess the homogeneity of the 
treatment effect between rivaroxaban versus control for 
the primary outcome.

The statistical analysis plan was completed before the 
end of the study and unblinding of the study results and 
is available in the appendix (p 27). All analyses were done 
with SPSS PASW Statistics software, version 17.0 (IBM, 
Armonk, NY, USA) and Excel.

Figure 1: Trial profile 
IMPROVE VTE=International Medical Prevention Registry on Venous Thromboembolism venous 
thromboembolism

159 analysed in intention-to-treat-analysis
 114 angioCT scans available
 134 Doppler US available

159 analysed in intention-to-treat-analysis
 90 angioCT scans available
 118 Doppler US available 

160 assigned to rivaroxaban 
 158 received allocated intervention
 2 did not receive allocated

intervention (1 allocated to
another study, 1 had prolonged
hospitalisation)

997 patients assessed for eligibility

320 randomly assigned

160 assigned to no anticoagulation

1 lost to follow-up (withdrawn
informed consent)

1 lost to follow-up (withdrawn
informed consent)

677 were excluded
185 declined to participate in the study
175 had an IMPROVE VTE score <4 and D-dimer within

normal range
59 had severe renal failure (creatinine clearance 

<30 ml/min)
58 with RT-PCR absent, negative, or inconclusive
33 with prohibited medication according to the clinical

protocol
26 with indication for anticoagulant therapy
20 participants unable to attend all the visits of the study
20 with prolonged hospitalisation
18 with known HIV infection
15 with venous thromboembolism before inclusion in

the study
15 with active cancer
12 died during hospitalisation

9 were transferred to another service
7 presented with sepsis or secondary infections and 

were under treatment after discharge
6 were participating in another interventional study
4 presented with haemorrhages within 3 months 

before randomisation
4 with known significant liver disease
3 with history of chronic alcoholism
2 had a history of stroke
2 were pregnant
1 did not use heparin during hospitalisation
1 had tuberculosis
1 had acute myocardial infarction (catheterisation

indicated)
1 had severe heart failure
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The data safety monitoring board met every 2–3 months 
during the trial. The data safety monitoring board 
was tasked with looking at general efficacy and safety 
signals. There were no formal stopping rules. An interim 
analysis was performed by a statistician, who was aware 
of the study treatment assignment, in approximately 
200 patients with complete 35-day follow-up. At that 
point, 287 patients had been randomly assigned into the 
study. These results were not shared with the trial 
leadership or with anyone outside of the data safety 
monitoring board. Details around the interim analysis 
and statistical analysis plan are described in the 
appendix (p 23).

The MICHELLE trial is registered at ClinicalTrials.gov, 
NCT04662684.

Role of the funding source 
The study funder had no role in the planning and design 
of the study, data collection, analysis, and interpretation, 
nor writing of the manuscript.

Results 
From Oct 8, 2020, to June 29, 2021, 997 patients were 
screened. Of these patients, 677 did not meet eligibility 
criteria; the remaining 320 patients were enrolled and 
randomly assigned to receive rivaroxaban (n=160 [50%]) 
or no anticoagulation (n=160 [50%]; figure 1). Two patients 

in the rivaroxaban group did not receive the intervention 
(one patient was assigned to another study, the other 
patient had a prolonged hospitalisation and needed 
prolonged parenteral anticoagulation). Two patients (one 
from each group) withdrew informed consent and were 
excluded from the primary analysis. Thus, 159 patients 
per group were included in the intention-to-treat analysis. 
Of the rivaroxaban group, 116 (73%) patients had CT 
pulmonary angiogram performed and 135 (85%) had 
bilateral lower limb venous Doppler ultrasound on 
day 35. Of the control group, 90 (57%) patients had CT 
pulmonary angiogram and 119 (75%) had ultrasound 
(figure 1).

Baseline characteristics were balanced between 
groups (table 1). The mean age was 57·1 years 
(SD 15·2), 127 (40%) were women, 191 (60%) were 
men, and the mean body-mass index was 29·7 kg/m² 
(SD 5·6). At hospital discharge, 304 (97%) of 
315 patients had a creatinine clearance of 50 mL/min 
or more, median hospitalisation time was 8 days (IQR 
6–12), and 165 (52%) patients were in the ICU. 
273 (86%) patients received enoxaparin 40 mg once 
per day as in-hospital thromboprophylaxis, 197 (62%) 
had an IMPROVE VTE score of 2–3 with increased 
D-dimer levels, and 214 (92%) of 233 had increased 
D-dimer levels (above the upper limit of normal of 
500 ng/mL). 16 (5%) patients received antiplatelet 
therapy. 157 (99%) of 159 patients took the study 
medication up to day 35 without a discontinuation 
greater than 7 days (appendix p 10).

For the primary efficacy outcome at day 35, five (3·14%) 
of 159 patients allocated to the rivaroxaban group and 
15 (9·43%) of 159 patients allocated to the control group 
had a primary efficacy outcome event (RR 0·33, 95% CI 
0·13–0·90; p=0·0293) yielding a relative risk reduction 
of 67% (figure 2). The primary efficacy outcome was 
driven mainly by pulmonary embolism in the control 
group (table 2). Most asymptomatic pulmonary emboli 
were segmental or subsegmental, but there were 
proximal pulmonary emboli as well (n=3 deaths due to 
pulmonary embolism in the control group). There were 
no ISTH-defined major bleeding events in either group. 
Similar results were seen in the per-protocol and other 
sensitivity analysis (appendix pp 10–20).

For the prespecified secondary efficacy outcomes, 
symptomatic and fatal venous thromboembolism 
occurred in one (0·63%) of 159 patients in the rivaroxaban 
group compared with eight (5·03%) of 159 patients in the 
control group (RR 0·13, 95% CI 0·02–0·99; p=0·0487); 
symptomatic venous thromboembolism and all-cause 
mortality occurred in four (2·52%) of 159 patients in the 
rivaroxaban group and nine (5·66%) of 159 patients 
in the control group (RR 0·44, 95% CI 0·14–1·41; 
p=0·1696); and the composite of symptomatic venous 
thromboembolism, myocardial infarction, stroke, or 
cardiovascular death occurred in one (0·63%) of 
159 patients in the rivaroxaban group and nine (5·66%) 

Rivaroxaban 
(n=159)

Control 
(n=159)

Age, years 57·8 (14·8) 56·4 (15·6)

Age ≥75 years 18 (11%) 15 (9%)

Sex

Female 62 (39%) 65 (41%)

Male 97 (61%) 94 (59%)

Body-mass index, kg/m² 29·6 (5·6) 29·9 (6·0)

Creatinine clearance

30 to <50 mL/min 6/158 (4%) 5/157 (3%)

≥50 mL/min 152/158 (96%) 152/157 (97%)

Duration of index hospitalisation, 
days

8 (5·5; 12) 8 (6; 12)

ICU or CCU stay 86 (54%) 79 (50%)

In-hospital enoxaparin 40 mg use 136 (86%) 137 (86%)

In-hospital unfractionated 
heparin use

23 (14%) 22 (14%)

IMPROVE VTE score

2–3 98 (62%) 99 (62%)

≥4 61 (38%) 60 (38%)

D-dimer level above ULN during 
index hospitalisation

106/115 (92%) 108/118 (92%)

Antiplatelet use 8 (5%) 8 (5%)

Data are mean (SD), n (%), median (IQR), or n/N (%). CCU=cardiac care unit. 
ICU=intensive care unit. IMPROVE VTE=International Medical Prevention Registry 
on Venous Thromboembolism venous thromboembolism. ULN=upper limit of 
normal.

Table 1: Baseline characteristics (intention-to-treat analysis)
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of 159 patients patients in the control group (RR 0·11, 
95% CI 0·01–0·87; p=0·0360). Similar results were seen 
in the per-protocol and other sensitivity analysis 
(appendix pp 10–20).

For the secondary safety analysis, clinically relevant 
non-major bleeding occurred in two patients treated with 
rivaroxaban (one nose and one urinary bleed) and two in 
the control group. The prespecified combination of 
major, clinically relevant non-major, and other bleeding 
occurred in four (2·52%) of 159 patients receiving 
rivaroxaban and three (1·89%) of 159 patients allocated to 
no anticoagulation. The primary and secondary efficacy 
and safety outcomes are presented in table 2. Similar 
results were seen in the per protocol and other sensitivity 
analysis (appendix pp 11–20). Allergic reactions to the 
study medication occurred in two (1·3%) patients 
assigned to the rivaroxaban group.

Results for the primary outcome were consistent across 
prespecified subgroups with no signs of heterogeneity. 
The subgroups that passed the interaction test were 
patients with advanced age, patients with obesity, 
patients with moderate renal failure (creatinine clearance 
<50 mL/min), patients with an elevated IMPROVE VTE 
score (≥4), patients with increased D-dimer, and patients 
under antiplatelet therapy (figure 3).

Discussion 
In this open-label, multicentre, randomised, controlled 
trial of patients at high risk hospitalised with confirmed 
COVID-19, a treatment regimen of standard in-
hospital parenteral thromboprophylaxis and extended 
post-discharge thromboprophylaxis with rivaroxaban 
10 mg/day for 35 days (SD 4), when compared with no 
anticoagulation, resulted in better clinical outcomes, 
including a reduction in major and fatal thromboembolic 
events without increasing major bleeding, after standard 

in-hospital parenteral thromboprophylaxis. The results 
were consistent across all prespecified subgroups. These 
results provide high-quality evidence and will inform 
clinical practice guidelines about the role of extended 
thromboprophylaxis in hospitalised patients with 
COVID-19.

To our knowledge, the MICHELLE trial is the first 
randomised study in the field of extended post-discharge 
thromboprophylaxis for patients with COVID-19 that 
has shown clinical benefit. The difference was driven 
mainly by a lower incidence of pulmonary embolism 
(one symptomatic and one asymptomatic pulmonary 
embolism detected by CT pulmonary angiogram) in the 
treatment group compared with the control group 
(four asymptomatic, three symptomatic, and three fatal). 
Two of the fatal pulmonary emboli in the control 
group were confirmed by autopsy and the other one 
was considered a pulmonary embolism because the 
investigator reported to the clinical events classification 
committee that the patient died from acute right heart 

Rivaroxaban 
(n=159)

Control  
(n=159)

Relative risk 
(95% CI)

p values 
(two-sided)

Primary efficacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary efficacy outcomes

Symptomatic and fatal VTE 1/159 (0·63%) 8/159 (5·03%) 0·13 (0·02–0·99) 0·0487

Symptomatic VTE and all-cause 
mortality

4/159 (2·52%) 9/159 (5·66%) 0·44 (0·14–1·41) 0·1696

Composite of symptomatic 
VTE, myocardial infarction, 
stroke, and cardiovascular death

1/159 (0·63%) 9/159 (5·66%) 0·11 (0·01–0·87) 0·0360

Components of the primary outcome

Symptomatic DVT 0 3 (1·89%) 0·14 (0·01–2·74) 0·1968

Symptomatic pulmonary 
embolism

1 (0·63%) 2 (1·26%) 0·50 (0·05–5·46) 0·5698

Fatal pulmonary embolism 0 3 (1·89%) 0·14 (0·01–2·74) 0·1968

Asymptomatic DVT on duplex 
scan

3 (1·89%) 1 (0·63%) 3·00 (0·32–28·53) 0·3391

Asymptomatic pulmonary 
embolism on CT pulmonary 
angiogram

1 (0·63%) 4 (2·52%) 0·25 (0·03–2·21) 0·2127

Symptomatic arterial 
thrombosis

0 1 (0·63%) 0·33 (0·01–8·12) 0·5001

Myocardial infarction 0 0 NA NA

Non-haemorrhagic stroke 0 0 NA NA

Major adverse limb event 0 0 NA NA

Cardiovascular death 0 1 (0·63%) 0·33 (0·01–8·12) 0·5001

Primary safety outcome

Major bleeding 0 0 NA NA

Secondary safety outcomes

CRNM 2/159 (1·26%) 2/159 (1·26%) 1·00 (0·14–7·01) 1·0000

Other bleeding 2/159 (1·26%) 1/159 (0·63%) 2·00 (0·18–21·84) 0·5698

Combination of major, CRNM, 
and other bleeding

4/159 (2·51%) 3/159 (1·89%) 1·33 (0·30–5·86) 0·7034

Data are n/N (%), or n (%), unless otherwise specified. CRNM=clinically relevant non-major. DVT=deep vein 
thrombosis. NA=not applicable. VTE=venous thromboembolism.

Table 2: Efficacy and safety outcomes (intention-to-treat analysis)

Figure 2: Primary efficacy and safety outcomes 
The primary endpoint was a composite of symptomatic or fatal venous 
thromboembolism, asymptomatic venous thromboembolism detected by 
bilateral lower limb venous Doppler ultrasound and CT pulmonary angiogram, 
symptomatic arterial thromboembolism (myocardial infarction, non-
haemorrhagic stroke, and major adverse limb event), and cardiovascular death 
at day 35.
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failure and his clinical suspicion was death due to 
pulmonary embolism. Following the prespecified criteria, 
the clinical events classification committee considered 
this death as due to pulmonary embolism where 
pulmonary embolism could not be ruled out, with high 
clinical suspicion.

In the active group, not only the absolute number 
of events was lower than in the control group, but 
the magnitude of events was also deceased (more 
asymptomatic events in the anticoagulant group than in 
the control group). In addition, distal deep-venous 
thrombosis was detected in the active group. The impact 
of distal venous thrombosis, however, is not to be 
minimised. As measured in an earlier clinical trial16 on 
extended prophylaxis for the medically ill, the effect of 
extended prophylaxis is prolonged past the treatment 
period. This legacy effect is proposed to be precisely a 
consequence of the asymptomatic distal thrombosis. As 
our population was treated, there is no certainty that these 
events would not to become clinically symptomatic later. 
In addition, both groups had the same imaging protocol 
and distal thromboses were equally likely to be detected.

The lowering of the risk of the primary outcome was 
consistent across predefined subgroups of patients 
hospitalised with COVID-19, suggesting consistent 
homogeneity in the study. Previous studies in patients 
hospitalised with COVID-19 have shown that both an 
elevated IMPROVE VTE score and an elevated D-dimer 
level, a relatively new biomarker for patients hospitalised 
with COVID-19, are able to predict an increased risk of 
thrombotic events in the post-discharge period.17,18

In earlier trials involving medically ill patients that 
compared extended prophylaxis strategies with standard 
prophylaxis with low molecular weight heparin for 10 days 
(SD 4), extended prophylaxis significantly decreased venous 
thromboembolism rates, but at the cost of rates of major 
bleeding events at least twice that observed in the 
comparator group.19 We observed a higher number of 
thrombotic events in the MICHELLE trial, mainly driven 
by pulmonary embolism, as compared with previous 
observational studies.5,7,17 The reasons behind these findings 
include increased IMPROVE VTE scores at randomisation, 
long hospital length of stay (12·6–16·4 days), and the fact 
that around 165 (50%) patients were in the ICU. The mean 
hospital stay for the MARINER trial was 6·7 days, which 
was about two times shorter than observed in MICHELLE. 
Finally, the systematic use of imaging at day 35 to detect 
potential asymptomatic deep vein thrombosis and 
pulmonary embolism might have also played a role in our 
findings.

Bleeding events were low in the MICHELLE trial 
and consistent with the safety profile observed in the 
MARINER trial. This goal was achieved by excluding 
patients who had active cancer or gastrointestinal ulcer, 
bronchiectasis, bleeding in the previous 3 months, recent 
surgery, use of dual antiplatelet therapy, creatinine 
clearance below 30 mL/min or were receiving dual 
antiplatelet therapy.

Extended venous thromboembolism prophylaxis after 
hospitalisation for medically ill patients remains 
controversial. Despite the results of the MARINER trial 
that did not show an overall statistically significant 

Figure 3: Subgroup analysis 
IMPROVE VTE=International Medical Prevention Registry on Venous Thromboembolism venous thromboembolism. ULN=upper limit of normal.
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difference between rivaroxaban and placebo in reducing 
venous thromboembolism-related death after 45 days 
post discharge, this extended thromboprophylaxis 
strategy reduced the rate of symptomatic venous 
thromboembolism by 56% with no increase in major 
bleeding. Given the highly prothrombotic nature of 
COVID-19, in addition to the substantial number of 
patients leaving the hospital with high IMPROVE VTE 
scores and D-dimer levels, it was reasonable to assess 
the role of a prolonged venous thromboembolism 
prophylaxis strategy with rivaroxaban in reducing 
thrombotic events without statistically significantly 
increasing major bleeding in patients hospitalised with 
COVID-19. In contrast to the MARINER trial, we opted 
for a shorter course of out-of-hospital thromboprophylaxis 
(35 days vs 45 days), which aligned with previous trials.16,20 
We decided to use a 35-day follow-up period following 
the MAGELLAN study, which was a positive trial from 
an efficacy endpoint perspective.20 Given that we 
included pulmonary angiogram CT for outcome 
evaluation and given the previous experience of losing 
follow-up exams after hospital discharge in venous 
thromboembolism prophylaxis trials in medically ill 
patients (the Doppler ultrasound loss in the ADOPT trial 
was 35%, as an example),21 the choice of 35 days seemed 
reasonable from both a clinical perspective as well as 
clinical trial design.

Other clinical studies are actively assessing extended 
thromboprophylaxis in patients with COVID-19. A study 
in Mexico enrolling 130 patients will evaluate prophylactic 
and full-dose heparin administered in-hospital followed by 
rivaroxaban 10 mg/day or no intervention (NCT04508439). 
The out-of-hospital phase will assess adverse events and 
biomarkers. Another study, the XACT trial (NCT04640181), 
is evaluating 150 patients randomised to in-hospital 
enoxaparin or oral rivaroxaban (10 mg/day, 15 mg/day, or 
20 mg/day) through discharge for 28 days; the primary 
outcome is a combination of death or 30-day all-cause 
mortality, mechanical ventilation, intubation, or transfer to 
an ICU. A larger trial, ACTIV-4c (NCT04650087), plans to 
enrol 4000 patients in the USA to assess the effectiveness 
and safety of anticoagulants and antiplatelets (apixaban, 
aspirin, or placebo) administered to patients who have 
been discharged from the hospital. The primary objective 
is reducing myocardial infarction, stroke, arterial and 
venous thrombosis, and death within 30 days after hospital 
discharge for moderate and severe COVID-19. Finally, the 
HEAL-COVID (NCT04801940) trial plans to enrol patients 
at hospital discharge after a first admission due to 
COVID-19. Patients will be randomly assigned in a three-
group trial to apixaban, atorvastatin, or standard of care. 
The primary efficacy outcome is hospital-free survival over 
12 months.

The MICHELLE trial is part of a comprehensive 
programme of anticoagulation strategies for Brazil’s 
COVID-19 pandemic. Four other randomised clinical trials 
are evaluating the role of antithrombotic strategies at 

different times around COVID-19. The COALIZAO-
ACTION trial4 showed that in patients hospitalised with 
COVID-19 and elevated D-dimer concentrations, in-hospital 
therapeutic anticoagulation with rivaroxaban 20 mg once 
per day followed by rivaroxaban 20 mg once per day for up 
to 30 days did not improve in-hospital clinical outcomes 
and increased bleeding compared with prophylactic 
anticoagulation. The trial results suggest that the 
rivaroxaban 20 mg once-per-day dose should be avoided as 
a routine anticoagulation strategy for in-hospital thrombo
prophylaxis in patients hospitalised with COVID-19.4 The 
MICHELLE trial, on the other hand, demonstrated that a 
lower dose of rivaroxaban at the time of hospital discharge 
and extended for 35 days in the right patient population 
improves clinical outcomes, highlighting the importance 
finding the most favorable antithrombotic regimen for 
these patients. The CARE trial (NCT0475785) is enrolling 
1000 COVID-19 outpatients with moderate symptoms to 
either rivaroxaban 10 mg versus placebo to reduce the need 
for hospitalisation and mortality. The APOLLO trial 
(NCT04746339) is evaluating apixaban 2·5 mg twice per day 
versus placebo in the out-of-hospital setting to reduce 
mortality. All four trials together will provide high-quality 
evidence and inform practice around the management of 
patients with COVID-19 in the pre-hospital, in-hospital, 
and post-discharge settings and should help physicians in 
the decision-making process for anticoagulation in patients 
with COVID-19.

The MICHELLE trial has strengths and limitations. 
The open-label design has a potential risk of bias, 
especially concerning clinical event ascertainment. We 
projected the trial based on the statistically significant 
56% relative risk reduction observed in MARINER for 
symptomatic venous thromboembolism and have used, 
for the first time, a traditional antithrombotic clinical 
trial design, CT pulmonary angiograms to count clinical 
events.

Such a strategy seems to have been appropriate given 
that the superiority achieved for the primary efficacy 
outcome was driven mainly by pulmonary embolism. 
We also projected the trial to detect asymptomatic proximal 
venous thromboembolism events because of the cor
relation to increased mortality in hospitalised medically ill 
patients;15 however, few events were asymptomatic deep 
vein thrombosis. A potential limitation was the lack of a 
placebo, which would have made the trial not feasible. Not 
every patient received CT pulmonary angiogram (45 [28%] 
in the active group and 69 [43%] in the control group) or 
Doppler ultrasound (25 [16%] in the active group and 
41 [26%] in the control group). These rates are consistent 
with previous studies that have also reported the loss of 
image evaluation (Doppler ultrasound) in this patient 
population.20,21 Reasons for lack of imaging included fear of 
returning to the hospital in the middle of the pandemic, 
increased creatinine levels, and reported allergy to media 
contrast. Notably, a higher number of imaging evaluations 
occurred in those patients receiving anticoagulation, 
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decreasing the risk of reporting bias and making the 
results of MICHELLE even more conservative. The 
primary efficacy outcome of the MICHELLE trial was 
driven by pulmonary embolism and we could not 
differentiate pulmonary embolism or immunomediated 
primary pulmonary arterial thrombosis. Finally, the 
MICHELLE trial had a small sample size of 320 patients. 
Future trials with larger study populations (such as 
ACTIV-4c) are warranted to confirm our findings.

In conclusion, in patients at high risk discharged after 
hospitalisation due to COVID-19, evidence suggests that 
thromboprophylaxis with rivaroxaban 10 mg/day through 
35 days improved clinical outcomes, reducing thrombotic 
events, compared with no post-discharge anticoagulation. 
The use of extended prophylactic-dose rivaroxaban 
should be considered at hospital discharge as an attractive 
strategy to improve clinical outcomes in patients with 
creatinine clearance of more than 30 mL/min who were 
hospitalised with COVID-19 and an IMPROVE VTE 
score 2–3 plus increased D-dimer levels or an IMPROVE 
VTE score of 4 or more.
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