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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 e"cacy 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 e"cacy 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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SARS-CoV-2がACE2受容体を介して感染

組織因子(TF)
過剰な炎症性サイトカイン

凝固を活性化・血栓形成
内皮細胞を障害

自然免疫惹起
活性化した好中球はNETsを放出

DAMPs・化学メディエーターが血管を障害

内皮細胞に感染 VWF、第Ⅷ因子、Angiopoietin2が放出

血小板粘着凝集や凝固系が活性 血栓形成 Iba T,et al. J. Clin. Med. 2021, 10(2),191

COVID-19⾎栓症の病態⽣理
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COVID-19患者における⾎栓予防

Ø静脈血栓塞栓症(VTE) の発生率は、COVID-19患者で約17％
(95％信頼区間 ; 13.4-20.9)

Ø重症COVID-19患者は、心血管合併症、特に血栓塞栓性イベントのリスク
が高くなる

Ø入院中の非経口抗凝固薬の予防的使用が推奨されており、一次血栓予防
として入院中のヘパリンの役割についてコンセンサスが得られている

Behnood B et al. Review J Am Coll Cardiol. 2020 Jun 16;75(23):2950-2973.PMID: 32311448

Jimenez D et al. Eur Respir J. 2022 Feb 10;59(2):2100412.PMID: 34385269

Spyropoulos A et al. J Thromb Haemost. 2020 Aug;18(8):1859-1865. PMID: 32459046.



Effect of Intermediate-Dose vs Standard-Dose Prophylactic
Anticoagulation on Thrombotic Events, Extracorporeal Membrane
Oxygenation Treatment, or Mortality Among Patients With COVID-19
Admitted to the Intensive Care Unit
The INSPIRATION Randomized Clinical Trial
INSPIRATION Investigators

IMPORTANCE Thrombotic events are commonly reported in critically ill patients with
COVID-19. Limited data exist to guide the intensity of antithrombotic prophylaxis.

OBJECTIVE To evaluate the effects of intermediate-dose vs standard-dose prophylactic
anticoagulation among patients with COVID-19 admitted to the intensive care unit (ICU).

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized trial with a 2 ! 2 factorial design
performed in 10 academic centers in Iran comparing intermediate-dose vs standard-dose
prophylactic anticoagulation (first hypothesis) and statin therapy vs matching placebo
(second hypothesis; not reported in this article) among adult patients admitted to the ICU
with COVID-19. Patients were recruited between July 29, 2020, and November 19, 2020. The
final follow-up date for the 30-day primary outcome was December 19, 2020.

INTERVENTIONS Intermediate-dose (enoxaparin, 1 mg/kg daily) (n = 276) vs standard
prophylactic anticoagulation (enoxaparin, 40 mg daily) (n = 286), with modification
according to body weight and creatinine clearance. The assigned treatments were planned to
be continued until completion of 30-day follow-up.

MAIN OUTCOMES AND MEASURES The primary efficacy outcome was a composite of venous or
arterial thrombosis, treatment with extracorporeal membrane oxygenation, or mortality
within 30 days, assessed in randomized patients who met the eligibility criteria and received
at least 1 dose of the assigned treatment. Prespecified safety outcomes included major
bleeding according to the Bleeding Academic Research Consortium (type 3 or 5 definition),
powered for noninferiority (a noninferiority margin of 1.8 based on odds ratio), and severe
thrombocytopenia (platelet count <20 !103/µL). All outcomes were blindly adjudicated.

RESULTS Among 600 randomized patients, 562 (93.7%) were included in the primary analysis
(median [interquartile range] age, 62 [50-71] years; 237 [42.2%] women). The primary efficacy
outcome occurred in 126 patients (45.7%) in the intermediate-dose group and 126 patients
(44.1%) in the standard-dose prophylaxis group (absolute risk difference, 1.5% [95% CI, "6.6%
to 9.8%]; odds ratio, 1.06 [95% CI, 0.76-1.48]; P = .70). Major bleeding occurred in 7 patients
(2.5%) in the intermediate-dose group and 4 patients (1.4%) in the standard-dose prophylaxis
group (risk difference, 1.1% [1-sided 97.5% CI, "! to 3.4%]; odds ratio, 1.83 [1-sided 97.5% CI,
0.00-5.93]), not meeting the noninferiority criteria (P for noninferiority >.99). Severe
thrombocytopenia occurred only in patients assigned to the intermediate-dose group (6 vs 0
patients; risk difference, 2.2% [95% CI, 0.4%-3.8%]; P = .01).

CONCLUSIONS AND RELEVANCE Among patients admitted to the ICU with COVID-19,
intermediate-dose prophylactic anticoagulation, compared with standard-dose prophylactic
anticoagulation, did not result in a significant difference in the primary outcome of a
composite of adjudicated venous or arterial thrombosis, treatment with extracorporeal
membrane oxygenation, or mortality within 30 days. These results do not support the routine
empirical use of intermediate-dose prophylactic anticoagulation in unselected patients
admitted to the ICU with COVID-19.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04486508

JAMA. 2021;325(16):1620-1630. doi:10.1001/jama.2021.4152
Published online March 18, 2021.
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COVID-19患者における⾎栓予防
中等量予防量VS標準予防量

Øイランの施設で行われた非盲検化多施設共同無作為試験

P 重症COVID-19患者 (n=562)

I 中等量予防量

C 標準量予防量

O 静脈・動脈血栓症, ECMO治療, 全死亡 / 大出血, 重度の血小板減少の発生

⇨重症COVID-19患者において、中等量群は標準量群と比較して、
静脈・動脈血栓症、ECMO治療、全死亡を減少させなかった
(オッズ比 ,1.06; 95%CI, 0.76-1.48 , p=0.70)

Sadeghipour P et al. JAMA 2021;325(16):1620-1630. PMID: 33734299
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COVID-19患者における⾎栓予防
中等量予防量VS標準予防量

Sadeghipour P et al. JAMA 2021;325(16):1620-1630. PMID: 33734299

中等量群 標準量群

CrCl ≥30 mL/min
エノキサパリン1 mg/kg 

1日1回
エノキサパリン40 mg

1日1回

肥満・CrCl ≥30 mL/min
(BW ≥120 kg or BMI ≥35 

kg/m²)

エノキサパリン0.6 mg/kg 
1日2回

エノキサパリン40 mg
1日2回

15< CrCl <30 mL/min
エノキサパリン0.5 mg/kg 

1日1回(最少は40mg)
エノキサパリン30 mg

1日1回

CrCl ≤15 mL/min
未分画ヘパリン 10000 IU

1日2回
未分画ヘパリン 5000 IU

1日2回



治療量VS予防量

COVID-19患者における⾎栓予防

P 非重症のVTE高リスクCOVID-19患者 (n=253)

I 治療量低分子ヘパリン

C 予防量低分子ヘパリン

O 静脈・動脈血栓塞栓症,全死亡 / 大出血

⇨非重症の血栓塞栓症高リスクCOVID-19患者において、治療量群(28.7%)
は予防量群(41.9%)と比較して、主要な血栓塞栓症と死亡を減少させた
（RR, 0.68; 95％CI, 0.49–0.96; P = 0.03）

Øアメリカの12施設で行われた非盲検化多施設共同無作為試験

Spyropoulos A et al. JAMA 2021 Dec 1;181(12):1612-1620. PMID: 34617959



治療量VS予防量

COVID-19患者における⾎栓予防

Spyropoulos A et al. JAMA 2021 Dec 1;181(12):1612-1620. PMID: 34617959

治療量群 予防量群

CrCl ≥30 mL/min エノキサパリン1 mg/kg 
1日2回

各施設の標準的な投与量

・未分画ヘパリン (最大22,500 IU) 
1日2回 or 3回

・エノキサパリン30mg or 40mg
1日1回 or 2回

・ダルテパリン2500IU or 5000IU
1日1回

15≤CrCl <30 mL/min エノキサパリン0.5 mg/kg 
1日2回

CrCl <15 mL/min 未分画ヘパリン iv



抗血栓療法VSプラセボ

COVID-19患者における⾎栓予防

P 入院を必要としない症候性COVID-19患者 (n=558)

I アスピリン (81mg 1日1回) , アピキサバン予防量 (2.5mg 1日2回), アピキサバン治療量 (5mg 1日2回)

C プラセボ (1日2回)

O 複合エンドポイント: 静脈・動脈血栓塞栓症, 心筋梗塞, 虚血性脳卒中,心血管または肺のイベント
による入院, 全死亡 / 大出血

⇨症候性COVID-19の外来患者において、治療量群はプラセボと比較して、
複合エンドポイントを減少させなかった
(アスピリン0.0%,アピキサバン予防量0.7%,アピキサバン治療量1.4%,プラセボ0.0%)

Øアメリカの52施設で行われた適応型無作為二重盲検プラセボ対照試験

Connors J et al. JAMA 2021 Nov 2;326(17):1703-1712. PMID: 34633405
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予想される患者数のわずか9％が
登録された後、研究は終了
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BACKGROUND
Thrombosis and inflammation may contribute to morbidity and mortality among 
patients with coronavirus disease 2019 (Covid-19). We hypothesized that therapeu-
tic-dose anticoagulation would improve outcomes in critically ill patients with 
Covid-19.

METHODS
In an open-label, adaptive, multiplatform, randomized clinical trial, critically ill 
patients with severe Covid-19 were randomly assigned to a pragmatically defined 
regimen of either therapeutic-dose anticoagulation with heparin or pharmaco-
logic thromboprophylaxis in accordance with local usual care. The primary out-
come was organ support–free days, evaluated on an ordinal scale that combined 
in-hospital death (assigned a value of !1) and the number of days free of cardio-
vascular or respiratory organ support up to day 21 among patients who survived 
to hospital discharge.

RESULTS
The trial was stopped when the prespecified criterion for futility was met for 
therapeutic-dose anticoagulation. Data on the primary outcome were available for 
1098 patients (534 assigned to therapeutic-dose anticoagulation and 564 assigned 
to usual-care thromboprophylaxis). The median value for organ support–free days 
was 1 (interquartile range, !1 to 16) among the patients assigned to therapeutic-
dose anticoagulation and was 4 (interquartile range, !1 to 16) among the patients 
assigned to usual-care thromboprophylaxis (adjusted proportional odds ratio, 0.83; 
95% credible interval, 0.67 to 1.03; posterior probability of futility [defined as an 
odds ratio <1.2], 99.9%). The percentage of patients who survived to hospital dis-
charge was similar in the two groups (62.7% and 64.5%, respectively; adjusted 
odds ratio, 0.84; 95% credible interval, 0.64 to 1.11). Major bleeding occurred in 
3.8% of the patients assigned to therapeutic-dose anticoagulation and in 2.3% of 
those assigned to usual-care pharmacologic thromboprophylaxis.

CONCLUSIONS
In critically ill patients with Covid-19, an initial strategy of therapeutic-dose anti-
coagulation with heparin did not result in a greater probability of survival to hospi-
tal discharge or a greater number of days free of cardiovascular or respiratory organ 
support than did usual-care pharmacologic thromboprophylaxis. (REMAP-CAP, 
ACTIV-4a, and ATTACC ClinicalTrials.gov numbers, NCT02735707, NCT04505774, 
NCT04359277, and NCT04372589.)
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COVID-19患者における⾎栓予防

Ø重症および非重症COVID-19患者を対象としたマルチプラットフォーム非盲検化
無作為化試験. 治療量と予防量の抗凝固療法を比較

Ø主要アウトカム : 心血管系または呼吸器系の臓器サポートの必要ない日数

重症 非重症

重症COVID-19患者 (n=1047)

治療量の抗凝固療法は臓器サポートを
必要としない日数や生存退院率を増加
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非重症COVID-19患者 (n=2231)

治療量の抗凝固療法は臓器サポートを
必要としない日数や生存退院率を増加
させた

治療量VS予防量

The REMAP-CAP, ACTIV-4a, and ATTACC Investigators. N Engl J Med 2021; 385:777-789. PMID: 34351722

The REMAP-CAP, ACTIV-4a, and ATTACC Investigators. N Engl J Med 2021; 385:790-802. PMID: 34351721

調整オッズ⽐ 0.83 (95%Cl 0.68-1.03) 調整オッズ⽐ 1.27 (95%Cl 1.03-1.58)
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BACKGROUND
Thrombosis and inflammation may contribute to morbidity and mortality among 
patients with coronavirus disease 2019 (Covid-19). We hypothesized that therapeu-
tic-dose anticoagulation would improve outcomes in critically ill patients with 
Covid-19.

METHODS
In an open-label, adaptive, multiplatform, randomized clinical trial, critically ill 
patients with severe Covid-19 were randomly assigned to a pragmatically defined 
regimen of either therapeutic-dose anticoagulation with heparin or pharmaco-
logic thromboprophylaxis in accordance with local usual care. The primary out-
come was organ support–free days, evaluated on an ordinal scale that combined 
in-hospital death (assigned a value of !1) and the number of days free of cardio-
vascular or respiratory organ support up to day 21 among patients who survived 
to hospital discharge.

RESULTS
The trial was stopped when the prespecified criterion for futility was met for 
therapeutic-dose anticoagulation. Data on the primary outcome were available for 
1098 patients (534 assigned to therapeutic-dose anticoagulation and 564 assigned 
to usual-care thromboprophylaxis). The median value for organ support–free days 
was 1 (interquartile range, !1 to 16) among the patients assigned to therapeutic-
dose anticoagulation and was 4 (interquartile range, !1 to 16) among the patients 
assigned to usual-care thromboprophylaxis (adjusted proportional odds ratio, 0.83; 
95% credible interval, 0.67 to 1.03; posterior probability of futility [defined as an 
odds ratio <1.2], 99.9%). The percentage of patients who survived to hospital dis-
charge was similar in the two groups (62.7% and 64.5%, respectively; adjusted 
odds ratio, 0.84; 95% credible interval, 0.64 to 1.11). Major bleeding occurred in 
3.8% of the patients assigned to therapeutic-dose anticoagulation and in 2.3% of 
those assigned to usual-care pharmacologic thromboprophylaxis.

CONCLUSIONS
In critically ill patients with Covid-19, an initial strategy of therapeutic-dose anti-
coagulation with heparin did not result in a greater probability of survival to hospi-
tal discharge or a greater number of days free of cardiovascular or respiratory organ 
support than did usual-care pharmacologic thromboprophylaxis. (REMAP-CAP, 
ACTIV-4a, and ATTACC ClinicalTrials.gov numbers, NCT02735707, NCT04505774, 
NCT04359277, and NCT04372589.)
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重症 非重症
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REMAP-CAP ACTIV-4a ATTACC

治療量

・未分画ヘパリン(UFH)または低分子ヘパリン(LMH)

・患者の体重や腎機能に応じたLMH
・治療用の抗Xaレベルもしくは正常上限の1.5-2.5倍のAPTT目標としたUFH

予防量

・地域のガイドラインや通常臨床における標準的静脈血栓予防
・エノキサパリン、ダルテパリン、チンザパリン、フォンダパリヌクス

またはヘパリンのいずれか

治療量の抗凝固療法と
ならないような用量

低用量血栓予防の
ガイドラインと一致する用量

選択した薬剤の容量が
VTE治療量の半量以上になら
ないようにする



The new england  
journal of medicine

n engl j med 385;9 nejm.org August 26, 2021 777

established in 1812 August 26, 2021 vol. 385 no. 9

The members of the executive writing 
committee and the block writing com-
mittee assume responsibility for the 
overall content and integrity of this arti-
cle. The full names, academic degrees, 
and affiliations of the members of the ex-
ecutive writing committee and the block 
writing committee  are listed in the Ap-
pendix. Address reprint requests to Dr. 
Zarychanski at the Sections of Hematol-
ogy/Oncology and Critical Care, Univer-
sity of Manitoba, Winnipeg, MB, Canada 
R3E 0V9, or at  rzarychanski@  cancercare 
. mb . ca.

*The full list of investigators and collabo-
rators is provided in the Supplementary 
Appendix, available at NEJM.org.

Drs. Goligher, Bradbury, McVerry, Lawler, 
Berger, and Gong and Drs. Berry, McArthur, 
Neal, Hochman, Webb, and Zarychanski 
contributed equally to this article.

This article was published on August 4, 
2021, at NEJM.org.

N!Engl!J!Med!2021;385:777-89.
DOI:!10.1056/NEJMoa2103417
Copyright © 2021 Massachusetts Medical Society.

BACKGROUND
Thrombosis and inflammation may contribute to morbidity and mortality among 
patients with coronavirus disease 2019 (Covid-19). We hypothesized that therapeu-
tic-dose anticoagulation would improve outcomes in critically ill patients with 
Covid-19.

METHODS
In an open-label, adaptive, multiplatform, randomized clinical trial, critically ill 
patients with severe Covid-19 were randomly assigned to a pragmatically defined 
regimen of either therapeutic-dose anticoagulation with heparin or pharmaco-
logic thromboprophylaxis in accordance with local usual care. The primary out-
come was organ support–free days, evaluated on an ordinal scale that combined 
in-hospital death (assigned a value of !1) and the number of days free of cardio-
vascular or respiratory organ support up to day 21 among patients who survived 
to hospital discharge.

RESULTS
The trial was stopped when the prespecified criterion for futility was met for 
therapeutic-dose anticoagulation. Data on the primary outcome were available for 
1098 patients (534 assigned to therapeutic-dose anticoagulation and 564 assigned 
to usual-care thromboprophylaxis). The median value for organ support–free days 
was 1 (interquartile range, !1 to 16) among the patients assigned to therapeutic-
dose anticoagulation and was 4 (interquartile range, !1 to 16) among the patients 
assigned to usual-care thromboprophylaxis (adjusted proportional odds ratio, 0.83; 
95% credible interval, 0.67 to 1.03; posterior probability of futility [defined as an 
odds ratio <1.2], 99.9%). The percentage of patients who survived to hospital dis-
charge was similar in the two groups (62.7% and 64.5%, respectively; adjusted 
odds ratio, 0.84; 95% credible interval, 0.64 to 1.11). Major bleeding occurred in 
3.8% of the patients assigned to therapeutic-dose anticoagulation and in 2.3% of 
those assigned to usual-care pharmacologic thromboprophylaxis.

CONCLUSIONS
In critically ill patients with Covid-19, an initial strategy of therapeutic-dose anti-
coagulation with heparin did not result in a greater probability of survival to hospi-
tal discharge or a greater number of days free of cardiovascular or respiratory organ 
support than did usual-care pharmacologic thromboprophylaxis. (REMAP-CAP, 
ACTIV-4a, and ATTACC ClinicalTrials.gov numbers, NCT02735707, NCT04505774, 
NCT04359277, and NCT04372589.)

a bs tr ac t

Therapeutic Anticoagulation with Heparin in Critically Ill 
Patients with Covid-19

The REMAP-CAP, ACTIV-4a, and ATTACC Investigators*  

The New England Journal of Medicine 
Downloaded from nejm.org on May 13, 2022. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 

COVID-19患者における⾎栓予防

重症 非重症

治療量VS予防量

The REMAP-CAP, ACTIV-4a, and ATTACC Investigators. N Engl J Med 2021; 385:777-789. PMID: 34351722

The REMAP-CAP, ACTIV-4a, and ATTACC Investigators. N Engl J Med 2021; 385:790-802. PMID: 34351721

低用量 中等量 治療量以下 治療量

エノキサパリン
皮下注射

40mg/日
1.0mg/kg/日もしくは

0.5mg/kgを1日2回, 40mgを1日
2回の多い方

中等量と
治療量の間の用量

1mg/kgを1日2回
もしくは

1.5mg/kgを1日1回

ダルテパリン
皮下注射

5000単位/日 5000単位を1日2回
100単位/kgを1日2回

もしくは

200単位/kgを1日1回

チンザパリン
皮下注射

75単位/kg/日
または

4500単位/日の多い方
4500単位を1日2回 175単位/kg/日

未分画ヘパリン
5000単位を1日2回も

しくは3回
皮下注射

7500単位を1日3回
もしくは

10000単位を1日2回
皮下注射

定義なし
地域のプロトコールに
従って持続静注



退院後は⾎栓症予防は不要︖
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�血栓症の病態生理

�COVID -19患者における血栓予防
�COVID-19退院後の血栓症リスク
�COVID-19以外の内科疾患患者の
退院後血栓予防について



RESEARCH

the!bmj " BMJ 2022;376:e069590 | doi: 10.1136/bmj-2021-069590 1

Risks of deep vein thrombosis, pulmonary embolism, and  
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ABSTRACT
OBJECTIVE
To quantify the risk of deep vein thrombosis, 
pulmonary embolism, and bleeding a!er covid-"#.
DESIGN
Self-controlled case series and matched cohort study.
SETTING
National registries in Sweden.
PARTICIPANTS
" $%& "&' people who tested positive for SARS-
CoV-( between " February ($($ and (% May ($(" 
in Sweden, matched on age, sex, and county of 
residence to ' $&) *'( control participants.
MAIN OUTCOMES MEASURES
Self-controlled case series and conditional Poisson 
regression were used to determine the incidence 
rate ratio and risk ratio with corresponding #%% 
con+dence intervals for a +rst deep vein thrombosis, 
pulmonary embolism, or bleeding event. In the self-
controlled case series, the incidence rate ratios for 
+rst time outcomes a!er covid-"# were determined 
using set time intervals and the spline model. The risk 
ratios for +rst time and all events were determined 
during days "-*$ a!er covid-"# or index date using 
the matched cohort study, and adjusting for potential 
confounders (comorbidities, cancer, surgery, long 
term anticoagulation treatment, previous venous 
thromboembolism, or previous bleeding event).
RESULTS
Compared with the control period, incidence rate 
ratios were signi+cantly increased &$ days a!er 
covid-"# for deep vein thrombosis, ""$ days for 
pulmonary embolism, and )$ days for bleeding. In 
particular, incidence rate ratios for a +rst pulmonary 

embolism were *)."& (#%% con+dence interval 
*".%% to '".'&) during the +rst week a!er covid-"# 
and ').'$ ('$.)" to %*.$() during the second week. 
Incidence rate ratios during days "-*$ a!er covid-"# 
were %.#$ (%."( to ).,$) for deep vein thrombosis, 
*".%# ((&.## to *%.)*) for pulmonary embolism, 
and (.', ((.*$ to (.),) for bleeding. Similarly, the 
risk ratios during days "-*$ a!er covid-"# were '.#, 
('.#) to %.$") for deep vein thrombosis, **.$% (*(., 
to **.*) for pulmonary embolism, and ".,, (".&" to 
(.$&) for bleeding, a!er adjusting for the e-ect of 
potential confounders. The rate ratios were highest 
in patients with critical covid-"# and highest during 
the +rst pandemic wave in Sweden compared with 
the second and third waves. In the same period, 
the absolute risk among patients with covid-"# was 
$.$*#% ('$" events) for deep vein thrombosis, $."&% 
("&)" events) for pulmonary embolism, and $."$"% 
("$$( events) for bleeding.
CONCLUSIONS
The +ndings of this study suggest that covid-"# is 
a risk factor for deep vein thrombosis, pulmonary 
embolism, and bleeding. These results could impact 
recommendations on diagnostic and prophylactic 
strategies against venous thromboembolism a!er 
covid-"#. 

Introduction
Covid-!" has led to a health crisis, with millions of 
deaths globally. Symptoms range from mild to critical, 
with the most common severe manifestation being 
pneumonia with acute respiratory distress syndrome.! 
Recently, reports of cardiovascular complications have 
been increasing,# and we previously identified covid-!" 
as a risk factor for myocardial infarction and stroke.$

Previous studies on the risk of venous 
thromboembolism after covid-!" have shown 
conflicting results. Although a meta-analysis reported 
an incidence of venous thromboembolism of around 
!$%,% the study included mainly patients with severe 
covid-!" during the first wave of the pandemic. 
Another report, including studies with a control group 
design, did not show an increased rate of venous 
thromboembolism.& With such conflicting data, large 
nationwide studies are needed to better determine 
the risks of venous thromboembolism after covid-!". 
Furthermore, thromboprophylaxis raises concerns 
about bleeding complications. From information 
obtained on all people who tested positive for SARS-
CoV-# in Sweden, regardless of disease severity, we 
determined the risk of deep vein thrombosis and 
pulmonary embolism as well as bleeding after covid-!" 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
It is well known that covid-"# increases the risk of venous thromboembolism
Less evidence exists on the length of time this risk is increased, if risk changed 
during the pandemic waves, and whether covid-"# also increases the risk of 
bleeding

WHAT THIS STUDY ADDS
The +ndings of this study suggest that covid-"# is an independent risk factor 
for deep vein thrombosis, pulmonary embolism, and bleeding, and that the risk 
of these outcomes is increased for three, six, and two months a!er covid-"#, 
respectively
This study also found a higher risk of events in patients with comorbidities, 
patients with more severe covid-"#, and during the +rst pandemic wave 
compared with the second and third waves
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COVID-19退院後の⾎栓症リスク

Ø自己対照ケースシリーズとマッチドコホート研究

Ø2020年2月1日-5月25日の間にSARS-CoV-2陽性となった人 (n=1 ,057 ,174) と
年齢, 性別, 居住区でマッチさせた対照者 (n=4,076,342) を比較

Ø主要アウトカム: 初回の深部静脈血栓症、肺塞栓症、または出血イベント
の発生率比およびリスク比

Ioannis K et al. BMJ 2022; 377：e069590
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COVID-19退院後の⾎栓症リスク

Ø対照と比較し、深部静脈血栓症はcovid-19罹患後70日、肺塞栓症は110日、
出血は60日で発症率比が有意に増加

Ø COVID-19罹患後1-30日の発症率比: 深部静脈血栓症が5.90( 5.12-6.80)、肺塞栓症が31.59( 27.99-
35.63)、出血が2.48(2.30-2.68)

Ø COVID-19r罹患後1-30日目のリスク比: 深部静脈血栓症が4.98(4.96-5.01)、肺塞栓症が33.05( 32.8-
33.3)、出血が1.88(1.71-2.07)

Øこの研究は、併存疾患のある患者、重症covid-19の患者、および第2･3波と比較
して第1波に血栓症のリスクが高いことを発見した

Ioannis K et al. BMJ 2022; 377：e069590



COVID-19退院後の抗凝固療法の効果

VTE: 1.55%

ATE: 1.71%

全死亡: 4.83%

健康情報交換レビュー

電子カルテ
放射線
データ

電話によるフォローアップ

・リスク増
高齢, 心血管リスク因子, CKD, IMPROVE VTEスコア≥4,
ICU滞在

・リスク減
抗凝固療法 ( 46% ↓ ) オッズ比 0.54；95％CI  0.47-0.81

Ø2020年3月1日-5月31日 多施設前向きコホート研究
Øアメリカの多施設で入院したCOVID-19 患者を対象

( n=4906 )
Ø主要アウトカム：VTE, ATE,および全死因死亡の複合
Ø退院後の抗凝固療法は主要転帰の低下と有意に関連

(オッズ比 0.54；95％CI ,0.47-0.81)
Ø退院後の抗凝固療法は複合リスクを46％減少

Giannis D et al. Blood. 2021 May 20;137(20):2838-2847. PMID: 33824972
発生率



COVID-19退院後の抗凝固療法の効果

Pin Li et al. JAMA Netw Open 2021 Nov; 4(11): e2135397. PMID: 34807256

Ø入院中のCOVID-19患者のコホート研究 (n=2832)
Ø2020年3月1日-11月30日,  Henry Ford Health Systemの5つの病院において登録
Ø介入：退院後の抗凝固療法
Ø主要アウトカム：退院後90日以内の症候性動脈・静脈血栓塞栓

ØVTEの既往(オッズ比［OR］, 3.24; 95％CI, 1.34-7.86)、D-dimer値≧3 μg/mL( OR, 
3.76; 95％CI, 1.86-7.57)、退院前のCRP≧10 mg/dL( OR, 3.02; 95％CI, 1.45-6.29 ) で
ある患者ほど退院後のVTE発生率が高くなった

Ø退院後の抗凝固療法(治療量)は、VTE発生率を低下させた
( OR, 0.18; 95% CI, 0.04-0.75; P =0.02）



COVID-19退院後の抗凝固療法の効果

Pin Li et al. JAMA Netw Open 2021 Nov; 4(11): e2135397. PMID: 34807256

Ø静脈血栓塞栓症の既往, ピークのD-dimer≧3μg/mL, 退院前CRP≧10mg /dL
の高リスク患者に対して、出血リスクが低ければ退院後の抗凝固療法
を検討できることが示唆された

Ø VTEに関する国際医療予防レジストリ(IMPROVE)ツールとD-dimer値は、
COVID-19で入院した高リスク患者を選択するために、経験的に組み込まれた

Ø 退院後抗凝固療法は、IMPROVE VTE score≧4またはIMPROVE VTE score≧2で
D-dimer≧正常上限の2倍の患者で推奨



IMPROVE VTE score
VTE RISK FACTOR VTE risk score

VTEの既往 3

血栓症の既往 2

下肢麻痺または対麻痺 2

癌の既往 2

7日以上のベッド上安静* 1

ICU/CCU入室 1

60歳以上 1

*MICCHELE trialでは1日以上に変更して使用



⾮COVID-19患者の⾼リスク患者の退院後
の⾎栓予防は︖



背景

�血栓症の病態生理

�COVID -19患者における血栓予防
�COVID-19退院後の血栓症リスク
�COVID-19以外の内科疾患患者の
退院後血栓予防について
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BACKGROUND
Patients who are hospitalized for medical illness remain at risk for venous throm-
boembolism after discharge, but the role of extended thromboprophylaxis in the 
treatment of such patients is a subject of controversy.

METHODS
In this randomized, double-blind trial, medically ill patients who were at increased 
risk for venous thromboembolism on the basis of a modified International Medi-
cal Prevention Registry on Venous Thromboembolism (IMPROVE) score of 4 or 
higher (scores range from 0 to 10, with higher scores indicating a higher risk of 
venous thromboembolism) or a score of 2 or 3 plus a plasma D-dimer level of more 
than twice the upper limit of the normal range (defined according to local labora-
tory criteria) were assigned at hospital discharge to either once-daily rivaroxaban 
at a dose of 10 mg (with the dose adjusted for renal insufficiency) or placebo for 
45 days. The primary efficacy outcome was a composite of symptomatic venous 
thromboembolism or death due to venous thromboembolism. The principal safety 
outcome was major bleeding.

RESULTS
Of the 12,024 patients who underwent randomization, 12,019 were included in the 
intention-to-treat analysis. The primary efficacy outcome occurred in 50 of 6007 
patients (0.83%) who were given rivaroxaban and in 66 of 6012 patients (1.10%) 
who were given placebo (hazard ratio, 0.76; 95% confidence interval [CI], 0.52 to 
1.09; P = 0.14). The prespecified secondary outcome of symptomatic nonfatal ve-
nous thromboembolism occurred in 0.18% of patients in the rivaroxaban group 
and 0.42% of patients in the placebo group (hazard ratio, 0.44; 95% CI, 0.22 to 
0.89). Major bleeding occurred in 17 of 5982 patients (0.28%) in the rivaroxaban 
group and in 9 of 5980 patients (0.15%) in the placebo group (hazard ratio, 1.88; 
95% CI, 0.84 to 4.23).

CONCLUSIONS
Rivaroxaban, given to medical patients for 45 days after hospital discharge, was not 
associated with a significantly lower risk of symptomatic venous thromboembolism 
and death due to venous thromboembolism than placebo. The incidence of major 
bleeding was low. (Funded by Janssen Research and Development; MARINER 
ClinicalTrials.gov number, NCT02111564.)
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Rivaroxaban for Thromboprophylaxis after 
Hospitalization for Medical Illness

Alex C. Spyropoulos, M.D., Walter Ageno, M.D., Gregory W. Albers, M.D., 
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Ø内科的疾患患者の退院後の血栓予防の
ためのリバーロキサバンについて
MARINER trial

P 内科疾患の急性期患者
VTEリスクが高い患者 (n=12,019)

I
リバーロキサバン10mgまたは
7.5mgを1日1回経口で45日間投与
(腎機能に応じて)

C プラセボ

O
有効性：症候性VTEまたはVTEによ
る死亡の複合
安全性：大出血

Ø無作為化二重盲検プラセボ試験
Ø 36ヶ国, 671施設



⾮COVID-19の急性期疾患患者の退院後の⾎栓予防

Methods

VTEリスクが高い*
内科疾患で3-10日間
入院中の患者

リバーロキサバン
10mg/day(CCr≧50ml/min)

7.5mg/day(30<CCr<50ml/min)

プラセボ

*IMPROVE VTE score≧4またはVTE score2-3でD-dimer≧正常上限の2倍

無作為化前に

低分子または未分化ヘパリ
ンによる血栓予防を行う



⾮COVID-19の急性期疾患患者の退院後の⾎栓予防

Ø有効性：症候性VTEまたはVTE関連死の複合
Ø安全性：大出血

Primary outcome

Secondary outcome
Ø有効性：症候性VTE

VTE関連死
致命的ではない症候性VTEまたは全死亡の複合
致命的ではない症候性VTE・心筋梗塞・非出血性脳卒中・心血管死の複合
全死亡

Ø安全性：臨床的に重要でない出血

Outcome
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Rivaroxaban for Thromboprophylaxis after Hospitalization

with placebo, a power of 90%, and a two-sided 
significance level of 0.05. We estimated that a 
total of approximately 8000 patients would be 
needed in order to observe 161 events, on the 
basis of an estimated incidence of 2.5% in the 
placebo group. We prespecified that randomiza-
tion could be stopped at approximately 9000 
patients for administrative reasons even if the 
targeted 161 events had not been observed. Be-
cause the blinded incidence of pooled events was 
lower than we had estimated, the protocol was 
amended to increase the maximum number of 
patients enrolled to 12,000. For patients with 
multiple events, only the first was counted toward 
the determination of the size of the trial popula-
tion. One prespecified interim analysis was per-
formed to evaluate futility. Thus, an adjustment 
of the final significance level was not done.

All the efficacy analyses were performed with 
the intention-to-treat population and included all 
data and outcomes from randomization through 
day 45. The primary efficacy outcome was ana-
lyzed on the basis of the time from randomiza-
tion to the first occurrence of symptomatic 
venous thromboembolism or venous thrombo-
embolism–related death. The trial hypothesis was 
tested with a Cox proportional-hazards model, 
stratified according to creatinine clearance (!30 
and <50 ml per minute or !50 ml per minute), 
with the randomly assigned regimen as the only 
covariate. Time-to-event curves were calculated 
with the Kaplan–Meier method.

If superiority of rivaroxaban for the prevention 
of the primary outcome was established, the 
secondary outcomes were to be tested sequen-
tially with the use of the same Cox proportional-

Figure!1.!Randomization!and!Follow-up.

12,024 Patients underwent randomization

12,019 Patients were included in the
intention-to-treat analysis

2 Did not provide written informed consent
3 Did not have health-authority approval

6007 Were assigned to receive rivaroxaban 6012 Were assigned to receive placebo

25 Did not receive rivaroxaban 32 Did not receive placebo

11,962 Patients were included in
the safety analysis 

19 Had unknown outcome
status at day 45

1 Was lost to follow-up
18 Withdrew consent

24 Had unknown outcome
status at day 45

4 Were lost to follow-up
20 Withdrew consent

5982 Received rivaroxaban 5980 Received placebo

525 Discontinued rivaroxaban
prematurely

540 Discontinued placebo
prematurely

The New England Journal of Medicine 
Downloaded from nejm.org on May 12, 2022. For personal use only. No other uses without permission. 
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Ø12,024人のうち、12,019人を
intention-to-treat解析

Ø5982人: リバーロキサバン投与
Ø5980人: プラセボ投与
Ø11,962人が安全性解析へ

Result
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ondary efficacy outcomes were assessed as explor-
atory analyses without adjustment for multiplic-
ity (Table 2). The time to the occurrence of each 
secondary outcome is shown in Figures 2 and 3.

Safety Outcomes
The principal safety outcome of major bleeding oc-
curred in 17 (0.28%) of 5982 patients in the riva-
roxaban group and in 9 (0.15%) of 5980 patients in 
the placebo group (hazard ratio, 1.88; 95% CI, 0.84 
to 4.23) (Table 2). The difference in risk (rivaroxa-
ban minus placebo) was 0.13 percentage points 
(95% CI, !0.03 to 0.30). The incidence of major 
bleeding according to the prespecified stratification 
based on creatinine clearance is shown in Table 2.

Subgroup analyses of major bleeding are 
shown in Figure S2 in the Supplementary Ap-
pendix. There were no significant interactions 
between the trial regimen and any subgroup 
variable, with the exception of the duration of 
the index hospitalization (P = 0.02) and in-hospi-
tal receipt of thromboprophylaxis (P = 0.03).

The incidence of clinically relevant nonmajor 
bleeding and other bleeding is shown in Table 2. 
Adverse events occurred with similar frequency 
in the rivaroxaban group and the placebo group 
(Tables S4, S5, and S6 in the Supplementary Ap-
pendix). A total of 160 patients died during the 
45-day treatment phase (71 in the rivaroxaban 
group and 89 in the placebo group). The causes 
of death are given in Table S7 in the Supplemen-
tary Appendix.

Discussion

In this trial involving medically ill patients, riva-
roxaban treatment that was started at the time 
of discharge from the hospital and continued for 

Figure!2.!Kaplan–Meier!Cumulative!Event!Rates!!
for!the!Primary!Efficacy!Outcome!and!Its!Components.

Shown are cumulative event rates for the composite 
outcome of symptomatic venous thromboembolism 
(VTE) (deep-vein thrombosis in the legs or nonfatal 
pulmonary embolism) or VTE-related death (death due 
to pulmonary embolism or death in which pulmonary 
embolism could not be ruled out as the cause) (Panel A), 
VTE-related death (Panel B), or symptomatic VTE 
(Panel C). In each panel, the inset shows the same 
data on an expanded y axis.Pa
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Ø主要アウトカムの症候性VTEまたは
VTE関連死の複合はプラセボと比較し
有意差はなかった
(HR, 0.76 ; 95% CI, 0.52-1.09  ; P=0.14)

1.1%

0.83%

Result



⾮COVID-19の急性期疾患患者の退院後の⾎栓予防

n engl j med 379;12 nejm.org September 20, 20181124

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

ondary efficacy outcomes were assessed as explor-
atory analyses without adjustment for multiplic-
ity (Table 2). The time to the occurrence of each 
secondary outcome is shown in Figures 2 and 3.

Safety Outcomes
The principal safety outcome of major bleeding oc-
curred in 17 (0.28%) of 5982 patients in the riva-
roxaban group and in 9 (0.15%) of 5980 patients in 
the placebo group (hazard ratio, 1.88; 95% CI, 0.84 
to 4.23) (Table 2). The difference in risk (rivaroxa-
ban minus placebo) was 0.13 percentage points 
(95% CI, !0.03 to 0.30). The incidence of major 
bleeding according to the prespecified stratification 
based on creatinine clearance is shown in Table 2.

Subgroup analyses of major bleeding are 
shown in Figure S2 in the Supplementary Ap-
pendix. There were no significant interactions 
between the trial regimen and any subgroup 
variable, with the exception of the duration of 
the index hospitalization (P = 0.02) and in-hospi-
tal receipt of thromboprophylaxis (P = 0.03).

The incidence of clinically relevant nonmajor 
bleeding and other bleeding is shown in Table 2. 
Adverse events occurred with similar frequency 
in the rivaroxaban group and the placebo group 
(Tables S4, S5, and S6 in the Supplementary Ap-
pendix). A total of 160 patients died during the 
45-day treatment phase (71 in the rivaroxaban 
group and 89 in the placebo group). The causes 
of death are given in Table S7 in the Supplemen-
tary Appendix.

Discussion

In this trial involving medically ill patients, riva-
roxaban treatment that was started at the time 
of discharge from the hospital and continued for 

Figure!2.!Kaplan–Meier!Cumulative!Event!Rates!!
for!the!Primary!Efficacy!Outcome!and!Its!Components.

Shown are cumulative event rates for the composite 
outcome of symptomatic venous thromboembolism 
(VTE) (deep-vein thrombosis in the legs or nonfatal 
pulmonary embolism) or VTE-related death (death due 
to pulmonary embolism or death in which pulmonary 
embolism could not be ruled out as the cause) (Panel A), 
VTE-related death (Panel B), or symptomatic VTE 
(Panel C). In each panel, the inset shows the same 
data on an expanded y axis.Pa

tie
nt

s!
w

ith
!E

ve
nt

!(%
)

100

80

90

70

60

40

30

10

50

20

90

70

50

30

10

0
0 105 15 20 25 30 35

1.2

0.8

1.0

0.2

0.4

0.6

0.0

40 45

0 105 15 20 25 30 35 40 45

Days!from!Randomization!

B VTE-Related!Death

A Symptomatic!VTE!or!VTE-Related!Death

Hazard ratio, 0.76 (95% CI, 0.52–1.09)
P=0.14

Rivaroxaban

Placebo

No.!at!Risk
Placebo
Rivaroxaban

5989
5989

6012
6007

5970
5972

5959
5962

5943
5948

5922
5934

5910
5927

5902
5919

0
0

5890
5913

C Symptomatic!VTE

Pa
tie

nt
s!

w
ith

!E
ve

nt
!(%

)

100

80

90

70

60

40

30

10

50

20

90

70

50

30

10

0
0 105 15 20 25 30 35

1.2

0.8

1.0

0.2

0.4

0.6

0.0

40 45

0 105 15 20 25 30 35 40 45

Days!from!Randomization!

Hazard ratio, 0.93 (95% CI, 0.62–1.42)

Rivaroxaban
Placebo

No.!at!Risk
Placebo
Rivaroxaban

5993
5991

6012
6007

5984
5980

5976
5971

5961
5957

5949
5950

5942
5943

5934
5930

0
0

5923
5925

Pa
tie

nt
s!

w
ith

!E
ve

nt
!(%

)

100

80

90

70

60

40

30

10

50

20

90

70

50

30

10

0
0 105 15 20 25 30 35

1.2

0.8

1.0

0.2

0.4

0.6

0.0

40 45

0 105 15 20 25 30 35 40 45

Days!from!Randomization!

Hazard ratio, 0.44 (95% CI, 0.22–0.89)

Rivaroxaban

Placebo

No.!at!Risk
Placebo
Rivaroxaban

5988
5989

6012
6007

5962
5966

5952
5960

5939
5947

5909
5927

5898
5921

5895
5916

0
0

5886
5913

The New England Journal of Medicine 
Downloaded from nejm.org on May 12, 2022. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 

Ø副次アウトカムの症候性VTEはプラセボ
と比較して介入群で有意に減少した

Ø56%減少 (HR, 0.44 ; 95% CI, 0.22-0.89 )
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ondary efficacy outcomes were assessed as explor-
atory analyses without adjustment for multiplic-
ity (Table 2). The time to the occurrence of each 
secondary outcome is shown in Figures 2 and 3.

Safety Outcomes
The principal safety outcome of major bleeding oc-
curred in 17 (0.28%) of 5982 patients in the riva-
roxaban group and in 9 (0.15%) of 5980 patients in 
the placebo group (hazard ratio, 1.88; 95% CI, 0.84 
to 4.23) (Table 2). The difference in risk (rivaroxa-
ban minus placebo) was 0.13 percentage points 
(95% CI, !0.03 to 0.30). The incidence of major 
bleeding according to the prespecified stratification 
based on creatinine clearance is shown in Table 2.

Subgroup analyses of major bleeding are 
shown in Figure S2 in the Supplementary Ap-
pendix. There were no significant interactions 
between the trial regimen and any subgroup 
variable, with the exception of the duration of 
the index hospitalization (P = 0.02) and in-hospi-
tal receipt of thromboprophylaxis (P = 0.03).

The incidence of clinically relevant nonmajor 
bleeding and other bleeding is shown in Table 2. 
Adverse events occurred with similar frequency 
in the rivaroxaban group and the placebo group 
(Tables S4, S5, and S6 in the Supplementary Ap-
pendix). A total of 160 patients died during the 
45-day treatment phase (71 in the rivaroxaban 
group and 89 in the placebo group). The causes 
of death are given in Table S7 in the Supplemen-
tary Appendix.

Discussion

In this trial involving medically ill patients, riva-
roxaban treatment that was started at the time 
of discharge from the hospital and continued for 

Figure!2.!Kaplan–Meier!Cumulative!Event!Rates!!
for!the!Primary!Efficacy!Outcome!and!Its!Components.

Shown are cumulative event rates for the composite 
outcome of symptomatic venous thromboembolism 
(VTE) (deep-vein thrombosis in the legs or nonfatal 
pulmonary embolism) or VTE-related death (death due 
to pulmonary embolism or death in which pulmonary 
embolism could not be ruled out as the cause) (Panel A), 
VTE-related death (Panel B), or symptomatic VTE 
(Panel C). In each panel, the inset shows the same 
data on an expanded y axis.Pa
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0.42%

0.18%

Result



⾮COVID-19の急性期疾患患者の退院後の⾎栓予防

Ø退院後のリバーロキサバンによる抗凝固療法は、高VTE
リスクの内科疾患患者において、症候性VTEとVTE関連死
の複合を有意に減少させなかった

Øしかし、副次的アウトカムの症候性VTEは56%減少させる
結果となった

Ø安全性アウトカムの大出血の発生率の有意な増加も認め
なかった



30⽇間の凝固療法 治療量リバロキサバンVS予防的抗凝固療法

Øブラジルの施設で行われた非盲検化多施設共同無作為対照試験

P COVID-19で入院した患者またはD-dimer高値の患者 (n=615)

I 治療量抗凝固療法:リバロキサバン( 1日20mgまたは15mg)

C エノキサパリンsc(1mg / kg 1日2回)または未分画ヘパリンiv(0.3-0.7IU /kg）

O 30日以内の死亡までの期間、入院期間、酸素投与期間

⇨退院後含む30日間の治療量リバーロキサバンは、予防量の
エノキサパリンと比較して複合アウトカムに差がなかった
(34.8% vs 41.3%, win ratio 0.86, 95%CI 0.59-1.22)

Lopes R et al. Lancet. 2021 Jun 12;397(10291):2253-2263.PMID: 34097856



Ø薬理学的予防法を推奨
低分子ヘパリンまたはヘパリン5000単位を1日2回皮下投与

Ø禁忌のある人には機械的予防法( 間欠的空気圧圧迫装置) を推奨

World Health Organization. Clinical management of severe acute respiratory infection 
when novel coronavirus (2019-nCoV) infection is suspected, January 28, 2020.

VTEの発生抑制

ガイドライン



重症度に応じた⽇本で使⽤可能な治療薬

重症度 抗凝固薬

外来 投与しない

入
院

酸素投与なし
(SpO2>94% room 

air)

予防的抗凝固療法
(例: ヘパリン皮下注5000単位×2回)

低流量酸素
予防的抗凝固療法

(VTEが疑われる場合は治療投与量)

HFNC, NIV
予防的抗凝固療法

(VTEが疑われる場合は治療投与量)

挿管・人工呼吸器
管理, ECMO

予防的抗凝固療法
(VTEが疑われる場合は治療投与量)



Clinical Question

Ø COVID-19退院後のリバーロキサバン予防量投与
は、高リスク患者の血栓塞栓症のイベントを減少
させるか？
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Rivaroxaban versus no anticoagulation for post-discharge 
thromboprophylaxis after hospitalisation for COVID-19 
(MICHELLE): an open-label, multicentre, randomised, 
controlled trial 
Eduardo Ramacciotti, Leandro Barile Agati, Daniela Calderaro, Valéria Cristina Resende Aguiar, Alex C Spyropoulos, 
Caroline Candida Carvalho de Oliveira, Jessica Lins dos Santos, Giuliano Giova Volpiani, Marcone Lima Sobreira, Edwaldo Edner Joviliano, 

Milton Sérgio Bohatch Júnior, Benedito Antônio Lopes da Fonseca, Maurício Serra Ribeiro, Cesar Dusilek, Kengi Itinose, 
Suzanna Maria Viana Sanches, Karine de Almeida Araujo Ramos, Nara Franzin de Moraes, Paulo Fernando Guimarães Morando Marzocchi Tierno, 
André Luiz Malavasi Longo de Oliveira, Adriano Tachibana, Rodrigo Caruso Chate, Marcus Vinícius Barbosa Santos, 
Bruno Bezerra de Menezes Cavalcante, Ricardo Cesar Rocha Moreira, Chiann Chang, Alfonso Tafur, Jawed Fareed, Renato D Lopes, on behalf of the 
MICHELLE investigators

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 e"cacy 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 e"cacy 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 

Lancet 2022; 399: 50–59
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P COVID-19で最低3日間入院
入院中予防的抗凝固療法を受けた高VTEリスク患者

I リバーロキサバン10mg /日を退院後35日間投与

C 介入なし（抗凝固療法なし）

O 有効性：静脈・動脈血栓症,VTE関連死,心血管死の複合
安全性：大出血

論⽂のPICO



Methods



Study Design 
Ø期間

2020年10月8日から2021年6月29日

Ø場所
ブラジルの14施設

Ø非盲検多施設共同無作為化試験

Ø資金提供
バイエル



Study Design 
Ø目的: 退院時に開始したリバーロキサバン10mg/日35日間投与が、
心血管死を含む症候性・無症候性静脈および動脈血栓塞栓症の
併発を抑制するかどうかを評価すること

入院中
抗凝固療法予防要* 退院時

スクリーニング
ランダム化

介入なし

リバーロキサバン10mg /日

COVID-19で3日以上入院

* 40 mg/日のエノキサパリン,1日2-3回の5000 IUの未分画ヘパリン,
または1日1回の2.5 mgフォンダパリヌクス



Study Design 

 
 

Figures 

 

Figure 1. Study design 

 

 
 

Figure 2. Trial visit schedule 

 

 

 

Figure 3. Study-flow diagram 

 

                                                        Michelle Trial Consort Diagram 

35日目に診察
ドップラー超音波およびCT肺血管造影

7日目 75日目35日目
スクリーニング /
ランダム化

電話または診察

電話または診察



Inclusion criteria
Ø 18歳以上の成人（妊娠中は除く）
Ø SARS-CoV-2 PCR陽性で3日以上入院
Ø肺炎あり
Ø入院中に抗凝固療法の予防投与を受けた 1

Ø退院時のIMPROVE VTE Risk score合計が4以上または
Risk score 2-3 及びD-dimer値>5μg/mL or 正常上限の2倍以上

Ø参加への同意

1: 40 mg/日のエノキサパリン,1日2-3回の5000 IUの未分画ヘパリン,
または1日1回の2.5 mgフォンダパリヌクス



Exclusion criteria
ØCOVID-19 PCRが陰性、または決定的ではない
ØIMPROVE score<4 およびD-dimer正常値
Ø出血(3ヶ月以内または入院中)
Øランダム化前4週間以内の大手術または外傷
Ø研究期間中に予定された主要な手術
Ø既知の凝固障害または出血性疾患を有する、または初回入院時にINR>1.5
で無作為化前最終が1.5以下

Ø頭蓋内出血の既往、頭蓋内腫瘍や動静脈奇形・動脈瘤を認める
Ø活動性の消化性潰瘍または消化管の動静脈奇形



Exclusion criteria
Ø血小板数<50,000/μl
Ø活動性の癌
Ø抗凝固薬が必要な状態(心房細動など)
Ø膝上切断(両側または片側)
Øリバーロキサバンに対するアレルギーまたは不耐性
Ø重度の腎不全(CrCl <30 mL / min)
Ø凝固障害を伴う既知の重大な肝疾患または中等度から重度の肝障害
ØHIV感染



無作為化

Ø退院時に35日間リバーロキサバン10mg/日による血栓予防ま
たは抗凝固療法なしに1:1の割合で無作為に割り付け

ØWebベースの自動無作為化システム(RedCap ver11.0.3)を使用
Øオープンラベル試験



Outcomes
Primary outcome
Ø35日目における複合エンドポイント

• 症候性VTE
• VTE関連死
• 両側下肢静脈ドップラー超音波検査及びCT肺血管造影で検出された
無症候性VTE

• 症候性ATE(心筋梗塞,非出血性脳卒中,四肢主要有害事象)
• 心血管死亡

症候性VTE:下肢DVT及び非致死性PE



Outcomes
Secondary outcome

Ø症候性VTE及びVTE関連死の複合

Ø症候性VTE及び全死因死亡の複合

Ø症候性VTE,心筋梗塞,非出血性脳卒中,心血管死の複合



Outcomes
Safety outcome

Ø大出血(国際血栓止血学会の基準に従って定義)
• 致命的な出血
• 頭蓋内、脊髄内、眼内、後腹膜、関節内、⼼膜またはコンパートメント
症候群を伴う筋⾁内などの臓器における症候性出⾎

• Hb≧2g /dLの低下または2U以上の輸血(RCC or 全血)を伴う出血



統計解析
Øサンプルサイズは、検出力 80％、有意水準 0.05

ØMARINER trialを参考に主要評価項目の発生率を対照群15％、治療群

5％(相対リスクの減少率 66.67％)と仮定し算出

Ø提案された治療法に10％(15％対5％)の真の絶対的差異があるとすると、

282人の患者が必要

Ø脱落率を10％と予測し、320人の患者が登録された（各群n=160）



統計解析
Ø有効性解析は、intention-to-treat解析を用いた
・検定は片側で行い、両側95％信頼区間を仮定してタイプ1エラー率を2-5％とした
・イベント複合の累積発生率をリバーロキサバン群と対照群で比較し、相対リスク（RR）またはリスク比を推定

Ø 95%信頼区間の上限が 1未満の場合、治療群が優位とした

Ø安全性解析は、検定は両側で行われタイプ1エラー率は5％、両側95％信頼区間とした

Ø感度解析は、per-protocol集団、95%WilsonCIを用いた

Ø主要アウトカムに関するサブグループ解析は、年齢、体格指数、クレアチニンクリアランス、
IMPROVE VTE score、Dダイマー値および抗血小板薬の使用について事前に定義したグループ
に従って治療群と対照群の間で実施

Ø主要評価項目に対する介入群と対照群の治療効果の均質性を評価するため，交互作用検定を
実施した



Result



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 e!cacy 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 di"erence 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 di"erence 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

E!cacy analyses were done using the intention-to-treat 
principle.

The e!cacy 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 e!cacy 
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 di"erence using a 95% Wilson CI. 
For the risk di"erence, 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 
di"erence 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 e"ect 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 !: 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

997人がスクリーニング 667人が除外 (67%)
185人辞退 (18%)
175人 VTE score<4でD-dimer正常値 (17%)
59人 重度腎不全
58人 PCRがない、陰性、結論なし
33人薬物治療禁止

26人抗凝固療法の適応あり
20人訪問に参加できない
20人長期入院
18人HIV感染
15人参加前にVTE発症

15人活動性の癌
12人入院中に死亡
9人転院
7人退院後も感染症治療中
6人他の介入研究に参加
4人 3ヶ月以内に出血

4人重症肝不全
3人アルコール中毒
2人脳卒中既往
2人妊娠中
1人 入院中にヘパリン使用なし
1人結核罹患
1人急性心筋梗塞
1人重傷心不全
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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 e!cacy 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 di"erence 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 di"erence 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

E!cacy analyses were done using the intention-to-treat 
principle.

The e!cacy 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 e!cacy 
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 di"erence using a 95% Wilson CI. 
For the risk di"erence, 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 
di"erence 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 e"ect 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 !: 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

320人を無作為に割り付け

160人がリバーロキサバンに割り付け
158人が介入を受け、2人が介入を受けな
かった
(1人は別の研究に割り付け、1人は入院期間
延長)

160人が抗凝固療法なし

159人のintention-to-treat解析
114件CT肺動脈造影(73%)
134件超音波検査(85%)

159人のintention-to-treat解析
90件CT肺動脈造影(57%)
118件超音波検査(75%)

1人が追跡評価不能 1人が追跡評価不能
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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 e!cacy 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/m" 
(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 e!cacy 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 e!cacy 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 e!cacy 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 e!cacy outcomes, 
symptomatic and fatal venous thrombo embolism 
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 thrombo embolism 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/m" 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 !: Baseline characteristics (intention-to-treat analysis)

Ø両群間に差なし

Ø平均年齢 57.1歳
Ø女性 127人(40%), 男性 191人(60%)
Ø平均BMI: 29.7 kg/㎡
Ø 304 /315例 (97%)  CCr≧50mL/min
Ø入院期間中央値 8日
Ø 165例(52%)  ICUorCCU滞在
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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 e!cacy 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/m" 
(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 e!cacy 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 e!cacy 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 e!cacy 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 e!cacy outcomes, 
symptomatic and fatal venous thrombo embolism 
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 thrombo embolism 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/m" 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 !: Baseline characteristics (intention-to-treat analysis)

159例中157例(99%)が7日以上中断なく35日目まで内服継続

Ø 273 例(86%)が院内血栓予防に
エノキサパリン40mg 1日1回投与

Ø 197例(62%)はIMPROVE VTE
score2-3かつD-dimer上昇

Ø 214/233例(92%)がD-dimer上昇
Ø 16名(5%)が抗血小板療法
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Figure S2. Primary efficacy and safety outcomes (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 e!cacy 
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 di#erence 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 e!cacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary e!cacy 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 !: E!cacy and safety outcomes (intention-to-treat analysis)

Figure !: Primary e!cacy 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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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 e!cacy 
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 di#erence 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 e!cacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary e!cacy 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 !: E!cacy and safety outcomes (intention-to-treat analysis)

Figure !: Primary e!cacy 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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Ø複合アウトカムの結果は
主にコントロール群にお
ける肺塞栓症によって生
じた

コントロール群では肺塞栓症
による死亡3例

Ø 同様の結果は、per-protocol解析およびその他の感度解析でも確認。



Secondary outcome

Articles

www.thelancet.com   Vol 399   January 1, 2022 55

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 e!cacy 
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 di#erence 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 e!cacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary e!cacy 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 !: E!cacy and safety outcomes (intention-to-treat analysis)

Figure !: Primary e!cacy 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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症候性VTE/VTE関連死

症候性VTE/全死亡

Ø 同様の結果は、per-protocol解析およびその他の感度解析でも確認

症候性VTE/心筋梗塞/
脳卒中 /心血管死の複合
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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 e!cacy 
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 di#erence 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 e!cacy outcome 5/159 (3·14%) 15/159 (9·43%) 0·33 (0·13–0·90) 0·0293

Secondary e!cacy 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 !: E!cacy and safety outcomes (intention-to-treat analysis)

Figure !: Primary e!cacy 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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Figure S3. Bleeding endpoints results  
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• 臨床的に重要でない出血が介入群2例(鼻血1例、
血尿1例)、対照群2例で発生

• 大出血、臨床的関連性のある非大出血、その他の
出血の組み合わせは、介入群159例中4例(2.52%)、
対照群159例中3例(1.89%)で発生

Ø 試験薬に対するアレルギー反応は、介入群に割り
付けられた2例(1-3%)に発現した

• 両群とも大出血イベントはなかった
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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 e!ect of 
extended prophylaxis is prolonged past the treatment 
period. This legacy e!ect 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 
thrombo embolism 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 !: Subgroup analysis 
IMPROVE VTE=International Medical Prevention Registry on Venous Thromboembolism venous thromboembolism. ULN=upper limit of normal.
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Ø主要アウトカムのリスクの低下は、
サブグループ間で一貫しており
この試験の均質性が示唆



METHODS Discussion



ØCOVID-19入院中のVTE高リスク患者において、標準的な入院中の
非経口血栓予防と比較し退院後のリバーロキサバン10mg /日によ
る35日間の血栓予防延長は重大な出血を増やすことなく重症およ
び致死的血栓塞栓イベントを減少させた

ØCOVID-19患者に対する退院後血栓予防の分野で、臨床的有用性を
示した最初の無作為化試験



Ø 対照群と比較して、治療群では肺塞栓症の発生率が低い

Ø過去の観察研究と比較し主に肺塞栓症による血栓性イベントの発
生が多く見られた

⇨無作為化時のIMPROVE VTE scoreの上昇、長い入院期間(12-16日)、
約50%のICU入室が一因

Ø無症状の深部静脈血栓症や肺塞栓症の可能性を検出するために35
日目に画像診断を行ったことも、一因である可能性



Ø COVID-19は高血栓性であることに加え、IMPROVE VTE scoreおよび
D-dimer値が高い患者が相当数退院したことから、リバーロキサバ
ンによる退院後VTE予防が大出血を有意に増加させずに血栓イベン
トを減らす結果となったことは妥当であった



Strength
Ø多施設無作為化で実施されたため、試験結果の一般性が高い
Ø35日目にルーチンスキャンとイベントの盲検独立判定により
報告バイアスを低減した

Ø患者のベースライン特性はバランスが取れていた
Øこの治療段階に適した低用量リバーロキサバンが使用された



Limitation
Øオープンラベルで患者と医師両方が割り当てを知っており、特に臨床結果の確認
に関してバイアスが生じた可能性がある⇨今回初めてCT肺血管造影によるカウン
トを行なった

Ø主要アウトカムに無症候性VTE、サブセグメント肺塞栓症、臨床的意義のない遠
位深部静脈血栓症が含まれていた。しかし、副次評価項目である症候性VTEおよ
び致死性VTEには減少が認められた（RR 0-13、95％CI 0-02-0-99、p＝0-0487）

Øすべての患者がCT肺動脈造影やドップラー超音波検査を受けたわけではない

Ø 介入群ではより多くの画像検査が行われたため、VTE診断の数が増えた可能性が
ある



Limitation
Ø 主要評価項目は肺塞栓症であり、自己免疫性原発性肺動脈血栓症との
鑑別はできなかった

Ø サンプルサイズは320例と小さかった

Øすべての施設はブラジルにあり一般化が制限

Ø除外基準が多い



Conclusions
ØCOVID-19で入院したVTEハイリスク患者において、
退院後にリバーロキサバン10mg/日を35日間投与する血栓予防は
抗凝固療法を行わない場合と比較し血栓性イベントを抑制し
臨床転帰を改善することを示唆するエビデンスが示された

Ø上記患者において重度腎不全を認めなければ、退院後に予防的投与量
のリバーロキサバンを継続することで臨床転帰を改善する可能性があ
る



内的妥当性
ランダム割り付けされているか ○
ランダム割り付けが隠蔽化されているか ×
マスキングされているか ×
Baselineは同等か ○
ITT解析がされているか ○
結果に影響を及ぼすほどの脱落があるか ○
研究の早期中⽌はなかったか ○
症例は⼗分か ×



外的妥当性
Øアジア人は含まれていない

Ø日本ではDOACはCOVID-19に適応なし

Ø入院中エノキサパリンの使用がほとんど

ØVTE予防の適応が日本とは異なる



私⾒
Øフォローアップの7日目に患者は電話評価をすることができるが、無症候性

VTEを診断することは困難でありPrimary Outcome結果の一因になったと考
えられる

ØまたPrimary Outcomeは複合エンドポイントだったが、全てが臨床的に重要
というわけではない

Ø試験規模が小さいため、退院後の血栓予防を評価する他の進行中の試験の
結果を待つことになると思われる
(HEAL-COVID NCT04801940; ACTIV-4c NCT04650087; XACT NCT04640181; and NCT 04508439)


