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Background Observational studies have suggested a higher risk of thrombotic events in patients with coronavirus 
disease 2019 (COVID-19). Moreover, elevated D-dimer levels have been identified as an important prognostic marker in 
COVID-19 directly associated with disease severity and progression. Prophylactic anticoagulation for hospitalized COVID-19 

patients might not be enough to prevent thrombotic events; therefore, therapeutic anticoagulation regimens deserve clinical 
investigation. 

Design ACTION is an academic-led, pragmatic, multicenter, open-label, randomized, phase IV clinical trial that aims 
to enroll around 600 patients at 40 sites participating in the Coalition COVID-19 Brazil initiative. Eligible patients with a 

confirmed diagnosis of COVID-19 with symptoms up to 14 days and elevated D-dimer levels will be randomized to a strategy 
of full-dose anticoagulation for 30 days with rivaroxaban 20 mg once daily (or full-dose heparin if oral administration is not 
feasible) vs standard of care with any approved venous thromboembolism prophylaxis regimen during hospitalization. A 

confirmation of COVID-19 was mandatory for study entry, based on specific tests used in clinical practice (RT-PCR, antigen 
test, IgM test) collected before randomization, regardless of in the outpatient setting or not. Randomization will be stratified 

by clinical stability at presentation. The primary outcome is a hierarchical analysis of mortality, length of hospital stay, or 
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duration of oxygen therapy at the end of 30 days. Secondary outcomes include the World Health Organization’s 8-point 
ordinal scale at 30 days and the following efficacy outcomes: incidence of venous thromboembolism , acute myocardial 
infarction, stroke, systemic embolism, major adverse limb events, duration of oxygen therapy, disease progression, and 

biomarkers. The primary safety outcomes are major or clinically relevant non-major bleeding according to the International 
Society on Thrombosis and Haemostasis criteria. 

Summary The ACTION trial will evaluate whether in-hospital therapeutic anticoagulation with rivaroxaban for stable 
patients, or enoxaparin for unstable patients, followed by rivaroxaban through 30 days compared with standard prophylactic 
anticoagulation improves clinical outcomes in hospitalized patients with COVID-19 and elevated D-dimer levels. (Am Heart 
J 2021;238:1–11.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first cases of coronavirus disease 2019 (COVID-
19), which is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), were reported
in December 2019; less than 3 months later it was
declared a global pandemic by the World Health Orga-
nization (WHO). 1 COVID-19 was initially identified as
a syndrome with pr imar ily respiratory manifestations.
However, the first series of published cases in patients
with COVID-19 showed that other systems were affected
including the cardiovascular system, which has proven
to be an important marker of disease progression and
mortality. 2 

Initial evidence indicates that the increased systemic
inflammatory response and coagulation system disorders
that occur with COVID-19 infection directly impact the
cardiovascular system, 3 , 4 and are associated with ad-
verse cardiovascular events such as myocardial ischemia,
myocarditis, arrhythmias, and thromboembolic phenom-
ena. Serum troponin and D-dimer have been identified
as prognostic markers for cardiovascular events. 2 , 5 Cur-
rent guidance recommends monitoring patients with
COVID-19 using echocardiography, electrocardiography,
and monitoring levels of biomarkers like troponin and
D-dimer. 3 

The ongoing COVID-19 pandemic is a global health
emergency. In this scenario, clinical studies should be
implemented to address different medical questions
simultaneously as a collaborative effort to control the
consequences of the spread of the disease and improve
patient outcomes. 6–9 Efficacy and safety of any given
intervention should be assessed through a randomized
clinical trial in order to provide reliable information to
guide clinical practice. 6–9 

Coalition COVID-19 Brazil 
Coalition COVID-19 Brazil is an initiative developed

by Brazilian investigators and sites to test therapies
for different targets in order to quickly identify the
efficacy and safety of treatments for COVID-19 that
have been used during the pandemic in an empirical
manner but with no proven benefit. Hydroxychloro-
quine and azithromycin were tested and did not show
benefit in hospitalized patients with mild-to-moderate
COVID-19. 10 This project encompassed other random-
ized studies involving patients with a range of severity of
COVID-19, including the addition of azithromycin to hy-
droxychloroquine in patients with severe disease which
also did not show clinical benefit. 11 In addition, treat-
ments for complications of the infection were also ad-
dressed in the Coalition initiative and focused on 2 main
pathways related to adverse outcomes of COVID-19: in-
flammatory response 12 , 13 and coagulation system. In the
Coalition III study, 12 we assessed the efficacy and safety
of dexamethasone in patients with moderate or severe
acute respiratory distress syndrome (ARDS) caused by
COVID-19, and this intervention improved the number
of days alive and free from mechanical ventilation during
the first 28 days as compared with standard of care alone.
The current study (ACTION) is the Coalition IV trial and
will compare a strategy of full anticoagulation with a di-
rect and selective factor Xa inhibitor with a prophylac-
tic anticoagulation strategy in patients hospitalized with
COVID-19 and an elevated D-dimer level. 

Study rationale 

There are many reports of patients with COVID-19 hav-
ing diverse cardiovascular and thrombotic clinical and
laboratory manifestations that are of great prognostic
implication. Abnormal levels of coagulation biomark-
ers like D-dimer, fibrinogen, and PAI 1 are commonly
identified in patients with COVID-19. 2 , 14 Clinical and
laboratory features of COVID-19-associated coagulopa-
thy partially overlap with sepsis-induced coagulopathy,
disseminated intravascular coagulation, hemophago-
cytic syndrome/hemophagocytic lymphohistiocytosis,
antiphospholipid syndrome, and thrombotic microan-
giopathy; however, it does not perfectly match with
any other specific coagulopathies ( Figure 1 ). 15 Among
the risk markers for mortality, the serum level of D-
dimer has shown important and independent prognostic
relevance. 2 , 16 , 17 
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Figure 1 

Characteristics of COVID-19 associated coagulopathy. Legend: The pathogenesis of COVID-19- associated coagulopathy (CAC) is multifac- 
torial and continues to be determined. CAC with suppressed fibrinolysis and activated coagulation resembles sepsis-induced coagulopathy 
and disseminated intravascular coagulation. The prothrombotic state due to cytokine storm and proinflammatory cytokines have some aspects 
of hemophagocytic syndrome and hemophagocytic lymphohistiocytosis. The activation of complement system and von Willebrand factor 
partially overlap with antiphospholipid syndrome, and thrombotic microangiopathy but CAC has unique features that may be defined as a 
new category of coagulopathy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Considering that the risk of disease progression or mor-
tality is directly related to the level of such thrombotic
markers, there is a strong rationale for the potential ben-
efit of anticoagulation in these patients. In addition, case
series have shown that patients with COVID-19 com-
monly present with intra-vascular microthrombi, 18 espe-
cially in the pulmonary vasculature, which frequently
evolves to symptomatic venous thromboembolism (VTE)
and results in ar ter ial thrombotic events. 19 A case series
from the Netherlands showed that 31% of patients ad-
mitted to the intensive care unit presented with symp-
tomatic acute pulmonary embolism, deep vein thrombo-
sis, ischemic stroke, myocardial infarction, or systemic
ar ter ial embolism. 19 Observational data showed that the
use of anticoagulants in patients with elevated D-dimer
levels was associated with lower mortality when com-
pared with no anticoagulation. 17 A retrospective analysis
of 4,389 patients showed that compared with no anti-
coagulation, both therapeutic and prophylactic anticoag-
ulation were associated with approximately 50% lower
in-hospital mortality and 30% less intubation. 20 When
initiated ≤48 hours from admission, there was no sta-
tistically significant difference between therapeutic vs
prophylactic anticoagulation (adjusted hazard ratio [HR]
0.86, 95% confidence interval [CI] 0.73–1.02; P = .08). 20 

On the other hand, 89 patients (2%) had major bleed-
ing adjudicated by clinician review, with 27 of 900 pa-
tients (3.0%) on therapeutic anticoagulation, 33 of 1959
(1.7%) on prophylactic anticoagulation, and 29 of 1530
(1.9%) on no anticoagulation. 20 Despite these interest-
ing results, observational data regarding a medical inter-
vention are subject to confounding and should be con-
sidered hypothesis generating at best. 21 Nevertheless,
despite the biological rationale and promising observa-
tional data for such patients, well-designed randomized
clinical trials are lacking. It is time for high quality evi-
dence in this field since thousands of patients are treated
daily for COVID-19 and are exposed to different empir-
ical anticoagulation treatments for which the risks and
benefits remain unknown. 21 

Methods 

Study overview 

ACTION (NCT04394377) is an investigator-initiated,
academic-led, pragmatic, phase IV, multicenter, random-
ized trial. The study is open-label with blinded outcomes
adjudication (PROBE) and will include approximately
600 patients with a confirmed diagnosis of COVID-19
with symptoms up to 14 days and elevated D-dimer lev-
els. 

The ACTION trial is part of the Coalition COVID-19
Brazil initiative. The study protocol was approved by the
National Commission for Research Ethics from the Brazil-
ian Ministry of Health. The study will be conducted in
compliance with the protocol and adheres fully to the
ethical principles of the International Council for Harmo-
nization and Good Clinical Practice. The ACTION trial
began enrolling patients on June 21, 2020 and finished
enrollment on February 28, 2021. The protocol requires
that each patient must provide informed consent before
any study procedure is initiated. 

Primary objective 

The primary objective of the trial is to evaluate, among
hospitalized patients with COVID-19 and elevated D-
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dimer levels, the clinical impact of the strategy of rou-
tine full-dose anticoagulation compared with standard of
care on the following outcomes in a hierarchical analysis:
mortality, length of hospital stay, or duration of oxygen
therapy at 30 days. 

Secondary objectives 
The secondary objectives are to evaluate the impact

of the strategy of routine full-dose anticoagulation at 30
days in hospitalized patients with COVID-19 and ele-
vated D-dimer levels using the following 8-point ordinal
COVID-19 outcome scale developed by the World Health
Organization 

22 , 23 : death; invasive mechanical ventilation
and support for another organ dysfunction; invasive me-
chanical ventilation alone; noninvasive ventilation/high-
flow oxygen; hospitalized on supplemental oxygen; hos-
pitalized not requiring supplemental oxygen; not hos-
pitalized, limitation on activities and/or requiring home
oxygen; not hospitalized, no limitations on activities. 

The impact of the intervention will also be assessed
in the following efficacy end points: VTE, acute myocar-
dial infarction, stroke, systemic embolism, major adverse
limb events, time using oxygen therapy, time using non-
invasive ventilation, time using mechanical ventilation,
progression of the disease, troponin, and inflammatory
and coagulation biomarkers. The primary safety outcome
will be major and clinically relevant non-major bleeding
as defined using International Society on Thrombosis and
Haemostasis (ISTH) cr iter ia. 24 

Study population 

All patients hospitalized with a confirmed diagnosis of
COVID-19 with symptoms up to 14 days and elevated D-
dimer levels are potentially eligible if they provide writ-
ten (or oral, if applicable) informed consent after de-
tailed explanation of the protocol. Since this is a study of
hospitalized patients, most patients will experience pro-
gression of the disease warranting hospital admission by
around 1 week. The 14-day period from symptom onset
used as an inclusion cr iter ion in the ACTION trial is not
only targeting the most common period of hospitaliza-
tion, but also provides an additional guarantee that the
hospitalization is related to COVID-19. 

Exclusion cr iter ia are detailed below in groups accord-
ing to the main reason for exclusion: 

1. A clear evidence-based indication or contraindica-
tion for full-dose anticoagulation. 

2. A condition associated with high-risk of bleed-
ing in which it would not be appropriate to test
a full-dose anticoagulation therapy (eg, platelets
< 50,000/mm 

3 ; international normalized ratio > 1.5;
use of acetylsalicylic acid > 100 mg/day or P2Y12
inhibitor; chronic use of NSAIDs; sustained uncon-
trolled systolic blood pressure (BP) ≥180 mm Hg or
diastolic BP ≥100 mm Hg; disseminated intravascu-
lar coagulation; active cancer; or history of condi-
tions related to intracranial bleeding). 

3. Common limitations to study drug, such as hyper-
sensitivity to rivaroxaban or heparin; use of strong
inhibitor s or inducer s of cytochrome P450 3A4
and/or P-glycoprotein; known HIV infection; cre-
atinine clearance < 30 mL/min; and pregnancy or
breastfeeding. 

The use of full-dose anticoagulation prior to study en-
try is allowed as long as the duration of therapy before
randomization was ≤48 hours. In addition, the time from
the last dose of anticoagulant prior to randomization to
the first dose of anticoagulant post-randomization should
be at least 24 hours. Full inclusion and exclusion cr iter ia
are shown in Table I . 

Randomization and allocation concealment 
Concealed randomization will be performed using a

central, automated, electronic web-based system. Ran-
domization will be stratified according to the patient’s
clinical condition at the time of randomization: unsta-
ble or stable. Unstable patients will be categorized by
site investigators as having COVID-19–related critical ill-
ness, suffering from a life-threatening condition requiring
mechanical ventilation, use of vasopressors, and/or un-
able to take an oral medication due to degree of illness. 25

These patients will be treated with subcutaneous enoxa-
parin 1 mg/kg twice daily; unfractionated heparin is the
preferred treatment option for patients with decreasing
creatinine clearance < 30 ml/m 

2 and/or disseminated in-
travascular coagulation. When they become stable, these
patients will be transitioned to oral anticoagulation with
rivaroxaban. All patients in the intervention group will
continue therapeutic anticoagulation until 30 days after
randomization. 

Eligible patients will be randomized using a 1:1 ratio
to either full-dose anticoagulation therapy for 30 days
(Group 1) or standard of care (Group 2). Patients ran-
domized to Group 1 will follow the strategy of rou-
tine full-dose anticoagulation for 30 days (standard thera-
peutic regimen of oral anticoagulation with rivaroxaban
20 mg once daily or subcutaneous enoxaparin 1 mg/kg
twice daily if oral route is not feasible). Group 2 will fol-
low the standard usual care with in-hospital prophylac-
tic anticoagulation (without routine full-dose anticoagu-
lation). 

Study intervention (Group 1) 
Considering a strategy of routine full-dose anticoagu-

lation, the types of anticoagulants may vary according
to clinical status. For patients who present to the hospi-
tal and are stable during the early phase (outside of the
intensive care unit), the use of oral anticoagulants, like
rivaroxaban, is an attractive option to potentially avoid
clinical deterioration that commonly occurs between 7
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Table I. Inclusion and exclusion criteria for ACTION trial 

Inclusion criteria 

1. Patients with confirmed diagnosis of COVID-19 admitted to hospital 

2. Duration of symptoms related to hospitalization ≤14 days 

3. Patients ≥18 year old 

4. D-dimer above the ULN 

5. Agreement to participate by providing the informed consent form 

Exclusion criteria 

6. Patients with indication for full-dose anticoagulation during inclusion (e.g, diagnosis of VTE, AF, mechanical valve prosthesis) 

7. Platelets < 50,000 /mm 

3 

8. Use of ASA > 100 mg per day 

9. Use of P2Y12 inhibitor (clopidogrel, prasugrel, ticagrelor) 

10. Chronic use of NSAIDs 

11. Sustained uncontrolled systolic BP ≥180 mm Hg or diastolic BP ≥100 mm Hg 

12. INR > 1.5 

13. Patients contraindicated to full-dose anticoagulation (active bleeding, liver failure, blood dyscrasia or prohibitive hemorrhage risk as 
evaluated by the investigator) 

14. Patients with DIC 

15. History of hemorrhagic stroke or any intracranial bleeding at any time in the past or current intracranial neoplasm (benign or 
malignant), cerebral metastases, arteriovenous malformation, or aneurysm 

16. Active cancer (excluding non-melanoma skin cancer) defined as cancer not in remission or requiring active chemotherapy or 
adjunctive therapies such as immunotherapy or radiotherapy 

17. Hypersensitivity to rivaroxaban 

18. Use of strong inhibitors of cytochrome P450 (CYP) 3A4 and/or P-gp (e.g., protease inhibitors, ketoconazole, itraconazole) and/or use 
of P-gp and strong CYP3A4 inducers (includng, but not limited to, rifampin/rifampicin, rifabutin, rifapentine, phenytoin, 
phenobarbital, carbamazepine, or St. John’s Wort) 

19. Known HIV infection 

20. Creatinine clearance < 30 mL/min 

21. Pregnancy or breastfeeding 

AF indicates atrial fibrillation; ASA, acetylsalicylic acid; BP, blood pressure; COVID-19, coronavirus 2019; DIC, disseminated intravascular coagulation; HIV, human 
immunodeficiency virus; NSAIDs, nonsteroidal anti-inflammatory drugs; P-gp, P-glycoprotein; ULN, upper limit of normal; VTE, venous thromboembolism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to 10 days after the appearance of symptoms. 10 , 26 Thus,
the main question that requires investigation is whether
a strategy of routine full-dose anticoagulation (with an
oral agent or parenteral when indicated) improves pa-
tient outcomes when compared with standard of care in
patients with COVID-19. 

In this group, full-dose anticoagulation therapy will
be maintained for 30 days. Depending on the patient’s
clinical condition, there will be 2 possible routes of
administration—oral or parenteral. 

Oral administration 

Oral administration of anticoagulation is the default
and should be the initial way to start study medication
for most patients. The regimen to be used in the study
is rivaroxaban 20 mg once daily (dose adjusted to 15 mg
once daily if creatinine clearance [calculated using the
Cockroft-Gault equation] is 30–49 mL/min and/or with
concomitant use of azithromycin). The dose of rivarox-
aban will be adjusted to 15 mg once daily with con-
comitant use of oral azithromycin because it increases
levels of rivaroxaban by affecting hepatic/intestinal en-
zyme CYP3A4 metabolism. There is no weight limita-
tion to using rivaroxaban. If a patient develops acute kid-
ney injury with creatinine clearance < 30 mL/min, the
protocol recommends withdrawing rivaroxaban until re-
nal function improves or switching to parenteral full-
dose anticoagulation, at the discretion of the treating
physician. 

Parenteral administration 

Patients using vasoactive agents (especially at high
doses) and/or on invasive ventilatory support may par-
ticipate in the trial or switch to full parenteral anticoag-
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ulation (at the discretion of the treating physician) using
one of the options outlined in the protocol: 

Parenteral 1: Enoxaparin 1 mg/kg every 12 hours sub-
cutaneously (dose adjusted to 0.75 mg/kg every 12
hours if patient age is ≥75 years); or 

Parenteral 2: Unfractionated heparin (preferred op-
tion for patients worsening with disseminated in-
travascular coagulation after randomization without
prohibitive bleeding risk). 

The default therapeutic strategy for the study is oral
anticoagulation with rivaroxaban 20 mg once daily. Par-
enteral anticoagulation might be used for patients who
are on mechanical ventilation and/or using vasoactive
drugs and are unable to receive the oral anticoagulant
at the time of inclusion in the study. In these instances,
patients can start on the parenteral anticoagulation strat-
egy and, once stable, should be converted to oral antico-
agulation. Enrolment of patients entering the study using
the parenteral strategy (enoxaparin as standard) will be
capped at no more than 30% of the trial sample. 

Additionally, stable patients randomized to the full anti-
coagulation strategy arm who star t with r ivaroxaban may
develop clinical instability which can affect the absorp-
tion of oral medications. Therefore, it is permissible for
these patients to be switched to full-dose heparin (un-
fractionated or low molecular weight) and continue on
the full-dose anticoagulation strategy. Patients with cre-
atinine clearance decreasing to < 30 mL/min or dissem-
inated intravascular coagulation who do not present a
prohibitive risk of bleeding could continue to receive full
anticoagulation with unfractionated heparin, according
to the algorithm provided by the study leadership and
at the discretion of the treating physician. Regardless of
the route of administration, patients in Group 1 should
continue using oral anticoagulation until the end of the
study (30 days after randomization). Thus, our study is
testing more than just a specific drug, but a therapeutic
strategy of routine full-dose anticoagulation for 30 days
vs standard of care, which will be prophylactic anticoag-
ulation during hospitalization. If patients are randomized
to the full-dose anticoagulation strategy and discharged
before 30 days, all patients should continue on rivaroxa-
ban 20 mg once daily for 30 days after randomization. 

Standard of care (Group 2) 
Patients in the standard of care group will receive the

usual standard management and currently have no in-
dication for full-dose anticoagulation. The protocol rec-
ommends the use of VTE prophylaxis in Group 2 (usual
standard care) during hospitalization, but the extended
prophylaxis beyond hospital discharge might be used in
selected cases according to the decision of the treating
physician. 

For VTE prophylaxis, all patients should receive an ap-
proved dose of a parenteral anticoagulant for use in med-
ically ill patients ( Table II ). 27 This pragmatic approach
will strengthen the results, increasing the generalizabil-
ity of the study findings. 

All other procedures and concomitant therapies will be
at the discretion of the treating physician and should be
based on current guidelines and local standards of care
without systematic use of additional experimental thera-
pies. Thus, the only difference between the groups will
be in relation to the full anticoagulation strategy. Patients
in Group 2 (standard of care) should only use full-dose
anticoagulation if a new clinical indication arises after
randomization (eg, VTE, atrial fibrillation, etc.). 27 , 28 

Study procedures 
The data collected will include demographics, cardio-

vascular risk factors, relevant medical history, clinical
characteristics, concomitant medications, and laboratory
data. Data collection will be performed during hospital-
ization until discharge and a phone call at 30 days will
capture clinical events after discharge. The flowchart in-
cluding all study procedures is presented in Figure 2 . The
detailed information collected during each study visit is
provided in the Supplementary Appendix. 

Clinical outcomes 
Primary outcome 
The primary end point is a hierarchical outcome con-

sisting of time to death, length of hospital stay, and num-
ber of days on oxygen support, all evaluated at 30 days. 

Secondary end points 
Secondar y efficac y end points. The 8-point ordinal scale
of outcomes will be evaluated as a secondary end point
and will identify the clinical condition of the patient
at 30 days in the following order: death; invasive me-
chanical ventilation and support for another organ dys-
function; invasive mechanical ventilation alone; noninva-
sive ventilation/high-flow oxygen; hospitalized on sup-
plemental oxygen; hospitalized not requiring supple-
mental oxygen; not hospitalized, limitation on activities
and/or requiring home oxygen; not hospitalized, no lim-
itations on activities ( Table III ). 22 , 23 

Cardiovascular outcomes include the incidence of VTE,
acute myocardial infarction, stroke, systemic embolism,
and major adverse limb events individually and in a com-
posite outcome of thrombotic events. All thrombotic
events will also be combined with all-cause mortality in
an overall composite assessment of efficacy. Although
the protocol does not mandate routine screening for
these outcomes, the clinical events classification (CEC)
committee will look for specific triggers (based on labo-
ratory values, reports of adverse events, unknown cause
of death, changes in therapy) in order to actively search
for potentially under-reported events. Thus, all suspected
events will be adjudicated by an independent CEC
committee whose members are blinded to the trial
treatment assignment. 
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Table II. Suggested prophylactic scheme 

CrCl BMI Enoxaparin Fondaparinux UFH 

≥30 < 40 40 mg SC every 24h 2.5 mg SC daily 5000 units SC every 8 to 12 hours 
≥40 60 mg SC every 24h or 40 mg SC every 12 hours Not recommended 7500 units SC every 8 to 12 hours 

< 30 < 40 UFH 5000 units SC every 8 to 12 hours 
≥40 UFH 7500 units SC every 8 to 12 hours 

BMI indicates body mass index in kg/m 

2 ; CrCl, creatinine clearance in mL/min; SC, subcutaneous; UFH, unfractionated heparin. 

Figure 2 

Design of the ACTION trial (study flowchart). Legend: A) 8-point ordinal COVID-19 outcome: death; invasive mechanical ventilation and 
support for another organ dysfunction; invasive mechanical ventilation alone; noninvasive ventilation/high-flow oxygen; hospitalized on 
supplemental oxygen; hospitalized not requiring supplemental oxygen; not hospitalized, limitation on activities and/or requiring home 
oxygen; not hospitalized, no limitations on activities. B) Disease progression: Mild defined as cases without criteria to be classified within the 
“moderate” or “severe” groups; Moderate: Oxygen saturation < 94% or pulmonary infiltrates > 50% or ratio of partial pressure of arterial 
oxygen to fraction of inspired oxygen < 300; Severe: Respiratory failure or hemodynamic instability or multiple organ dysfunction. 

Table III. World Health Organization ordinal scale 22,23 

Score Patient state 

1 Not hospitalized, no limitation of activities 
2 Not hospitalized, limitation of activities 
3 Hospitalized, no oxygen therapy 
4 Oxygen by mask or nasal prongs 
5 Non-invasive mechanical ventilation or high-flow oxygen 
6 Intubation and mechanical ventilation 
7 Ventilation + additional organ support – pressors, RRT, ECMO 

8 Death 

ECMO indicates extra-corporeal membrane oxygenation; RRT, renal replacement 
therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Duration of oxygen therapy and/or noninvasive or
mechanical ventilation are outcomes of special interest
because of the potential benefit of anticoagulation
in preventing pulmonary microthrombosis that could
be associated with a greater need for oxygen therapy
and/or invasive or mechanical ventilation. The same
rationale applies to disease progression, which is clas-
sified as mild, moderate, and severe. 29 , 30 Mild disease
includes cases without cr iter ia to be classified within
the “moderate” or “severe” groups. Moderate disease is
characterized by oxygen saturation < 94% or pulmonary
infiltrates > 50% or ratio of partial pressure of arterial
oxygen to fraction of inspired oxygen < 300. Severe
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disease is defined as respiratory failure or hemodynamic
instability or multiple organ dysfunction. Inflammatory
and coagulation biomarkers and troponin level will also
be collected as components of the efficacy end points.
Since this is a pragmatic study, most laboratory tests
will be performed based on practices at each site and
will be assessed in an exploratory fashion. Among these
biomarkers, the following coagulation and inflamma-
tory tests are planned to be measured at baseline and
at the end of the hospitalization: D-dimer (inclusion
cr iter ia), fibr inogen, prothrombin time, activated partial
thromboplastin time, platelets, and C-reactive protein. 

Key safety end points. The primary safety end point is
major and clinically relevant non-major bleeding accord-
ing to ISTH cr iter ia. An additional composite outcome
of net benefit will combine thrombotic events and all-
cause mortality with major and clinically relevant non-
major bleeding. 

Other safety end points. Major and clinically relevant
non-major bleeding will be also evaluated by an indepen-
dent committee whose members are blinded to the treat-
ment assignment (full anticoagulation or not), and will be
classified according to the Thrombolysis in Myocardial
Infarction (TIMI), Global Use of Strategies to Open Oc-
cluded Ar ter ies (GUSTO), Bleeding Academic Research
Consortium (BARC), and ISTH criteria. 31 Hemoglobin
values and number of blood transfusions will also be
collected as components of the safety end points. Throm-
bocytopenia (included heparin induced) will be reported
by the site investigator and platelet levels will also be col-
lected in order to identify low levels regardless of reports
from the investigators. 

Sample size calculation 

The initial planned sample size for ACTION is around
600 patients. Details of the simulations for the sample
size calculation based on a hierarchical outcome using
the Win Ratio statistic will be described in the statistical
analysis plan. Briefly, based on simulations of scenarios
assuming the following outcomes in the control group
from Coalition I 10 (mortality rate of 7%, 6 days standard
deviation of time out of hospital until 30 days, 5 days
standard deviation of days free of oxygen support and
assuming treatment should improve mortality rate in 2%,
improve mean days out of hospital by 1.5 days and mean
days of oxygen support in 1.5 days) with a sample of
600 patients, the Win Ratio will have approximately 90%
power. 

Beyond the initial sample size calculation, a formal in-
terim analysis by the Data and Safety Monitoring Board
(DSMB) evaluating pr imar ily safety may recommend
modifications in the sample size. The first formal anal-
ysis will be performed when the first 300 patients have
been enrolled and have completed the 30-day follow-up
visit. 

Statistical analysis 
In order to maintain the benefits of randomization, the

primary analysis will follow the intention-to-treat princi-
ple. 

The primary outcome will be analyzed using the Win
Ratio proposed by Wang and Pocock 

32 and will consider
the treatment as a fixed effect stratified by the clinical
condition of the patient (unstable and stable patients).
The null hypothesis is H0: �= 1 (win ratio = 1): The rate
of all winner comparisons between the groups (full anti-
coagulation or not) is the same. The alternative hypoth-
esis is H1: � � = 1 (win ratio � = 1): The rate of all winner
comparisons between the groups (full anticoagulation or
not) is different. 

Using this method, all patients in the treatment group
are compared with all patients in the control group. Ini-
tially, the pairs will be compared for time until death
truncated at 30 days. If both died, the “winner” of the
comparison will be the one who has a longer time be-
tween the time of randomization and the date of death
(at least 1 day later). If the patients are tied (they died
with the same follow-up time or both remained alive un-
til the 30-day visit), the pair will be compared for the
length of hospital stay and the one with the shortest
length of stay will be declared the “winner” (consider-
ing a difference higher than 2 days). Finally, if a second
tie occurs, patients will be compared for the days of
oxygen-free support until the 30-day visit and the one
with the longest time without oxygen support will be
declared the “winner” (considering a difference higher
than 2 days). If contact with the patient is not obtained
during the 30-day visit and the follow-up time to assess
mortality is censored, comparisons paired with this in-
dividual will be made until the moment of censorship.
However, it is expected that the vital condition of all pa-
tients will be obtained within 30 days. 

Finally, we defined the test statistic (Win Ratio) as the
number of pair wins in each group (full-dose anticoagu-
lation vs. control) weighted by the size of each stratum
(stratum of unstable and stable patients who were ran-
domized and would start with parenteral or oral drug ad-
ministration, respectively). The results will be presented
with the respective 95% confidence intervals and the fi-
nal test will use a significance level of 5%, which will not
be corrected for multiplicity since the interim analyses
use restrictive decision limits. 

Each component of the hierarchical outcome will be
compared individually using the same method. Binary
secondary outcomes such as thromboembolic events at
30 days, and cardiovascular events at 30 days will be com-
pared using log binomial models, reporting relative risks
with the respective 95% confidence intervals. 
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WHO ordinal scale and disease progression will be
compared using cumulative proportional odds ratio mod-
els. 

Interaction tests for the primary outcome will be per-
formed for specific subgroups that include: age > 60 vs
≤60 years; days of symptoms (divided into tertiles); ini-
tial D-dimer level (divided into tertiles); use of antiviral
vs not; stable vs unstable at randomization; use of me-
chanical ventilation vs no mechanical ventilation at ran-
domization; use of mechanical ventilation vs noninva-
sive oxygen support vs without oxygen support at ran-
domization; parenteral anticoagulation prior to random-
ization vs no; use of corticosteroids at baseline vs no;
history of myocardial infarction vs no; history of stroke
vs no; history of heart failure vs no; BMI ( ≤30 kg/m ² or
> 30kg/m ²); and severity of patients at the time of presen-
tation (mild vs moderate vs severe). Additional analysis of
subgroups (eg, according to WHO classification) could
be performed in order to evaluate potential interaction
of the intervention according to disease progression. 

The details of the statistical analysis will be described
in the Statistical Analysis Plan. All analyses will be per-
formed using R software in its current version. 

Organizational structure 

Funding and trial oversight 
This trial was funded by the hospitals and research in-

stitutes leading the Coalition COVID-19 Brazil. Bayer S.A.
provided partial funding and study drug for the trial, but
was not involved in the study design, conduct, analysis,
or decision to publish the results. 

The executive and steering committees, together with
the operational teams from the Brazilian Clinical Re-
search Institute (BCRI), will coordinate and oversee the
medical, scientific, and operational conduct of the study.
Study operations are being coordinated by the BCRI and
the regulatory proceedings of the trial with the support
from the academic research organization from Hospital
Israelita Albert Einstein (HIAE). The BCRI will be re-
sponsible for data management, site management, clin-
ical events adjudication, safety surveillance, and all sta-
tistical analyses of the study. The academic research or-
ganization from HIAE will be responsible for regulatory
affairs and will perform an independent confirmatory sta-
tistical analysis of the primary results of the study. The
executive and steering committee members are respon-
sible for the reporting of the results and the drafting and
editing of this and forthcoming manuscripts. The authors
are solely responsible for the design and conduct of this
study, all study analyses, and the drafting and editing of
the paper and its final contents. 

Data and Safety Monitoring Board 

An independent DSMB will monitor safety data on an
ongoing basis with access to unblinded data. The DSMB
will review results from a formal interim analysis once
300 patients have completed the study. The DSMB will
use a P -value < .001 in the interim analysis to declare
an overwhelming statistically significant difference in ef-
ficacy and/or safety outcomes between study groups
to guide their recommendations. 30 , 31 An overall p-value
< .05 will be used to declare statistical significance at the
end of the study. A detailed DMSB charter will provide
stopping rules for the trial for efficacy and safety issues.
There will be no inter r uption for futility. 

Discussion 

The first reports of fatal cases of COVID-19 identified
macro and microvascular thrombosis as a main factor as-
sociated with death. 18 , 20 , 33 The prognostic relevance of
thrombosis in patients with COVID-19 occurs both be-
cause of the intr insic r isk related to this condition alone
(regardless of COVID-19 infection) and also because this
condition is much more common and intense in patients
with COVID-19. 34 , 35 In all cases of sepsis, regardless of
the etiology, there is thrombotic activation and a risk of
coagulopathy due to consumption of coagulation factors
commonly called sepsis-induced coagulopathy. 36 Many
different therapies were tested targeting the coagulation
pathway in patients with sepsis 36 ; however, until now,
no robust evidence of benefit has been identified using
full-dose anticoagulation therapy in patients with sepsis
due to diverse etiologies. 33 

Despite the absence of clear benefit of anticoagula-
tion in patients with sepsis, COVID-19 infection presents
unique aspects that should be mentioned. The incidence
and magnitude of thrombosis in patients with COVID-
19 is much higher when compared with other infec-
tions like H1N1. 34 , 35 The clinical and pathological evalu-
ation identified a complete thrombotic syndrome includ-
ing ar ter ial and venous events and micro and macro com-
plications. 18 , 20 , 33-36 The thrombosis represents a direct
cause of death, even in patients without clinical suspi-
cion of a thrombotic event. Finally, prophylaxis during
hospitalization may not prevent events after discharge
and a high residual risk of thrombotic events in these
patients has been reported. 37 Thus, there is a strong ra-
tionale for the potential benefit of full-dose anticoagula-
tion in these patients. 20 Nevertheless, there is also a well-
known risk of anticoagulation related to bleeding and, as
a consequence, equipoise should be evaluated in a clini-
cal trial. 21 

The choice of rivaroxaban among all direct oral anti-
coagulants is supported by the posological convenience
(once daily) and the benefit shown in different throm-
botic scenarios such as atrial fibrillation, 38 , 39 acute coro-
nary syndrome, 40 chronic coronary artery disease, 41 pe-
r ipheral ar tery disease, 41 , 42 and in the prophylaxis and
treatment of VTE. 43 , 44 The dose of 20 mg once daily (ad-
justed for creatinine clearance) was chosen because of
the efficacy and safety shown in patients with an indica-
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tion for full-dose anticoagulation to reduce thromboem-
bolic events (ie, the indication that will be evaluated in
this study). 

Currently, other clinical trials addressing the anticoag-
ulation pathway are being conducted but most of them
evaluate the use of parenteral anticoagulation during hos-
pitalization. 45 ACTION is different not only because of
the duration of anticoagulation therapy, but also because
it will assess the concept of whether full-dose anticoag-
ulation, regardless of the route of administration, is ben-
eficial or not. The final results of the study will also test
the interaction in this prespecified subgroup of critical
patients. 

Despite being an open-label study, ACTION has a pri-
mary composite hierarchical end point that includes only
objective information: mortality, days of hospitalization
(after randomization), and days of oxygen support (af-
ter hospitalization). This patient-centered outcome rep-
resents the main goal of every patient with a condition
like COVID19—to be alive and out of the hospital with
no need for oxygen support. Since many different com-
plications could occur due to COVID-19 and/or the study
intervention, days of hospitalization is the second hierar-
chical end point and encompasses the potential effect
of any relevant medical complications. If there is no dif-
ference compar ing mor tality and days of hospitalization,
time of oxygen therapy will be assessed to evaluate po-
tential benefit of anticoagulation in the prevention of pul-
monary microthrombosis that could be associated with a
greater need for oxygen therapy. All end points are ob-
jectively assessed and considered to be patient-centered
and should help inform physicians in clinical practice.
In addition, other end points of interest, such as throm-
boembolic complications and bleeding, will be reviewed
by a CEC committee whose members are blinded to treat-
ment assignment. 

Conclusion 

ACTION is a multicenter, randomized trial in hospi-
talized patients with COVID-19 and elevated D-dimer
levels that aims to determine whether full-dose antico-
agulation with rivaroxaban compared with standard of
care improves clinical outcomes. The study findings will
provide contemporary and high quality randomized evi-
dence to guide medical decisions in patients hospitalized
with COVID-19 and should impact clinical practice. 
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