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ABSTRACT
ISS
BACKGROUND Clinical trials suggest that therapeutic-dose heparin may prevent critical illness and vascular compli-

cations due to COVID-19, but knowledge gaps exist regarding the efficacy of therapeutic heparin including its compar-

ative effect relative to intermediate-dose anticoagulation.

OBJECTIVES The authors performed 2 complementary secondary analyses of a completed randomized clinical trial: 1) a

prespecified per-protocol analysis; and 2) an exploratory dose-based analysis to compare the effect of therapeutic-dose

heparin with low- and intermediate-dose heparin.

METHODS Patients who received initial anticoagulation dosed consistently with randomization were included. The

primary outcome was organ support-free days (OSFDs), a combination of in-hospital death and days free of organ

support through day 21.

RESULTS Among 2,860 participants, 1,761 (92.8%) noncritically ill and 857 (89.1%) critically ill patients were treated

per-protocol. Among noncritically ill per-protocol patients, the posterior probability that therapeutic-dose heparin

improved OSFDs as compared with usual care was 99.3% (median adjusted OR: 1.36; 95% credible interval [CrI]: 1.07-

1.74). Therapeutic heparin had a high posterior probability of efficacy relative to both low- (94.6%; adjusted OR: 1.26;

95% CrI: 0.95-1.64) and intermediate- (99.8%; adjusted OR: 1.80; 95% CrI: 1.22-2.62) dose thromboprophylaxis. Among

critically ill per-protocol patients, the posterior probability that therapeutic heparin improved outcomes was low.

CONCLUSIONS Among noncritically ill patients hospitalized for COVID-19 who were randomized to and initially

received therapeutic-dose anticoagulation, heparin, compared with usual care, was associated with improved OSFDs, a

combination of in-hospital death and days free of organ support. Therapeutic heparin appeared superior to both low- and

intermediate-dose thromboprophylaxis. (JACC Adv 2024;3:100780) © 2024 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

Crl = credible interval

ICU = intensive care unit

mpRCT = multiplatform

randomized clinical trial

OSFD = organ support-free

days

From the a

onto, Onta
dUniversity

Medicine a

Manitoba,

dation Trus

Australia; l

mMcGill U

Francisco

Medicine,

Bronx, New

versity of O

Utrecht, U
xInstituto M

Illinois, Ch

Hospital, U

Universitai

Zealand; an

James L. Ja

this paper.

The autho

institutions

the Author

Manuscrip

Godoy et al J A C C : A D V A N C E S , V O L . 3 , N O . 3 , 2 0 2 4

Heparin Dosing in Hospitalized COVID-19 M A R C H 2 0 2 4 : 1 0 0 7 8 0

2

C OVID-19 pneumonia, the syndrome
caused by SARS-CoV-2 infection, is
characterized by systemic inflam-

mation, hypercoagulability, and vascular
thrombosis.1-4 Two randomized clinical trials
(RCTs) demonstrated that therapeutic-dose
anticoagulation with heparin improves com-
posite outcomes including survival and or-
gan support receipt or thrombosis in
noncritically ill, but not in critically ill, patients hos-
pitalized for COVID-19,5-7 and 2 other RCTs observed
a consistent trend.8,9 Nevertheless, several important
knowledge gaps exist. First, randomized trials have
been pragmatic and open label, and the effectiveness
based on assigned study dose is uncertain. In the
multiplatform randomized clinical trial (mpRCT)
involving the ATTACC (Antithrombotic Therapy To
Ameliorate Complications of Covid-19), ACTIV-4a
(Accelerating Covid-19 Therapeutic Interventions
and Vaccines-4 Antithrombotics Inpatient platform
trial), and REMAP-CAP (Randomized, Embedded,
Multifactorial Adaptive Platform Trial for
Community-Acquired Pneumonia) platforms, pa-
tients hospitalized for COVID-19 were randomized to
a pragmatic strategy of therapeutic-dose anticoagula-
tion with heparin or usual-care thromboprophy-
laxis.5,6 Approximately 12% of participants
randomized to therapeutic-dose heparin received
initial dosing that was below the therapeutic range.
The effect of therapeutic heparin among those
receiving it as per protocol is uncertain. Second, a
recent clinical trial reported that, among noncritically
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ill patients hospitalized for COVID-19, intermediate-
dose heparin conferred an 86% probability of
reducing the composite of death and critical care or-
gan support, leaving uncertainty as to which dose in-
tensity may be optimal in this population.10 This
uncertainty regarding the comparative effectiveness
of low-, intermediate-, and therapeutic-dose anticoa-
gulation with heparin in patients hospitalized for
COVID-19 may challenge clinical care and practice
guidelines.

The current study was designed to evaluate 2
corresponding dose-related questions. First, what is
the effectiveness of therapeutic heparin among pa-
tients randomized to and subsequently receiving this
dose relative to those receiving usual care? To
address this question, we performed a prespecified
analysis of the mpRCT per-protocol population. Sec-
ond, what is the comparative effectiveness of
therapeutic-dose heparin compared with low- vs
intermediate-dose thromboprophylaxis? To address
this question, we performed a secondary analysis of
the mpRCT by stratifying the usual care arm based on
whether they received low- or intermediate-dose
heparin and compared outcomes with those ran-
domized to and receiving therapeutic-dose heparin.

METHODS

THE MULTIPLATFORM CLINICAL TRIAL. The
ATTACC/ACTIV-4a/REMAP-CAP mpRCT was a ran-
domized, open-label clinical trial that investigated
anticoagulation strategies in noncritically ill and
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critically ill patients hospitalized for COVID-19.5,6,11

Eligibility criteria, interventions, outcome measures,
and data collection procedures were prospectively
harmonized across the 3 federated participating
platforms to form 1 trial.12 Patients were prospec-
tively analyzed in 2 groups on the basis of baseline
illness severity. Critically ill patients were defined by
receipt of intensive care unit (ICU)-level organ sup-
port (defined as the use of oxygen delivered by
high-flow nasal cannula, noninvasive or invasive
respiratory support, extracorporeal life support, va-
sopressors, or inotropes); all others were considered
noncritically ill. REMAP-CAP additionally required
that such organ support be administered in an ICU for
patients to be considered critically ill. Noncritically ill
patients were further categorized according to their
baseline D-dimer level, using the threshold of 2 times
the upper limit of normal according to local labora-
tory criteria. Patients were eligible to be included in
REMAP-CAP within the first 48 hours of ICU admis-
sion/initiation of ICU level of care if critically ill or
within 14 days since hospital admission if noncriti-
cally ill, and in ATTACC and ACTIV-4a within 72 hours
from hospital admission or confirmation of COVID-19.
Patients were ineligible for the trial if they were at
high bleeding risk, or had concomitant use of dual
antiplatelet therapy, an independent clinical indica-
tion for anticoagulation, a history of heparin-induced
thrombocytopenia or heparin allergy (Supplemental
Methods).11 The trial was approved by the relevant
ethics boards and all patients or surrogates provided
informed consent in accordance with regional
regulations.

Patients were randomized to receive therapeutic-
dose anticoagulation with heparin or usual-care
thromboprophylaxis according to local standards of
practice, with general guidance provided by the trial
protocol. Therapeutic-dose anticoagulation could
be administered with unfractionated heparin by
monitored intravenous infusion or subcutaneous
low-molecular-weight heparin for 14 days or until
recovery (defined as hospital discharge or more than
24 hours without receiving supplemental oxygen).
Usual-care thromboprophylaxis could include low-
dose or intermediate-dose thromboprophylaxis in
ATTACC and REMAP-CAP, as per clinical judgment
(Supplemental Methods). A 1:1 randomized allocation
ratio was used initially, with the implementation of
response-adaptive randomization toward the end of
recruitment, as prespecified in the protocol (ATTACC
and REMAP-CAP).12 Triggers for adaptive stopping of
key patient groups were selected a priori based on
pretrial simulations including control for type I error.
The primary outcome was a composite of hospital
survival and freedom from ICU-level organ support
through 21 days in survivors (organ support-free days
[OSFDs]). This outcome was evaluated on an ordinal
scale, starting at �1 (death during index hospitaliza-
tion, censored at 90 days) and then progressing from
0 to 22 to indicate the number of days free of respi-
ratory or cardiovascular organ support among survi-
vors (use of oxygen delivered by high-flow nasal
cannula, noninvasive or invasive respiratory support,
extracorporeal life support, vasopressors, or ino-
tropes). Higher values of this scale represent better
outcomes. The primary analyses were performed
using a Bayesian framework in a modified intention-
to-treat population of patients with laboratory-
confirmed SARS-CoV-2 (approximately 99% of
noncritically ill randomized participants and 91% of
critically ill participants). Within the Bayesian
framework, results are expressed with probabilities
that a certain therapy might benefit a patient (poste-
rior probabilities).13,14 Importantly, there is not a
single value above which one would consider a
treatment to be beneficial, since decision-making
would largely depend on the beliefs of patients and
clinicians within a specific clinical context, taking
into account disease severity, availability of other
therapies, etc.13

The primary results of the mpRCT were published
previously.5,6 Briefly, enrollment of critically ill pa-
tients was stopped in December 2020, when the trial
reached a prespecified trigger for futility in this
group, and in January 2021, when it reached superi-
ority triggers in both of the noncritically ill D-dimer-
stratified groups. Among 2,231 noncritically ill
patients overall, the posterior probability that
therapeutic-dose anticoagulation with heparin
improved OSFDs compared to usual-care thrombo-
prophylaxis was 98.6% (median adjusted OR: 1.27;
95% credible interval [CrI]: 1.03-1.58). The probability
of superiority was 97.3% among those with high
D-dimer, 97.3% among those with unknown D-dimer,
and 92.9% among those with low D-dimer. Among
1,103 critically ill patients, the probability that
therapeutic-dose anticoagulation with heparin was
superior to usual-care thromboprophylaxis was 5.0%
(median adjusted OR: 0.83; 95% CrI: 0.67-1.03).
PER-PROTOCOL ANALYSIS. The trial statistical
analysis plan prespecified a per-protocol analysis
based on participants’ initial post-randomization
anticoagulant dose received. Participants’ baseline
initial stable anticoagulant dose was determined
centrally by either a computerized algorithm or by
investigator review using a prespecified consensus
dose-intensity framework that reflected patients’
renal function, body size, and weight. Anticoagulant
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doses were categorized into 4 groups: low,
intermediate, subtherapeutic, and therapeutic
(Supplemental Methods). Dose thresholds were
informed by guidance from the American Society of
Hematology and the National Institute for Health and
Care Excellence (NICE) (United Kingdom).15,16 To
determine an initial stable dose, doses prescribed
within the first 48 hours after randomization
were reviewed.

The per-protocol population consisted of: 1)
patients randomized to therapeutic-dose anti-
coagulation who initially received either therapeutic
or subtherapeutic doses of heparin (ie, a dose greater
than intermediate); and 2) patients randomized
to usual care who initially received a low- or
intermediate-intensity dose of anticoagulant. Pa-
tients without information on initial dosing or
without confirmed SARS-CoV-2 infection were
excluded. The primary outcome in the mpRCT and in
this per-protocol analysis was OSFDs. Key secondary
outcomes included survival to hospital discharge, a
composite of thrombotic events or death, the com-
posite of macrovascular arterial or venous thrombotic
events or death within 28 days, and major bleeding
(as per the International Society on Thrombosis and
Haemostasis definition) within 14 days.17 Thrombotic
events included pulmonary embolism, myocardial
infarction, ischemic cerebrovascular event, systemic
arterial thromboembolism, and deep vein thrombosis.
The mpRCT did not employ systematic screening for
venous thrombotic events. All thrombotic and
bleeding events were independently adjudicated by
blinded assessors using consensus definitions
(Supplemental Methods).

SECONDARY HEPARIN DOSE INTENSITY ANALYSIS.

In a post hoc analysis of the per-protocol population
aimed at determining if therapeutic-dose anti-
coagulation with heparin is superior to both low- and
intermediate-dose thromboprophylaxis, noncritically
ill patients randomized to usual-care thrombopro-
phylaxis were further categorized as those receiving
low-dose or intermediate-dose thromboprophylaxis.
Outcomes of these 2 subgroups were separately
compared to those who were randomized to and
received therapeutic anticoagulation.

STATISTICAL ANALYSIS. Baseline characteristics
were summarized with mean, median, or proportions
as appropriate. OSFDs were analyzed using a hierar-
chical Bayesian cumulative ordinal logistic regression
model that calculated the posterior distribution of the
proportional OR comparing therapeutic-dose anti-
coagulation versus usual-care thromboprophylaxis.
The primary model generated separate treatment es-
timates based on illness severity and baseline D-
dimer level (within noncritically ill patients),
permitting dynamic borrowing of information on
treatment effect between patient groups. When
similar effects were observed between groups, the
posterior distribution for each intervention group
effect was shrunk toward the overall estimate.18 Dy-
namic borrowing for the primary outcome was
employed to accelerate trial conclusions where
treatment effects were similar and to mitigate
outlying treatment estimates. In a sensitivity anal-
ysis, independent treatment effects of the primary
outcome were modeled without dynamic borrowing.
A single treatment effect was also estimated for all
noncritically ill patients. As in the overall trial anal-
ysis, the secondary endpoints were modeled as
dichotomous outcomes, without dynamic borrowing,
using Bayesian logistic regression. The Bayesian
models used weakly informative prior distributions
and were fitted using a Markov chain Monte Carlo
simulation algorithm with 10,000 samples drawn
from the joint posterior distribution. The models
were adjusted for age, sex, trial site, enrollment time
interval (2-week epoch) and, among noncritically ill
patients, baseline D-dimer group. No modeling was
performed for the outcome of major bleeding due to
the low number of events. In the post hoc heparin
dose intensity analysis, noncritically ill patients from
the per-protocol population were categorized as those
treated with therapeutic-dose anticoagulation
(including the subtherapeutic dose category),
intermediate-dose thromboprophylaxis, or low-dose
thromboprophylaxis and outcomes were compared
between these groups. All statistical analyses were
conducted using R project.

RESULTS

CHARACTERISTICS OF THE PATIENTS. Among 2,231
noncritically ill patients, dose information was
available for 1,898 patients, of whom 1,761 (92.8%)
were included in the per-protocol analysis; among
1,103 critically ill patients, dose information was
available for 962 patients, of whom 857 (89.1%) were
included (Figure 1). More patients with dose infor-
mation randomized to usual-care thromboprophy-
laxis than to therapeutic-dose anticoagulation
received treatment per-protocol (98.2% vs 88.3%,
respectively, among noncritically ill patients, and
92.1% vs 85.9% among critically ill patients).

Baseline characteristics between treatment groups
were similar in the noncritically ill (Table 1) and the

https://doi.org/10.1016/j.jacadv.2023.100780
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FIGURE 1 Diagram Illustrating the Composition of the Per-Protocol Cohorts

From the initial mITT population used in the previously reported primary analyses,5,6 patients without dose information available or those with dose information not as

per the protocol recommendations were excluded. In the prespecified per-protocol analysis, patients who received low-dose thromboprophylaxis and intermediate-

dose thromboprophylaxis were grouped as usual-care thromboprophylaxis. In the post hoc analysis of the noncritically ill patients, low-dose and intermediate-dose

thromboprophylaxis were analyzed separately. mITT ¼ modified intention-to-treat; NA ¼ not available.
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critically ill (Table 2) patients. Comorbidity burden
and D-dimer levels appeared lower in patients
included in the per-protocol population compared
to those not in the per-protocol population
(Supplemental Tables 1 and 2), while oxygen re-
quirements appeared higher in noncritically ill pa-
tient included in the per-protocol population
compared to those not included. Otherwise, the
included and excluded patients appeared similar
regarding most baseline characteristics.
PER-PROTOCOLANALYSIS:OUTCOMES INNONCRITICALLY

ILLPATIENTS. Among all 1,761 noncritically ill patients
included in the per-protocol analysis, the posterior
probability that therapeutic-dose anticoagulation
with heparin improved OSFDs as compared with
usual care was 99.3% (median adjusted OR for
improved OSFD: 1.36; 95% CrI: 1.07-1.74) (Central
Illustration, Table 3). Of 839 noncritically ill patients
in the usual-care thromboprophylaxis group, 640
(76.3%) survived until hospital discharge without
receipt of organ support during the first 21 days, as
compared with 743 of 919 patients (80.8%) in the
therapeutic-dose anticoagulation group. The median
adjusted absolute difference was 5.1% (95% CrI: 1.2%-
8.6%), favoring the therapeutic-dose anticoagulation
group. Major bleeding was infrequent in both groups
(2.2% [n ¼ 20] in the therapeutic-dose anticoagulation
and 1.0% [n ¼ 8] in the usual-care thromboprophy-
laxis group). In the primary adaptive analysis of
D-dimer-defined groups, permitting information on
treatment effect from each group to inform estimates
in others (dynamic borrowing), the posterior proba-
bility of OR >1.0 for improvement in OSFDs in the
high D-dimer group was 99.7%; in the unknown D-
dimer group was 99.1%; and in the low D-dimer group
was 81.7% (Table 3, Supplemental Figure 1). In

https://doi.org/10.1016/j.jacadv.2023.100780
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TABLE 1 Demographic and Clinical Characteristics of the Per-Protocol Population at Baseline: Noncritically Ill Patients

Therapeutic-Dose
Anticoagulation

(n ¼ 921)

Usual-Care
Thromboprophylaxis

(n ¼ 840)

Age, y 58.3 � 14.2 58.6 � 13.9

Male 567 (61.6) 471 (56.1)

Race

White 471/776 (60.7) 455/688 (66.1)

Asian 37/776 (4.8) 37/688 (5.4)

Black 190/776 (24.5) 137/688 (19.9)

First Nations/American Indian 91/761 (12.0) 68/667 (10.2)

Other 5/862 (0.6) 9/778 (1.2)

Hispanic or Latino ethnicity 445/801 (55.6) 418/715 (58.5)

Body mass index, kg/m2 29.7 (26.4-34.6) 30.4 (26.7-35.0)

Pre-existing conditions

Hypertension 425/820 (51.8) 352/729 (48.3)

Diabetes mellitus 272/921 (29.5) 254/840 (30.2)

Severe cardiovascular disease 87/919 (9.5) 96/840 (11.4)

Chronic kidney disease 60/914 (6.6) 58/829 (7.0)

Chronic respiratory disease 189/908 (20.8) 171/813 (21.0)

Immunosuppressive disease 90/912 (9.9) 84/830 (10.1)

Baseline treatments

Antiplatelet agent 117/893 (13.1) 94/815 (11.5)

Remdesivir 343/921 (37.2) 325/840 (38.7)

Corticosteroids 400/651 (61.4) 372/574 (64.8)

Tocilizumab 5/921 (0.5) 5/840 (0.6)

Baseline respiratory support

None 124 (13.5) 98 (11.7)

Low-flow nasal cannula/face mask 628 (68.2) 570 (67.9)

High-flow nasal cannula 19 (2.1) 22 (2.6)

Noninvasive mechanical ventilation 15 (1.6) 19 (2.3)

Unspecified 135 (14.7) 131 (15.6)

Laboratory values

D-dimer level relative to site ULN 1.5 (0.9-2.5) 1.5 (1.0-2.6)

Platelets, per mm3 223,000 (175,000-291,000) 216,000 (170,000-283,800)

Lymphocytes, per mm3 900 (700-1,300) 1,000 (700-1,400)

Creatinine, mg/dL 0.9 (0.7-1.1) 0.9 (0.7-1.1)

Platform of enrollment

ATTACC 550 (59.7) 463 (55.1)

ACTIV-4a 270 (29.3) 266 (31.7)

REMAP-CAP 101 (11.0) 111 (13.2)

Country of enrollment

United Kingdom 69 (7.5) 75 (8.9)

United States 440 (47.8) 400 (47.6)

Canada 82 (8.9) 77 (9.2)

Brazil 202 (21.9) 192 (22.9)

Other 128 (13.9) 96 (11.4)

Anticoagulant drug

Enoxaparin 767/904 (84.8) 578/732 (79.0)

Dalteparin 78/904 (8.6) 74/732 (10.1)

Tinzaparin 26/904 (2.9) 25/732 (3.4)

Subcutaneous unfractionated heparin 0/904 (0.0) 44/732 (6.0)

Intravenous unfractionated heparin 33/904 (3.7) 4/732 (0.5)

Direct oral anticoagulant 0/904 (0.0) 7/732 (1.0)

Continued on the next page
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sensitivity models removing dynamic borrowing,
posterior probabilities were similar, except in the low
D-dimer group (40.6%, compared to 99.4% in the high
D-dimer group; 98.1% probability of a more
pronounced effect in the high vs low D-dimer groups)
(Supplemental Table 3). In a post hoc analysis, the
treatment effect did not vary substantially according
to baseline respiratory support or antiplatelet agent

https://doi.org/10.1016/j.jacadv.2023.100780


TABLE 1 Continued

Therapeutic-Dose
Anticoagulation

(n ¼ 921)

Usual-Care
Thromboprophylaxis

(n ¼ 840)

Dose equivalents

Low-dose thromboprophylaxis - 613 (73.0)

Intermediate-dose thromboprophylaxis - 227 (27.0)

Therapeutic-/subtherapeutic-dose anticoagulation 921 (100.0) -

Values are mean � SD, n (%), n/N (%), or median (IQR). Patients in this table were those with a laboratory confirmed COVID-19 infection, noncritically ill, who received an
anticoagulant dose in the first 48 hours concordant with their randomized group (per-protocol population). The total number of patients in the therapeutic-dose anti-
coagulation and usual-care thromboprophylaxis groups is unequal owning to the response-adaptive randomization and differences in protocol compliance between the groups.
Race or ethnic group was self-reported. Severe cardiovascular disease defined as a baseline history of heart failure, myocardial infarction, coronary artery disease, peripheral
arterial disease, or cerebrovascular disease (stroke or transient ischemic attack) in the ATTACC and ACTIV-4a platforms and as a baseline history of NYHA class IV symptoms in
the REMAP-CAP platform. Chronic respiratory disease defined as a baseline history of asthma, chronic obstructive pulmonary disease, bronchiectasis, interstitial lung disease,
primary lung cancer, pulmonary hypertension, active tuberculosis, or the receipt of home oxygen therapy.

ACTIV-4a ¼ Accelerating Covid-19 Therapeutic Interventions and Vaccines-4 Antithrombotics Inpatient platform trial; ATTACC ¼ Antithrombotic Therapy to Ameliorate
Complications of Covid-19; REMAP-CAP ¼ Randomized, Embedded, Multifactorial Adaptive Platform Trial for Community-Acquired Pneumonia; ULN ¼ upper limit of normal.
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use (Figure 2). Beneficial treatment effects appeared
greater in men and in patients older than 70 years.
The posterior probability of benefit in men was
99.8%, compared to 62.9% in women, while it was
99.8% in patients older than 70 years, compared to
50.1% in those younger than 50 years (Figure 2).

Survival to hospital discharge occurred in 93.4%
(858/919) of all noncritically ill patients treated per-
protocol with therapeutic-dose anticoagulation and
in 91.9% (771/839) treated per-protocol with usual
care (Table 3). The posterior probability that
therapeutic-dose anticoagulation with heparin
increased survival to hospital discharge as compared
with usual care was 93.7% (median adjusted OR: 1.35;
95% CrI: 0.91-2.00), corresponding to a median
adjusted between-group difference of 2.0% (95%
CrI: �0.7 to 3.0). A thrombotic event or in-hospital
death occurred in 7.3% (67/921) of noncritically ill
patients treated with therapeutic-dose anti-
coagulation and in 10.1% (85/839) treated with usual
care. The posterior probability that therapeutic-dose
anticoagulation with heparin reduced thrombotic
events or death as compared with usual care was
98.6% (median adjusted OR: 0.68; 95% CrI: 0.48-
0.96), corresponding to a median adjusted between-
group difference of �3.0% (95% CrI: �5.0 to �0.4).
Major bleeding occurred in 2.2% (20/921) noncritically
ill patients treated with therapeutic-dose anti-
coagulation and in 1.0% (8/839) who received usual
care. Additional secondary endpoints are shown in
the Supplemental Figure 2.

PER-PROTOCOL ANALYSIS: OUTCOMES IN CRITICALLY

ILL PATIENTS. Among 962 critically ill patients
included in the per-protocol analysis, the posterior
probability that therapeutic-dose anticoagulation
with heparin improved OSFDs compared with usual
care was 22.7% (median adjusted OR: 0.91; 95% CrI:
0.70-1.17) (Figure 3). In a post hoc analysis, there was
a 91.5% probability that therapeutic-dose anti-
coagulation was more harmful with respect to its ef-
fect on OSFDs in women than in men, without
meaningful variation in effect estimate according to
age or baseline receipt of invasive mechanical venti-
lation (Figure 2). There was a low probability that
therapeutic-dose anticoagulation improved hospital
survival or reduced composite thrombotic events and
death (Table 4).

SECONDARY ANALYSIS OF OUTCOMES IN THE

NONCRITICALLY ILL PER-PROTOCOL POPULATION

ACCORDING TO HEPARIN DOSE INTENSITY. Among
the 840 noncritically ill patients in the per-protocol
population who were assigned to usual care, 613
(73.0%) were treated with low-dose thromboprophy-
laxis and 227 (27.0%) were treated with intermediate-
dose thromboprophylaxis. Compared with patients
treated with low-dose thromboprophylaxis, patients
treated with intermediate-dose thromboprophylaxis
appeared slightly younger (mean age: 56.3 vs
59.5 years) and had a similar comorbidity burden,
although they were more often receiving higher level
respiratory support at enrollment and were more
often enrolled from the ATTACC and REMAP-CAP
platforms (notably, often from the United Kingdom
and Brazil), as well as less often treated with corti-
costeroids and remdesivir (Supplemental Table 4).

In the usual-care group, there was a 95.7%
posterior probability that OSFDs were lower among
patients treated with intermediate-dose thrombo-
prophylaxis than in those treated with low-dose
thromboprophylaxis (Table 5). Therapeutic-dose
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TABLE 2 Demographic and Clinical Characteristics of the Per-Protocol Population at Baseline: Critically Ill Patients

Therapeutic-Dose
Anticoagulation

(n ¼ 403)

Usual-Care
Thromboprophylaxis

(n ¼ 454)

Age, y 59.8 � 13.1 61.7 � 12.5

Male 298 (73.9) 313 (68.9)

Race

White 242/320 (75.6) 272/361 (75.3)

Asian 52/320 (16.2) 60/361 (16.6)

Black 16/320 (5.0) 13/361 (3.6)

Other 10/320 (3.1) 16/361 (4.4)

Body mass index, kg/m2 30.1 (26.9-35.4) 30.2 (26.3-34.5)

APACHE II score 13 (8-20) 13 (8.2-19.0)

Pre-existing conditions

Diabetes mellitus 128/403 (31.8) 156/454 (34.4)

Severe cardiovascular disease 30/398 (7.5) 34/449 (7.6)

Chronic kidney disease 42/382 (11.0) 33/419 (7.9)

Chronic respiratory disease 92/397 (23.2) 105/436 (24.1)

Chronic liver disease 5/397 (1.3) 2/446 (0.4)

Baseline treatments

Antiplatelet agent 27 (6.7) 32 (7.0)

Remdesivir 143 (35.5) 136 (30.0)

Corticosteroids 336 (83.4) 374 (82.4)

Tocilizumab 9 (2.2) 7 (1.5)

Baseline organ support

Low-flow nasal cannula/face mask/no supplement 2 (0.5) 4 (0.9)

High-flow nasal cannula 131 (32.5) 156 (34.4)

Noninvasive mechanical ventilation 160 (39.7) 150 (33.0)

Invasive mechanical ventilation 110 (27.3) 144 (31.7)

Vasopressors or inotropes 62 (15.4) 91 (20.0)

PaO2: FiO2 ratio 120 (90.0-162.2) 120 (91.5-161.5)

Laboratory values

D-dimer level relative to site ULN 1.8 (1.1-3.3) 1.8 (1.2-3.6)

International normalized ratio 1.1 (1.0-1.3) 1.1 (1.0-1.3)

Platelets, per mm3 247,000 (187,800-318,000) 243,000 (183,000-311,000)

Lymphocytes, per mm3 700 (500-1,000) 700 (500-900)

Neutrophil, per mm3 8,000 (5,300-10,200) 8,000 (5,800-10,700)

Platform of enrollment

ATTACC 16 (4.0) 19 (4.2)

ACTIV-4a 47 (11.7) 48 (10.6)

REMAP-CAP 340 (84.4) 387 (85.2)

Country of enrollment

United Kingdom 289 (71.7) 316 (69.6)

United States 56 (13.9) 70 (15.4)

Canada 37 (9.2) 54 (11.9)

Brazil 10 (2.5) 4 (0.9)

Other 11 (2.7) 10 (2.2)

Continued on the next page
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anticoagulation with heparin had a high probability of
benefit relative to both usual care dose categories: the
posterior probability that therapeutic-dose anti-
coagulation was associated with improved OSFDs as
compared with low-dose thromboprophylaxis was
94.6% (median adjusted OR: 1.26; 95% CrI: 0.95-1.64),
and as compared with intermediate-dose thrombo-
prophylaxis was 99.8% (median adjusted OR: 1.80;
95% CrI: 1.22-2.62).
DISCUSSION

This study reports the results from 2 dose-related
analyses of a completed RCT in patients hospitalized
for COVID-19. First, in a prespecified per-protocol
analysis, among all 1,761 noncritically ill patients
initially treated as per-protocol, there was a 99.3%
probability that therapeutic-dose anticoagulation
with heparin improved OSFDs as compared with



TABLE 2 Continued

Therapeutic-Dose
Anticoagulation

(n ¼ 403)

Usual-Care
Thromboprophylaxis

(n ¼ 454)

Anticoagulant drug

Enoxaparin 200 (49.6) 242 (53.3)

Dalteparin 131 (32.5) 157 (34.6)

Tinzaparin 31 (7.7) 18 (4.0)

Subcutaneous unfractionated heparin 3 (0.7) 22 (4.8)

Intravenous unfractionated heparin 43 (10.7) 2 (0.4)

Direct oral anticoagulant 0 (0.0) 0 (0.0)

Other 1 (0.2) 1 (0.2)

Unknown 0 (0.0) 15 (3.3)

Dose equivalents

Low-dose thromboprophylaxis - 199 (43.8)

Intermediate-dose thromboprophylaxis - 255 (56.2)

Therapeutic-/subtherapeutic-dose anticoagulation 403 (100.0) -

Values are mean � SD, n (%), n/N (%), or median (IQR). Patients in this table were those with a laboratory confirmed COVID-19 infection, critically ill, who received an
anticoagulant dose in the first 48 hours concordant with their randomized group (per-protocol population). The total number of patients in the therapeutic-dose anti-
coagulation and usual-care thromboprophylaxis groups is unequal owning to the response-adaptive randomization and differences in protocol compliance between the groups.
Race or ethnic group was self-reported. APACHE II scores and the PaO2: FiO2 ratio were available only in REMAP-CAP. APACHE II scores range from 0 to 71, with higher scores
indicating more severe illness. Please refer to Table 1 for definitions of severe cardiovascular disease and chronic respiratory disease.

ACTIV-4a ¼ Accelerating Covid-19 Therapeutic Interventions and Vaccines-4 Antithrombotics Inpatient platform trial; APACHE ¼ Acute Physiology and Chronic Health
Evaluation; ATTACC ¼ Antithrombotic Therapy to Ameliorate Complications of Covid-19; PaO2: FiO2 ratio ¼ ratio of the partial pressure of oxygen (PaO2) to the fraction of
inspired oxygen (FiO2); REMAP-CAP ¼ Randomized, Embedded, Multifactorial Adaptive Platform Trial for Community-Acquired Pneumonia; ULN ¼ upper limit of normal.
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usual care, with an OR for improved OSFDs of 1.36, as
compared to 1.27 in the overall trial modified
intention-to-treat population. For every 1,000 non-
critically ill patients hospitalized for COVID-19,
receipt of therapeutic-dose anticoagulation,
compared to usual-care thromboprophylaxis, would
be expected to result in the survival of 51 additional
patients until hospital discharge without organ sup-
port. This benefit translates into a number needed to
treat of 20, as compared to 25 in the modified
intention-to-treat analysis.5,6 Therapeutic heparin
also reduced the composite of death and vascular
events, while leading only to very low absolute in-
creases in bleeding. Major bleeding occurred in 2.2%
and 1.0% of patients in the therapeutic anti-
coagulation and usual-care arms, respectively. These
observations affirm a high probability of benefit, and
the tendency toward potentially greater treatment
effects in subjects treated per protocol may attest to
the validity of the overall trial conclusions. Second, in
a secondary analysis of the trial based on dose in-
tensity, therapeutic-dose anticoagulation had a high
probability of being superior to both low- and
intermediate-dose thromboprophylaxis. Therapeutic-
dose anticoagulation was nonbeneficial in critically ill
patients.

Activation of systemic inflammation and intravas-
cular coagulation occurs in patients with severe
infection including COVID-19,2 related to upregulation
of inflammatory cytokines, neutrophil extracellular
traps, monocyte presentation of tissue factor, platelet
activation, and complement activation.19 Although
there is evidence that severe respiratory infections
broadly may cause early and late cardiovascular and
other organ failure complications,20-22 the association
was readily perceptible in COVID-19 which may
represent an extreme phenotype for this process.
Although immunothrombosis may have evolved as an
innate immune defense to protect hosts from nonself
by sequestering pathogens for killing in the vascular
compartment (potentially limiting tissue injury),23 this
response in COVID-19 may be excessive and become
maladaptive. Microvascular and macrovascular
thrombosis may also contribute to organ failure and
death.3,4 RCTs suggest that preventive therapeutic-
dose heparin—but possibly not other classes of anti-
coagulants—improves clinical outcomes in noncriti-
cally ill patients hospitalized for COVID-19.5,7-9,24-26 In
this prespecified analysis of the multiplatform trial,5,6

the treatment effect in subjects treated per-protocol
was consistent with the primary result, with the
improvement in OSFDs and reduction in the composite
of death and thrombotic events appearing possibly
more favorable than in the overall trial cohort. Among
noncritically ill patients, the unadjusted frequency of
major bleedings was 2.2% in the therapeutic-dose
anticoagulation group and 1.0% in the usual-care
thromboprophylaxis group. Among critically ill



CENTRAL ILLUSTRATION Days Alive Without Organ Support Among Noncritically Ill Patients in
the Per-Protocol Analysis

Godoy LC, et al. JACC Adv. 2024;3(3):100780.

(A) Empirical distribution of organ support-free days (OSFD) for therapeutic-dose anticoagulation and usual-care thromboprophylaxis in the

noncritically ill multiplatform clinical trial per-protocol population. In-hospital death is represented in dark red and corresponds to a score of

�1 on the ordinal scale. Scores from 0 to 21 represent the number of days alive without organ support. A score of 22 (represented as dark

blue) corresponds to survival until hospital discharge without the need of organ support and was the most common OSFD outcome among

noncritically ill patients. (B) Empirical cumulative distribution of organ support-free days (OSFD) for therapeutic-dose anticoagulation and

usual-care thromboprophylaxis in the noncritically ill multiplatform clinical trial per-protocol population. The difference in the height of the

2 curves at any point represents the difference in the cumulative probability of having a value for days without organ support of less than or

equal to that point on the x axis.
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patients, the probability that therapeutic-dose anti-
coagulation improved OSFDs was low, consistent with
other trials in this population.7,27 Although major
bleeding numerically occurred more frequently with
therapeutic-dose anticoagulation, it was infrequent,
raising the possibility that therapeutic-dose
anticoagulation may worsen OSFDs by additional
mechanisms. These results support the overall trial
conclusions.5

In the FREEDOM COVID Anticoagulation Trial,
among noncritically ill patients hospitalized for
COVID-19, the primary composite outcome of



TABLE 3 Primary and Secondary Outcomes in the Noncritically Ill Per-Protocol Population

Therapeutic-Dose
Anticoagulation

Usual-Care
Thromboprophylaxis

Adjusted Difference
in Risk (95% CrI),

Percentage
Points

Adjusted OR
(95% CrI)

Probability of
Superiority of

Therapeutic-Dose
Anticoagulation, %

Primary outcome,
organ support-free daysa

Overall groupb 743/919 (80.8)c 640/839 (76.3)c 5.1 (1.2-8.6) 1.36 (1.07-1.74) 99.3

D-dimer groupd

High level 208/259 (80.3)c 159/223 (71.3)c 7.9 (1.9-13.9) 1.53 (1.10-2.32) 99.7

Low level 384/474 (81.0)c 341/422 (80.8)c 2.6 (�3.5 to 6.5) 1.19 (0.81-1.63) 81.7

Unknown level 151/186 (81.2)c 140/194 (72.2)c 7.6 (1.3-14.5) 1.52 (1.07-2.51) 99.1

Secondary outcomes

Survival until hospital dischargea 858/919 (93.4) 771/839 (91.9) 2.0 (�0.7 to 3.0) 1.35 (0.91-2.00) 93.7

All thrombotic events or deathe 67/921 (7.3) 85/839 (10.1) �3.0 (�5.0 to �0.4) 0.68 (0.48-0.96) 98.6

Major bleedingf 20/921 (2.2) 8/839 (1.0) - - -

Values are n/N (%) unless otherwise indicated. The primary outcome of organ support-free days (OSFDs) consisted of death during index hospitalization, censored at 90 days,
and the number of days free of cardiovascular or respiratory organ support among survivors. OSFD was modeled as an ordinal outcome and counted up to day 21 among patients
who survived to hospital discharge. Results for this outcome are presented in the entire noncritically ill per-protocol analysis population and in each prespecified D-dimer
cohort. The primary adaptive model estimated treatment effects through the use of a Bayesian hierarchical approach in critically and noncritically ill patients, the latter stratified
on the basis of baseline D-dimer. Additionally, a model assuming a single treatment effect in all noncritically ill patients in the per-protocol analysis regardless of their baseline
D-dimer was evaluated. This primary model for OSFDs permitted dynamic borrowing across illness-severity and D-dimer groups (similar treatment effects are shrunk together
on the basis of their degree of similarity). Results from a sensitivity analysis without dynamic borrowing are provided in Supplemental Table 3. Survival until hospital discharge
and the composite of thrombotic events or death were modeled as dichotomous outcomes, without borrowing. Models were adjusted for age, sex, trial site, D-dimer group, and
enrollment period. The ORs summarize the comparison of therapeutic-dose anticoagulation group vs usual-care thromboprophylaxis. aFor these outcomes, an OR >1.00 in-
dicates benefit with therapeutic-dose anticoagulation. bThis model assumes a single treatment effect in all noncritically ill patients in the per-protocol analysis regardless of
their baseline D-dimer. Dynamic borrowing of information on treatment effect from critically ill patients was permitted, which occurred to an extent reflective of how similar the
treatment effects were. In the context of divergent treatment effects by disease severity, little dynamic borrowing occurred between critically ill and noncritically ill patients,
and the results from a sensitivity analysis assuming independent treatment effects were similar. In the overall trial modified intention-to-treat population of noncritically ill
patients,5 the OR was 1.27; 95% CrI: 1.03-1.58; probability of superiority of therapeutic-dose anticoagulation: 98.6%. cThe median value for OSFD was 22 in both the
therapeutic-dose anticoagulation and usual-care thromboprophylaxis arms in all noncritically ill patient groups. Accordingly, the proportion of patients who survived to hospital
discharge without receipt of organ support (22 on the ordinal scale–the most common value) is reported. dThe noncritically ill primary adaptive stopping groups evaluated the
treatment effect based on baseline D-dimer groups, defined as high D-dimer ($2 times local upper limit of normal for assay), low D-dimer (<2 times local upper limit of normal
for assay), and unknown D-dimer. eFor this outcome, an OR <1.00 indicates benefit with therapeutic-dose anticoagulation. fNo modeling was performed for the outcome of
major bleeding because of the low number of events.

CrI ¼ credible interval.
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all-cause mortality, ICU level-of-care, systemic
thromboembolism, or ischemic stroke at 30 days was
not significantly different between patients receiving
prophylactic-dose enoxaparin vs therapeutic-dose
anticoagulation, either with enoxaparin or apixaban
(the primary outcome occurred in 13.2% of the pa-
tients in the prophylactic-dose group and 11.3% in the
combined anticoagulation group; HR: 0.85; 95% CI:
0.69-1.04; P ¼ 0.11).9 Lower than anticipated event
rates and particularities of the outcome distributions
might have contributed to the lack of statistical sig-
nificance, even considering that FREEDOM COVID
enrolled almost 3,400 patients. Of note, in FREEDOM
COVID, therapeutic-dose anticoagulation led to a
significant 30% reduction in all-cause mortality at
30 days compared to prophylactic-dose enoxaparin
(HR: 0.70; 95% CI: 0.52-0.93; P ¼ 0.01).9 A similar
pattern was observed in the RAPID (Therapeutic
Anticoagulation vs Standard Care as a Rapid
Response to the COVID-19 Pandemic trial—a smaller
trial that also had a neutral primary outcome but a
significant reduction in mortality.8 Although these
trials were neutral, their findings may support the
beneficial effects of therapeutic heparin observed in
the mpRCT.5,8,9

In the current analysis, a high probability of benefit
was present when D-dimer was $2-fold elevated (or
unknown), whereas it was more modest when D-
dimer was <2-fold elevated. In the context of higher
baseline risk, absolute risk improvement appeared
greatest in the high D-dimer group. This pattern
appeared more pronounced than in the overall trial,
particularly in the sensitivity analysis without
borrowing (where effects in each group are shrunk
toward the overall estimate).5 D-dimer is a plasma
marker of fibrin degradation which may reflect
intravascular thrombosis, although extravascular
sources have been described in systemic capillary
leak syndromes—possibly including COVID-19.28 It
is uncertain whether D-dimer provides predictive
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FIGURE 2 Subgroup Analyses on the Primary Endpoint (Organ Support-Free Days) Among Noncritically Ill and Critically Ill Participants

of the Per-Protocol Population

Among noncritically ill patients, the probability that the OR of the primary outcome was higher in men than in women was 92.7% and higher in

patients 70 years and older vs those younger than 50 years was 92.1%. Among critically ill patients, the probability that the OR of the

primary outcome was higher in men than in women was 91.5%. No meaningful variation of the ORs was observed in other subgroups.
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enrichment for patients with COVID-19 who may
preferentially benefit from escalated anticoagulant
dosing, although it clearly provides prognostic
enrichment.29 The mpRCT employed an adaptive
sequential stopping design to allow group stopping at
different times based on the treatment effect in D-
dimer-defined noncritically ill patient groups—
potentially accelerating trial conclusions if effects
differed, as well as mitigating outlying treatment
effects due to random chance.5,12,30 Importantly, the
mpRCT was not designed or powered to test com-
parisons of the treatment effects based on D-dimer,
and any comparisons of relative treatment effects by
D-dimer group are speculative. Irrespective, the re-
sults from this per-protocol analysis are consistent
with the primary trial observation that absolute
treatment benefit is most evident among patients
with elevated D-dimer.5 Given that absolute clinical



FIGURE 3 Days Alive Without Organ Support Among Critically Ill Patients in the Per-Protocol Analysis

(A) Empirical distribution of organ support-free days (OSFD) for therapeutic-dose anticoagulation and usual-care thromboprophylaxis in the

critically ill multiplatform clinical trial per-protocol population. In-hospital death is represented in dark red and corresponds to a score of

�1 on the ordinal scale. Scores from 0 to 21 represent the number of days alive without organ support. A score of 21 on the ordinal scale

(represented as dark blue) corresponds to survival until hospital discharge with at least 21 days free of organ support (best possible outcome

in the scale). (B) Empirical cumulative distribution of organ support-free days (OSFD) for therapeutic-dose anticoagulation and usual-care

thromboprophylaxis in the critically ill multiplatform clinical trial per-protocol population. The difference in the height of the 2 curves at any

point represents the difference in the cumulative probability of having a value for days without organ support of less than or equal to that

point on the x axis.
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benefits may be of greater relevance than relative
benefits to patients and practitioners, D-dimer may
have value in informing individualized clinical
decision-making. Some clinical practice guidelines
groups, including the National Institutes of Health
COVID-19 Treatment Guidelines, recommend consid-
ering noncritically ill hospitalized patients for empiric
therapeutic-dose heparin in part on the basis of an
elevated D-dimer.31
A recent large RCT identified an 86% probability
that therapeutic anticoagulation improved the com-
posite of death and critical care organ support
receipt.10 To assess whether a beneficial treatment
effect of therapeutic-dose heparin may exist relative
to both conventional low- and intermediate-dose
thromboprophylaxis among noncritically ill
patients, we performed an analysis within the
per-protocol population that compared OSFDs



TABLE 4 Primary and Secondary Outcomes in the Critically Ill Per-Protocol Population

Therapeutic-Dose
Anticoagulation

Usual-Care
Thromboprophylaxis

Adjusted Difference
in Risk (95% CrI),

Percentage
Points

Adjusted OR
(95% CrI)

Probability of
Superiority, %

Probability of
Inferiority
(Harm), %

Organ support-free days
up to day 21a,b

6 (�1 to 16) 5 (�1 to 16) - 0.91 (0.70-1.17) 22.7 77.3

Survival until hospital dischargea 265/403 (65.8) 295/451 (65.4) �2.2 (�9.9 to 4.9) 0.91 (0.66-1.25) 28.3 71.7

All thrombotic events or deathc 153/399 (38.3) 182/448 (40.6) �0.5 (�7.9 to 7.4) 0.98 (0.71-1.35) 55.2 44.8

Major bleedingd 13/397 (3.3) 10/450 (2.2) - - - -

Values are median (IQR) or n/N (%) unless otherwise indicated. The primary outcome of organ support-free days was modeled as an ordinal outcome. This model estimated
treatment effects with the use of a Bayesian hierarchical approach, permitting dynamic borrowing of patients from the high, low, and unknown D-dimer level subgroups of
noncritically ill patients. Results from a sensitivity analysis without dynamic borrowing are also provided in Supplemental Table 3. Survival until hospital discharge and the
composite of thrombotic events or death were modeled as dichotomous outcomes, without borrowing. Models were adjusted for age, sex, trial site, and enrollment period. The
ORs summarize the comparison of the therapeutic-dose anticoagulation group vs usual-care thromboprophylaxis. aFor these outcomes, an OR >1.00 indicates benefit with
therapeutic-dose anticoagulation. bDynamic borrowing of information on treatment effect from noncritically ill patients was permitted, which occurred to an extent reflective of
how similar the treatment effects were. In the context of divergent treatment effects by disease severity, little dynamic borrowing occurred between critically ill and non-
critically ill patients, and the results from a sensitivity analysis assuming independent treatment effects were similar. In the overall trial modified intention-to-treat population
of critically ill patients,6 the OR was 0.83; 95% CrI: 0.67-1.03; probability of superiority of therapeutic-dose anticoagulation: 5.0%; probability of inferiority of therapeutic-
dose anticoagulation: 95.0%. cFor this outcome, an OR <1.00 indicates benefit with therapeutic-dose anticoagulation. dNo modeling was performed for the outcome of major
bleeding because of low number of events.

CrI ¼ credible interval.

TABLE 5 Primary and Secondary Outcomes in the Per-Protocol Population According to the Heparin Intensity Dose Received:

Noncritically Ill Stratum

Low-Dose
Thromboprophylaxis

(n ¼ 613)

Intermediate-Dose
Thromboprophylaxis

(n ¼ 227)

Therapeutic-Dose
Anticoagulation

(n ¼ 921)

Organ support-free days up to day 21
(primary outcome)a

n/N (%) 478/613 (78.0) 162/226 (71.7) 743/919 (80.8)

Adjusted difference in risk (95% CrI) Ref �6.7 (�15.5 to 0.8) 3.7 (�0.9 to 7.3)

Adjusted OR (95% CrI) Ref 0.70 (0.47-1.05) 1.26 (0.95-1.64)

Probability of superiority, % Ref 4.3 94.6

Probability of inferiority, % Ref 95.7 5.4

Survival until hospital dischargea

n/N (%) 567/613 (92.5) 204/226 (90.3) 858/919 (93.4)

Adjusted difference in risk (95% CrI) Ref �0.8 (�6.7 to 2.9) 1.7 (�1.2 to 3.7)

Adjusted OR (95% CrI) Ref 0.90 (0.49-1.70) 1.32 (0.85-2.04)

Probability of superiority, % Ref 37.0 90.0

Probability of inferiority, % Ref 63.0 10.0

All thrombotic events or deathb

n/N (%) 62/612 (10.1) 23/227 (10.1) 67/921 (7.3)

Adjusted difference in risk (95% CrI) Ref �0.9 (�4.9 to 6.0) �3.7 (�5.7 to �0.9)

Adjusted OR (95% CrI) Ref 0.89 (0.50-1.60) 0.61 (0.41-0.90)

Probability of superiority, % Ref 64.0 99.2

Probability of inferiority, % Ref 36.0 0.8

Major bleedingc

n/N (%) 8/612 (1.3) 0/227 (0.0) 20/921 (2.2)

Organ support-free days were modeled as an ordinal outcome, while survival until hospital discharge and all thrombotic events of death were modeled as a dichotomous
outcome. The ORs summarize the comparison of the therapeutic-dose anticoagulation group or intermediate-dose thromboprophylaxis vs low-dose thromboprophylaxis.
Models were adjusted for age, sex, trial site, D-dimer group, and enrollment period. aA benefit of therapeutic-dose anticoagulation or intermediate-dose thromboprophylaxis is
expressed by an OR >1.00. bA benefit of therapeutic-dose anticoagulation or intermediate-dose thromboprophylaxis is expressed by an OR <1.00. cNo modeling was per-
formed for the outcome “major bleeding” because of low number of events.

CrI ¼ credible interval.
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among patients receiving conventional low-dose
thromboprophylaxis, intermediate-dose thrombo-
prophylaxis, and therapeutic-dose anticoagulation
with heparin. We observed that patients who initially
received intermediate-dose thromboprophylaxis had
higher initial respiratory support requirements,
possibly reflecting a higher level of illness severity.
The use of corticosteroids and remdesivir was also
different between thromboprophylaxis dosing
groups, which may be a consequence of different
patterns of practice across various countries and
timepoints during the pandemic. Accordingly, com-
parisons of treatment effect between low- and
intermediate-dose thromboprophylaxis were at risk
for confounding despite adjustment.32 Nevertheless,
therapeutic-dose anticoagulation had a high proba-
bility of benefit compared with both of these throm-
boprophylaxis dosing groups.

Several potential limitations bear mention. First,
per-protocol analyses by nature exclude patients
from the analytical population based on post-
randomization factors, which might lead to imbal-
ances between treatment groups and potentially
introduce bias.33 The direction of such bias impacting
results is not certain in this analysis. Our results
should be seen either as a corroboration of the main
multiplatform trial analyses or, particularly regarding
the low D-dimer subgroup of noncritically ill patients,
as hypothesis-generating. Second, some patients
were excluded due to incomplete dose information.
Nevertheless, baseline characteristics of patients with
vs without dose information appeared similar. Third,
we defined eligibility for the per-protocol analysis
based on the initial stable post-randomization anti-
coagulant dose equivalent, administered within the
first 48 hours following randomization, while out-
comes were assessed during the entire hospitaliza-
tion. Following this initial post-randomization
period, the influence of post-randomization clinical
events and related crossover might increase. Some
clinical events that could have appropriately led to
treatment crossover were not study outcomes and
were not collected (eg, atrial arrhythmias, clinically
relevant nonmajor bleeding, invasive procedures,
etc). The mpRCT was designed as a pragmatic initial
strategy trial; the results suggest that an initial
strategy of empiric therapeutic-dose anticoagulation
with heparin improves OSFDs and possibly hospital
survival free of macrovascular thrombosis. Fourth,
the comparisons between low- and intermediate-dose
thromboprophylaxis were not prespecified and
should be regarded as exploratory, particularly in
view of imbalances in baseline characteristics. Most
patients in the mpRCT received enoxaparin at doses
consistent with their randomization. The greatest
variability in dose was observed in the control group,
where doses ranged from low- to intermediate-
intensity. Still, consistent treatment benefit was
observed for therapeutic heparin when comparted to
both low- and intermediate-thromboprophylaxis
doses. Finally, it is uncertain how the results from
this trial, which enrolled patients from April 2020
through January 2021, apply to patients with COVID-19
caused by later emerging SARS-CoV-2 variants and in
the presence of broader vaccination rates.
CONCLUSIONS

Innoncritically ill hospitalizedpatientswithCOVID-19,
treatment with therapeutic-dose anticoagulation with
heparin, as compared with usual-care thrombopro-
phylaxis, is associated with improved OSFD, a
combination of in-hospital death and days free of
ICU-level organ support. This benefit was consistent,
and possibly strengthened, in the per-protocol pop-
ulation, as compared to the overall noncritically ill
modified intention-to-treat population. Therapeutic-
dose anticoagulation appeared superior to both low
and intermediate usual-care thromboprophylaxis
dose ranges. In critically ill patients with COVID-19,
treatment with therapeutic-dose anticoagulation
with heparin is not associated with a greater proba-
bility of OSFDs, a result that is consistent with the
overall critically ill modified intention-to-treat
population.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: The

effect of therapeutic-dose anticoagulation as compared

with usual-care thromboprophylaxis on organ support-

free days appeared stronger in patients initially treated

per-protocol in comparison to that in the overall trial

modified intention-to treat population, potentially bio-

logically supporting a beneficial effect of heparin in

patients hospitalized for COVID-19.

COMPETENCY IN PATIENT CARE: Noncritically ill

patients hospitalized for COVID-19 should receive

therapeutic-dose anticoagulation with heparin.

TRANSLATIONAL OUTLOOK 1: Absolute risk

improvement appeared greatest in the prespecified high

D-dimer group of noncritically ill patients, a difference

that was more pronounced in the per-protocol population

than in the overall modified intention-to-treat trial pop-

ulation. Dedicated prospective studies are needed to

confirm the potential role of D-dimer in guiding selection

of an anticoagulant strategy in noncritically ill patients

with COVID-19.

TRANSLATIONAL OUTLOOK 2: Therapeutic-dose

anticoagulation appeared superior to both low and in-

termediate usual-care thromboprophylaxis dose cate-

gories, which is contrary to a previous smaller study. A

dedicated trial might be needed to evaluate this question

prospectively.
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