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IMPORTANCE Thrombotic events are commonly reported in critically ill patients with

Supplemental content
COVID-19. Limited data exist to guide the intensity of antithrombotic prophylaxis.

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

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

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

MAIN OUTCOMES AND MEASURES The primary efficacy outcome was a composite of venous or
arterial thrombosis, treatment with extracorporeal membrane oxygenation, or mortality
within 30 days, assessed in randomized patients who met the eligibility criteria and received
at least 1 dose of the assigned treatment. Prespecified safety outcomes included major
bleeding according to the Bleeding Academic Research Consortium (type 3 or 5 definition),
powered for noninferiority (a noninferiority margin of 1.8 based on odds ratio), and severe
thrombocytopenia (platelet count <20 x103/pL). All outcomes were blindly adjudicated.

RESULTS Among 600 randomized patients, 562 (93.7%) were included in the primary analysis
(median [interquartile range] age, 62 [50-71] years; 237 [42.2%] women). The primary efficacy
outcome occurred in 126 patients (45.7%) in the intermediate-dose group and 126 patients
(44.1%) in the standard-dose prophylaxis group (absolute risk difference, 1.5% [95% Cl, -6.6%
t0 9.8%]; odds ratio, 1.06 [95% Cl, 0.76-1.48]; P = .70). Major bleeding occurred in 7 patients
(2.5%) in the intermediate-dose group and 4 patients (1.4%) in the standard-dose prophylaxis
group (risk difference, 1.1% [1-sided 97.5% Cl, - to 3.4%]; odds ratio, 1.83 [1-sided 97.5% Cl,

0.00-5.93]), not meeting the noninferiority criteria (P for noninferiority >.99). Severe Authors/Group Information: The
thrombocytopenia occurred only in patients assigned to the intermediate-dose group (6 vs O INSPIRATION Investigators are listed
patients; risk difference, 2.2% [95% Cl, 0.4%-3.8%]; P = .O1). at the end of this article.
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empirical use of intermediate-dose prophylactic anticoagulation in unselected patients
admitted to the ICU with COVID-19.
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Effect of Intermediate- vs Standard-Dose Anticoagulation on Outcomes of Patients With COVID-19

n the context of endothelial injury®? and a prothrombic

milieu,’* venous and arterial microthrombosis and mac-

rothrombosis are common manifestations of COVID-19.*
Venous thromboembolism (VTE) is the most commonly
reported thrombotic complication, with higher incidence
rates among critically ill patients.”> A 2020 systematic review
estimated that 28% of critically ill patients with COVID-19
had VTE.®

However, limited evidence exists to guide the prophylac-
tic antithrombotic regimen.” Some retrospective observa-
tional studies suggest that anticoagulation beyond standard
prophylactic doses was associated with reduced mortality,®
but others did not confirm these findings and, rather, sug-
gested an elevated risk of bleeding.® A small randomized trial
suggested improved oxygenation with therapeutic antico-
agulation compared with standard prophylaxis.'® However,
the small sample size and other drawbacks limit the strength
of this evidence.! The uncertainty in optimal prophylactic
anticoagulant regimen has translated into variability in
expert recommendations, hospital policies, and clinicians’
decisions to use a variety of types and intensities of anti-
thrombotic regimens.*'2> The present multicenter random-
ized trial investigated the effects of intermediate-dose vs
standard-dose prophylactic anticoagulation in patients with
COVID-19 admitted to the intensive care unit (ICU).

Methods

Trial Oversight

The Intermediate vs Standard-Dose Prophylactic Anticoagu-
lation in Critically-ill Patients With COVID-19: An Open
Label Randomized Controlled Trial (INSPIRATION) and
INSPIRATION-statin (INSPIRATION-S) studies, designed by
an international committee, had a 2 x 2 factorial design and
was conducted in Iran with 10 enrolling centers in Tehran
and Tabriz. The Rajaie Cardiovascular Medical and Research
Center and the Tehran Heart Center were the study coordi-
nating centers. The study protocol was approved by the
Rajaie Cardiovascular Medical and Research Center ethics
committee and accepted by other participating sites. All
patients or their health care proxies provided written
informed consent. An independent data and safety monitor-
ing committee monitored the study results.

Design

The trial design has been described previously'® and the
study protocol and statistical analysis plan are provided in
Supplement 1 and Supplement 2. This study was a multi-
center randomized trial with a 2 x 2 factorial design com-
paring intermediate-dose vs standard-dose prophylactic
anticoagulation (first hypothesis) and statin therapy vs
matching placebo (second hypothesis) among patients with
COVID-19 admitted to the ICU. The current article summa-
rizes the results from the first hypothesis, an open-label
randomized clinical trial with blinded outcome adjudica-
tion. Patient recruitment for the second (statin) hypothesis
is underway.
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Key Points

Question What are the effects of intermediate-dose compared
with standard-dose prophylactic anticoagulation in patients with
COVID-19 admitted to the intensive care unit (ICU)?

Findings In this randomized clinical trial that included 562
patients with COVID-19 admitted to the ICU, the primary outcome
(a composite of adjudicated venous or arterial thrombosis,
treatment with extracorporeal membrane oxygenation,

or mortality within 30 days) occurred in 45.7% of patients in

the intermediate-dose prophylactic anticoagulation group and
44.1% of patients in the standard-dose prophylactic
anticoagulation group, a difference that was not statistically
significant (odds ratio, 1.06).

Meaning The results do not support routine empirical use of
intermediate-dose prophylactic anticoagulation in unselected
patients with COVID-19 admitted to the ICU.

Trial Population

Patients admitted to the ICU with polymerase chain reaction
testing-confirmed COVID-19 within 7 days of the index hos-
pitalization were eligible for inclusion. Patients with life
expectancy less than 24 hours, an established indication for
therapeutic-dose anticoagulation, weight less than 40 kg,
pregnancy, history of heparin-induced thrombocytopenia,
platelet count less than 50 x103/uL, or overt bleeding were
excluded. The full list of eligibility criteria'® are available in
the study protocol in Supplement 1.

Randomization and Study Drugs

Randomization was done using an electronic web-based sys-
tem with permuted blocks of 4 and allocation sequence con-
cealment. Eligible patients were allocated in 1:1 ratio to re-
ceive intermediate-dose or standard-dose prophylactic
anticoagulation. The primary anticoagulant agent in both
groups was enoxaparin. Unfractionated heparin was used in
the case of severe kidney insufficiency. For patients who
weighed less than 120 kg and had a creatinine clearance greater
than 30 mL/min, enoxaparin, 1 mg/kg daily, was assigned as
intermediate-dose anticoagulation. Enoxaparin, 40 mg daily,
was the control group standard-dose prophylactic anticoagu-
lation regimen. In both groups, predefined modifications were
advised according to body weight and creatinine clearance
(eTables 1-3 in Supplement 3). The assigned treatments were
planned to be continued until the 30-day follow-up, irrespec-
tive of hospital discharge status.

Study Outcomes

The primary efficacy outcome was a composite of adjudi-
cated acute VTE, arterial thrombosis, treatment with extra-
corporeal membrane oxygenation (ECMO), or all-cause mor-
tality within 30 days of enrollment. Secondary efficacy
outcomes included all-cause mortality, adjudicated VTE,
and ventilator-free days. Prespecified exploratory outcomes
included objectively clinically diagnosed type I acute myo-
cardial infarction, stroke, and acute peripheral arterial
thrombosis; rate of discharge from the ICU; incident atrial
fibrillation; new in-hospital kidney replacement therapy;
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and ICU length of stay. Diagnostic tests were performed
based on clinical judgment of the treating clinicians; no sys-
tematic screening for thrombotic events was required by the
study protocol.

The prespecified safety outcomes included major bleed-
ing (Bleeding Academic Research Consortium type 3 or 57) and
severe thrombocytopenia (platelet count <20 x103/uL). Clini-
cally relevant nonmajor bleeding was defined as clinically sig-
nificant bleeding that warranted attention from medical per-
sonnel but did not fulfil criteria for major bleeding. Mild
thrombocytopenia (platelet count <100 x103/pL) and moder-
ate thrombocytopenia (platelet count <50 x103/uL) were also
assessed as post hoc safety outcomes.

The full list of study outcomes and their definitions can
be found in Supplement 3. For patients who did not die dur-
ing hospitalization, regular follow-up was pursued by struc-
tured weekly phone interviews. A clinical events committee
blinded to the treatment assignment adjudicated the pri-
mary, secondary, and exploratory outcomes.

Statistical Analysis

Power calculation was performed for 2-sided superiority
testing for the primary efficacy outcome in patients who
were randomized and were not excluded due to violation of
the eligibility criteria, did not withdraw consent, and
received at least 1 dose of the study drug (see Supplement 2
for terms used previously for describing the analytic
populations).'® According to the estimates obtained from the
enrolling centers, a 55% event rate for the primary outcome
in the standard-dose prophylactic group was presumed.
Considering a 2-sided a of .05 and using the Z approximation
formula for comparing 2 proportions between independent
groups, a sample size of 544 patients (272 per group) was
estimated to provide 80% power to detect a 12% absolute
risk reduction in the primary outcome with intermediate-
dose compared with standard-dose prophylactic anticoagu-
lation (eMethods in Supplement 3). Considering a 10% drop-
out rate during the study for withdrawal of consent or
postrandomization exclusions, 600 patients were planned
for enrollment. No interim efficacy analyses were planned to
minimize the type I error rate.

In a prespecified secondary analysis, estimating bleeding
event rates of 5.5% in the standard-dose group and 6.5% in the
intermediate-dose anticoagulation group'®'® and a 1-sided a
of .025, the same sample size provided 79.5% power to show
noninferiority of intermediate-dose anticoagulation com-
pared with standard-dose prophylactic anticoagulation with
respect to major bleeding, with a noninferiority margin of 1.8
based on the odds ratio. The selection of a 12% difference in
the primary outcome as the minimal clinically important dif-
ference to power the study, as well as the selection of an odds
ratio of 1.8 as the basis for declaring noninferiority with re-
gard to major bleeding events, were based on investigator con-
sensus (eMethods in Supplement 3).

Because the study included a 2 x 2 factorial design,
a Mantel-Haenszel x? test was performed to assess the inter-
action between anticoagulation intensity and statin use for
the primary outcomes prior to the assessment of the primary
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efficacy and prespecified safety outcomes. Because the tests
of interaction between the 2 interventions were nonsignifi-
cant (P = .97 for the primary efficacy outcome and P = .22
for major bleeding), the anticoagulation hypothesis is pre-
sented independently.

Given the short follow-up duration, logistic regression with
odds ratio as the effect measure was prespecified for the pri-
mary analyses. Accounting for study sites as random effect was
done post hoc in sensitivity analyses using mixed-effects lo-
gisticregression models for binary outcomes and linear mixed-
effects models for interval outcomes.

Time to events for the primary outcomes were plotted with
Kaplan-Meier curves. In sensitivity analyses, the proportion-
ality assumption was met (based on Schoenfeld residuals) and
results were repeated with unadjusted Cox proportional haz-
ards models. Definitions of different cohorts used for sensi-
tivity analyses can be found in Supplement 3.

There were no missing outcomes for participants in the
final analysis. The rate of missing values for baseline charac-
teristics was trivial (<5% in all cases) and did not warrant
multiple imputations according to the prespecified statistical
analysis plan. The only exception was baseline D-dimer,
which was not available in 66.5% of the patients at baseline
due to unprecedented national increase in use of D-dimer
assays leading to temporary shortage. Because the rate of
missing rate data was greater than 20%, according to the pre-
specified statistical analysis plan, multiple imputations were
not performed.

The association between the assigned anticoagulation
regimen and the primary outcome was assessed in the study
subgroups. Prespecified subgroup analyses (based on age,
sex, cigarette smoking, diabetes, hypertension, heart fail-
ure, obstructive airway disease, time from symptom onset
to randomization, corticosteroid use, renin-angiotensin-
aldosterone system inhibitor use, and baseline D-dimer
level) as well as post hoc subgroup analyses (based on coro-
nary artery disease, body mass index, time receiving the
assigned treatment, and aspirin use) were performed. For
evaluation of the homogeneity of odds ratios across sub-
groups, the Woolf test was applied. The interaction between
the intervention and specific subgroups was assessed via
the Cochran-Mantel-Haenszel x? test. All hypothesis tests,
except for the test of noninferiority for major bleeding, were
2-sided. A P value <.05 was considered significant for the
primary efficacy outcome. For noninferiority testing for
major bleeding, a 1-sided P value <.025 was considered sig-
nificant. No adjustment was performed for the P value
thresholds with respect to multiplicity of comparisons.
Because of the potential for type I error, findings for analy-
ses of all other outcomes should be interpreted as explor-
atory. Statistical analyses were performed using R statistical
software package, version 4.0.3 (R Core Team).

.|
Results

Between July 29, 2020, and November 19, 2020, a total of 1692
patients were screened for eligibility and 600 underwent
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randomization, of whom 4 died before receiving the first dose
of the study drug, 2 were excluded due to duplicate entry, and
32 were excluded for other reasons (Figure 1). Ultimately, 562
patients (93.7%) were included in the prespecified primary
analysis (Figure 1; eTable 4 in Supplement 3).

As shown in Table 1, the study population had a median
(interquartile range [IQR]) age of 62 (50-71) years, 237 pa-
tients (42.2%) were women, and the median (IQR) body mass
index was 27 (24.6-29.4). The 2 study groups were balanced
with respect to baseline characteristics, expect for history of
cigarette smoking, which was more frequent in the interme-
diate-dose group (Table 1).

The median (IQR) duration of receiving the assigned treat-
ment was similar between the 2 groups (20 [7-30] days in both
groups). Overall, 442 patients (78.6%) received the assigned
treatment for the full study duration or until reaching an ef-
ficacy outcome (eTables 4 and 5 in Supplement 3).

Efficacy Outcomes

In the prespecified primary analysis cohort, the primary effi-
cacy outcome occurred in 126 of 276 patients (45.7%) in the
intermediate-dose group and 126 of 286 patients (44.1%)
in the standard-dose prophylactic anticoagulation group
(absolute risk difference, 1.5% [95% CI, -6.6% to 9.8%]; odds
ratio, 1.06 [95% CI, 0.76-1.48]; P = .70) (Table 2). With
respect to secondary efficacy outcomes, during 30-day
follow-up, all-cause mortality occurred in 236 patients
(42.0%) and was not significantly different in the
intermediate-dose group compared with the standard-dose
prophylaxis group (119 [43.1%] vs 117 [40.9%]; risk differ-
ence, 2.2% [95% CI, -5.9% to 10.3%]; odds ratio, 1.09 [95%
CI, 0.78-1.53]; P = .50). VTE events occurred in 19 patients
(3.4%), including 12 episodes of deep vein thrombosis and 7
pulmonary embolism events. The risk of VTE was not sig-
nificantly different between the intermediate-dose and
standard-dose groups (3.3% vs 3.5%; risk difference, -0.2%
[95% CI, -3.2% to 2.7%]; odds ratio, 0.93 [95% CI, 0.37-2.32];
P =.94) (Table 2). The median (IQR) number of ventilator-
free days was 30 (1-30) in the study population, with no sig-
nificant difference between the intermediate-dose and
standard-dose groups (30 [3-30] vs 30 [1-30] days; P = .50).
The 30-day Kaplan-Meier curves for the primary composite
outcome, VTE, and all-cause mortality are shown in Figure 2
and eFigures 1 and 2 in Supplement 3.

No statistically significant differences were detected in the
exploratory outcomes. There were no cases of adjudicated type
Imyocardial infarction. The rate of ischemic stroke was 0.3%
in the intermediate-dose group and 0.4% in the standard-
dose group (risk difference, 0.1% [95% CI, -0.9% to 0.9%]; odds
ratio, 1.03 [95% CI, 0.06-16.65]; P = .97). No other acute arte-
rial thrombotic events were identified. No patients received
ECMO during the study period.

The median (IQR) ICU length of stay was 6 (2-11) days
(5 [2-10] days in the intermediate-dose group vs 6 [3-11]
days in the standard-dose group; P = .14), and a total of 343
patients (61.0%) were discharged from the ICU, including
169 patients (61.2%) assigned to receive the intermediate-
dose regimen and 174 patients (60.8%) assigned to receive
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Figure 1. Flow of Participants in a Study of the Effect of Intermediate-Dose
vs Standard-Dose Prophylactic Anticoagulation Among Patients
With COVID-19 Admitted to the Intensive Care Unit

1692 Patients assessed for eligibility

p

1092 Excluded
902 Did not meet eligibility
criteria
129 Declined to participate
61 Treating physician
declined participation

‘\  600 Randomized

299 Randomized to receive
intermediate-dose anticoagulation
3 Withdrew consent and
declined to contribute data
1 Duplicate entry

299 Randomized to receive standard
prophylactic-dose anticoagulation
5 Withdrew consent and
declined to contribute data
1 Duplicate entry

|

{

296 Unique participants randomized to
receive intermediate-dose
anticoagulation
15 Withdrew informed consent

1 Did not meet eligibility criteria

294 Unique participants randomized
to receive standard
prophylactic-dose anticoagulation

8 Withdrew consent

{

280 Randomized to receive
intermediate-dose anticoagulation
and met eligibility criteria and
did not withdraw consent
4 Did not receive at least 1 dose

of the assigned treatment

286 Randomized to receive
intermediate-dose anticoagulation
and did not withdraw consent

|

276 Included in the prespecified
primary analysis?
222 Completed the trial regimen
54 Assigned anticoagulation
regimen was escalated or
de-escalated

286 Included in the prespecified
primary analysis?
220 Completed the trial regimen
66 Assigned anticoagulation
regimen was escalated or
de-escalated

!

!

222 Included in the per-protocol
analysis®

220 Included in the per-protocol
analysis®

@ Some patients had more than 1reason for exclusion from the primary analysis
cohort.

b Reasons for discontinuation of the trial regimen are summarized in eTable 4 in
Supplement 3.

¢ Patients who were randomized and were not excluded due to violation of the
eligibility criteria or withdrawal of informed consent and continued their
assigned anticoagulation regimen until 30-day follow-up or the occurrence of
the prespecified efficacy outcome. See eTable 13 in Supplement 3 for the
per-protocol safety cohort.

the standard-dose prophylaxis regimen (risk difference,
0.3% [95% CI, -7.8% to 8.4%]; odds ratio, 1.01 [95% CI, 0.72-
1.42]; P = .72). New in-hospital kidney replacement therapy
was performed in 17 patients (3.0%) (3.6% in the
intermediate-dose group vs 2.4% in the standard-dose
group; risk difference, 1.1% [95% CI, -1.6% to 4.0%]; odds
ratio, 1.49 [95% CI, 0.58-3.86]; P = .41) and new atrial fibril-
lation was detected in 8 patients (1.4%), without a signifi-
cant difference between the intermediate-dose group and
the standard-dose group (0.7% vs 2.1%; difference, -1.3%
[95% CI, -3.3% to 0.5%]; odds ratio, 0.34 [95% CI, 0.00-
1.49]; P = .16).
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Table 1. Baseline Characteristics of the Prespecified Primary Analysis
Population in a Study of the Effect of Intermediate- vs Standard-Dose
Prophylactic Anticoagulation Among Patients With COVID-19 Admitted
to the Intensive Care Unit

Table 1. Baseline Characteristics of the Prespecified Primary Analysis
Population in a Study of the Effect of Intermediate- vs Standard-Dose
Prophylactic Anticoagulation Among Patients With COVID-19 Admitted

to the Intensive Care Unit (continued)

Median (IQR) Median (IQR)
Intermediate dose Standard dose Intermediate dose Standard dose
Characteristic (n=276) (n =286) Characteristic (n =276) (n = 286)
Age, y 62 (51-70.7) 61 (47-71) Laboratory values at baseline“
Sex, No. (%) Creatinine, mg/dL 1.1(0.9-1.2) 1.1(0.9-1.3)
Women 114 (41.3) 123 (43.0) White blood cell count, /pL 9800 10000
Men 162 (58.7) 163 (57.0) (7300-13 400) (7525-12 500)
Body mass index 267(24.4-29.1) 27.2(243-29.1) ST e el Fos s
Current smoker 35(12.7) 21(7.3) Platelet count, x103/pL 239(183-309)  230(173-301)
Coexisting conditions, No. (%) D-dimer, ng/mL 1037 910
Hypertension 131(48.0) 118 (41.2) g;‘ioé%m E;U:O;Sgo)
Diabetes 82(25.7) 73(25.6) Prothrombin time, s 13.6 13.7
Hyperlipidemia 75(27.2) 68(23.8) (12.6-15.0) (12.6-15.0)
Coronary artery disease 45(16.3) 33(11.5) International normalized ratio 1.0(1.1-1.2) 1.0(1.1-1.2)
Obstructive airway disease 23(8.3) 16 (5.6) Activated partial 32(28-38) 31(27.4-36)
Heart failure 7(2.5) 6(2.1) thromboplastin time, s
Ischemic cerebrovascular accidents 6 (2.2) 11(3.8) Abbreviation: IQR, interquartile range.
Hemorrhagic stroke 0 0 2 The Acute Physiology and Chronic Health Evaluation Il score is an index for the
Venous thromboembolism 0 0 severity of tlhe disease that ranges from'O to71and incIudles 3 comporyen.ts:
- - Acute Physiology Score, age, and chronic health status. Higher scores indicate
ItjoulzztsISir'le?l]iczsayt?;ﬂt,odms prior 7 (4-8) 7 (5-10) i poorer outcome.
Bt of ettty 4(2-6) 4(3-6) No patients received monoclonal antibodies or convalescent plasma.
before randomization, d € Normal ranges of measured laboratory tests were defined as follows:
Baseline indicators of illness severity, 0.6-1.4 mg/dL for creatinine, 4500-11 000 /L for white blood cell count,
No. (%) 13.5-17.5 g/dL for men and 12-15.6 g/dL for women for hemoglobin level,
Patients with systolic blood pressure 25 (9.0) 33(11.5) 150-450 x103/L for platelet count, <500 ng/mL for D-dimer level, 13.3-14.3 s
;flg?urj:nr;:-zlgta;tt)rt]he time for prothrombin time, and 33.9-35.3 s for activated partial thromboplastin time.
Vasopressor agent support 63(22.8) 64 (22.3)
within 72 h of enrollment
Fraction of inspired oxygen >50% 112 (40.5) 122 (42.6) Safety Outcomes
at the time of randomization . . .
Acute Physiology and Chronic Health 8 (5-11) 8(5-11) There were 7 (2.5%) major bleeding events in the
Evaluation Il score at the time intermediate-dose group and 4 (1.4%) in the standard-dose
Acﬁzgi:s;:;ltzj:;/oszapport, No. 6% prophylactic anticoagulation group (risk .difference, '1.1%
Nasal cannula ) T [1-sided 97.5% CI, - tq 3.4%]; odds ratio, 1.83 [l-sjld'ed
Face mask ) o0 97..5‘%? CI, 0.00-5.93]), \.Nh.lch did not meet the nomnfer}orlty
Reservoir mask ~6G75) 56 G3.6) crlte.rla (P for noninferiority >.99). There was 1 .case of mtr.a—
High-flow nasal cannula 9G3) saD cranllaI hemo.rrhage and 2 cases .of. fatal bleeding eventslln
Noninvasive positive pressure 93(33.7) 85(29.7) the intermediate-dose group. Clinically relevant nonmajor
ventilation bleeding occurred in 12 patients (4.3%) in the intermediate-
Invasive positive pressure ventilation 55 (19.9) 58(20.3) dose group and 5 patients (1.7%) in the standard-dose group
Me(ji::;::?:;r'y"t;zi;:;g (risk difference, 2.5% [95% CI, —0.2% to 5.4%]; odds ratio,
Baseline medica:tion 2.55 [95% CI, 0.92-7.04]; P = ..07) (Te.1b1e 2). SeYere thrombo-
N S1G30) 81128%3) .cytopenlla occurred only in pa'tlen.ts assigned to the
PLTelt ADPPY ok ecenter 205 600 intermediate-dose group (6 vs O; risk difference, 2.2% [95%
inhibitors CI, 0.4%-3.8%]) (Table 2). No significant differences were
Cotreatment observed between the 2 study groups with respect to less
Antiviral therapy 226 (81.9) 217 (75.9) severe forms of thrombocytopenia (Table 2).
Remdesivir 168 (60.9) 170(59.4)
Favipiravir 52(18.8) 43(15.0) Sensitivity Analysis
Lopinavir/ritonavir 3(1.1) 3(1.0) Findings from the per-protocol analyses and other sensitiv-
Atazanavir/ritonavir 27(9.8) 19 (6.6) ity analyses were similar to those from the primary analyses
Corticosteroid use 262 (94.9) 262(91.6) (eTables 8-18 in Supplement 3). Findings were consistent in
Renin-angiotensin-aldosterone 78 (28.3) 74(25.9) subgroup analyses. No particular subgroups were identified in
ifctiﬁrznu:zbb'tors 34(12.3) 40(14.0) which use of intermediate-dose prophylactic anticoagulation
was associated with significant reduction in the primary out-
(continued)
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come (Figure 3; eFigure 4 in Supplement 3).
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Table 2. Primary, Secondary, and Exploratory Outcomes Within 30 Days of Enrollment in the Prespecified Primary Analysis in a Study of the Effect
of Intermediate- vs Standard-Dose Prophylactic Anticoagulation Among Patients With COVID-19 Admitted to the Intensive Care Unit (ICU)

No. (%)
Intermediate dose Standard dose Absolute difference 0dds ratio
Outcome (n=276) (n = 286) (95%Cl), % (95% Cl) P value
Primary outcome
Composite of adjudicated acute venous thromboembolism, 126 (45.7) 126 (44.1) 1.5(-6.6t09.8) 1.06 (0.76 t0 1.48) .70
arterial thrombosis, treatment with extracorporeal
membrane oxygenation, or all-cause mortality®
Secondary outcomes
All-cause mortality 119 (43.1) 117 (40.9) 2.2(-5.9t010.3) 1.09 (0.78 to 1.53) .50
Adjudicated venous thromboembolism 9(3.3) 10(3.5) -0.2(-3.2t02.7) 0.93(0.37 t02.32) .87
Ventilator-free days, median (IQR)® 30 (3to 30) 30 (1to30) 0(0to0) NA .50¢
Exploratory outcomes
Objectively clinically diagnosed type | acute 0 0
myocardial infarction?
Objectively clinically diagnosed stroke 1(0.4) 1(0.3) 0.1(-0.9t00.9) 1.03(0.06t016.65) .97
Objectively clinically diagnosed acute peripheral 0 0
arterial thrombosis
ICU length of stay, median (IQR) 5(2to 10) 6(3to11) -1(-4to3) NA .14¢
Patients discharged from the ICU 169 (61.2) 174 (60.8) 0.3(-7.6t08.4) 1.01(0.72t01.42) 72
Incident atrial fibrillation 2(0.7) 6(2.1) -1.3(-3.3t00.5) 0.34(0.0to 1.49) .16
New in-hospital kidney replacement therapy 10 (3.6) 7(.4) 1.1(-1.6t04.0) 1.49 (0.58 t0 3.86) A1
Safety outcomes
Major bleeding® 7(2.5) 4(1.4) 1.1(-1.1t03.4) 1.83 (0.53 t0 5.93) 33
BARC classification
Type 3a (hemoglobin drop of 3-5 g/dL 3(1.1) 4(1.4) -0.3(-2.1t01.5) 0.78 (0.17 to 3.49) 73
or any transfusion)
Type 3b (hemoglobin drop >5 g/dL) 1(0.4) of 0.3(-0.3t01.0) .30
Type 3c (intracranial hemorrhage) 1(0.4) of 0.3(-0.3t01.0) .30
Type 5 (fatal bleeding) 2(0.7) of 0.7(-0.2t01.7) .14
Clinically relevant nonmajor bleeding (BARC type 2)°¢ 12 (4.3) 5(1.7) 2.5(-0.2t05.4) 2.55(0.92 to 7.04) .07
Composite of major and non-major bleeding 17 (6.2) 9(3.1) 3.0(-0.4t06.4) 2.02(0.89t04.61) .08
Thrombocytopenia
Mild (<100 x103/pL)" 50(18.2) 57 (19.9) -1.4(-7.9t05.0) 0.89(0.58 to 1.36) 62
Moderate (<50 x103/pL)" 14 (5.1) 20 (7.0) -0.8(-4.6t02.8) 0.71(0.35to 1.44) 61
Severe (<20 x103/puL) 6(2.2) of 2.2(0.4t03.8) .01

Abbreviations: IQR, interquartile range; NA, not applicable.

2 All venous thromboembolism events were diagnosed by the online clinical
event committee. Each event was confirmed only if guideline-recommended
imaging tests were presented (see definitions of outcome events in
Supplement 3). Acute arterial thrombosis was defined as type | acute
myocardial infarction, ischemic stroke, and acute peripheral arterial
thrombosis. No patients received extracorporeal membrane oxygenation.

b Difference between the total number of days alive after enrollment and the
total number of days receiving invasive mechanical ventilation.

¢ Calculated using Mann-Whitney U test.

dType | myocardial infarction was defined as an increase and/or decrease in
cardiac troponin values with at least 1 value above the 99th percentile upper
reference limits with at least 1of the following: symptoms of ischemia, new or
presumed new ischemic electrocardiographic (ECG) change, development of
pathologic Q waves on the ECG findings, imaging evidence of new loss of
viable myocardium or new regional wall motion abnormality in a pattern
consistent with ischemic etiology confirmed by coronary angiography,

intravascular imaging, or autopsy. Myocardial injury was noted in 6 patients
with a combination of cardiac biomarker rise and electrocardiographic
changes. Coronary angiography was only pursued in 1 patient (with normal
coronary vasculature), thus type | myocardial infarction was not adjudicated in
any participants.

€ Major bleeding consisted of Bleeding Academic Research Consortium (BARC)
type 3 and 5, which defines type 3a as overt bleeding plus hemoglobin drop of
3to 5 g/dL or any transfusion with overt bleeding; type 3b as overt bleeding
plus hemoglobin drop 5 g/dL, cardiac tamponade, or bleeding requiring
surgical intervention for control; type 3c as intracranial hemorrhage;
and type 5 as fatal bleeding.”

f For events with zero incidence in 1 group, only absolute risk difference was
reported.

& Clinically significant bleeding that warranted attention from the medical
personnel but did not fulfil criteria for major bleeding.

" Post hoc outcomes.

|
Discussion

In this multicenter randomized clinical trial of patients with
COVID-19 admitted to the ICU, intermediate-dose compared
with standard-dose prophylactic anticoagulation did not

jama.com

improve the primary composite efficacy outcome or its
major components, including all-cause mortality and VTE. Re-
sults were consistent in sensitivity analyses and in key pre-
specified subgroups. Although bleeding events were rare, both
major and clinically relevant nonmajor bleeding events were
nonsignificantly more frequent with intermediate-dose
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Figure 2. Primary Outcome in the Prespecified Primary Cohort in a Study
of the Effect of Intermediate-Dose vs Standard-Dose Prophylactic
Among Patients With COVID-19 Admitted to the Intensive Care Unit

1.0+
Hazard ratio, 1.06 (0.83-1.36); P=.61

0.8+

Intermediate-dose enoxaparin

0.6

0.4+
Standard-dose enoxaparin

0.2 =

Probability of the primary outcome

0+ T T T T T 1
0 5 10 15 20 25 30

Days after randomization

No. of patients at risk
Intermediate dose

Total 276 235 196 175 156 154 150
Primary outcome 0 41 39 21 19 2 4
All-cause mortality 0 37 412 20 16 2 2
VTE 0 4 1 1 2 0 0
Ischemic stroke 0 0 0 0 1 0 0
Standard dose
Total 286 244 211 194 173 167 160
Primary outcome 0 42 33 17 21 6 7
All-cause mortality 0 38 29 172 212 6 6
VTE 0 3 4 1 2b 0 1
Ischemic stroke 0 1 0 0 0 0 0

The primary outcome was a composite of adjudicated acute arterial thrombosis,
venous thromboembolism, extracorporeal membrane oxygenation, or all-cause
mortality during 30 days from enrollment. The prespecified primary cohort
consisted of patients who received at least 1dose of the study drug, were not
excluded, and did not withdraw consent. The median (interquartile range)
follow-up time was 30 (9-30) days in the intermediate-dose group and 30
(10-30) days in the standard-dose prophylactic anticoagulation group.

2 All-cause mortality events were censored by precedent venous
thromboembolism (VTE) events. In some cases, the thrombotic events
occurred in the prior window (ie, in the first 5 days).

b One of the 2 VTE events was censored by a precedent ischemic stroke event.

anticoagulation, and noninferiority for major bleeding was not
demonstrated. Furthermore, severe thrombocytopenia was ob-
served only in patients assigned to receive intermediate-dose
prophylactic anticoagulation.

Establishing the optimal antithrombotic prophylactic
regimen in patients with COVID-19 is essential because of the
reported excess rates of microvascular and macrovascular
thrombosis.*2°22 The observation of heightened VTE risk in
patients receiving standard-dose prophylaxis?3-2> encouraged
some experts to advocate escalated-dose prophylaxis.2®
Although the primary end point event rate was slightly lower
than expected, there was no signal for benefit. Further, non-
inferiority for major bleeding was not confirmed. In line with
these results, an interim analysis of critically ill patients
enrolled in 3 pivotal trials testing therapeutic-dose vs stan-
dard prophylactic anticoagulation (ACTIV-4a, REMAP-CAP,
and ATTACC) led the data and safety monitoring board to
pause further enrollment because of futility for efficacy and
potential excess of safety events, and additional clarifications
are awaited.?”

Several potential explanations exist for the observed lack
of benefit with intermediate-dose prophylactic anticoagula-
tion in this study. First, the intensity of intermediate-dose an-
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ticoagulation might have been insufficient to prevent throm-
botic events compared with the standard-dose prophylactic
regimen. Some studies completed before the COVID-19 pan-
demic indicated that intermediate-dose regimens may be ef-
fective for preventing thrombotic events.'®-2® At the time of
study design, some experts hypothesized that intermediate in-
tensity of anticoagulation may be suitable for patients with
COVID-19. Second, the timing of anticoagulation administra-
tion and its relation to the symptom onset might affect the ef-
fectiveness of anticoagulation.?° However, in this study, the
results were consistent even among patients who received an-
ticoagulation within the first 7 days from symptom onset.

Third, the study recruited a broad population of patients
admitted to the ICU rather than targeting metrics such as
D-dimer or specific metrics of illness severity. This was a prag-
matic choice. A subgroup analysis showed that patients with
baseline D-dimer elevation had outcomes consistent with the
primary analysis. Fourth, the number of patients receiving me-
chanical ventilation at the time of enrollment in the present
study was lower than some other cohorts.>°! The study popu-
lation correlated with the eligibility criteria of this trial, which
did not allow the enrollment of the patients with extremely
severe disease with estimated survival less than 24 hours. Nev-
ertheless, many of the study participants were very ill, as in-
dicated by the requirements for cardiopulmonary support and
evidenced by the 30-day mortality rates. The possibility of a
potential effect among patients who were admitted to the ICU
and had more severe illness cannot be excluded or, alterna-
tively, that heparin-based regimens might be effective in hos-
pitalized patients not admitted to the ICU with an earlier stage
of disease. In addition, it is possible that heparin-based regi-
mens are not beneficial in critically ill patients with COVID-19,32
but that other agents may confer benefit.

Although the present study was unable to demonstrate
noninferiority for the prespecified bleeding end point, major
bleeding was infrequent in both study groups. Also, severe
thrombocytopenia was noted in 6 patients who received in-
termediate-dose prophylactic anticoagulation, compared with
zero patients who received standard-dose prophylactic anti-
coagulation, although no significant differences were noted
in other platelet count measures. Because this outcome was
not powered for hypothesis testing and its results were not ad-
justed for multiplicity, this finding should be considered ex-
ploratory. Numerous additional randomized trials with hep-
arin-based and nonheparin agents are ongoing across the
spectrum of COVID-19 illness severity and could identify po-
tentially effective therapies in various subgroups of illness se-
verity with COVID-19.33

Limitations

This study has several limitations First, this trial, by design,
required the estimated survival of greater than 24 hours at the
determination of site physicians and exclusion of patients re-
ceiving ECMO at the time of randomization (because ECMO
needs escalated-dose anticoagulation). This meant that the
most severely ill patients (eg, those with unstable maximized
ventilatory support or those receiving multiple vasopressor
agents at the time of screening) were not included in the trial.
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Figure 3. Subgroup Analysis for the Primary Outcome in a Study of the Effect of Intermediate-Dose
vs Standard-Dose Prophylactic Anticoagulation Among Patients With COVID-19 Admitted

to the Intensive Care Unit

Intermediate dose, Standard dose, 0dds ratio Favors : Favors P
No./total No. (%) No./total No. (%) (95% ClI) intermediate dose : standard dose value
Age
265y 75/116 (64.6) 72/117 (61.5) 1.14(0.67-1.94) —— 70
<65y 51/160 (31.9) 54/169 (32.0) 0.99 (0.62-1.58) ——
Sex
Women  54/114 (47.4) 45/123 (36.6) 1.56 (0.92-2.62) R 06
Men 72/162 (44.4) 81/163 (49.7) 0.81(0.52-1.25) —a—
Cigarette smoker
Yes 15/35(42.9) 8/21(38.1) 1.21(0.40-3.68) —_— 81
No 111/241 (46.1) 118/265 (44.5) 1.06 (0.74-1.51) ——
Diabetes
Yes 41/82 (50.0) 35/73 (47.9) 1.08 (0.57-2.04) —a— 94
No 85/194 (43.8) 90/212 (42.5) 1.05(0.71-1.56) —.—
Hypertension
Yes 64/131 (48.9) 64/118 (54.2) 0.80(0.49-1.32) . e 51
No 60/142 (42.3) 62/167 (37.1) 1.23(0.78-1.95) ——
Heart failure
Yes 4/7 (57.1) 3/6 (50.0) 1.33(0.14-11.92) = 71
No 122/269 (45.4) 123/280 (43.9) 1.05(0.75-1.48) .
Obstructive airway disease
Yes 6/16 (37.5) 10/23 (43.5) 1.05(0.75-1.49) —— 78
No 116/253 (45.8) 120/270 (44.4) 1.28(0.34-4.73) —_—
Symptom onset
<7y 77/165 (46.7) 76/163 (46.6) 1.00 (0.64-1.54) . 47
>7y 28/68 (41.2) 25/73 (34.2) 1.34(0.67-2.66) —
Corticosteroid use
Yes 118/262 (45.0) 119/262 (45.4) 0.98 (0.69-1.38) —— 10
No 8/14(57.1) 7/24(29.2) 3.23(0.81-12.82) ——a—
Renin-angiotensin-aldosterone system inhibitor use
Yes 37/78 (47 .4) 36/74 (48.6) 0.95 (0.50-1.80) —a— 69
No 89/198 (44.9) 90/212 (42.5) 1.10(0.74-1.63) —a—
‘ e e P values indicate tests of interaction
0.1 1 10 between the treatment group and

0dds ratio (95% Cl) each of the assessed variables for the

primary composite outcome.

Thisissue should be considered for the external validity of the
findings. Second, anticoagulation assignment was open-
label. Using a double-dummy design during the COVID-19 pan-
demic was not considered feasible. However, the allocation se-
quence was concealed and outcomes were blindly adjudicated
and analyzed. Third, the VTE event rate in the present study
was lower than that reported in some other studies.®2>34 This
may in part correlate with lack of systematic routine screen-
ing, similar to results from other multicenter studies that did
not use systematic screening and reported lower rates of
VTE.®° Other factors that may have contributed include lower
acuity of care in patients admitted to the ICU in this study com-
pared with some other studies>®” or the possible effect of anti-
inflammatory therapies (including steroids*®) on mitigating mi-
crothrombosis or macrothrombosis.” Some recent studies
suggest that the majority of thrombotic events in critically ill
patients with COVID-19 include catheter-associated thrombo-
sis, isolated distal deep vein thrombosis, or subsegmental pul-
monary embolism, all of which are less severe forms of VTE
and less likely to affect mortality.®3* Fourth, although all-
cause mortality rates in the present study are in line with other
reports of critically ill patients,>?-3-34 the CI for the primary out-

jama.com

come was relatively wide. Consequently, the possibility of a
small benefit or a small and important harm cannot be ex-
cluded. Fifth, due to resource limitations, the study focused
only on clinical events that were assumed to directly affect hard
clinical end points. In this setting, the case report form did not
collect information related to radial arterial line exchange (due
tononfunctioning) or nonfunctioning dialysis lines. Sixth, only
4 study participants weighed more than 120 kg, limiting the
generalizability of the results to patients with higher body
weight or obesity.

. |
Conclusions

Among patients with COVID-19 admitted to the ICU, interme-
diate-dose prophylactic anticoagulation, compared with stan-
dard-dose prophylactic anticoagulation, did not result in a sig-
nificant difference in the primary outcome of a composite of
venous or arterial thrombosis, treatment with ECMO, or mor-
tality within 30 days. These results do not support the routine
empirical use of intermediate-dose prophylactic anticoagula-
tion in unselected patients with COVID-19 admitted to the ICU.
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