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Abstract
Background: Coronavirus disease 2019 (COVID-19) is associated with coagulopathy 
but the optimal prophylactic anticoagulation therapy remains uncertain and may de-
pend on COVID-19 severity.
Objective: To compare outcomes in hospitalized adults with severe COVID-19 treated 
with standard prophylactic versus intermediate dose enoxaparin.
Methods: We conducted a multi-center, open-label, randomized controlled trial com-
paring standard prophylactic dose versus intermediate dose enoxaparin in adults who 
were hospitalized with COVID-19 and admitted to an intensive care unit (ICU) and/
or had laboratory evidence of coagulopathy. Patients were randomly assigned in a 
1:1 ratio to receive standard prophylactic dose enoxaparin or intermediate weight-
adjusted dose enoxaparin. The primary outcome was all-cause mortality at 30 days. 
Secondary outcomes included arterial or venous thromboembolism and major 
bleeding.
Results: A total of 176 patients (99 males and 77 females) underwent randomization. In 
the intention-to-treat population, all-cause mortality at 30 days was 15% for interme-
diate dose enoxaparin and 21% for standard prophylactic dose enoxaparin (odds ratio, 
0.66; 95% confidence interval, 0.30–1.45; P = .31 by Chi-square test). Unadjusted Cox 
proportional hazards modeling demonstrated no significant difference in mortality 
between intermediate and standard dose enoxaparin (hazard ratio, 0.67; 95% con-
fidence interval, 0.33–1.37; P = .28). Arterial or venous thrombosis occurred in 13% 
of patients assigned to intermediate dose enoxaparin and 9% of patients assigned to 
standard dose enoxaparin. Major bleeding occurred in 2% of patients in each arm.
Conclusion: In hospitalized adults with severe COVID-19, standard prophylactic dose 
and intermediate dose enoxaparin did not differ significantly in preventing death or 
thrombosis at 30 days.
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1  |  INTRODUC TION

In severe cases, coronavirus disease 2019 (COVID-19) is characterized 
by profound systemic inflammation and a coagulopathy with some 
laboratory features similar to disseminated intravascular coagulation 
(DIC).1,2 Abnormal coagulation parameters such as elevated D-dimer 
are associated with increased risk of thromboembolism, organ failure, 
and death in patients hospitalized with COVID-19.1,3-5 Observational 
studies have suggested that preventive treatment with anticoagulants 
may improve clinical outcomes.6-9 Guidance documents issued by 
professional societies recommend prophylactic anticoagulation with 
heparin or low molecular weight heparin (LMWH) for hospitalized pa-
tients with COVID-19 while acknowledging that high-quality evidence 
is lacking, optimal dosages remain uncertain, and prospective rand-
omized controlled trials comparing different intensities of anticoagula-
tion are needed.10-14

A recent report from the prospective INSPIRATION trial suggested 
no benefit of intermediate dose prophylactic anticoagulation over 
standard dose prophylactic anticoagulation in preventing thrombosis 
or death among patients with COVID-19 who required admission to 
an intensive care unit (ICU).15 A preliminary report from a collabo-
ration between three prospective trials (ATTACC, REMAP-CAP, and 
ACTIV-4a) suggested that the optimal dosing of prophylactic antico-
agulation therapy may depend on the severity of COVID-19 illness.16 
An interim analysis of these trials suggested benefit from therapeu-
tic dose anticoagulation (heparin or LMWH) compared to usual care 
pharmacologic thromboprophylaxis in patients hospitalized with 
moderate COVID-19 but potential harm in patients with more severe 
COVID-19 who required ICU-level care, raising concerns about the 
risk of bleeding with therapeutic dose anticoagulation.16 Additional 
prospective data are needed to further evaluate the safety and effi-
cacy of escalated dose prophylactic anticoagulation in patients with a 
range of COVID-19 severity.

We conducted an investigator-initiated, multi-center, open-label, 
randomized controlled trial comparing standard prophylactic and in-
termediate dosing of the LMWH enoxaparin in adults hospitalized 
with severe COVID-19, defined as requiring intensive care or mani-
fested by laboratory criteria for coagulopathy.

2  |  METHODS

2.1  |  Trial design

We conducted the trial at three centers in the United States; the 
University of Iowa, Iowa City, IA (coordinating center); Gunderson 
Health System, La Crosse, WI; and Louisiana State University Health 
Shreveport, Shreveport, LA. The trial was designed as a prospective, 

randomized, open-label, interventional study to compare the safety 
and efficacy of two enoxaparin dosing protocols in adult patients 
hospitalized with confirmed SARS-CoV-2 infection and evidence of 
severe COVID-19, defined as requiring admission to an ICU and/or 
having laboratory evidence of coagulopathy. The trial protocol was 
approved by the local institutional review boards of the participating 
sites. The trial was opened initially at the University of Iowa in April 
2020; Gunderson Health System was added as a second site in June 
2020, and Louisiana State University Health Shreveport was added 
as a third site in October 2020. Written informed consent was ob-
tained from all patients or their legally authorized representatives. 
The trial was conducted in accordance with Good Clinical Practice 
guidelines and the Declaration of Helsinki. Full details of the trial 
protocol, conduct, oversight, and analyses can be found in the 
Clinical Trial Protocol and Statistical Analysis Plan (available in the 
supporting information). The trial was registered with ClinicalTrials.
gov (NCT04360824).

2.2  |  Participants

Patients hospitalized with a diagnosis of COVID-19 were screened 
for eligibility. Adults 18 years of age or older with SARS-CoV-2 in-
fection confirmed by nasopharyngeal swab polymerase chain reac-
tion and requiring hospitalization were eligible if they were admitted 
to an ICU and/or had a modified ISTH Overt DIC score ≥3 (Table S1 
in supporting information).17 D-dimer was measured in fibrinogen 
equivalent units. Patients were excluded if there was an indication 
for full therapeutic dose anticoagulation or they had active major 
bleeding, severe thrombocytopenia (platelet count <25,000/μL), 
current pregnancy, a history of acute venous or arterial thrombosis 
within the prior 3  months, or acute or chronic renal insufficiency 
with an estimated creatinine clearance <30  ml/min calculated by 
the modified Cockcroft and Gault formula. The full list of inclusion 
and exclusion criteria is provided in the protocol.

K E Y W O R D S
anticoagulant, blood coagulation, COVID-19 disease, enoxaparin, thrombosis

Essentials

•	 Coronavirus disease 2019 (COVID-19) is associated with 
coagulopathy that may contribute to mortality.

•	 The risks and benefits of anticoagulation may vary de-
pending on the severity of COVID-19.

•	 We prospectively compared standard prophylactic and 
intermediate dose enoxaparin in severe COVID-19.

•	 No differences in overall mortality, thrombosis, or 
bleeding were observed between the two arms.
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2.3  |  Randomization and masking

Using the Research Electronic Data Capture (REDCap) platform,18 
patients were randomly assigned in a 1:1 ratio to receive either a 
standard prophylactic dose or an intermediate dose of enoxapa-
rin. Both the standard and intermediate doses were adjusted for 
obesity. The standard dose was 40 mg SC daily if the body mass 
index (BMI) was <30  kg/m2 and either 30  mg SC twice daily or 
40  mg SC twice daily if the BMI was ≥30. The choice of 30  mg 
twice daily or 40 mg twice daily was determined by the treating 
physician according to the local institutional standard of practice. 
The intermediate dose was 1 mg/kg SC daily if the BMI was <30 
or 0.5 mg/kg SC twice daily if the BMI was ≥30. All doses were 
rounded up to the nearest unit-dose syringe. This was an open-
label trial without masking.

2.4  |  Procedures

Patients received the assigned dose of enoxaparin until hospital 
discharge or a clinical event occurred requiring either discontinua-
tion of anticoagulation therapy or initiation of full therapeutic dose 
anticoagulation therapy. Dose reductions were specified for severe 
thrombocytopenia (platelet count <25,000/μL), hypofibrinogen-
emia (fibrinogen < 50 mg/dL), or acute kidney injury defined as an 
estimated creatinine clearance <30  mL/min (see protocol). Some 
patients received other experimental or approved treatments for 
COVID-19 (see Table 2). Enrollment in non-competing clinical trials 
was allowed.

2.5  |  Outcomes

The primary outcome measure was all-cause mortality at 30 days. 
Secondary outcome measures included acute kidney injury, de-
fined as estimated creatinine clearance <30  ml/min, arterial or 
venous thrombosis confirmed with imaging, major bleeding, and 
minor bleeding. Major bleeding was defined according to ISTH cri-
teria.19 Minor bleeding was defined as a bleeding event that did not 
meet ISTH criteria for major bleeding. The outcomes were adjudi-
cated independently by two investigators who were not blinded to 
the treatment arm. The study protocol also included an exploratory 
laboratory biomarker component that will be reported separately.

2.6  |  Statistical analysis

Demographic and clinical measures collected were summarized and 
tested for differences. Continuous measures are displayed as medi-
ans and interquartile ranges. Tests for differences used the Wilcoxon 
rank sum test. Categorical measures were displayed as counts and 
percentages. Tests for differences used Pearson's chi-square and 
Fisher's exact tests, where appropriate.

Analysis of the primary and secondary outcome measures was 
performed on the intention-to-treat population, defined as all pa-
tients who provided informed consent and underwent randomiza-
tion (N = 173, Figure 1). The primary outcome measure was assessed 
as the 30-day all-cause mortality. In an exploratory analysis, we also 
assessed the time to death with censoring at 30 days. We hypoth-
esized that the intermediate dose enoxaparin group (intervention 
arm) has a mortality rate below (and time-to-death above) the stan-
dard prophylactic dose enoxaparin group (standard of care arm). 
Estimates for the 30-day mortality odds ratio, confidence interval, 
and Pearson's chi-square P-value, testing for a difference between 
doses, are provided. For the time-to-death analysis, differences be-
tween doses were analyzed using Cox proportional hazard modeling 
and reported as hazard ratios with 95% confidence intervals, along 
with their P-values. We used log(−log[survival]) plots to verify the 
proportional hazards assumption. Raw proportional hazards mod-
els were fit on five samples: all patients, patients with BMI < 30, 
BMI  >  30, admitted to ICU, and not admitted to ICU. Additional 
models were fit in both the intention-to-treat and per-protocol 
populations, adjusting for age, gender, BMI, and ICU admission. We 
estimated that the risk of death within 30  days would be 40% in 
the standard dose enoxaparin group.6 Assuming the risk would be 
reduced to 20% in the intermediate dose enoxaparin group, we cal-
culated that the assignment of 164 patients with 1:1 randomization 
would provide 80% power for a two-sided test to detect such a dif-
ference in the primary outcome between the two arms with alpha 
of 0.05. The presumed effect size was chosen by consensus among 
the investigators at the coordinating center.

Secondary outcomes included arterial or venous thromboembo-
lism (VTE) and major bleeding. Like the dichotomous primary out-
come, secondary outcome comparisons are reported as estimates 
for the odds ratios, confidence intervals, and P-values. Additional 
analyses were performed on the per-protocol population, defined 
as all randomized patients who received the assigned treatment, to 
assess the sensitivity of our results after removing untreated pa-
tients.20 SAS 9.4 was used for all calculations and data analysis.

2.7  |  Role of the funding source

This trial was funded by a Clinical and Translational Science Award 
from the National Institutes of Health (UL1 TR002537). The funding 
agency had no role in the study design, data collection, data analysis, 
or interpretation.

3  |  RESULTS

3.1  |  Patients

Between April 26, 2020, and January 6, 2021, 1529 patients hos-
pitalized with COVID-19 were screened for enrollment. More than 
85% of screened patients were not enrolled because they declined to 
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participate or did not meet the eligibility criteria (Figure 1). Reasons 
for screen failure included declination of consent (3%), a modified 
ISTH DIC Score <3 (25%), an indication for therapeutic dose antico-
agulation (17.5%), renal insufficiency (12%), pregnancy (4.5%), major 
bleeding (4%), and past COVID infection or failure to meet other eli-
gibility criteria (34%).

A total of 176 patients (99 males and 77 females) were enrolled 
and underwent randomization (145 patients at the University of 
Iowa, 26 patients at Gunderson Health System, and 5 patients at 
Louisiana State University – Shreveport); 88 were assigned to re-
ceive standard prophylactic dose enoxaparin and 88 to receive in-
termediate dose enoxaparin. Three patients withdrew consent prior 
to the initiation of treatment and were excluded from the intention-
to-treat population (Figure 1). Four additional patients did not re-
ceive the assigned treatment; these patients were included in the 
intention-to-treat population but excluded from the per-protocol 
population.

Baseline characteristics of the patients in the intention-to-treat 
population are shown in Table  1. The median age of the patients 
was 64 years (range 24–86); 14% were Hispanic, 6% were Black, and 
76% were White. More than 60% of the patients had a BMI greater 
than 30. Pre-existing medical conditions included hypertension in 
60% of the patients, diabetes mellitus in 37%, heart disease in 31%, 

and lung disease in 23%. Forty-two percent of the patients were 
current or former cigarette smokers. At the time of enrollment, 107 
patients (62%) were admitted to an ICU and 40 (23%) were receiving 
invasive mechanical ventilation. The median value for D-dimer was 
1680 ng/mL (interquartile range 920–3980 ng/mL). Similar percent-
ages of patients in the two arms received corticosteroids (75% of pa-
tients), remdesivir (61%), convalescent plasma (27%), or famotidine 
(32%) (Table 2). More patients received azithromycin in the interme-
diate dose arm (29%) than in the standard dose arm (13%, P = .01). 
Thirty-seven patients were enrolled in other non-competing COVID 
clinical trials (20 in the standard dose arm and 17 in the intermediate 
dose arm).

Enoxaparin was continued at the assigned dosage until hospi-
tal discharge or death for 145 patients (84%). Enoxaparin was dose 
adjusted or discontinued in 28 patients (18 patients in the stan-
dard dose enoxaparin arm and 10 patients in the intermediate dose 
enoxaparin arm) for acute kidney injury (12 patients), bleeding (3 
patients), an indication for full therapeutic dose anticoagulation 
due to acute thrombosis (9 patients) or atrial fibrillation (2 patients), 
transition to end of life goals of care (1 patient), or protocol devia-
tion (1 patient).

A total of 20 patients experienced a thrombotic event, including 8 
episodes of arterial thrombosis and 13 episodes of venous thrombosis 

F I G U R E  1  Screening, enrollment, 
randomization and populations analyzed.
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All patients
(N = 173)

Standard dose
(N = 86)

Intermediate dose
(N = 87)

Median age—years (range) 64 (24–86) 63.5 (30–85) 65 (24–86)

Gender—no. (%)

Female 76 (44) 36 (42) 40 (46)

Male 97 (56) 50 (58) 47 (54)

Race or ethnic group—no. (%)

Black 10 (6) 3 (3) 7 (8)

Asian 4 (2) 2 (2) 2 (2)

Hispanic 24 (14) 15 (17) 9 (10)

White 131 (76) 63 (73) 68 (78)

Other 4 (2) 3 (3) 1 (1)

Median BMI—kg/m2 (IQR) 30.5 
(25.9–36.2)

30.7 (27.2–35.8) 30.0 (24.7–36.6)

BMI ≥ 30 kg/m2—no. (%) 106 (61) 56 (65) 50 (57)

Median time from positive 
COVID-19 test to 
enrolment—days (IQR)

5 (1–9) 4.5 (1–9) 5 (1–9)

Coexisting conditions—no. (%)

Cancer 20 (12) 13 (15) 7 (8)

Diabetes mellitus 64 (37) 34 (40) 30 (34)

Heart disease 54 (31) 27 (31) 27 (31)

Hypertension 104 (60) 53 (62) 51 (59)

Lung disease 39 (23) 19 (22) 20 (23)

Obesity 84 (49) 39 (45) 45 (52)

Current or former smoker—no. 
(%)

73 (42) 38 (44) 35 (40)

Admitted to ICU—no. (%) 107 (62) 54 (63) 53 (61)

Median lab values (IQR)

D-dimer (ng/ml FEU) 1680 
(920–3980)

1900 (870–3980) 1570 (1030–4050)

Prothrombin time (s) 11 (11–12) 11 (11–12) 11 (11–12)

Fibrinogen (mg/dl) 552 (461–666) 552 (461–654) 543 (462–670)

Platelet count (x 109/L) 261 (207–358) 270 (204–358) 257 (217–332)

Absolute lymphocyte count 
(x 106/L)

781 (500–1310) 735 (545–1460) 800 (490–1230)

Abbreviation: FEU, fibrinogen equivalent units; ICU, intensive care unit; IQR, interquartile range.

TA B L E  1  Baseline characteristics of 
the patients in the intention-to-treat 
population

All patients
(N = 173)

Standard dose
(N = 86)

Intermediate dose
(N = 87) P-valueb 

Azithromycin—no. (%) 36 (21) 11 (13) 25 (29) .01

Convalescent 
plasma—no. (%)

46 (27) 23 (27) 23 (26) .96

Corticosteroids—no. 
(%)

130 (75) 67 (78) 63 (72) .40

Famotidine—no. (%) 55 (32) 30 (35) 25 (29) .39

Remdesivir—no. (%) 105 (61) 54 (63) 51 (59) .59

aThe protocol allowed patients to receive other experimental or approved treatments for 
COVID-19.
bChi-square test.

TA B L E  2  Other treatments for 
COVID-19 in the intention-to-treat 
population during the trial perioda
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(one patient had both venous and arterial thrombosis; Table  3). Of 
these, 9 patients discontinued the assigned treatment with enoxaparin 
at the time of diagnosis of acute thrombosis to be started on therapeu-
tic anticoagulation. The other 11 patients either continued the assigned 

treatment with enoxaparin because therapeutic anticoagulation was 
not indicated for arterial thrombosis (1 patient) or had discontinued the 
assigned treatment due to acute kidney injury (5 patients) or hospital 
discharge (5 patients) prior to the diagnosis of thrombosis.

TA B L E  3  Primary and secondary outcome measures at 30 daysa

Standard dose
(N = 86)

Intermediate dose
(N = 87)

Odds ratio
(95% CI) P-value

Primary outcome

All-cause mortality—no. (%)b  18 (21) 13 (15) 0.66 (0.30–1.45) .31

Secondary outcomes

Acute kidney injury—no. (%)b  15 (17) 11 (13) 0.68 (0.29–1.59) .38

Arterial thrombosis—no. (%)c  3 (3) 5 (6) 1.69 (0.39–7.29) .72

Venous thrombosis—no. (%)c  6 (7) 7 (8) 1.79 (0.51–6.25) >.99

Major bleeding—no. (%)c  2 (2) 2 (2) 0.99 (0.14–7.14) >.99

Minor bleeding – no. (%)c  6 (7) 6 (7) 0.99 (0.31–3.23) >.99

Abbreviation: CI, confidence interval.
aIntention-to-treat population (N = 173).
bChi-square test.
cFisher's exact test.

F I G U R E  2  Time to event (cumulative 
incidence) plot of the probability of 
death for all patients in the intention-to-
treat population. In an unadjusted Cox 
proportional hazard model, the hazard 
ratio for mortality in the intermediate 
dose group compared with the standard 
dose group was 0.67; 95% confidence 
interval, 0.33 to 1.37, P = 0.28. The 
dotted lines indicate the 95% confidence 
interval bands.

Model
Hazard 
ratio 95% CI P-value

Intention-to-treat population

Unadjusted 0.67 0.33–1.37 .276

Adjusted for age, gender, BMI, and ICU 
admission

0.57 0.28–1.17 .123

Per-protocol population

Unadjusted 0.61 0.29–1.31 .208

Adjusted for age, gender, BMI, and ICU 
admission

0.53 0.24–1.13 .100

Abbreviations: CI, confidence interval; BMI, body mass index; ICU, intensive care unit.
aCox proportional hazard model (PHREG).

TA B L E  4  Hazard ratios for intermediate 
versus standard dose enoxaparin adjusted 
for control variablesa
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3.2  |  Primary outcome

A total of 31 of the 173 patients (18%) in the intention-to-treat 
population died within 30 days of enrollment. All-cause mortality at 
30  days was 15% for those assigned to receive intermediate dose 
enoxaparin and 21% for those assigned to receive standard dose 
enoxaparin (P =  .31 by a Chi-square test; Table 3). Cumulative inci-
dence plots of the probability of death for all patients in the two arms 
are shown in Figure  2. In an unadjusted Cox proportional hazard 
model, the hazard ratio for mortality in the intermediate dose group 
compared to the standard dose group was 0.67 (95% confidence in-
terval [CI], 0.33–1.37; P = .28). After adjustment for age, gender, BMI, 
and ICU admission, the hazard ratio for mortality was 0.57 (95% CI, 
0.28–1.17, P = .12) in the intention-to-treat population and 0.53 (95% 
CI, 0.24–1.13, P = .10) in the per-protocol population (Table 4). The 
cumulative incidence of death did not differ significantly between 
the two arms among the 107 patients admitted to an ICU at the time 
of enrollment (hazard ratio [HR], 0.47; 95% CI, 0.19–1.15, P = .10) or 
the 66 patients not admitted to an ICU at the time of enrollment (HR, 
1.41; 95% CI, 0.40–4.98, P = .60). Three patients died after discharge 
from the hospital within 30 days of enrollment, two in the standard 
dose arm and one in the intermediate dose arm (Table S2 in support-
ing information).

Because the prespecified dosage of enoxaparin was determined 
by the BMI, we performed a post hoc analysis of the primary out-
come in subgroups of patients with and without obesity. Among the 
67 patients with a BMI less than 30, the hazard ratio for all-cause 
mortality in the intermediate dose group compared to the standard 
dose group was 0.55 (95% CI, 0.19–1.59, P = .27) (Figure S1A in sup-
porting information) compared to 0.75 (95% CI, 0.29–1.98, P =  .57) 
for the 106 patients with a BMI > 30 (Figure S1B). Figure S2A in sup-
porting information summarizes the assigned dosage of enoxaparin 
in the intention-to-treat population. The relationship between the 
daily dosage of enoxaparin (mg per kg body weight) and mortality 
is illustrated in Figure S2B. Within each subgroup, the daily dosage 
of enoxaparin did not differ between patients who were alive or de-
ceased on day 30.

3.3  |  Secondary outcomes

Acute kidney injury, defined as an estimated creatinine clearance less 
than 30  mL/min, occurred in 17% of patients in the standard dose 
enoxaparin arm and 13% of patients in the intermediate dose enoxa-
parin arm (P =  .38; Table 3). Arterial thrombosis was diagnosed in 3 
of 86 patients (3%) in the standard dose enoxaparin arm and 5 of 87 
patients (6%) in the intermediate dose enoxaparin arm (P = .72). Three 
patients had ischemic stroke, four patients had myocardial infarction, 
and one patient had both ischemic stroke and myocardial infarction. 
Of the five patients who had myocardial infarction, one patient in the 
standard dose enoxaparin arm had an inferior wall ST-segment eleva-
tion myocardial infarction and underwent percutaneous coronary in-
tervention with placement of a drug-eluting stent in the right coronary 

artery. The other four patients were diagnosed with type 2 non-ST 
segment elevation myocardial infarction based on ECG changes and 
serial troponin measurements, consistent with demand ischemia (two 
patients in the standard dose arm and two patients in the intermedi-
ate dose arm). Venous thrombosis was diagnosed in 7% of patients in 
the standard dose arm and 8% of patients in the intermediate dose 
arm (P >  .99). Eleven patients had pulmonary embolism, one patient 
had inferior vena cava thrombosis, and one patient had both pulmo-
nary embolism and deep vein thrombosis. Five of the eleven patients 
with pulmonary embolism were diagnosed following discharge from 
the hospital, all in the intermediate dose arm (Table S2 in supporting 
information). Major and minor bleeding were infrequent, occurring in 
2% and 7%, respectively, of patients in both arms.

4  |  DISCUSSION

The optimal approach to prophylactic anticoagulation therapy in 
patients with COVID-19 is under active investigation and remains 
a challenging clinical conundrum.1,2,4,21 In a multi-center, open-
label, randomized controlled trial of hospitalized adults with severe 
COVID-19, we found no significant differences in the safety or ef-
ficacy of standard prophylactic dose versus weight-adjusted interme-
diate dose enoxaparin in preventing death or thrombosis at 30 days. 
We did not observe excess major or minor bleeding in patients treated 
with intermediate dose enoxaparin in this population of hospitalized 
patients with high acuity COVID-19. Our findings in ICU patients are 
in agreement with the recently reported results of the INSPIRATION 
trial.15

One limitation of our study is that the trial design was based on 
data available in early 2020 that suggested a mortality of up to 40% in 
hospitalized patients with severe COVID-19 who were treated with 
standard prophylactic dose LMWH.6 Studies performed later in the 
pandemic suggested a lower in-hospital mortality of 15 to 20%,7,22 
which is in agreement with our finding of 18% all-cause mortality at 
30  days. Another limitation is that the results of our study cannot 
be extrapolated to all patients hospitalized with COVID-19, because 
more than 85% of screened patients did not meet the eligibility cri-
teria. The most frequent reasons for screen failure were renal insuf-
ficiency, a clinical indication for therapeutic dose anticoagulation, or 
lack of laboratory evidence for coagulopathy. Both ICU and non-ICU 
patients were eligible, so our results should not be compared directly 
to other trials limited only to critically ill ICU patients. Another poten-
tial difference between our trial and other trials of preventive antico-
agulation therapy in COVID-19 patients is the dosing of enoxaparin 
in obese patients. Standard prophylactic dosing of LWMH is typically 
adjusted for obesity, usually defined as a BMI greater than or equal to 
30, although protocols for dose adjustment for weight are not stan-
dardized.34 Our protocol allowed obese patients in the standard dose 
arm to receive either 30 mg or 40 mg of enoxaparin twice daily per 
dosing guidelines at the participating institutions.35 In the interme-
diate dose arm, all obese patients were assigned to receive 0.5 mg/
kg twice daily. To facilitate comparison with other trials, we have 
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provided the total daily dosages of enoxaparin received by obese 
and non-obese patients in both arms in Figure S2. Finally, our study 
was not designed to examine outcomes beyond 30 days. Therefore, 
additional studies are needed to confirm our findings and assess 
the impact of anticoagulation therapy on the long-term effects of 
COVID-19. Several other trials investigating a variety of different 
antithrombotic strategies, including intermediate dose LMWH, are 
currently ongoing.21,23

A hallmark of COVID-19 is its wide range of severity, from 
asymptomatic infection to life-threatening illness.24 Criteria for 
COVID-19  severity are not standardized, but the baseline char-
acteristics suggest that the patient population studied in this trial 
represented a group of patients at high risk for thrombotic compli-
cations of COVID-19.4 All of the patients were hospitalized and had 
severe COVID-19, which we defined as requiring admission to an 
ICU and/or having laboratory evidence of coagulopathy. Because 
initial reports suggested that the coagulopathy of COVID-19 re-
sembles DIC,1 we used a modified ISTH Overt DIC score17 to as-
sess eligibility. In the intention-to-treat population, 62% of patients 
were admitted to an ICU, 34% required mechanical ventilation, and 
77% had laboratory evidence for coagulopathy (modified DIC score 
≥3). Similar to other reports of patients with severe COVID-19,3 
we found that the main driver of the DIC score was the plasma D-
dimer concentration.

It has been apparent since the early days of the COVID-19 
pandemic that coagulopathy and thromboembolism are highly 
prevalent among hospitalized and critically ill patients.3,25,26 A 
systematic review estimated a pooled incidence of VTE of 17% 
among hospitalized patients with COVID-19.5 Coagulopathy with 
elevated plasma concentrations of D-dimer is associated with 
COVID-19  mortality even in the absence of a clinical diagnosis 
of thromboembolism.4 Post mortem findings from patients with 
COVID-19  have demonstrated a high frequency of pulmonary 
microvascular platelet-fibrin thrombi,7,27-29 which suggests that 
coagulopathy may contribute to respiratory failure and death in 
COVID-19 even in the absence of a clinical diagnosis of throm-
boembolism. Several potential mechanisms of COVID-19--driven 
coagulopathy have been proposed, including platelet hyperac-
tivation,30,31 prothrombotic antiphospholipid antibodies,32 and 
neutrophil extracellular traps.33  The contribution of coagulopa-
thy to the adverse short-term and long-term clinical outcomes of 
COVID-19 remains to be defined, however. Our protocol included 
an exploratory laboratory biomarker component in which blood 
samples from patients were collected for assessment of prothrom-
botic mechanisms and correlative studies. These studies are ongo-
ing and will be reported separately.

In summary, in a multi-center, open-label randomized con-
trolled trial, weight-adjusted intermediate dose enoxaparin was not 
more effective than standard dose enoxaparin in preventing death 
or thrombosis in a population of hospitalized adults with severe 
COVID-19. These prospective data will need to be interpreted in 
the context of other trials investigating strategies for thrombopro-
phylaxis in patients with a range of severities of COVID-19.15,16,34 

Understanding the risks and benefits of escalated dose anticoag-
ulation in critically ill COVID-19 patients receiving intensive care 
is particularly challenging, with some conflicting evidence emerg-
ing from different trials.16,34,35 An international pooled analysis of 
trials investigating different dose regimens of anticoagulant inter-
ventions in hospitalized patients with COVID-19 is planned.23
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