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A B S T R A C T

Introduction: Coronavirus disease 2019 (COVID-19) causes a hypercoagulable state. Several autopsy studies have
found microthrombi in pulmonary circulation.
Methods: In this randomized, open-label, phase II study, we randomized COVID-19 patients requiring me-
chanical ventilation to receive either therapeutic enoxaparin or the standard anticoagulant thromboprophylaxis.
We evaluated the gas exchange over time through the ratio of partial pressure of arterial oxygen (PaO2) to the
fraction of inspired oxygen (FiO2) at baseline, 7, and 14 days after randomization, the time until successful
liberation from mechanical ventilation, and the ventilator-free days.
Results: Ten patients were assigned to the therapeutic enoxaparin and ten patients to prophylactic antic-
oagulation. There was a statistically significant increase in the PaO2/FiO2 ratio over time in the therapeutic
group (163 [95% confidence interval – CI 133–193] at baseline, 209 [95% CI 171–247] after 7 days, and 261
[95% CI 230–293] after 14 days), p = 0.0004. In contrast, we did not observe this improvement over time in the
prophylactic group (184 [95% CI 146–222] at baseline, 168 [95% CI 142–195] after 7 days, and 195 [95% CI
128–262] after 14 days), p = 0.487. Patients of the therapeutic group had a higher ratio of successful liberation
from mechanical ventilation (hazard ratio: 4.0 [95% CI 1.035–15.053]), p = 0.031 and more ventilator-free
days (15 days [interquartile range IQR 6–16] versus 0 days [IQR 0–11]), p = 0.028 when compared to the
prophylactic group.
Conclusion: Therapeutic enoxaparin improves gas exchange and decreases the need for mechanical ventilation in
severe COVID–19.
Trial registration: REBEC RBR-949z6v.

1. Introduction

The primary clinical presentation of severe coronavirus disease
2019 (COVID-19) is an acute respiratory failure with extreme hypox-
emia, which ultimately requires mechanical ventilation [1]. Recent
clinical investigations found a high incidence of thrombotic complica-
tions in these patients, even with the standard anticoagulant throm-
boprophylaxis [2,3]. In addition to diffuse alveolar damage, several
autopsy studies have demonstrated microthrombi in pulmonary

circulation [4–8]. This microvascular thrombosis may contribute to
impaired gas exchange in these patients.

Some observational studies have shown anticoagulation benefits
with reduced mortality, mainly in patients requiring mechanical ven-
tilation [9,10]. However, considerable levels of uncertainty remain
about this therapy.

Our objective was to evaluate whether therapeutic anticoagulation
could improve gas exchange compared to the standard anticoagulant
thromboprophylaxis, reducing the need to maintain mechanical
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ventilation in severe COVID-19 patients.

2. Methods

2.1. Study design

In this randomized, controlled, open-label, single-center, phase II
study, we randomized patients with respiratory failure requiring me-
chanical ventilation and laboratorially confirmed SARS-CoV-2 infection
to receive either therapeutic anticoagulation with enoxaparin or the
standard anticoagulant thromboprophylaxis. The third arm of this study
with therapeutic intravenous unfractionated heparin (UFH) was aban-
doned due to difficulties in adjusting the activated partial thrombo-
plastin time (aPTT) during the pandemic. The study was approved by
the Research Ethics Committee of our institution and followed the
Declaration of Helsinki. The subjects or their relatives gave their
written informed consent before enrollment in this study.

2.2. Patients

The inclusion criteria were patients with age over 18 years-old,
SARS-CoV-2 infection confirmed by reverse transcriptase-polymerase
chain reaction (RT-PCR), presence of acute respiratory distress syn-
drome (ARDS) according to the Berlin definition [11], severe clinical
presentation with respiratory failure requiring mechanical ventilation,
D-dimer levels greater than 1000 μg/L; prothrombin time/international
normalized ratio (INR) < 1.5; activated partial thromboplastin time
(aPTT)/ratio < 1.5, and platelet count greater than 100,000/mm3.
The exclusion criteria were patients with age greater than 85 years-old,
creatinine clearance (CrCl) < 10 mL/min, severe circulatory shock
with a dose of norepinephrine higher than 1.0 μg/kg/min, chronic renal
failure in renal replacement therapy, Child B and C chronic liver dis-
ease, advanced diseases, such as active cancer, heart failure with
functional class III and IV (New York Heart Failure Association),
chronic obstructive pulmonary disease using home oxygen, advanced
dementia, significant disability from stroke or severe head injury, car-
diorespiratory arrest, pregnant women, recent major surgery or severe
trauma in the last 3 weeks, recent stroke in the last 3 months, active
bleeding, blood dyscrasia such as hemophilia, Von Willebrand factor
deficiency, participation in another clinical investigation, indication for
therapeutic anticoagulation due to pulmonary embolism, and acute
coronary syndrome.

For all patients, baseline characteristics and laboratory tests were
retrieved from the medical records using a standardized data collection.

2.3. Randomization and procedure

We used blocked randomization, and the participants were rando-
mized in a 1:1 ratio within two blocks of ten patients each. The patients
were assigned to each treatment by drawing the sequential numbering
of opaque envelopes containing the treatment allocation. The ther-
apeutic enoxaparin group was allocated to receive subcutaneous (SC)
enoxaparin with the dose according to age and adjusted daily by the
creatinine clearance (CrCl) estimated by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation. Patients under
75 years-old with CrCl> 50 mL/min received 1 mg/Kg BID; with CrCl
between 30 and 50 mL/min: 0.75 mg/Kg BID; with CrCl between 10
and 30 mL/min: 1 mg/Kg OD; with CrCl< 10 mL/min: not included in
the study. If their CrCl worsened at these levels (< 10 mL/min) during
the investigation, they were transposed to intravenous unfractionated
heparin (UFH) 24 h after the last dose of enoxaparin, which was ad-
justed according to the activated partial thromboplastin time (aPTT)
aiming at a ratio between 1.5 and 2.0. Patients older than 75 years with
CrCl> 50 mL/min received: 0.75 mg/Kg BID; with CrCl between 30
and 50 mL/min: 1 mg/Kg OD; with CrCl between 10 and 30 mL/min:
0.75 mg/Kg OD; with CrCl< 10 mL/min: similar to younger patients.

Enoxaparin has a high degree of renal excretion and renal function can
modify abruptly in critically ill patients. This drug accumulation,
mainly in renal impairment and elderly patients, increases the bleeding
risk. Because of this, we decided to use a more multitiered enoxaparin
dose adjustment in these patients [12,13]. Therapeutic enoxaparin
should be maintained for at least 96 h; however, we recommend
maintaining it for up to 14 days. Anticoagulation could be suspended at
any time if there was clinical evidence of bleeding. The maximum dose
of enoxaparin allowed was 140 mg BID.

The standard thromboprophylaxis group was allocated to receive
subcutaneous unfractionated heparin (UFH) at a dose of 5000 IU TID (if
weight < 120 kg) and 7500 IU TID (if weight > 120 kg) or en-
oxaparin at a dose of 40 mg OD (if weight < 120 kg) and 40 mg BID (if
weight > 120 Kg) according to the doctor's judgment.

2.4. Outcomes

The primary outcome was the variation in gas exchange over time
evaluated through the ratio of partial pressure of arterial oxygen
(PaO2) to the fraction of inspired oxygen (FiO2) at baseline, 7, and
14 days after randomization. This ratio was blindly calculated using the
result of the arterial blood gas (ABG) analysis collected routinely
around 6:00 am.

The secondary outcomes were the time until successful liberation
from mechanical ventilation, the ventilator-free days (during the
28 days after inclusion in the study; numbers of days without me-
chanical ventilation), the variation in D-dimer levels collected at
baseline during inclusion in the study and repeated 72–96 h later, all-
cause 28-day mortality, in-hospital mortality, and the intensive care
unit (ICU)-free days at 28 days.

To determine the successful liberation from mechanical ventilation,
we considered the maintenance of spontaneous ventilation without the
need for invasive mechanical ventilation support for a minimum of
72 h. All patients received the lung-protective ventilation strategy with
low tidal volume. Each unit used its ventilator liberation protocol. The
patients underwent prone positioning of at least 16 h if PaO2/FiO2
ratio < 150 mmHg. Other ventilator adjuncts to improve oxygenation
in the setting of severe ARDS, such as inhaled nitric oxide and extra-
corporeal membrane oxygenation, were not available in our service.

The D-dimer measurement was performed through the automated
assay VIDAS® D-dimer Exclusion II™ (bioMérieux SA, Lyon, France)
with a cutoff of 500 μg/L.

The safety outcome analyzed was the occurrence of bleeding using
the Thrombolysis in Myocardial Infarction (TIMI) bleeding criteria,
which classified the bleeding in major, minor and requiring medical
attention [14].

2.5. Statistical analysis

We used the Shapiro-Wilk test to evaluate the distribution of the
continuous variables. We expressed the continuous variables with
normal distribution as mean ± standard deviation or mean and its
respective 95% confidence interval (95% CI), and other variables were
expressed as the median and interquartile range (IQR). We used paired
and unpaired t-test to assess the difference between two continuous
variables with a normal distribution. The Mann-Whitney test was used
to compare two continuous variables without normal distribution. We
expressed categorical variables as frequency or percentage. We used
Fisher's exact test to compare two categorical variables and the paired
repeated measures one-way ANOVA test followed by Tukey's multiple
comparison test to compare the PaO2/FiO2 ratio at baseline, 7, and
14 days. We constructed the Kaplan-Meier curves for survival analysis
and compared them using the Cox regression-based test for equality of
survival curves.

We defined the sample size in 10 patients per group, considering a
paired sample, a significance level of 5%, a power of 85%, and an
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improvement in the PaO2/FiO2 ratio from 150 ± 50 (baseline) to
200 ± 50 (D14) with the therapeutic enoxaparin [15].

A two-tailed p-value less than or equal to 0.05 was considered sta-
tistically significant. Statistical analysis and graphs were performed
using the GraphPad Prism software version 7.00 (California, USA) and
the STATA software version 13 (College Station, TX, USA).

3. Results

Trial enrollment started in April 2020 and was completed in July
2020. Details about the disposition of the patients are provided in
Fig. 1. The characteristics of the patients at baseline are described in
Table 1. The baseline characteristics were similar between these two
groups of patients. All patients were on mechanical ventilation and a

similar proportion of patients underwent prone positioning in each
group. They had a similar disease severity; the simplified acute phy-
siology score 3 (SAPS3) and the sequential organ failure assessment
score (SOFA) were not statistically different between the groups. Sixty
percent of the patients in both groups received a low dose of nor-
epinephrine to support the sedation and neuromuscular blocking agent.
D-dimer levels were similar between the groups at baseline (3408 μg/L
[95% CI 1283–5532] vs. 4176 μg/L [95% CI 1986–6365], p = 0.576).
Despite the high D-dimer levels, the patients did not meet the criteria
for disseminated intravascular coagulation (DIC).

We observed a statistically significant increase over time in the
PaO2/FiO2 ratio among the patients in the therapeutic enoxaparin
group (163 [95% CI 133–193] at baseline; 209 [95% CI 171–247] after
7 days; and 261 [95% CI 230–293] after 14 days), p = 0.0004. The

Fig. 1. Flow diagram showing the enrollment, randomization, and follow-up of the patients. ULN: upper limit of normal; LMWH: low molecular weight heparin; UFH:
unfractionated heparin.
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prophylactic anticoagulant group did not show statistically difference
in the PaO2/FiO2 ratio over time (184 [95% CI 146–222] at baseline;
168 [95% CI 142–195] after 7 days; and 195 [95% CI 128–262] after
14 days), p = 0.487. Fig. 2A and B and Table 2. Only one patient of the

prophylactic anticoagulation group died before the 14th-day. We con-
sidered the last PaO2/FiO2 ratio registered at the 12th-day after ran-
domization as the surrogate of this patient's 14th-day ratio.

The patients in the therapeutic enoxaparin group showed a higher

Table 1
Baseline characteristics.

Prophylactic anticoagulation
n = 10

Therapeutic enoxaparin
n = 10

p value

Demographic
Age (years), mean ± sd 58 ± 16 55 ± 10 0.529
Male gender, n (%) 7(70) 9(90) 0.264

Clinical features
Fever, n (%) 8(80) 9(90) 0.531
Cough, n (%) 8(80) 9(90) 0.531
Dyspnea, n (%) 9(90) 9(90) 1.000
Myalgia, n (%) 4(40) 5(50) 0.653
Time from illness onset to hospital admission (days), mean ± sd 6 ± 3 7 ± 2 0.464

Medical history
Diabetes mellitus, n (%) 3(30) 4(40) 0.639
Hypertension, n (%) 3(30) 4(40) 0.639
Cardiovascular disease, n (%) 1(10) 1(10) 1.000
Immunocompromise, n (%) 0(00) 1(10) 0.305
BMI (Kg/m2), mean ± sd 34 ± 8 33 ± 8 0.828

Physical examination
Systolic blood pressure (mmHg), mean ± sd 120 ± 25 125 ± 20 0.605
Diastolic blood pressure (mmHg), mean ± sd 72 ± 14 78 ± 12 0.319
Heart rate (beats per minute), mean ± sd 77 ± 14 80 ± 20 0.690

Mechanical ventilation, n (%) 10(100) 10(100) 1.000
Tidal volume (mL), mean ± sd 376 ± 67 419 ± 70 0.178
Tidal volume (mL per kg of PBW), mean ± sd 6.10 ± 0.57 6.10 ± 0.74 1.000
PEEP (cm of water), mean ± sd 12 ± 2 11 ± 3 0.408
Plateau pressure (cm of water), mean ± sd 24 ± 4 23 ± 4 0.293
Static compliance (mL/cm of water), mean ± sd 38 ± 13 37 ± 6 0.848
Respiratory rate (cycles per min), mean ± sd 25 ± 4 24 ± 3 0.323
FiO2 (%), mean ± sd 0.72 ± 0.23 0.78 ± 0.18 0.521
Prone positioning, n (%) 8(80) 7(70) 0.606

Previous condition before enrollment
ICU stay before enrollment (days), median (IQR) 1(0–2) 0(0–2) 0.496
Prophylactic anticoagulation, n (%) 7(70) 4(40) 0.137
Therapeutic anticoagulation, n (%) 0(00) 0(00) 1.000

Drugs, n (%)
Norepinephrine 6(60) 6(60) 1.000
Neuromuscular blocking agent 10(100) 10(100) 1.000
Corticosteroids 7(70) 7(70) 1.000
Hydroxychloroquine 1(10) 4(40) 0.121
Macrolide antibiotic 9(90) 9(90) 1.000
Antiplatelet agents 0(00) 0(00) 1.000
Remdesivir 0(00) 0(00) 1.000
Interleukin-6 inhibitors 0(00) 0(00) 1.000

Laboratory test
Hemoglobin (g/dL), mean ± sd 13 ± 2 14 ± 2 0.163
White-cell count (per microliter), mean ± sd 11,107 ± 4178 7880 ± 2877 0.059
Platelet count (per microliter), mean ± sd 243,800 ± 48,622 203,700 ± 60,498 0.119
Creatinine clearance (mL/min), mean ± sd 59 ± 27 79 ± 19 0.074
Lowest creatinine clearance (mL/min)*, mean ± sd 46 ± 20 53 ± 20 0.412
Creatinine (mg/dL), mean ± sd 1.0 ± 0.4 1.0 ± 0.2 0.786
Peak creatinine (mg/dL)*, median (IQR) 1.43(1.30–1.59) 1.52(1.18–1.80) 0.705
D-dimer (μg/L), mean (95% CI) 3408(1283–5532) 4176(1986–6365) 0.576
Fibrinogen (mg/dL), median (IQR) 673(670–767) 774(685–946) 0.187
Prothrombin time (INR), median (IQR) 1.05(1.01–1.14) 1.05(0.99–1.17) 0.791
aPPT(Ratio), median (IQR) 1.14(1.05–1.17) 1.01(0.87–1.21) 0.364
C-reactive protein (mg/L), mean ± sd 16 ± 8 18 ± 7 0.504
Lactate (mg/dL), mean ± sd 1.8 ± 0.3 1.7 ± 0.4 0.556
PaO2/FiO2 ratio, mean ± sd 184 ± 53 163 ± 41 0.336

Scores, median (IQR)
SOFA 10(8–11) 10(7–11) 0.877
SAPS 3 56(52–68) 56(51–68) 0.939
SIC 2(2–2) 2(2–3) 0.275
DIC 2(2–2) 2(2–2) 0.146

sd: standard deviation; CI: confidence interval; IQR: interquartile range; BMI: body mass index; kg: kilogram; PBW: predicted body weight; PEEP: positive end-
expiratory pressure; PaO2: partial pressure of arterial oxygen; FiO2: fraction of inspired oxygen; ICU: intensive care unit; *during the 14 days after randomization;
aPTT: activated partial thromboplastin time; INR: international normalized ratio; SOFA: sequential organ failure assessment score; SAPS 3: simplified acute phy-
siology score 3; DIC: International Society of Thrombosis and Haemostasis criteria for disseminated intravascular coagulation; SIC: sepsis-induced coagulopathy
score.
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ratio of successful liberation from mechanical ventilation (hazard ratio:
4.0 [95% CI 1.035–15.053]), p = 0.031 during the 28-day follow-up.
Fig. 3 The ventilator-free days were higher in the therapeutic

enoxaparin group (15 days [interquartile range IQR 6–16]) compared
to the prophylactic anticoagulation group (0 days [IQR 0–11]),
p = 0.028.

Fig. 2. Evolution of the gas exchange over time evaluated through the ratio of partial pressure of arterial oxygen (PaO2) to the fraction of inspired oxygen (FiO2) at
baseline, 7, and 14 days after randomization in the patients of the prophylactic anticoagulation group (A) and the therapeutic enoxaparin group (B). Evaluation of D-
dimer levels at baseline (before) and 72–96 h later (after) in the prophylactic anticoagulation group (C) and the therapeutic enoxaparin group (D). CI: confidence
interval.

Table 2
Outcomes and adverse events.

Prophylactic anticoagulation
n = 10

Therapeutic enoxaparin
n = 10

p–Value

Outcomes
PaO2/FiO2 ratio, mean (95% CI) p–Value⁎ p–Value⁎

D0 (baseline) 184(146–222) 0.487 163(133–193) 0.0004 0.336
D7 (after 7 days) 168(142–195) 209(171–247) 0.060
D14 (after 14 days) 195(128–262) 261(230–293) 0.057

Ventilator-free days, median (IQR) 0(0−11) 15(6–16) 0.028
Number of prone positioning sessions, median (IQR) 2(2–3) 1(0–2) 0.048
All cause 28-day mortality, n (%) 3(30) 1(10) 0.264
In-hospital mortality, n (%) 5(50) 2(20) 0.160
ICU-free days, median (IQR) 0(0−10) 12(2−12) 0.067
Length of hospital stay; days, median (IQR) 30(23–38) 31(22–35) 0.838
Thrombotic events, n (%) 2(20) 2(20) 1.000

Adverse events, n (%)
Major bleeding 0(00) 0(00)
Minor bleeding 0(00) 2(20)
Bleeding requiring medical attention 2(20) 4(40)
Drop in hemoglobin levels (g/dL), mean (95% CI) 3(1–4) 4(3–6) 0.063
Drop in hemoglobin levels > 5.0 g/dL, n (%) 2(20) 4(40) 0.329

⁎ Intragroup analysis; PaO2: partial pressure of arterial oxygen; FiO2: fraction of inspired oxygen; CI: confidence interval; IQR: interquartile range; ICU: intensive
care unit.
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