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Abstract
Coronavirus disease 2019 (COVID-19) carries a high risk of vascular thrombosis. However, whether a specific antico-
agulation intensity strategy may prevent clinical worsening in severe COVID-19 patients is still debated. We conducted a 
joint analysis of two randomized controlled trials, COVID-19 HD (NCT044082359) and EMOS-COVID (NCT04646655), 
to assess the efficacy and safety of two anticoagulant regimens in hospitalized severe COVID-19 patients. Subjects with 
COVID-19-associated respiratory compromise and/or coagulopathy were randomly assigned to low (4000 IU qd) or high 
(70 IU  Kg−1 every 12 h) enoxaparin dose. The primary efficacy endpoint was clinical worsening within 30 days, defined as 
the occurrence of at least one of the following events, whichever came first: in-hospital death, evidence of arterial or venous 
thromboembolism, acute myocardial infarction, need for either continuous positive airway pressure (CPAP) or non-invasive 
ventilation (NIV) in patients receiving standard oxygen therapy or none at randomization, and need for mechanical ventila-
tion in any patient. The safety endpoint was major bleeding. We estimated the relative risk (RR) and its 95% confidence 
interval (CI) for the outcomes. Among 283 patients included in the study (144 in the low-dose and 139 in the high-dose 
group), 118 (41.7%) were on NIV or CPAP at randomization. 23/139 (16.5%) patients in the high-dose group reached the 
primary endpoint compared to 33/144 (22.9%) in the low-dose group (RR 0.72, 95% CI 0.45–1.17). No major bleeding was 
observed. No significant differences were found in the clinical worsening of hospitalized COVID-19 patients treated with 
high versus low doses of enoxaparin.

Keywords Anticoagulation · Bleeding · Clinical worsening · COVID-19 · Low-molecular-weight heparin · Mortality · 
Thromboembolism · Thrombosis · Randomized controlled trials

Introduction

The coronavirus disease 2019 (COVID-19) carries a high 
risk of vascular thrombosis, including both venous throm-
boembolism and arterial thrombosis. The so-called immu-
nothrombosis associated with COVID-19 is characterized 
by complex features that do not perfectly match any other 

known coagulopathy, such as sepsis-induced coagulopathy, 
thrombotic microangiopathy, or disseminated intravascular 
coagulation [1]. Given the high risk of micro- and macro-
thrombotic phenomena [2], anticoagulation has been con-
sidered a potentially useful treatment. However, so far, no 
conclusive results are available on the most appropriate 
therapeutic regimen. Enoxaparin has not only anticoagulant 
but also many anti-inflammatory, endothelial-protecting, and 
potentially antiviral properties [3]. It represents a promising 
drug for dampening the immune response and the severe 
hypercoagulability observed in COVID-19 patients. Its use 
at prophylactic doses has been shown to be associated with 
reduced 28-day mortality in severe COVID-19 patients with 
coagulopathy [4, 5]. However, no definitive evidence is 
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available on whether higher doses of low-molecular-weight 
heparin (LMWH) can improve the overall prognosis of 
hospitalized COVID-19 patients without significant safety 
issues.

The optimal approach to thromboprophylaxis in acutely 
ill hospitalized COVID-19 patients is still a matter of debate. 
It has been addressed by panel of experts worldwide and has 
led to shared clinical practice guidelines, which were con-
tinuously updated based on the growing body of evidence 
[6–9].

The guidelines from the American Society of Hematol-
ogy (ASH) issued a conditional recommendation in favor of 
therapeutic-intensity over prophylactic-intensity anticoagu-
lation in acutely ill COVID-19 patients without suspected 
or confirmed venous thromboembolism (VTE) [10]. How-
ever, the multidisciplinary panel admitted that this recom-
mendation is based on very low certainty in the evidence, 
highlighting the need for data from high-quality randomized 
controlled trials comparing different intensities of anticoagu-
lation in patients affected by COVID-19 pneumonia.

Most of the meta-analyses and systematic reviews suffer 
from marked heterogeneity of the studies included, no clear-
cut distinction between moderately and severely ill patients, 
variability of anticoagulant regimens, timing of administra-
tion, settings of enrollment, and concomitant therapies also 
due to enrollment during different waves of the COVID-19 
pandemic. Moreover, among the anticoagulation regimens, 
a wide spectrum of enoxaparin doses has been labeled as 
“intermediate” and variably considered as prophylactic or 
therapeutic [11–15].

Whether a higher dose of LMWH, intentionally designed 
to provide anticoagulant effects beyond prophylactic dosing 
while reducing the risk of bleeding, may prove beneficial 
in hospitalized COVID-19 patients is still an unanswered 
question.

Mortality was the main efficacy endpoint assessed 
by most clinical trials investigating the potential benefits 
of escalating thromboprophylaxis in severe COVID-19 
patients. However, besides addressing per se hard outcomes 
such as death, use of mechanical ventilation and organ 
support, intensive care unit (ICU) admission, and major 
thrombotic and bleeding events, a meaningful endpoint is 
certainly the progression of respiratory failure with the need 
for upgrading the respiratory support (even before the use of 
mechanical ventilation).

In Italy, two randomized controlled trials (RCTs), 
COVID-19 HD and HEMOS-COVID, with similar study 
designs and common outcome measures have been con-
ducted around the same time on the efficacy and safety of 
prophylactic vs higher dose of enoxaparin in hospitalized 
patients with COVID-19. Of note, the Italian Medicines 
Agency simultaneously authorized both studies, recom-
mending to gather the collected data in a joint analysis at 

the time of interim analysis, to faster the process of collect-
ing evidence.

Therefore, in our ETHYCO (Enoxaparin at THerapeutic 
or prophYlactic dose in severe COVID) Study, we performed 
an integrated joint analysis of the data from these two RCTs 
aiming at assessing the effects of two anticoagulation regi-
mens on the clinical worsening of hospitalized severe yet 
non-critically ill COVID-19 patients.

Methods

COVID-19 HD was a multicenter trial conducted in eight 
units of three hospitals in Italy (AUO Policlinico Modena, 
Ospedale Sant’Agostino – Baggiovara, Ospedale Guglielmo 
da Saliceto – Piacenza).

EMOS-COVID was conducted at the ASST Fatebenefra-
telli-Sacco, University of Milan, a referral center for highly 
transmissible diseases in Northern Italy. A joint analysis of 
the two RCTs was performed.

Both studies enrolled hospitalized patients, admitted 
to medical wards, with COVID-19-associated respira-
tory compromise (as identified by respiratory rate ≥ 25 
breaths  min−1 or arterial oxygen saturation ≤ 93% at rest or 
 PaO2/FiO2 ≤ 300 mmHg for COVID-19 HD and by  PaO2/
FiO2 ≤ 250 mmHg for EMOS-COVID) and/or coagulopathy 
defined as D-dimer > 2000 ng  ml−1 for both RCTs or sepsis-
Induced coagulopathy (SIC) score > 4 for COVID-19 HD.

In both RCTs, patients were randomly assigned to two 
arms: enoxaparin at low dose (standard prophylactic dose 
of 4000 IU qd; in the EMOS-COVID 6000 IU qd if body 
weight > 100 kg) and at high dose (70 IU Kg −1 every 12 h). 
This not-fully anticoagulant dosage was chosen to reduce the 
risk of bleeding, by analogy with a previously published trial 
about the bridging therapy on AVK-treated patients [16].

In both RCTs, randomization was performed with a cen-
tralized, computer-generated allocation sequence with no 
stratification.

The assigned therapy was administered until hospital dis-
charge or until a clinical indication to stop the treatment or 
change the dose occurred (e.g., confirmed venous thrombo-
embolism or bleeding). In the EMOS-COVID trial, patients 
were treated according to the assigned arm until discharge; 
after discharge, all patients were treated with enoxaparin at 
prophylactic dose (4000 IU up to 100 kg, or 6000 IU over 
100 kg) for 30 days.

Other treatments needed for COVID-19 pneumonia were 
administered according to the evidence available at the time 
of data collection, in compliance with hospital protocols, 
and at the discretion of the treating clinicians, with no 
limitations due to participation in the COVID-19 HD and 
EMOS-COVID trials.
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Data (baseline demographic and medical informa-
tion, daily clinical parameters, outcome measures) were 
entered into an electronic case report form by the ETHYCO 
investigators.

Two severity scores were calculated, the sequential organ 
failure assessment (SOFA) score, which evaluates organ dys-
function [17], and the sepsis-induced coagulopathy (SIC) 
score, which was specifically designed for sepsis-induced 
coagulation disturbances [18].

Details on each RCT design are provided in the Supple-
mentary material.

The primary efficacy outcome of the joint analysis was 
clinical worsening, defined as the occurrence of at least one 
of the following events, whichever came first: in-hospital 
death, acute myocardial infarction, evidence of arterial or 
venous thromboembolism, need for either continuous posi-
tive airway pressure (CPAP) or non-invasive ventilation 
(NIV) in patients who were in standard oxygen therapy or 
none at randomization, or need for mechanical ventilation 
(MV) in any patient.

The primary safety outcome was major bleeding, defined 
according to the International Society on Thrombosis and 
Haemostasis [19].

The secondary efficacy outcomes were any event of the 
primary efficacy outcome and mortality at 30 days from 
randomization.

COVID-19 HD and EMOS-COVID were both approved 
by a central institutional review board and registered 
on ClinicalTrials.gov (identifiers NCT04408235 and 
NCT04646655, respectively). Written informed consent was 
obtained from participants or their legal surrogates.

Statistical analysis

We summarized data with counts and percentage for cat-
egorical data and with mean and standard deviation (SD) or 
median and interquartile range (IQR) for continuous data.

Each outcome was analyzed as a binary outcome. The pri-
mary outcome was also assessed as time-to-event. We esti-
mated the relative risk (RR) and the absolute reduction for 
binary outcomes with the relative 95% confidence interval 
(CI). We estimated the hazard ratio (HR) and relative 95%CI 
for time-to-event data. We also calculated the Kaplan–Meier 
curves and compared the curves between groups using the 
log-rank test. All analyses for efficacy used the intention-to-
treat populations from the RCTs.

A result was considered statistically significant if its 
p-value was less than 0.05.

For the primary efficacy outcome, we performed the fol-
lowing pre-specified subgroup analyses: age (≥ 70 vs < 70 
years of age), sex, BMI (≥ 30 vs < 30 kg  m−2), D-dimer 
(> 2000 vs ≤ 2000 ng  ml−1), corticosteroid treatment, 

supplemental oxygen requirement at baseline (standard oxy-
gen therapy or none vs CPAP or NIV).

The STATA version 15 (Stata Corp., College Station, TX) 
was used for all analyses.

Results

Two hundred and eighty-three patients were enrolled in 
the ETHYCO Study, with 144 subjects (50.9%) randomly 
assigned to the low-dose arm and 139 (49.1%) to the high-
dose one. Baseline characteristics of the study population 
were similar between the two groups (Table 1).

The clinical--biochemical parameters at baseline, together 
with respiratory support at screening time (none or standard 
oxygen therapy vs NIV), SOFA and SIC scores are sum-
marized in Table 2. Baseline characteristics by study are 
shown in Table 1 and Supplementary Table 2. The main 
therapies (corticosteroids, immuno-modulators agents, and 
antiviral drugs) administered to patients enrolled in the study 
are summarized in Supplementary Table 3.

Primary and secondary outcomes

As Table 3 shows, among 283 participants included in the 
analysis of the ETHYCO Study, no significant difference in 
the risk of clinical worsening between high- and low- enoxa-
parin dose group was found (RR = 0.72; 95% CI 0.45–1.17).

Among 283 participants included in the analysis of the 
ETHYCO Study, 23/139 (16.5%) patients in the high-dose 
enoxaparin group experienced clinical worsening, compared 
to 33/144 (22.9%) in the low-dose enoxaparin group, repre-
senting a RR of 0.72 (95% CI 0.45–1.17) (Table 3).

Similar results were observed for the time to clinical 
worsening (HR 0.65 95% CI 0.37–1.15).

Figure 1 shows the Kaplan–Meier survival estimates 
of clinical worsening (Log-rank test p-value = 0.19). The 
results were consistent across the pre-specified subgroups, 
as shown in Supplementary Table 4.

No major bleeding was observed during the study.
In total, nine venous thromboembolic events, six in the 

low-dose and three in the high-dose enoxaparin group were 
observed (RR 0.52, 95% CI 0.13–2.03).

As highlighted in Table 3, higher enoxaparin regimens 
did not affect individual items of the secondary outcome. 
No acute myocardial infarction occurred in either group.

Discussion

The results of our joint analysis showed no significant dif-
ferences in the composite primary outcome of clinical wors-
ening in hospitalized severe non-critically ill COVID-19 
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patients who were administered enoxaparin at 70 IU  Kg−1 
every 12 h compared to those who received low dose 
LMWH. The results were consistent across pre-defined sub-
groups and secondary outcomes.

Our data add some important new clues to the cur-
rent knowledge on the topic. Remarkably, although most 
guidelines and expert consensus issued conditional recom-
mendations against the escalation of anticoagulation in all 
categories of hospitalized COVID-19 patients (either mod-
erately ill or critically ill patients), a recent meta-analysis 
of high-quality multicenter RCTs suggested that full-dose 
anticoagulation with heparin or LMWH was associated 
with a lower rate of all-cause mortality and major throm-
botic events, with the benefits being partly offset by a mod-
est probability of increased major bleeding in hospitalized 
non-critically ill COVID-19 patients [15]. However, only 
a few randomized clinical trials have deeply investigated 
the potential benefits of escalating thromboprophylaxis to a 
higher yet possibly safer posology (70 IU  Kg−1 twice daily) 
as compared to the usual full therapeutic dose (100 IU  Kg−1 
twice daily) [11, 12]. While the enoxaparin dose chosen in 
our trial can be classified as “intermediate” according to the 
definition, which states that intermediate dose anticoagu-
lation “refers to escalated prophylactic dosing regimen(s), 
with drug doses higher than standard prophylactic doses but 

lower than therapeutic doses of the respective anticoagulant 
agent”[20], the definition of “intermediate dose” per se is 
highly debatable. In fact, a wide spectrum of enoxaparin 
doses has been used in the literature (from less than 0.5–0.7 
mg  Kg−1 q12h) so that merging data from different trials 
with different definitions may be questionable, not only 
from a methodological standpoint, but also from a clinical 
perspective. Interestingly, different trials have included the 
intermediate dose in either the intervention arm [11, 12] or 
the control arm [13, 14]. Furthermore, the variability in the 
case mix under investigation (e.g., medical ward patients 
versus critically ill patients, and among the critically ill, 
those requiring only oxygen therapy versus those needing 
non-invasive or invasive mechanical ventilation) adds to the 
considerable challenge of deriving universally applicable 
conclusions.

Overall, our findings are in keeping with the results of 
other RCTs that compared intermediate to standard pro-
phylactic LMWH doses in hospitalized non-critically ill 
COVID-19 patients [11–13, 21, 22].

The INSPIRATION trial compared intermediate dose of 
enoxaparin at 1 mg  Kg−1 daily, which is lower than that used 
in the ETHYCO study, vs low-dose anticoagulant therapy in 
critically ill patients and found no differences in such hard 
outcomes as death or thromboembolic events [11]. The 

Table 1  Baseline characteristics 
of the study population

SD standard deviation, Kg kilogram, m2 square meter, F females, M males

Low-dose enoxapa-
rin (n = 144)

High-dose enoxapa-
rin (n = 139)

Total (n = 283)

Age
 Years, mean (SD) 60.8 (11.2) 61.4 (10.3) 61.1 (10.7)
 ≥ 70 years old, n (%) 39 (27.1) 36 (25.9) 75 (26.5)
 < 70 years old, n (%) 105 (72.9) 103 (74.1) 208 (73.5)

Sex
 F, n (%) 36 (25) 40 (28.8) 76 (26.9)
 M, n (%) 108 (75) 99 (71.2) 207 (73.1)

BMI
 Kg  m−2, mean (SD) 29.6 (4.4) 29.8 (5.5) 29.7 (5.0)
 ≥ 30, n (%) 66 (45.8) 59 (42.5) 125 (44.2)
 < 30, n (%) 78 (54.2) 80 (57.5) 158 (55.8)

Comorbidities, n (%)
 Hypertension 47 (32.6) 49 (35.3) 96 (33.9)
 Type 2 Diabetes 24 (16.7) 23 (16.5) 47 (16.6)
 Coronary artery disease 6 (4.2) 7 (5.0) 13 (4.6)
 Asthma 6 (4.2) 4 (2.9) 10 (3.5)
 Chronic obstructive pulmonary disease 2 (1.4) 4 (2.9) 6 (2.1)
 Restrictive lung diseases 0 (0) 2 (1.4) 2 (0.7)
 Moderate to severe renal failure 1 (0.7) 1 (0.7) 2 (0.7)
 Stroke 0 (0) 2 (1.4) 2 (0.7)
 Arrhythmia 1 (0.7) 0 (0) 1 (0.4)
 End-stage renal disease (Dialysis) 0 (0) 0 (0) 0 (0)
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Table 2  Baseline parameters: vital signs, respiratory support, main laboratory tests, severity scores

SD standard deviation, IQR interquartile range

Low-dose enoxaparin 
(n = 144)

High-dose enoxaparin 
(n = 139)

All patients (n = 283)

Vital signs
 Systolic blood pressure (mmHg), mean (SD) 129.5 (15.2) 129.6 (17.7) 129.6 (16.4)
 Diastolic blood pressure (mmHg), mean (SD) 75.1 (10.0) 74.2 (11.0) 74.7 (10.5)
 Heart rate (beats per minute), mean (SD) 78.8 (13.7) 79.8 (15.8) 79.3 (14.8)
 Respiratory rate (breaths per minute), mean (SD) 23.4 (5.2) 23.2 (6.0) 23.3 (5.6)
 Saturation  (SpO2), n (%) 94.4 (3.9) 94.6 (3.5) 94.5 (3.7)
 Temperature (°C), mean (SD) 36.5 (0.9) 36.6 (0.9) 36.6 (0.9)

Respiratory support at screening time
 None or standard oxygen therapy 85 (59.0) 80 (57.5) 165 (58.3)
 CPAP or NIV 59 (41) 59 (42.5) 118 (41.7)

Laboratory tests
 WBC  (109  L−1), mean (SD) 8.3 (3.6) 8.0 (3.3) 8.2 (3.4)
 PLT  (109  L−1), mean (SD) 258.9 (102.8) 255.1 (94.2) 257.0 (98.5)
 Creatinine (mg  dl−1), mean (SD) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2)
 INR, mean (SD) 1.1 (0.1) 1.1 (0.1) 1.1 (0.1)
 aPTT ratio, mean (SD) 1.0 (0.1) 1.1 (0.9) 1.0 (0.7)
 D-Dimer (ng  ml−1), median (IQR) 860 (580–1246) 840 (530–1302) 852.5 (567.5–1261.5)
 > 2000 ng  ml−1, n (%) 14 (9.8) 18 (13.1) 32 (11.4)
 ≤ 2000 ng  ml−1, n (%) 129 (90.2) 119 (86.9) 248 (88.6)

Missing, n (%) 1 (0.7%) 2 (1.4%) 3 (0.1%)
SOFA (sequential organ failure assessment)
 Score, mean (SD) 2.7 (0.8) 2.8 (0.8) 2.8 (0.8)
 ≥ 2, n (%) 131 (91) 125 (89.9) 256 (90.5)
 = 1, n (%) 9 (6.3) 4 (2.9) 13 (4.6)
 Missing, n (%) 4 (2.8) 10 (7.2) 14 (5)

SIC (Sepsis-induced coagulopathy)
 Score, mean (SD) 2.4 (0.7) 2.3 (0.6) 2.3 (0.6)

Table 3  Results on primary and secondary outcomes

Low-dose enoxapa-
rin, Events/n (%)

High-dose enoxapa-
rin, Events/n (%)

Relative risk (95%CI) Absolute reduction 
in risk (95%CI), %

Primary outcomes
 Clinical worsening 33/144 (22.9) 23/139 (16.5) 0.72 (0.45 to 1.17) − 6.4 (− 16.0 to 2.8)
 Major bleeding 0/144 (0) 0/139 (0) − −

Secondary outcomes
 Death 8/144 (5.5) 7/139 (5.0) 0.91 (0.34 to 2.43) − 0.5 (− 0.06 to 0.5)
 AMI 0/144 (0) 0/139 (0) − −
 VTE 6/144 (4.2) 3/139 (2.2) 0.52 (0.13 to 2.03) − 2.0 (− 6.1 to 2.1)
 Need for escalation of respiratory support 27/144 (18.8) 20/139 (14.4) 0.77 (0.45 to 1.30) − 4.4 (− 13.0 to 4.3)
 Need for CPAP/NIV/MV for patients in  O2 

therapy at randomisation
16/85 (18.8) 12/80 (15.0) 0.80 (0.40 to 1.58) − 3.8 (− 15.2 to 7.6)

 Need for MV for patients in CPAP/NIV at 
randomisation

11/59 (18.6) 8/59 (13.6) 0.73 (0.32 to 1.68) − 5.1 (− 18.3 to 8.1)

 Mortality at 30 days 8/144 (5.5) 6/139 (4.3) 0.78 (0.28 to 2.18) − 1.2 (− 6.3 to 3.8)
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recent ANTICOVID trial [22] showed that escalating antico-
agulation dose did not improve survival or disease resolution 
in patients hospitalized with hypoxemic COVID-19 pneu-
monia. However, intermediate dose anticoagulation (almost 
comparable to the high-dose of the ETHYCO study) was 
associated with the best net benefit, driven by a four-fold 
reduction in de novo thrombosis (mainly pulmonary artery) 
with a good safety profile. In contrast, no additional advan-
tage of fully therapeutic anticoagulation was observed. We 
found a similar trend with a lower, although not significant, 
occurrence of venous thromboembolism in the high-dose 
group.

Growing knowledge during the course of the pandemic 
and concurrent treatments may have influenced the outcomes 
assessed in our study. Many studies on anticoagulation in 
COVID-19 have been conducted during the first pandemic 
wave, when corticosteroids had still not become the stand-
ard of care. Therefore, the net effect of the anticoagulant 
treatment on the clinical course of hospitalized COVID-19 
patients may have been blunted in the ETHYCO study, since 
93% patients were on corticosteroid treatment at randomiza-
tion, as compared to much lower proportions in other large 
trials [23].

We speculate that, overall, these results suggest the need 
for an individualized assessment of risk of thrombosis and 
bleeding, a thorough evaluation of associated morbidity and 
mortality as well as the impact on quality of life to perform 
tailored treatment decisions. Although the subgroup analysis 
did not highlight specific sub-populations that may benefit 
from high-dose anticoagulation, the question whether such 
a categorization may have failed to reflect the complexity of 
the clinical scenario is still open. Higher intensity-anticoagu-
lation strategies in higher-risk hospitalized patients may still 
need to be considered on a case-by-case basis. The National 
Institutes of Health currently recommends therapeutic-dose 

anticoagulation for hospitalized COVID-19 patients with 
increased D-dimer levels requiring low-flow oxygen [24]. 
This indication may appear debatable, but it probably stems 
from the need to consider more than one parameter to indi-
vidualize treatment.

A multimodal evaluation considering clinical--biochem-
ical-imaging data (e.g., advanced age, history of cancer or 
VTE, elevated D-dimer, radiological pattern of ARDS), pos-
sibly with their dynamic changes over time, is necessary. 
Whether a specific COVID-19 risk score may be useful, as 
advocated by some Authors [23], or no tool can truly capture 
what may be understood only through complex clinical judg-
ment, remains to be investigated.

The most appropriate timing of administration of antico-
agulation strategies is also an issue of pivotal importance. 
Our results seem to confirm that once the multiple underly-
ing pathophysiological mechanisms (inflammation, endothe-
lial injury and immunothrombosis) are activated, the com-
plex clinical course of COVID-19 patients with respiratory 
compromise cannot be favorably influenced even by very 
early administration of high intensity anticoagulation [25].

Some important limitations of our trial must be acknowl-
edged. The most relevant limitation is the quite small sample 
size, which might have limited the possibility to detect even 
small differences between the study groups not only on such 
an hard outcome as mortality, but also on endpoints as the 
need for advanced respiratory support on which previous tri-
als have shown that anticoagulation might be of benefit [14].

The high-dose group was administered 70 IU  Kg−1 bid 
of enoxaparin. While this dose significantly exceeds much 
lower doses referred to as "intermediate" in the literature, it 
remains lower than the full therapeutic dose. Consequently, 
our findings are not universally generalizable and should 
be interpreted as a component within the complex mosaic 
of a patient-tailored anticoagulation strategy for severe 

Fig. 1  Kaplan-Meier survival 
estimates for clinical worsening-
free survival in high- and low- 
enoxaparin dose group
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SARS-CoV-2 disease. It is crucial to emphasize that our 
chosen dosage choice inherently limits any inferences con-
cerning a direct comparison between a full therapeutic dose 
and a prophylactic dose.

Moreover, we enrolled predominantly white patients; 
therefore, the results might not be generalizable to patients 
of other ethnicities.

Our study's strengths encompass a uniform patient pop-
ulation (severe COVID-19 cases meeting similar criteria, 
consistent care in comparable hospital units excluding ICU), 
and a consistent trial design. Notably, our therapeutic arm 
featured a singular, specified treatment choice (LMWH at 70 
IU Kg-1 every 12 h), setting it apart from larger randomized 
trials that explored various therapeutic-dose groups, includ-
ing LMWH, unfractionated heparin, and even direct-acting 
oral anticoagulants.

We speculate that the issue of the most appropriate 
anticoagulation strategy in COVID-19 patients should be 
interpreted in the wider context of the appropriateness of 
anticoagulant drug prescriptions for VTE prophylaxis in 
hospitalized (often multimorbid) medical patients, which is 
certainly an ever-evolving and debated topic [26, 27].

In conclusion, our joint analysis of two RCTs showed 
that among hospitalized severe non-critically ill COVID-
19 patients, the escalation of LMWH to a dose higher than 
prophylactic, yet below fully therapeutic levels, did not sig-
nificantly impact the progression of clinical worsening.
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