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A B S T R A C T   

Background: Antithrombotic treatment may improve the disease course in non-critically ill, symptomatic COVID- 
19 outpatients. 
Methods: We performed an individual patient-level analysis of the OVID and ETHIC randomized controlled trials, 
which compared enoxaparin thromboprophylaxis for either 14 (OVID) or 21 days (ETHIC) vs. no thrombopro-
phylaxis for outpatients with symptomatic COVID-19 and at least one additional risk factor. The primary efficacy 
outcome included all-cause hospitalization and all-cause death within 30 days from randomization. Both studies 
were prematurely stopped for futility. Secondary efficacy outcomes were major symptomatic venous thrombo-
embolic events, arterial cardiovascular events, or their composite occurring within 30 days from randomization. 
The same outcomes were assessed over a 90-day follow-up. The primary safety outcome was major bleeding 
(ISTH criteria). 
Results: A total of 691 patients were randomized: 339 to receive enoxaparin and 352 to the control group. Over 
30-day follow-up, the primary efficacy outcome occurred in 6.0 % of patients in the enoxaparin group vs. 5.8 % 
of controls for a risk ratio (RR) of 1.05 (95%CI 0.57–1.92). The incidence of major symptomatic venous 
thromboembolic events and arterial cardiovascular events was 0.9 % vs. 1.8 %, respectively (RR 0.52; 95%CI 
0.13–2.06). Most cardiovascular thromboembolic events were represented by symptomatic venous thrombo-
embolic events, occurring in 0.6 % vs. 1.5 % of patients, respectively. A similar distribution of outcomes between 
the treatment groups was observed over 90 days. No major bleeding occurred in the enoxaparin group vs. one 
(0.3 %) in the control group. 
Conclusions: We found no evidence for the clinical benefit of early administration of enoxaparin thrombopro-
phylaxis in outpatients with symptomatic COVID-19. These results should be interpreted taking into consider-
ation the relatively low occurrence of events.   

1. Background 

COVID-19 is a viral respiratory infection that led to at least 6 million 
deaths around the globe [1]. The pro-thrombotic nature of COVID-19 
causes arterial but mostly venous thromboembolic events [2]. Ran-
domized trials have confirmed that therapeutic-dose heparin, compared 
with prophylactic-dose heparin, is beneficial in hospitalized patients 
with moderately severe COVID-19, but probably not in those who 
require intensive care or invasive ventilation [3]. 

Low-molecular-weight heparin (LMWH) is effective and safe in 
preventing venous thromboembolic disease in medical and surgical 
patients at high risk of venous thromboembolism, both in an in-hospital 
and post-discharge settings [4]. It has been postulated that enoxaparin, 
in addition to its antithrombotic effect, exerts an antiviral and anti- 
inflammatory effect [5]. On this basis, adding antithrombotic treat-
ment may improve the early course of COVID-19 in ambulatory symp-
tomatic patients [6,7]. Its use has been advocated as part of routine care 
for patients with COVID-19 in the community during the early phases of 
the pandemic [8]. 

In this report, we performed a systematic review and individual 
patient-level pooled analysis of randomized trials investigating the ef-
ficacy and safety of primary thromboprophylaxis with enoxaparin for 
symptomatic COVID-19 patients treated in the ambulatory setting. 

2. Patients and methods 

A structured systematic review of the literature encompassing pub-
lished (PubMed/Medline) and terminated/ongoing (clinicaltrials.org, 
EudraCT) randomized trials was performed by the investigators of the 
OVID [9–11] and ETHIC [12] trials on April 1st 2023 to confirm that no 
additional study fulfilled the inclusion criteria. Randomized controlled 
trials were considered eligible without time restrictions if they included 
patients with acute symptomatic COVID-19 initially managed in the 
outpatient setting. Patients had to be randomized to receive either 
thromboprophylaxis with LMWH or a standard-of-care treatment not 
including any type of anticoagulation, with the aim of reducing hospi-
talization, cardiovascular events, and death (or a composite of these 
clinical events). No specific protocol was developed for this meta- 
analysis. 

Both the OVID [9–11] and ETHIC [12] trials were open-label, 

multicenter, randomized phase III trials that compared primary throm-
boprophylaxis with enoxaparin vs. no treatment in symptomatic but 
clinically stable outpatients with a new diagnosis of COVID-19. Both 
studies were prematurely stopped for futility and their individual results 
have been previously published [9–12]. The presented pooled analysis 
aimed to obtain more precise risk estimates than those from the indi-
vidual trials. 

The OVID trial (NCT04400799) was conducted at 8 centres in 
Switzerland and Germany. Outpatients aged 50 years or older with a 
diagnosis of acute COVID-19 over the prior 5 days were eligible if they 
presented with respiratory symptoms or body temperature higher than 
37.5 ◦C. Eligible participants underwent block-stratified randomization 
(by age group 50–70 years versus >70 years and by study centre) in a 1:1 
ratio to receive either subcutaneous once-daily enoxaparin 40 mg for 14 
days or standard of care (no thromboprophylaxis). The primary outcome 
was a composite of all-cause hospitalization and all-cause death within 
30 days of randomization. 

The ETHIC trial (NCT04492254) was done at 15 centres in 6 coun-
tries (Belgium, Brazil, India, South Africa, Spain, and the UK). Partici-
pants aged at least 30 years who had not received a COVID-19 vaccine 
and had symptomatic, confirmed COVID-19 in the outpatient setting 
plus at least one risk factor for severe disease were eligible. In the first 
version of the study protocol, patients were required to be older than 54 
years and have at least two risk predefined risk factors: age ≥ 70 years, a 
body-mass index of at least 25 kg/m2, chronic lung disease, diabetes 
mellitus, cardiovascular disease, or corticosteroid use. The complete list 
of risk factors according to the amended version of the protocol is 
available as Supplementary Material. Eligible participants were ran-
domized within 9 days of symptom onset in a 1:1 ratio to receive either 
subcutaneous enoxaparin for 21 days (once-daily 40 mg if they weighed 
<100 kg and twice-daily 40 mg if they weighed ≥100 kg) or standard of 
care (no thromboprophylaxis). The primary outcome was the composite 
of all-cause hospitalization and all-cause mortality at 21 days after 
randomization. 

For the purposes of the present analysis, we defined the primary 
efficacy outcome as the 30-day occurrence of any unplanned hospitali-
zation or all-cause death. Secondary efficacy outcomes were major 
symptomatic venous thromboembolic events, arterial cardiovascular 
events, or their composite occurring within 30 and 90 days from 
randomization, as well as the primary outcome occurring within 90 days 
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from randomization. The primary safety outcome was major bleeding, as 
defined in both studies by the ISTH criteria. [13] 

The authors of this study agreed on a statistical analysis plan before 
data sharing. The individual pseudonymized data were pooled and made 
uniform with respect to key baseline and outcome variables before the 
final data analysis, which was performed at the University of Zurich. 

For the primary analysis, we chose a one-stage approach for indi-
vidual patient data meta-analysis, to model the binary primary outcome. 
Treatment group, coded as daily enoxaparin injection as compared to 
standard of care, as a fixed effect and study-specific random intercepts 
and slope effects to account for correlation of data within each study 
were fitted in a generalized linear mixed model framework with a log 
link function. The estimand was the risk ratio (RR) for the primary 
outcome event under enoxaparin as compared to standard of care 
regime. 

For the 30-day analysis, we censored patients for outcome analyses 
at 33-day follow-up as the study protocols allowed visits being per-
formed within a time window of plus/minus 3 days. We performed 
secondary analyses again using generalized linear mixed models for the 
primary endpoint at 90 days from randomization. We analysed the 
primary outcome events by additionally including the variable age 
group as fixed effect (>70 years vs. 30–70 years) as an adjustment 
variable. The same model specification as for the primary outcome was 
used to estimate the RR of the secondary outcomes. These included 
cardiovascular events, considered as the composite of venous throm-
boembolic events (VTE) and arterial events (AE). VTE was defined as a 
composite of deep vein thrombosis (DVT) and pulmonary embolism 
(PE), whereas AE as the composite of myocardial infarction, stroke, and 
arterial ischemia. If event rates were very low, we performed no formal 
statistical analysis but instead numbers and percentages of total were 
reported in descriptive tables. Pre-specified subgroup analyses were 
performed for the variables age (30–50, 51–70, >70 years), sex, BMI 
(<25, 25–29, ≥ 30), cancer (yes, no), lung disease (yes, no), arterial 
hypertension (yes, no), and current smoking status (yes, no). All the 
analyses were performed in the statistical programming language R, 
version 4.2.2 in a fully scripted analysis using dynamic reporting (sta-
tistical code available upon request). 

3. Results 

In total, 691 patients were randomized in the two studies: 339 were 
randomized to receive enoxaparin and 352 to the control group (stan-
dard of care). Both study groups and the populations of the two studies 
were balanced in term of age, sex, and BMI, and key comorbidities such 
as chronic heart failure or cancer. Descriptive statistics, shown in 
Table 1, report the number of patients included in the intention-to-treat 
population per trial and their baseline characteristics. The median time 
between COVID-19 diagnosis and randomization was 2 days in the 
ETHIC and 3 days in the OVID trial. A total of 11 (1.6 %) patients (5 from 
the enoxaparin and 6 from the control group) were excluded from the 
primary analysis because they had incomplete follow-up at 30 days. In 
OVID, 363 participants were included before the SARS-CoV-2 vaccina-
tion campaign or remained unvaccinated, 9 received a single dose, 25 
received two doses, and 11 received three doses, whereas no informa-
tion was available for 46 participants. In ETHIC, 2 participants received 
their first dose of vaccine before enrolment and 93 received a first dose 
of vaccination with a median of 40 days after enrolment. 

Overall, 20 (6.0 %) patients in the enoxaparin arm and 20 (5.8 %) in 
the control arm experienced the primary outcome event (Table 2), 
resulting in a RR for any unplanned hospitalization and all-cause death 
of 1.05 (95 % CI 0.57–1.92); Fig. 1. Negligible differences were observed 
in the effect of enoxaparin on the primary outcomes after adjustment for 
age (RR 1.05; 95 % CI 0.57–1.93). The RR for the primary efficacy 
outcome at 90 days was 1.07 (95 % CI 0.61 to 1.86); Table 3. The 
number of patients that experienced the primary outcome in subgroups 
of selected demographic and clinical characteristics have been 

summarised in the Supplementary Table. 
The secondary efficacy outcome, encompassing major symptomatic 

venous thromboembolic events and arterial cardiovascular events, 
occurred in 3 (0.9 %) patients in the enoxaparin group and in 6 (1.8 %) 
patients in the control group, resulting in a RR of 0.52 (95 % CI 
0.13–2.06). VTE was recorded in 7 patients: 2 (0.6 %) in the enoxaparin 
and 5 (1.5 %) in the standard of care group. The estimated RR for pa-
tients in the enoxaparin arm as compared to standard of care in the VTE 
component of the secondary outcomes at 30 days was 0.42 (95 % CI 
0.08–2.13); Table 2. No major bleeding events occurred in the enox-
aparin vs. one (0.3 %) in the control group. 

4. Discussion 

In this pooled analysis of ETHIC and OVID trials, prophylactic 
enoxaparin (compared with no anticoagulation) did not lead to any 
therapeutic benefit, as defined by all-cause hospitalization and all-cause 
mortality within 30 days after randomization, among COVID-19 out-
patients. These results reinforce the original observations from both 
individual trials, highlighting the consistency and robustness of the data 
obtained across various countries and geographic regions. Routine 
thromboprophylaxis would be safe in terms of bleeding but may be 
unnecessary to accelerate the recovery from COVID-19 and prevent 
complications. 

These results indicate that the hypothesised anti-inflammatory and 

Table 1 
Baseline characteristics of patients in the intention-to-treat population ran-
domized to the enoxaparin and control group by trial.   

OVID (n 
= 234) 

ETHIC (n =
105) 

OVID (n 
= 238) 

ETHIC (n =
114) 

Enoxaparin group Standard of care group 

Age, years 56 
(53–62) 

59 (51–66) 57 
(53–62) 

59 (50–67) 

Women 114 
(48.7) 

45 (42.9) 103 
(43.3) 

51 (45.1) 

Body-Mass Index, kg/m2 25.7 
(4.4) 

30.1 
(27.5–31.9) 

26.3 
(4.7) 

28.8 
(26.3–32.2) 

Race and ethnic group     
Caucasian 223 

(96.1) 
66 (62.9) 223 

(94.9) 
75 (66.4) 

Black 0 (0.0) 4 (4.0) 3 (1.3) 1 (0.9) 
Asian 6 (2.6) 29 (28.0) 5 (2.1) 31 (27.4) 
Other 3 (1.3) 6 (5.7) 4 (1.7) 6 (5.3) 

Comorbidities     
Atherosclerotic diseasea 8 (3.4) 14 (18.4) 14 (5.9) 14 (18.4) 
Arterial hypertension 53 

(22.6) 
56 (73.7) 62 

(26.1) 
58 (67.4) 

Diabetes mellitus 18 (7.7) 24 (31.6) 20 (8.4) 26 (30.0) 
Chronic lung diseaseb 4 (1.7) 6 (7.9) 5 (2.1) 14 (16.3) 
Chronic heart failure 1 (0.4) 0 1 (0.4) 1 (1.1) 
History of smoking 41 

(17.5) 
26 (26.0) 40 

(16.8) 
33 (30.0) 

Cancer 8 (3.4) 0 14 (5.9) 2 (2.3) 
Immunocompromised 

conditionc 
1 (0.4) 1 (1.3) 1 (0.4) 3 (3.5) 

Time from COVID-19 
diagnosis to 
randomization, days 

3 (1–5) 2 (1–3) 3 (1–5) 2 (1–3) 

Baseline medications     
ACE-inhibitors 10 (4.3) 13 (12.4) 14 (5.9) 12 (10.5) 
Corticosteroids 5 (2.1) 7 (6.7) 3 (1.3) 3 (2.6) 
Antiplatelet agents 13 (5.6) 1 (1.0) 13 (5.5) 1 (0.9) 
Statins 27 

(11.5) 
28 (26.7) 25 

(10.5) 
30 (26.3) 

Data are n (% of available data), or median (Q1-Q3). 
a Atherosclerotic diseases include the following: acute coronary syndrome, 

angina, prior myocardial infarction, prior stroke, peripheral arterial disease. 
b Chronic lung disease: is defined differently in the two trials (OVID: COPD or 

asthma; ETHIC: COPD, asthma, emphysema or pulmonary fibrosis). 
c Receiving immunosuppressive therapy or presence of HIV infection. 
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antiviral effects of heparins in the setting of COVID-19 are less potent 
than initially thought. This result could be due to the pathogenesis of 
COVID-19-associated coagulopathy or [14], as previously postulated, to 
the prophylactic dose of enoxaparin being insufficient. A previous study 

has shown that higher dose regimes showed moderate benefit in the 
probability of survival and hospital discharge with the reduced need for 
organ support in non-critically ill patients [15]. In the outpatient setting, 
all studies focusing on anticoagulant thromboprophylaxis and anti-
platelet treatments performed so far could not demonstrate a benefit of 
primary prevention to prevent hospitalizations or lead to a faster 
improvement [16–19]. These findings could be cautiously extrapolated 
to other patient groups with acute respiratory conditions that are being 
treated in an outpatient setting. 

This individual patient data meta-analysis revealed an interesting 
observation that the risk of combined thromboembolic and arterial 
events, as well as the combined occurrence of DVT and PE within 30 
days, was lower in patients receiving enoxaparin than in the control 
group. Although the statistical significance was not reached due to the 
relatively low number of events, the numerical variance in the occur-
rence of these outcomes, including PE, hints at the potential benefits of 
enoxaparin treatment. The relative risk reduction, approximately 50 %, 
is in line with prior primary thromboprophylaxis trials on LMWH in 
hospitalized medically ill patients. These findings warrant further 
investigation to explore the potential clinical significance of these ob-
servations. A prospective meta-analysis of all studies focusing on pri-
mary thromboprophylaxis with different anticoagulant agents, 
including parenteral and oral anticoagulants, in outpatients with 
COVID-19 is being completed (PROSPERO repository ID: 
CRD42022362776) and may help to elucidate this hypothesis. 

There are limitations to the conclusions that can be drawn from our 
analysis and it is important to be discerning whilst interpreting these 
findings. Although ETHIC and OVID shared a very similar study design, 
patients in the OVID study were older and presented with respiratory 
symptoms, while patients from the ETHIC study were younger and were 
deemed eligible in the presence of additional risk factors for severe 
disease, independent of age. A further limitation of this pooled analysis 
is that the association of treatment regarding secondary outcomes and 
across patient subgroups could not be assessed due to the small number 
of events and a low sample size. Finally, we could not fully explain the 
higher incidence of PE over DVT events. It appears unlikely that this 
occurred as a consequence of bias (i.e. diagnostic suspicion bias, referral 
bias). It may rather reflect the predominance of pulmonary events 

Table 2 
Primary outcome, secondary efficacy outcomes, and safety outcome events 
within 30 days after randomization (ITT population).  

Event Total Enoxaparin Standard 
of care 

Missing 
(%) 

RR (95 
% CI)a 

Primary outcome and components of the primary outcome 
Hospitalization 

or death 
40 
(5.9) 

20 (6.0) 20 (5.8) 1.6 1.05 
(0.57 to 
1.92) 

Hospitalization 40 
(5.9) 

20 (6.0) 20 (5.8) 1.6 – 

Death 2 (0.3) 1 (0.3) 1 (0.3) 1.6 –  

Secondary efficacy outcomes and components of the secondary efficacy outcomes 
Cardiovascular 

events 
9 (1.4) 3 (0.9) 6 (1.8) 4.8 0.52 

(0.13 to 
2.06) 

VTE events 7 (1.1) 2 (0.6) 5 (1.5) 4.6 0.42 
(0.08 to 
2.13) 

DVT 1 (0.2) 1 (0.3) 0 (0.0) 4.6 – 
PE 6 (0.9) 1 (0.3) 5 (1.5) 4.6 – 

Arterial events 2 (0.3) 1 (0.3) 1 (0.3) 4.8 – 
Myocardial 
infarction 

1 (0.2) 0 (0.0) 1 (0.3) 4.6 – 

Stroke 1 (0.2) 1 (0.3) 0 (0.0) 4.6 – 
Arterial 
ischemia 

0 (0.0) 0 (0.0) 0 (0.0) 4.6 –  

Safety outcome 
Major bleeding 1 (0.2) 0 (0.0) 1 (0.3) 4.9 – 

Data are n (% of available data) or % of available data. 
CI, confidence interval; DVT, deep vein thrombosis; ITT, intention-to-treat; PE, 
pulmonary embolism; RR, risk ratio; VTE, venous thromboembolism. 

a From one-stage random effects model for individual patient data meta- 
analysis with loglink function. 

Fig. 1. Cumulative incidence of the primary outcome (composite of all-cause hospitalization and all-cause death) over time.  
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observed in the early phases of the pandemic [2,20,21]. 
In conclusion, we found no evidence of a clinical advantage of 

administering prophylactic enoxaparin in symptomatic, but clinically 
stable outpatients with COVID-19. These results should be interpreted 
taking into consideration the relatively low rate of events. 

Funding 

OVID was an academic trial supported by the Swiss National Science 
Foundation (SNSF; National Research Programme COVID-19 NRP78: 
198352), University Hospital Zurich, University of Zurich, Dr-Ing Georg 
Pollert (Berlin), Johanna Dürmüller-Bol Foundation. The ETHIC trial 
was funded by the Thrombosis Research Institute (London, UK) and 
Sanofi UK. 

Declaration of competing interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 
Stefano Barco reports grants or contracts from Bayer, INARI, Boston 
Scientific, Medtronic, Bard, Sanofi, and Concept Medical; consulting fees 
from INARI; payment or honoraria from INARI, Boston Scientific, Pen-
umbra and Concept Medical; and support for attending meetings and/or 
travel from Bayer and Sanofi. Roland Bingisser reports no conflicts of 
interest. Stefan Stortecky has received research grants to the institution 
from Edwards Lifesciences, Medtronic, Abbott Vascular, Boston Scien-
tific and Guerbet AG and speaker fees from Boston Scientific. Giuseppe 
Colucci reports no conflicts of interest. Bernhard Gerber reports non- 
financial support and funding for an accredited continuing medical ed-
ucation programme from Axonlab, and Thermo Fisher Scientific; per-
sonal fees and funding for an accredited continuing medical education 

programme from Alnylam, Pfizer, and Sanofi; funding for an accredited 
continuing medical education programme from Bayer, Bristol Myers 
Squibb, Daiichi-Sankyo, Takeda, Octapharma, SOBI, Janssen, Novo 
Nordisk, Mitsubishi Pfizer, Tanabe Pharma, outside the submitted work. 
Jelle C L Himmelreich reports no conflicts of interest. DS reports 
employment by Sanofi-Aventis Switzerland. Thomas Rosemann reports 
no conflicts of interest. Walter Ageno reports research grants from 
Bayer; advisory boards for Bayer, Leo Pharma, Norgine, Sanofi, 
Techdow, Viatris. Juan Ignacio Arcelus declares speaker fees from 
Sanofi and Rovi. H.G reports personal fees from Pfizer, Bayer, Boeh-
ringer Ingelheim. Peter MacCallum reports no conflicts of interest. 
Daniel Duerschmied has received consulting fees from Boston Scientific 
and speakers' honoraria from Bayer, Daiichi Sankyo, Boston Scientific, 
Boehringer Ingelheim, and BMS/Pfizer. Tim Sebastian reports no con-
flicts of interest. Sylvia Haas reports honoraria from Bayer, BMS, 
Daiichi-Sankyo, Pfizer and Sanofi. Lukas Hobohm received lecture/ 
consultant fees from Johnson&Johnson, INARI, MSD and Boston Sci-
entific; outside the submitted work. The other authors report no conflicts 
of interest. Renato D Lopes reports research grants or contracts from 
Amgen, Bristol-Myers Squibb, GlaxoSmithKline, Medtronic, Pfizer, 
Sanofi-Aventis; funding for educational activities or lectures from Pfizer, 
Bristol-Myers Squibb, Novo Nordisk, AstraZeneca, and unding for 
consulting from Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, 
Novo Nordisk, AstraZeneca. 

Acknowledgement 

The complete list of OVID and ETHIC Investigators include: Stefano 
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