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Abstract
We conducted an observational cohort study in adult patients consecutively admitted for the respiratory illness Covid-19 
to our hub hospital from March 9 to April 7, 2020. The high observed rate of venous thromboembolism prompted us to 
increase the prophylactic doses of enoxaparin from 40 mg daily up to 1 mg/kg twice daily in patients admitted to intensive 
care units (ICU), 0.7 mg/kg twice daily in high-intensity of care wards and 1 mg/kg daily in low-intensity of care wards. 
Patients on high enoxaparin doses were compared to those who received prophylaxis with the standard dosage. Efficacy 
endpoints were mortality, clinical deterioration, and the occurrence of venous thromboembolism, safety endpoint was the 
occurrence of major bleeding. Of 278 patients with Covid-19, 127 received prophylaxis with high enoxaparin doses and 
151 with standard dosage. At 21 days, the incidence rate of death and clinical deterioration were lower in patients on higher 
doses than in those on the standard dosage (hazard ratio 0.39, 95% confidence interval 0.23–0.62), and the incidence of 
venous thromboembolism was also lower (hazard ratio 0.52, 95% confidence interval 0.26–1.05). Major bleeding occurred 
in four of 127 patients (3.1%) on the high enoxaparin dosage. In conclusion, in the cohort of patients with Covid-19 treated 
with high enoxaparin dosages we observed a 60% reduction of mortality and clinical deterioration and a 50% reduction of 
venous thromboembolism compared to standard dosage prophylaxis. However, 3% of patients on high enoxaparin dosages 
had non-fatal major bleeding.
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Introduction

The pandemic novel coronavirus infection of 2019 (Covid-
19), caused by the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV2), reached Italy on February 21, 2020, 
when the first patient was diagnosed in Codogno, a city 
of 16.000 inhabitants in the Lombardy region in the north 
of the country. Covid-19 rapidly spread in the region, that 
became the most affected with 27% of infected persons and 
53% of deaths in the whole country [1]. Our hospital, located 
in the city center of Milan, became a Covid-19 hub. Since 
the first few weeks of the emergency, a high mortality rate 
was recorded particularly in intensive care units (ICU) and 
high-intensity of care wards. Several patients experiencing 
a decline in their ability to breathe deteriorated quickly and 
some died suddenly. In the meantime, autopsy data indicated 
pulmonary embolism as a frequent fatal event in Covid-19 
patients, and the association between marked increases in 
D-dimer levels and poor prognosis was reported [2–4]. Sev-
eral risk factors shared by patients hospitalized with Covid-
19 and those with venous thromboembolism (VTE), such 
as advanced age, immobilization, admission at ICU, and 
previous thrombotic events, corroborated our suspicion. We 
also had the impression that standard prophylactic dosages 
of low-molecular-weight heparin suggested by the Interna-
tional Society of Thrombosis and Haemostasis [5] were not 
sufficient to prevent VTE in patients with Covid-19. This 
impression was supported by the Italian Medicines Agency 
(AIFA), that encouraged the use of higher doses, close to 
those used therapeutically [6].

With these uncertainties and gap of knowledge, on March 
26, 2020, a collegiate decision was taken in our hub hospital 
to increase the standard prophylactic doses of low-molecu-
lar-weight heparin (40 mg daily, to be increased up to 60 mg 
in obese patients) in all hospital wards and to apply different 
regimens to patients according to the severity of their infec-
tions as witnessed by their admission towards characterized 
by different levels of care intensity (ICU, high-intensity, 
and low-intensity of care wards). Accordingly, we chose to 
compare mortality and the clinical course of patients who 
received high doses of low-molecular-weight heparin with 
those who received standard dosage prophylaxis. The two 
groups were also compared for the occurrence of incident 
VTE and bleeding episodes.

Methods

All patients with Covid-19 hospitalized from March 9 to 
April 7, 2020 in three different intensity of care wards 
(two ICUs, two high-intensity, and one low-intensity) were 

included in this cohort study and followed up until April 
20, 2020. Patients on standard dosage prophylaxis received 
enoxaparin 40 mg daily increased to 60 mg daily in obese. 
Starting from March 26, 2020 the prophylactic doses of 
enoxaparin were modified. Patients in the ICU received 
1 mg/kg twice daily, those in high-intensity of care wards 
0.7 mg/kg twice daily and those in low-intensity of care 
wards 1 mg/kg daily. Clinicians in low-intensity of care 
wards were invited to obtain the Sequential Organ Failure 
Assessment (SOFA) score [7] in all patients at admission 
and during the hospital stay and to increase enoxaparin 
dosage to 0.7  mg/kg twice daily in cases with scores 
higher than six or lower than six but with other risk factors 
for venous thrombosis such as cancer, obesity (body mass 
index > 30 kg/m2) or previous venous thrombosis. Exclu-
sion criteria were Covid-19 not confirmed by reverse-tran-
scriptase-polymerase-chain-reaction on the nasal swab, 
low platelet count (< 50 × 10–9/liter) and active bleeding, 
renal insufficiency (creatinine clearance < 30 mL/min), 
no prophylaxis or prophylaxis with fondaparinux, and 
indication for long-term oral anticoagulant therapy. For 
each patient data were collected from electronic medical 
records.

Efficacy endpoints were in-hospital mortality, mortal-
ity combined with clinical deterioration (i.e., transfer to a 
higher intensity of care ward) and the occurrence of VTE in 
patients who received high or standard enoxaparin dosages. 
The occurrence of bleeding was a safety endpoint. All epi-
sodes of symptomatic VTE were objectively confirmed by 
compression ultrasonography for deep and superficial vein 
thrombosis, angio-CT scan for pulmonary embolism, and 
echocardiography for intracardiac thrombi. Compression 
ultrasonography was performed when signs and symptoms 
suggestive of vein thrombosis as pain, swelling and skin 
redness occurred. Angio-CT was performed in case of the 
rapid deterioration of the patient’s respiratory function or 
for the follow-up of severe pneumonia. Echocardiography 
was performed for clinical reasons, such as the evaluation of 
the ejection fraction or the diagnostic evaluation of patients 
with anamnestic or suspected heart diseases. Bleeding was 
defined as major or clinically relevant but non-major accord-
ing to guidelines of the International Society of Thrombosis 
and Haemostasis [8].

Median and inter-quartile ranges were used to describe 
continuous variables, counts, and percentages for demo-
graphic and clinical variables. Patients’ observation started 
at the time of admission if between March 9 and April 7, 
2020, or on March 9 for those already hospitalized and 
ended at the time of the occurrence of the endpoints, hos-
pital discharge or change in antithrombotic therapy for any 
clinical reason. Data recording started on March 9 (includ-
ing already hospitalized patients). Patients with no endpoint 
were censored on April 20, 2020. Survival functions were 
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plotted using the Kaplan–Meier method, while survival 
analyses were performed using Cox’s proportional-hazard 
regression model. The incidence rates (IR) of the endpoints 
were calculated with their 95% confidence intervals (CI) and 
expressed as events per patient months. Patients admitted 
before March 26, who possibly received both prophylaxis 
regimens, were considered in the exposure group to which 
they contributed for the longest time period, but to reduce a 
potential survival bias a sensitivity analysis excluding these 
patients was performed. To reduce a potential immortal bias 
and to evaluate whether the main results were affected by 
patients’ severity at admission, we also carried out a sensi-
tivity analysis including only patients admitted in the study 
period, stratified for the first ward intensity of care. All 
analyses were performed with the statistical software SPSS 
(release 25.0, IBM SPSS Statistics for Windows, IBM Corp., 
Armonk, NY, USA).

Results

Patients

The whole population of patients hospitalized between 
March 9 and April 7, 2020 included 460 individuals with 
Covid-19. After application of the exclusion criteria, 278 
patients remained in the study and were followed until 
April 20, 2020 (Fig. 1). Of them, 127 received high enoxa-
parin doses (median duration of treatment: 6 days) and 151 
standard dosage prophylaxis (median duration of treatment: 
10 days). Forty-three patients were hospitalized in ICU, 167 
in high-intensity, and 68 in low-intensity care wards. Gen-
eral characteristics, laboratory tests, and type of ventilation 
at baseline in the different wards, with high and standard 
enoxaparin dosage prophylaxis are reported in supplements 
(Table S1). Standard dosage prophylaxis was given to all 
patients from March 9 to March 26, 2020 and thereafter the 

dose was increased for the reasons mentioned above in the 
three different care intensity wards. The general character-
istics, laboratory parameters, and type of ventilation were 
similar in patients receiving high or standard enoxaparin 
dosages (Table 1).

Endpoints

Results of efficacy and safety endpoints are reported in 
Table 2. Throughout a median follow-up period of 7 days, 
12 patients died and other 12 deteriorated in the cohort 
receiving high enoxaparin dosages compared to 21 and 29 
in the cohort who received standard dosage prophylaxis. The 
cumulative incidence at 21 days and the incidence rate of 
death were lower in patients treated with high enoxaparin 
doses than in those with the standard dose, for an adjusted 
hazard ratio of 0.36 (95% CI 0.18–0.76) (Fig. 2, panel A). 
Similar results were obtained by combining deaths with 
clinical deterioration (adjusted hazard ratio 0.39, 95% CI 
0.23–0.62) (Fig. 2, panel B). The incidence of VTE was 
lower in patients on high enoxaparin dosages, for an adjusted 
hazard ratio of 0.52 (95% CI 0.26–1.05) (Fig. 3). Among 
patients on high enoxaparin dosages, 11 developed proximal 
deep vein thrombosis (in five cases catheter-related), one 
distal deep vein thrombosis, two pulmonary embolisms, two 
thrombosis of the great saphenous vein, while 16 proximal 
deep vein thrombosis (in five cases catheter-related), one 
pulmonary embolism, one intracardiac thrombus and two 
thrombosis of the great saphenous vein were diagnosed in 
patients on standard dosage prophylaxis. None of the six 
pulmonary embolisms was fatal, one was massive involv-
ing the pulmonary arteries, two were multiple segmental (in 
ICU) and three were subsegmental (one in ICU and two in 
high-intensity of care wards). No patient in the low-intensity 
care ward developed VTE. Four of 127 patients (3.1%) on 
high enoxaparin doses had major bleeding, nonfatal but all 
requiring red blood cell transfusion. The events were a glu-
teus hematoma and a hemothorax in two patients in ICU, an 
iliopsoas, and an upper limb hematoma in a high-intensity of 
care ward. All bleeding events but hemothorax were sponta-
neous. No bleeding event was observed in the low-intensity 
of care ward, nor with standard dosage prophylaxis.

Excluding the 33 patients who received both prophylaxis 
regimens, we obtained similar results in the main analysis 
[adjusted hazard ratio 0.39 (95% CI 0.16–0.93) for death, 
0.47 (95% CI 0.27–0.81) for death and deterioration, and 
0.83 (95% CI 0.41–1.66) for VTE]. The analyses of the same 
endpoints based upon the first ward of admission were per-
formed in 37 patients admitted to ICU, 110 to high-inten-
sity, and 42 to low-intensity of care wards. The two differ-
ent enoxaparin regimens influenced the endpoint mortality 
and clinical deterioration only in the high-intensity of care 
wards, for a hazard ratio of 0.45 (95% CI 0.23–0.89) in favor Fig. 1  Study cohort
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of high enoxaparin doses. High dosages tended to decrease 
the incidence rate of VTE more than standard dosages in 
ICU (hazard ratio 0.53, 95% CI 0.15–1.94) but without 
influencing mortality. No advantage on efficacy endpoints 
was seen in the low-intensity of care wards. Three major 
bleeding events occurred in the first admission ward, two 
in ICU (gluteus hematoma and hemothorax) and one in a 
high-intensity of care ward (upper limb hematoma). General 
characteristics of patients at the time of their first ward of 
admission and results of the sensitivity analysis are provided 
in supplements (Table S2, Table S3).

Discussion

In this observational cohort study involving all patients with 
Covid-19 hospitalized within a month in three different 
intensity of care wards of a single hub hospital, we observed 

lower rates of mortality, clinical deterioration, and VTE in 
patients receiving high dosage regimens of enoxaparin, 
tailored on the severity of the disease as witnessed by the 
intensity of care of the ward, compared to patients receiving 
standard-dose prophylaxis. Mortality and clinical deterio-
ration were reduced by 60% and VTE by 50%. However, 
a small proportion of patients (3.1%) on high enoxaparin 
dosages hospitalized in ICU or high-intensity of care wards 
developed major bleeding. When we analyzed patients on 
the basis of the first ward of admission and made a stratified 
analysis according to the intensity of care, we still observed 
in high-intensity of care wards an advantage for the high 
enoxaparin dosages pertaining to death and deterioration, 
whereas in ICU the advantage was seen only for the preven-
tion of VTE.

Even though the high mortality rate of patients with 
Covid-19 and its association with an increased risk of VTE 
is well established, [9–13] limited data on the effect of 

Table 1  Baseline characteristics 
of patients receiving high or 
standard dosage enoxaparin 
prophylaxis

Variables are expressed as median (IQR), unless differently specified
*Comorbidities include hypertension, diabetes, chronic lung disease (i.e. asthma, obstructive pulmonary 
disease, and bronchitis), active cancer, liver disease, systemic autoimmune diseases

All patients High dose Standard dose

No 278 127 151
Male sex—no. (%) 181 (65.1) 82 (64.6) 99 (65.6)
Age—yr 59 (49–67) 60 (51–69) 58 (49–66)
Body mass index—kg/m2 27.7 (24.7–30.2) 27.0 (24.2–30.2) 28.1 (25.4–30.2)
Comorbidities*—n (%)
 None 119 (42.8) 55 (43.3) 64 (42.4)
 One 94 (32.8) 41 (32.3) 53 (35.1)
  ≥ Two 65 (23.4) 31 (24.4) 34 (22.5)

Haemoglobin—g/dL 12.3 (10.9–13.4) 12.3 (10.7–13.3) 12.3 (11.1–13.5)
Platelet count—n/mm3 257 (182–348) 259 (171–350) 253 (185–341)
White blood cells—n/μL3 6.58 (4.84–10.13) 6.58 (4.66–9.73) 6.56 (5.28–10.25)
Creatinine—mg/dL 0.84 (0.68–1.04) 0.84 (0.68–1.00) 0.86 (0.68–1.05)
Lactate dehydrogenase—U/L 315 (253–427) 306 (242–417) 326 (255–448)
Prothrombin time—ratio 1.15 (1.07–1.25) 1.13(1.06–1.23) 1.16 (1.09–1.27)
Activated partial thromboplastin 

time—ratio
0.96 (0.88–1.04) 0.97 (0.88–1.04) 0.995 (0.88–1.04)

Fibrinogen—mg/mL 550 (464–662) 521 (442–638) 602 (493–684)
d-dimer—µg/L 1074 (589–2085) 1088 (577–2195) 1058 (597–1990)
C reactive protein—mg/dL 8.69 (3.71–14.85) 8.04 (3.55–14.40) 9.40 (4.13–15.89)
Ferritin—µg/L 1100 (586–1944) 1117 (544–2118) 1087 (642–1636)
Type of ventilation—n (%)
 Ambient air 18 (6.5) 13 (10.2) 5 (3.3)
 Oxygen supplementation 108 (38.8) 56 (44.1) 52 (34.4)
 High flux nasal cannula 14 (5) 4 (3.1) 10 (6.6)
 Non-invasive ventilation 85 (30.6) 29 (22.8) 56 (37.1)
 Endotracheal intubation 38 (13.7) 21 (16.5) 17 (11.3)
 Missing data 15 (5.4) 4 (3.1) 11 (7.3)
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antithrombotic prophylaxis on the clinical outcome in Covid-
19 are currently available. In China, there was a difference 
between heparin users and non-users on the 28-day mortality 
in a sub-group of patients meeting the criteria of sepsis-
induced coagulopathy (SIC) or with a sixfold increased lev-
els of D-dimer [14], but it remains to be established whether 
these results may be translated to Caucasian populations, 
which seldom develop disseminated intravascular coagula-
tion [15, 16]. A difference in mortality between patients who 
received antithrombotic prophylaxis with therapeutic doses 
and those who received no antithrombotic prophylaxis has 
been reported only in patients on invasive mechanical ven-
tilation (29 vs 63%), with a rate of 3% of major bleeding 
similar to that observed in our patients receiving the high 
enoxaparin dosage [17]. This figure is similar or even lower 
to that observed in critically ill patients on standard proph-
ylaxis [18]. Although the safety of high doses of LMWH 
needs to be assessed by means of randomized controlled 
trials, perhaps the observed low bleeding rate may be due 
to the hypercoagulable state typical of patients with severe 
Covid-19 patients [19, 20].

This observational study compared standard dos-
age prophylaxis with high dose regimens of enoxaparin, 
that we were prompted to evaluate by our unfavorable 
early clinical experience. Its main limitation is that the 
employed dosage regimens were not randomly assigned to 

consecutive patients, even though the baseline characteris-
tics of patients were comparable between the two groups 
on standard or high dosage prophylaxis. Hence, our results 
should be taken as proof of concept for a randomized clini-
cal trial. Other limitations need to be addressed. Our selec-
tion criteria led to the exclusion of approximately 40% 
of patients of the whole cohort, limiting the generaliz-
ability of the results but also reducing the occurrence of 
confounding factors. Second, the incidence rate of fatal 
pulmonary embolism remains unknown because autop-
sies were not carried out. Another limitation is that the 
analyses on the first ward of admission (presented in sup-
plements) are less robust than the main analyses owing 
to the small number of cases. Other potential unknown 
or unrecorded confounders, such as an increased experi-
ence in the care of patients with Covid-19 and change in 
pharmacological treatments, may have influenced our find-
ings. However, all patients requiring respiratory support 
received non-invasive ventilation or orotracheal intubation 
as needed.

In conclusion, with all the limitations of a non-rand-
omized study, we observed that patients with Covid-19 
receiving high doses of enoxaparin tailored to the severity 
of their clinical conditions had reduced mortality, clinical 
deterioration, and VTE by approximately 50–60% compared 
to patients on standard doses. Particular attention should be 

Table 2  Risk of death, death or deterioration, venous thromboembolism, and bleeding

*Hazard ratio for the multivariable Cox proportional-hazard model including adjustment for age, sex, body mass index and comorbidities (dicho-
tomic variable defined by the presence of < 2 or ≥ 2 comorbidities)

Death High dose Standard dose Crude analysis Hazard 
ratio (95% CI)

Multivariable analysis 
Hazard ratio (95% 
CI)*

No. of events/no. patient-days 12/1472 21/1141
Cumulative incidence at 21 days (%) 15.0 (6.0–24.0) 22.0 (12.3–31.6)
Incidence rate (95% CI) (patient-months) 0.25 (0.13–0.43) 0.56 (0.36–0.84) 0.48 (0.23–0.98) 0.36 (0.18–0.76)
Death or deterioration
 No. of events/no. patient-days 24/1472 50/1141
 Cumulative incidence at 21 days (%) 23.6 (14.0–33.2) 40.2 (30.6–49.8)
 Incidence rate (95% CI) (patient-months) 0.49 (0.32–0.72) 1.33 (1.00–1.73) 0.45 (0.27–0.73) 0.39 (0.23–0.62)

Venous thromboembolism
 No. of events/no. patient-days 16/1472 20/1141
 Cumulative incidence at 21 days (%) 22.2 (10.4–34.0) 31.6 (6.3–56.9)
 Incidence rate (95% CI) (patient-months) 0.33 (0.20–0.52) 0.53 (0.33–0.80) 0.62 (0.31–1.24) 0.52 (0.26–1.05)

Bleeding
 No. of events/no. patient-days 4/1472 0/1233
 Cumulative incidence at 21 days (%) 4.6 (0.0–10.3) 0.0
 Incidence rate (95% CI) (patient-months) 0.08 (0.03–0.20) 0.00 – –
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paid to the most critically ill patients hospitalized in ICU or 
high-intensity care wards, who may develop life-threatening 
bleedings. Results from randomized clinical trials are war-
ranted to establish the optimal prophylactic enoxaparin dose 
in patients with COVID-19.
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