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Abstract
It is still debated whether prophylactic doses of low-molecular- weight heparin (LMWH) are always effective in preventing 
Venous Thromboembolism (VTE) and mortality in COVID-19. Furthermore, there is paucity of data for those patients not 
requiring ventilation. We explored mortality and the safety/efficacy profile of LMWH in a cohort of Italian patients with 
COVID-19 who did not undergo ventilation. From the initial cohort of 422 patients, 264 were enrolled. Most (n = 156, 87.7%) 
received standard LMWH prophylaxis during hospitalization, with no significant difference between medical wards and 
Intensive Care Unit (ICU). Major or not major but clinically relevant hemorrhages were recorded in 13 (4.9%) patients: twelve 
in those taking prophylactic LMWH and one in a patient taking oral anticoagulants (p: n.s.). Thirty-nine patients (14.8%) 
with median age 75 years. were transfused. Hemoglobin (Hb) at admission was significantly lower in transfused patients and 
Hb at admission inversely correlated with the number of red blood cells units transfused (p < 0.001). In-hospital mortality 
occurred in 76 (28.8%) patients, 46 (24.3%) of whom admitted to medical wards. Furthermore, Hb levels at admittance were 
significantly lower in fatalities (g/dl 12.3; IQR 2.4 vs. 13.3; IQR 2.8; Mann–Whitney U-test; p = 0.001). After the exclusion 
of patients treated by LMWH intermediate or therapeutic doses (n = 32), the logistic regression showed that prophylaxis 
significantly and independently reduced mortality (OR 0.31, 95% CI 0.13–0.85). Present data show that COVID-19 patients 
who do not require ventilation benefit from prophylactic doses of LMWH.
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Highlights

• It is uncertain whether prophylactic doses of low-molec-
ular- weight heparin are always effective in preventing 
mortality in COVID-19

• There is paucity of data for those patients not requiring 
ventilation

• In patients not requiring ventilation, prophylactic doses 
of low-molecular- weight heparin significantly and inde-
pendently reduce mortality
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• Although transfusion need is not higher in these patients, 
number of transfusions are significantly and indepen-
dently associated with mortality

Introduction

COVID-19 pandemic has provoked a significantly increase 
of mortality worldwide [1]. Elderly and comorbid patients 
have a significantly higher risk of fatalities, especially during 
hospitalization [2].

COVID-19 patients are at higher risk of Venous Throm-
boembolism (VTE) [3–5]. Since the beginning of pan-
demic the World Health Organization has recommended 
antithrombotic prophylaxis with Low Molecular Weight 
Heparin (LMWH) to reduce the VTE risk [6]. The overall 
risk of VTE in COVID-19 is 21% (95% CI 17–26%) and, 
not unexpectedly, is higher in patients admitted to Intensive 
Care Unit (ICU) (31%, 95% CI 23–39). Furthermore, pooled 
mortality rate is 23% among patients with and 13% among 
those without VTE [7].

Several observational data suggested that anticoagula-
tion may be of benefit in these patients, either in reducing 
VTE rate or mortality [7–10]. However, it is still debated 
whether prophylactic doses of LMWH are enough to prevent 
VTE and mortality especially in those admitted to Intensive 
Care Unit (ICU). A registry of arterial and venous thrombo-
embolic complications showed high VTE rate specially in 
the intensive care setting, despite a high utilization rate of 
thromboprophylaxis [11]. On the other hand, treatment with 
therapeutic doses of anticoagulants were associated with a 
higher bleeding rate [12–14], whereas preliminary data sug-
gest that intermediate doses can be safe [15].

We have explored mortality in a cohort of Italian patients 
with COVID-19 who did not require ventilation. We 
assessed the safety/efficacy profile of prophylactic doses of 
low-molecular- weight heparin (LMWH).

Patients and methods

Patients

Outcomes of the present study were: (1) to investigate mor-
tality in patients with COVID-19 who did not require venti-
lation; (2) to assess the safety/efficacy profile of LMWH at 
prophylactic doses.

We have previously described the initial cohort [16]. 
Briefly, we recruited 422 patients with a laboratory-confirmed 
diagnosis (i.e., RT-PCR according to the protocol estab-
lished by the WHO) and radiologically confirmed pneumo-
nia observed in four Italian academic hospitals (University 
hospital of Padua, Research Institute “Casa Sollievo della 

Sofferenza”, University hospital of Foggia and University 
of Bari) from 3rd March until 30th August 2020. After the 
exclusion of those who needed treatment with invasive or non 
-invasive ventilation (n = 158), 264 patients were considered 
for this study.

Demographic data, comorbidities, medications, clinical var-
iables and in-hospital mortality were obtained from medical 
records. The study was approved by the local Review Board 
and carried out in accordance with the Declaration of Helsinki.

Standard prophylactic LMWH dose was labeled as subcuta-
neous administration of enoxaparin 4000 IU once daily, inter-
mediate doses as 60 mg once-daily or 4000 IU twice daily and 
therapeutic doses as administration of 100 U/Kg twice daily.

Major bleeding was defined as (1) fatal bleeding and/or 
(2) symptomatic bleeding in a critical area or organ, such as 
intracranial, intraspinal, intraocular, retroperitoneal, intraar-
ticular or pericardial, or intramuscular with compartment 
syndrome, and/or (3) bleeding causing a fall in hemoglobin 
level of 2 g/dl (1.24 mmol/L) or more, or leading to transfu-
sion of two or more units of whole blood or red cells [17]. 
Non major, but clinically relevant bleed was defined as an 
acute or subacute clinically overt bleed that does not meet 
the criteria for a major bleed but prompts a clinical response, 
as it leads to one of the following: (1) hospital admission for 
bleeding, or (2) physician-guided medical or surgical treat-
ment for bleeding, or (3) change in antithrombotic therapy 
(including interruption or discontinuation of study drug) 
[18].

Statistical analysis

Normal variables were summarized as means and standard 
deviations, and non-normal variables as medians and inter-
quartile range (IQR). We used the χ2 test, Fisher’s exact 
test or Mann–Whitney test to compare differences where 
appropriate. Multivariable logistic analysis was performed 
to assess the independent association of all-cause mortal-
ity with significant variables found at univariate analysis. 
Adjustment was made for confounders that can influence 
prognosis of the disease (age, sex, comorbidities, therapy 
with corticosteroids, antiviral agents, anticoagulants and 
antiplatelets, hemoglobin values at admission) or are asso-
ciated with its severity [ICU admission, number of red blood 
cell (RBC) units]. All statistical procedures were performed 
using SPSS 25.0 software (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

Demographic and clinical features of the entire cohort and 
by care setting are shown in Table 1. Patients admitted to 
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ICU were older and more often males compared to those 
admitted to medical wards.

At admission, 13.6% patients were taking oral anticoagu-
lants, 22.3% antiplatelet drugs, whereas 1.9% (n = 5) were 
taking both (Table 1). With regards to oral anticoagulants, 16 
were taking DOACs. Overall, 87.7% (n = 229/261, 3 cases 
missing) received standard LMWH prophylaxis during hos-
pitalization, with no significant difference between medical 
wards and ICU (Table 1). Overall, 12.3% (n = 32/261) did 
not receive LMWH during hospitalization, [24 (12.7%) in 
ICU and 8 (10.7%) in medical wards, p: n.s.]. Table 2 shows 
different LMWH regimens according to care setting: most of 
those (n = 147, 77.8%) admitted to medical wards received 
standard prophylactic doses, 49 of whom (33.3%) in asso-
ciation with antiplatelet drugs. Intermediate or therapeutic 
doses were mostly used in ICU patients [17/67 (25.4%) and 
15/162 (9.3%) respectively], although prophylactic doses 

were by far the most used in medical wards, as well as in 
ICU (Table 2).

With regards to major or not major but clinically rele-
vant hemorrhages, they were recorded in 13 (4.9%) patients: 
twelve occurred in those taking prophylactic doses of 
LMWH (in one case in association with antiplatelets) and 
one in a patient taking oral anticoagulants (p: n.s.). Among 
them, only one (taking prophylactic LMWH) needed 1 RBC 
unit.

Transfusion rates and factors associated 
with transfusion

Thirty-nine patients (14.8%) with median age 75 years (IQR 
16) were transfused (Table 3). Overall, 38 received RBC 
units, 5 plasma and 4 platelets (one patient without RBC). 
Twenty-two out of 38 received 1–2 RBC units, nine received 

Table 1  Demographic and clinical information of entire study population and divided by admission to hospital wards

Categorical variables are expressed as number and percentage; continuous variables are expressed as mean (± standard deviation) or median 
(IQR)
a NMCR = non major clinically relevant; data missing for 3 patients
b 17 DOACs (2 in association with antiplatelets), 19 Vitamin K antagonists (3 in association with antiplatelets)
c 44 aspirin, 8 clopidogrel and 7 both
d Some data missing

Variables All patients
n = 264

Medical wards
n = 189

ICU
n = 75

p

Sex, males 149 (56.4) 98 (51.9) 51 (68) 0.017
Age years, median (IQR) 72 (21) 73 (22) 70 (19) n.s
Smoking, n (%) 21 (8) 15 (7.9) 6 (8) n.s
Diabetes, n (%) 56 (21.2) 40 (21.2) 16 (21.3) n.s
Hypertension, n (%) 135 (51.1) 99 (52.4) 36 (48) n.s
History of cancer and/or active cancer n (%) 44 (16.7) 33 (17.5) 11 (14.7) n.s
Cerebrovascular disease, n (%) 19 (7.2) 10 (5.3) 9 (12) n.s
Cardiovascular disease, n (%) 64 (24.2) 48 (25.4) 16 (21.3) n.s
Chronic kidney disease, n (%) 34 (12.9) 24 (12.7) 10 (13.3) n.s
Chronic obstructive pulmonary disease, n (%) 28 (10.6) 18 (9.5) 10 (13.3) n.s
Major or  NMCRa haemorrhage 13 (4.9) 7 (3.7) 6 (8) n.s
Transfusion 39 (14.8) 19 (10.1) 20 (26.7) 0.002
Hb at admission  g/dl, median (IQR) 12.8 (3.0) 12.8 (3.1) 12.8 (3.0) n.s
Anticoagulant and antiplatelets therapy
 Anticoagulants at admission  nb (%) 36 (13.6) 28 (14.8) 8 (10.7) n.s
 Antiplatelets at admission  nc (%) 59 (22.3) 41 (21.7) 18 (24) n.s
 LMWH during hospitalization 229a (87.7) 162a (85.7) 67 (89.3) n.s
 LMWH + antiplatelets drug during hospitalization n (%) 49 (18.6) 34 (17.8) 15 (20) n.s
 Death during hospitalization (%) 76 (28.8) 46 (24.3) 30 (40) 0.016

COVID-19  treatmentd

 Hydroxychloroquine 43 (16.3) 25 (13.2) 18 (24) 0.042
 Ritonavir/lopinavir 37 (14.1) 17 (9.0) 20 (26.7) 0.001
 Antibiotics 152 (57.6) 105 (55.6) 47 (62.7) n.s
 Steroids 54 (20.5) 37 (19.6) 17 (22.7) n.s
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3–4 units, the remaining seven received more than 4 RBC 
units. Univariate analysis showed a significant higher odd to 
be transfused in patients treated with prophylactic LMWH 
than those who did not receive any prophylaxis.

As regards the number of RBC transfused by therapeutic 
regimen, seven out of 19 patients treated with prophylactic 
(36.8%) and six out of 12 (50%) with intermediate or thera-
peutic doses received more than 2 RBC units.

At univariate analysis, patients treated with intermedi-
ate or therapeutic doses of LMWH were more often trans-
fused than those who were not administered with LMWH 
(Table 3). However, these data need to be cautiously inter-
preted, because of the small sample size.

Hemoglobin (Hb) at admission was significantly lower 
in those who were transfused than in those who did not 
need transfusion (Mann Whitney U (p < 0.001) (Table 3). 
Hb levels at admission to the hospital were inversely 

correlated with the number of RBC units transfused (Pear-
son p < 0.001), suggesting a close relationship with the odd 
of having an allogenic transfusion.

Factors affecting mortality

In-hospital mortality occurred in 76 (28.8%) patients, 46 
(24.3%) of whom were admitted to medical wards (Fig. 1). 
The median fatalities age was 80.5 years (IQR 14.8).

Furthermore, Hb levels at admittance were significantly 
lower in patients who died during hospitalization (g/dl 
12.3; IQR 2.4 vs. 13.3; IQR 2.8; Mann–Whitney U-test; 
p = 0.001).

After the exclusion of patients treated by LMWH inter-
mediate or therapeutic doses (n = 32), the logistic regres-
sion showed that prophylactic doses significantly and inde-
pendently reduced mortality (OR 0.31, 95% CI 0.13–0.85). 

Table 2  LMWH treatment 
regimen by care setting

a Standard prophylactic low-molecular-weight heparin (LMWH) dose was labeled as administration of 
enoxaparin 4000 IU once daily
b Intermediate doses as 60 mg subcutaneously once-daily or 4000 IU twice daily
c Therapeutic doses as administration of 100 U/Kg twice daily

Patients All
n = 261

Medical wards
n = 186

OR (95% CI) ICU
n = 75

OR (95% CI)

No prophylaxis 32 (12.3) 24 (12.9) Ref 8 (10.7) Ref
Prophylactic doses n (%)a 197 (75.5) 147 (79.0) 56.4 (28.4–111.9) 50 (66.7) 21.7 (8.6–54.5)
Intermediate doses n (%)b 17 (6.5) 6 (3.2) 0.2 (0.02–0.5) 11 (14.6) 1.4 (0.5–3.9)
Therapeutic doses n (%)c 15 (5.7) 9 (4.9) 0.3 (0.2–0.8) 6 (8.0) 0.7 (0.2–2.2)

Table 3  Clinical Features of 
COVID-19 patients: differences 
between transfused and non-
transfused patients

NMCR non major clinically relevant

Not transfused
n = 225

Transfused
n = 39

p

Sex, male/female 131/94 18/21 n.s
Age years, median (IQR) 72 (22) 75 (16) n.s
Smoking n (%) 19 (8.4) 2 (5.1) n.s
Hb at admission g/dl, median (IQR) 13.3 (2.4) 10.6 (3)  < 0.001
Diabetes, n (%) 49 (21.8) 7 (18) n.s
Hypertension, n (%) 117 (52) 6 (15.4)  < 0.001
History if cancer and/or active cancer n (%) 37 (16.4) 7 (18) n.s
Cerebrovascular disease, n (%) 16 (7.1) 3 (7.7) n.s
Cardiovascular disease, n (%) 51 (22.7) 13 (33.3) n.s
Chronic kidney disease, n (%) 28 (12.4) 6 (15.4) n.s
Chronic obstructive pulmonary disease, n (%) 24 (10.7) 4 (10.3) n.s
No prophylaxis 25 (11.1) 7 (18)  < 0.001
LMWH prophylactic doses 178 (79.1) 19 (48.7)
LMWH intermediate doses n (%) 9 (4.6) 8 (25)
LMWH Therapeutic doses n (%) 10 (4.4) 5 (12.8)
LMWH + antiplatelets drug n (%) 42 (18.7) 7 (17.9) n.s
Major or NMCR haemorrhage n (%) 12 (5.3) 1 (2.6) n.s
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Furthermore, age, ICU access, CKD, and the number of 
transfused RBC units significantly predicted mortality 
(Table 4).

Discussion

The novelty of the present study is that the observation is 
restricted to COVID-19 patients who did not require inva-
sive or non-invasive ventilation. In our academic hospitals, 
patients were mostly treated with prophylactic doses of 
LMWH, whereas intermediate or therapeutic doses were 
used only in a small group of patients (n = 32, 12.3%). This 

means that most clinicians strictly adhere to the current 
international recommendations, based on observational 
data or information obtained in similar setting of hospi-
talized patients [9, 10, 14, 19–21].

Conflicting results have been so far published on the 
effectiveness of prophylactic doses of LMWH in reduc-
ing mortality in COVID-19 patients. Italian data obtained 
in 2,574 patients showed that heparins reduce fatalities by 
40% (HR 0.60; 95% CI 0.49 to 0.74); in that study the pro-
phylactic doses were more effective in lowering mortality 
than the therapeutic ones (60% vs 35%) [9]. We confirm 
and extend these findings, as we find that prophylaxis with 
LMWH reduces by almost 70% mortality in patients with 
mild/moderate disease, regardless of comorbidities, sex and 
age (Table 3).

On the other hand, a recent systematic review and 
meta-analysis of eight retrospective observational studies 
(n = 2946 patients) did not find a reduction of mortality in 
patients receiving prophylactic doses of heparin [22]. These 
authors conclude that current evidence is not sufficient to 
support the role of prophylactic doses of heparin in reduc-
ing fatalities among COVID-19 patients (OR 0.96, 95% CI 
0.80–1.14). However, it is noteworthy that in the sub-group 
with moderate symptoms, heparin prophylaxis reduced 
mortality.

It is plausible that these conflicting results may depend 
on patients’ heterogeneity, their co-morbidities and the 

Transfused with RBC

N = 20

Patients admitted to hospitals 
with COVID-19 

N = 422

Patients requiring invasive or non-
invasive ventilation were excluded 

N = 158

Patients included
N = 264

Patients admitted to ICU
N = 75

Patients admitted to medical wards
N = 189

Non-transfused with RBC

N = 55

Transfused with RBC

N = 19

Non-transfused with RBC

N = 170

Fig. 1  Diagram describing the entire cohort of patients

Table 4  Logistic regression – factors affecting mortality

Multivariate analysis was adjusted for  age, sex, comorbidities, ICU 
admission, medical therapy, number of red blood cell units and hemo-
globin values at admission
CKD chronic kidney disease, RBC red blood cells, ICU intensive care 
unit

Variable p OR 95% CI

Age 0.00 1.09 1.05–1.14
LMWH prophylaxis 0.02 0.31 0.13–0.85
ICU access 0.24 2.46 1.13–5.37
CKD 0.06 3.58 1.65–10.90
Number of transfusions 0.04 1.32 1.01–1.72
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requirement of invasive or non-invasive ventilation. In 
this context, viscoelastic tests might be helpful in rapidly 
identifying patients with severe COVID-19 [23] and in 
monitoring coagulation and LMWH effect [24]. From pre-
sent data, we cannot draw conclusions about intermediate 
or therapeutic doses in terms of efficacy and safety, as they 
were used in a small group of patients.

Marongiu et  al. have hypothesized that pulmonary 
thrombosis may complicate the course of 2019-nCoV 
pneumonia, via complement and cytokine release and a 
blood coagulation activation with vascular microthrom-
bosis [25, 26]. Therefore, it is likely that LMWH might 
reduce fatalities by lowering the risk of pulmonary 
microthrombosis. In this setting, heparins can have also 
an anti-inflammatory effect, as one of the hypothesized 
mechanisms of action is their binding to pro-inflammatory 
cytokines, leading to a reduction of cytokines levels [27].

In agreement with findings from other series, our study 
shows that ICU access [28, 29] and CKD predict mortal-
ity [30, 31]. Interestingly, transfusion need is not higher 
in patients administered with prophylactic LMWH doses, 
therefore confirming that this scheme is safe. However, 
number of transfusions are significantly and independently 
associated with mortality (OR 1.32, 95% CI 1.01–1.72), as 
previously reported in other studies [32, 33]. Therefore, we 
agree with those who suggest to use restrictive thresholds 
for RBC in COVID-19 patients, although clinicians may 
have the temptation to choose intervention over caution in 
critically-ill patients [34].

Conclusions

Present data show that COVID-19 patients who do not 
require invasive or non -invasive ventilation benefit from 
prophylactic doses of LMWH. This information strength-
ens the role of LMWH in all hospitalized patients with 
infection from SARS-CoV2.
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