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Abstract 

Background: The optimal prophylactic dose of heparin in patients with coronavirus-associated disease 2019 
(COVID-19) in the emergency department (ED) is debated. This study aimed to analyze different thromboprophylaxis 
approaches in unvaccinated COVID-19 patients admitted to ED without initial venous thromboembolism.

Methods: Retrospectively, the effect of intermediate/high versus low dose heparin treatment was evaluated from 
December 2020 to July 2021 in a tertiary Academic Hospital in northeast Italy. The primary outcome comprised 
arterial or venous thromboembolism or all-cause death within 30 days. Secondary outcomes comprised each single 
primary outcome component or major hemorrhagic event. Cox regression was used to determine predictors of the 
primary outcome and propensity score weights to balance the effect of heparin treatment on all outcomes.

Results: Data of 144 consecutive patients (age 70 ± 13, 33% females) were included in the study. High-dose pro-
phylactic heparin was used in 69%, intermediate in 15%, and low in 17% of patients. The primary outcome occurred 
in 48 patients. Independent predictors of the primary outcome were COVID-19 severity (hazards ratio (HR) 1.96, 95% 
confidence interval (CI) 1.05–3.65, p = 0.035) and D-dimer levels (HR each log ng/dl 1.38, 95% CI 1.04–1.84, p = 0.026). 
Intermediate/high dose heparin did not affect the risk of the primary outcome compared with the low dose 
(weighted HR 1.39, 95% CI 0.75–2.56, p = 0.292). Intermediate/high heparin increased the risk of major hemorrhagic 
events (weighted HR 5.92, 95% CI 1.09–32, p = 0.039).

Conclusions: In unvaccinated COVID-19 patients admitted to ED, prophylaxis with heparin at the intermediate/
high dose did not reduce primary outcome compared with the low dose but increased the risk of major hemorrhagic 
events.
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Background
From May 2020 to July 2021, three major waves of “severe 
acute respiratory syndrome coronavirus 2” (SARS-
CoV-2) infection occurred in Italy, with 3.6 million con-
firmed coronavirus-associated disease 2019 (COVID-19) 
cases and about 128.000 deaths of patients who were 
mostly unvaccinated [1]. In this period, because of the 
huge influx of symptomatic COVID-19 patients, the 
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emergency department (ED) had a central role in the ini-
tial management of severe to critical diseases [2].

Clinical presentation of COVID-19 ranged from mild 
influenza-like symptoms to severe respiratory failure 
associated with thromboembolic complications that 
needed immediate oxygen, respiratory support, and anti-
coagulant treatments [3]. During the initial waves of the 
pandemic, unvaccinated patients were at high risk of 
disease progression toward severe to critical respiratory 
failure, hypoxia, venous and arterial thromboembolic 
complications, and death [4]. Venous thromboembolism 
(VTE) [5] and arterial thrombotic events (ATE) [6–8] 
were frequently observed in hospitalized patients with 
severe COVID-19 and both the complications contrib-
uted to the high mortality rate of these patients [9].

Although pathophysiological reasons for this frequent 
association are unknown, severe COVID-19 patients are 
characterized by bed rest, hypoxia, intense systemic and 
tissue inflammation, and abnormalities of coagulation 
markers [10–12]. These factors are expected to induce 
endothelial dysfunction, platelet activation, and blood 
stasis that justify the increased risk of VTE, meaning 
deep vein thrombosis (DVT) and pulmonary embolism 
(PE) [13]. In addition, virus infection induces a cytokine 
storm that can elicit arterial inflammation, local endothe-
lialitis, hemostasis activation, and arterial thrombosis 
[14]. Mid-size artery thrombosis was shown in post-mor-
tem lungs [15], as well as in other arterial sites, including 
coronary, cerebral, and peripheral arteries [16]. Because 
of this elevated thromboembolic risk, the use of prophy-
lactic anticoagulants, such as heparin, in hospitalized 
patients with severe COVID-19 appeared mandatory [17, 
18].

Although anticoagulants were mandatory to prevent 
thromboembolism and mortality in COVID-19 patients 
with severe to critical disease, the optimal prophylactic 
dose of heparin in the symptomatic COVID-19 patient 
without an initial VTE or ATE diagnosis is still a matter 
of debate [19]. The rational benefit of increasing doses 
of anticoagulants to prevent thromboembolic events 
and mortality is counterbalanced by the increased risk 
of major hemorrhagic events [20]. This study aimed to 
assess the risk/benefit ratio of different heparin doses 
regarding the incidence/risk of VTE, ATE, major hemor-
rhagic events, and mortality in a retrospective cohort of 
unvaccinated COVID-19 patients treated in ED.

Methods
The design of this study was retrospective longitudinal. 
The study included data from patients consecutively 
admitted to the ED of the Academic Hospital of Udine 
in northeast Italy from December 2020 to June 2021. 
Patients were followed for 30  days and the study ended 

on July 2021. In this period, confirmed cases of SARS-
CoV-2 infection, in the area served by the Academic 
Hospital, were 61,100 [21] and the vaccine prophylaxis 
was not commenced yet. Data of unvaccinated patients 
admitted to ED of all sexes, 18 years or older, with a posi-
tive nasal-pharyngeal swab for SARS-CoV-2 infection 
and clinical signs of moderate-to-severe pneumonia, and 
who had started prophylactic heparin within 24  h from 
admission were selected. Patients with an unclear swab 
response, who were discharged or died within 24 h from 
admission, needed anticoagulants for treating underline 
conditions, those with a platelet count lower than 50.000 
cell/mm3, were on dialysis, or pregnant women were 
excluded. Patients with platelets below 50.000 cells/mm3 
were excluded because they were not treated with pro-
phylactic heparin because of their elevated bleeding risk.

According to WHO guidelines, a moderate disease was 
considered the presence of fever, cough, dyspnea, or fast 
breathing without alteration of vital signs; a severe dis-
ease, the addition of one of respiratory rate > 30 breaths/
min, severe respiratory distress, or arterial oxygen satu-
ration < 90% at room air [22]. All patients were examined 
at admission with at least a chest imaging [plain radio-
graph, ultrasound, or computed tomography (CT) scan] 
to assess pulmonary complications. A lung CT scan with 
contrast enhancement and a compressive venous ultra-
sound were performed whenever DVT or PE was sus-
pected. All patients were treated with the best medical 
knowledge according to WHO guidelines available dur-
ing the study period [22]. Information about patients’ 
age, sex, comorbidities, drug therapy, smoking history, 
new-onset acute coronary syndrome, myocardial infarc-
tion, transitory ischemic attack, ischemic stroke, VTE, 
acute peripheral ischemia, major hemorrhagic events, 
and 30-day all-cause death was collected from clinical 
records.

Heparin doses were empirically prescribed by the 
emergency physician according to previous experience 
with anticoagulants in acutely ill medical patients [23] 
and evidence emerged from other observational stud-
ies in hospitalized COVID-19 patients [24]. Prophylac-
tic heparin administration was differentiated according 
to the first prescription in “low dose” if it was equiva-
lent to or lower than 4000 international units (IU) of 
enoxaparin administered once a day, “high dose” if used 
to 100  IU per kg of body weight taken twice a day, or 
“intermediate dose” if the dosage was in the middle of 
the previous two. We prefer using “low dose” instead of 
“prophylactic dose” and “high dose” instead of “thera-
peutic dose” since, in all patients, the first prescrip-
tion of heparin was because of thromboprophylaxis. 
A heparin dosage lower than 4000  IU was prescribed 
when the estimated glomerular filtration rate (eGFR) 
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was lower than 30 ml/min/1.73m2 to reduce the bleed-
ing risk. The intermediate prophylactic dose was pre-
scribed preferentially in obese patients or those with 
elevated D-dimer levels according to the experience of 
other groups [25].

The primary outcome of the study was the compos-
ite of ATE, VTE, or all-cause death within 30 days. ATE 
comprised myocardial infarction, ischemic cerebro-
vascular event, and acute peripheral artery ischemia. 
VTE comprised DVT and PE. Secondary outcomes 
comprised every single component of the primary out-
come or major hemorrhagic events. Only for this study 
purposes, major hemorrhagic events were defined as 
whatever documented bleeding that induced the emer-
gency physician to stop heparin treatment, whereas 
heparin-associated thrombocytopenia was suspected 
by platelets drop below 150.000 cells/mm3 or of 50% or 
more compared with pre-heparin baseline value [26]. 
An intention-to-treat approach based on the first dose 
prescription was used to analyze heparin effects on 
outcomes.

At admission, the following laboratory variables were 
collected: hemoglobin, platelet count, plasma D-dimer, 
plasma creatinine, and the prothrombin time expressed 
as the international normalized ratio (INR). The renal 
function was estimated by eGFR calculated with the 
Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation. CKD was defined when patients 
had a history of eGFR lower than 60  ml/min/1.73m2. 
Molecular testing for SARS-CoV-2 infection on naso-
pharyngeal swab samples was performed by real-time 
reverse transcriptase-polymerase chain reaction (RT-
PCR) analysis of the virus RNA according to WHO 
guidelines [27]. Plasma levels of the cross-linked fibrin 
degradation product D-dimer were measured by latex 
enhanced immune-turbidimetric assay on an automated 
coagulation analyzer (ACL TOP, Instrumentation Labo-
ratory). D-dimer concentration was reported as fibrin-
ogen-equivalent-units (FEU). The certified laboratory 
service of the Academic Hospital of Udine performed all 
biochemical analyzes and routine blood tests by standard 
methods.

This study was performed under the ethical stand-
ards of the Declaration of Helsinki (1964) and its sub-
sequent amendments and all methods were carried out 
under relevant guidelines and regulations. The Institu-
tional Review Board of the University of Udine approved 
this study (Protocol Number 28–2022). All patients 
signed a generic informed consent to use personal data 
for research at hospital admission unless critically ill 
or deceased. The IRB stated that no additional spe-
cific informed consent for the retrospective analysis of 
patients’ data was needed.

Statistical methods
Continuous normally distributed variables were sum-
marized as mean and standard deviation (SD), whereas 
continuous not normally distributed ones as the median 
and interquartile range (IQR). The normal distribution 
of variables was assessed by looking at histograms and 
confirmed by the Shapiro–Wilk test. The mean difference 
of normally distributed variables was tested by Student’s 
t-test, whereas the difference between not normally dis-
tributed variables was tested with the Wilcoxon-Mann–
Whitney test. Countable variables were organized in 
contingency tables and summarized by absolute count 
and proportions. The difference between proportions 
was tested with the exact Fisher’s test. For statistical 
purposes, heparin used at intermediate and high doses 
was considered in the same group. The effect of heparin 
treatment on primary and secondary outcomes was pre-
sented with the Kaplan-Maier curves and the non-para-
metric log-rank test statistic. Predictors of the primary 
outcomes were tested by the Cox proportional hazards 
regression. The multivariate model for the Cox analysis 
comprised variables that predicted the primary outcome 
with a probability (p) lower than 0.100 in the univariate 
analysis and the variable of interest “use of heparin at dif-
ferent doses” whatever p it showed. In the multivariate 
model, covariates of similar meaning or that highly corre-
lated to each other were not included together. Not nor-
mally distributed variables were log-transformed before 
including them in univariate and multivariate analysis. 
Results of the Cox regression were reported as hazards 
ratio (HR) with a 95% confidence interval (CI). The effect 
of heparin at intermediate/high-dose versus low-dose 
(treatment effect) on the primary and secondary out-
comes was presented as HR by Cox proportional hazards 
regression with robust standard errors [28], weighted 
for pretreatment unbalanced covariates with propensity 
score matching [29]. The propensity score for the average 
treatment effect of heparin in matched patients was esti-
mated by logistic regression. Unbalanced covariates were 
considered those baseline variables whose standardized 
mean difference (SMD), between patients treated with 
heparin at intermediate/high versus low dose, was equal 
to or higher than 0.050 as an absolute value [30]. The bal-
ancing process was effective when it reduced below 0.050 
the SMD value of each pretreatment covariate. The ideal 
sample size was estimated according to the heparin effect 
on the primary outcome by a Cox proportional hazards 
model. By considering 5% the alpha error and estimat-
ing 40% the proportion of patients using the interme-
diate/high dose heparin, 0.50 the expected HR for the 
treatment effect, 68 was estimated to be the minimum 
number of events needed to get a study power of 80%. 
Hypothesizing that 30% is the cumulative incidence of 
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the primary outcome, the ideal sample size, should have 
been 227. The statistical analysis was performed with the 
free R software (version 4.1.2, R Core Team, Vienna, Aus-
tria) [31] and the packages Survival (version 3.2–13) [32] 
and WeightIt (version 0.12.0) [33].

Results
After applying exclusion criteria, 144 consecutive 
patients were included in the study. The primary out-
come occurred in 48 patients with a cumulative incidence 
of 33% and a median time to event of 8 days (IQR 4–11). 
A summary of patients’ general clinical and laboratory 
characteristics, the cumulative incidence of outcomes, 

and drug therapy are reported in Table  1. Three of the 
eight patients with ATE had an acute myocardial infarc-
tion, three ischemic strokes, and two acute peripheral 
ischemic limbs. The median time to ATE was 5  days 
(IQR 4–10). All nine patients with VTE had PE and only 
two had a concomitant DVT. The median time to VTE 
was 10 days (IQR 6–12). One of the seven patients with 
a major hemorrhagic event had gastrointestinal bleed-
ing, five had a retroperitoneal hematoma, and one had an 
upper arm hematoma. The median time to hemorrhagic 
event was 9  days (IQR 8–14). All patients in this study 
were treated with enoxaparin and no heparin-induced 
thrombocytopenia have been diagnosed. The first dose 

Table 1 Comparison of variables between patients without and with primary outcome occurrence

ATE, arterial thrombotic event, VTE venous thromboembolism, eGFR estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation, FEU fibrinogen equivalent units, INR, international normalized ratio, p, probability

Variable All patients Without primary outcome With primary outcome p

Patients (n) 144 96 48

General clinical characteristics

 Age (years) 70 ± 13 68 ± 13 75 ± 12 0.002

 Female sex (n (%)) 48 (33) 31 (32) 17 (35) 0.712

 Past or active smoker (n (%)) 13 (9.0) 11 (11) 2 (4.2) 0.220

 Comorbidities (n (%)):

  • Obesity 46 (32) 31 (32) 15 (31) 0.999

  • Hypertension 88 (61) 54 (56) 34 (71) 0.105

  • Diabetes 33 (23) 17 (18) 16 (33) 0.057

  • Neoplasia 7 (4.9) 6 (6.3) 1 (2.1) 0.425

  • Past coronary artery disease 18 (13) 11 (11) 7 (15) 0.601

  • Past cerebrovascular disease 9 (6.3) 5 (5.2) 4 (8.3) 0.482

  • Chronic kidney disease 59 (41) 33 (34) 26 (54) 0.031

 Severe COVID-19 (n (%)) 78 (54) 45 (47) 33 (69) 0.014

Outcomes

 All-cause death (n (%)) 35 (24) 0 35 (73)  < 0.001

 ATE (n (%)) 8 (5.6) 0 8 (17)  < 0.001

 VTE (n (%)) 9 (6.3) 0 9 (19)  < 0.001

 Major hemorrhagic event (n (%)) 7 (4.9) 4 (4.2) 3 (6.3) 0.686

General biochemical variables

 Hemoglobin (g/dl) 13.4 ± 1.8 13.6 ± 1.5 13.0 ± 2.1 0.126

 Platelet count (n. ×  103/mm3) 210 ± 82 218 ± 84 194 ± 76 0.099

 Plasma creatinine (mg/dl) 1.02 (0.81–1.39) 0.98 (0.81–1.20) 1.15 (0.88–1.62) 0.011

 eGFR (ml/min/1.73m2) 66 ± 29 71 ± 27 55 ± 30 0.004

 Plasma D-dimer (ng/dl FEU) 771 (545–1704) 692 (521–1302) 1240 (722–2613) 0.002

 Prothrombin time (INR) 1.10 (1.56–1.19) 1.10 (1.045–1.21) 1.13 (1.06–1.18) 0.776

Drug therapy

 Heparin use (n (%))

  •Low dose 99 (69) 69 (72) 30 (63) 0.260

  •Intermediate dose 21 (15) 13 (14) 8 (15) 0.812

  •High dose 24 (17) 14 (15) 10 (21) 0.352

 Antiplatelet drugs (n (%)) 49 (34) 27 (29) 22 (42) 0.143

 Statins (n (%)) 34 (24) 25 (26) 9 (19) 0.408
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prescription of heparin was continued until the study 
ended in 89 of 99, 17 of 21, and 16 of 24 patients who 
were taking, respectively, low, intermediate, and high 
doses. Heparin was escalated to the high dose in six and 
two patients who were taking, respectively, low and inter-
mediate doses because a VTE event occurred. Only in 
one patient was a VTE event occurred despite the high 
dose of heparin and in this patient heparin was substi-
tuted with an oral anticoagulant. Heparin was substituted 
with oral anticoagulant also in four, two, and two patients 
who were taking, respectively, low, intermediate, and 
high doses because an ATE event occurred. The first dose 
of heparin was suspended in two and five patients who 
were taking, respectively, low and high doses because of 
the occurrence of a major hemorrhagic event.

Patients with the primary outcome were older, had 
more frequently CKD and severe COVID-19, and had 
lower eGFR, but higher plasma D-dimer and creatinine 
levels than patients without (Table  1). Patients treated 

with heparin at the intermediate/high dose were more 
frequently obese and presented more hemorrhagic events 
than those treated with the low dose (Table  2). Positive 
predictors of the primary outcome in the univariate Cox 
regression were age, diabetes, CKD, severe COVID-19, 
and D-dimer levels, whereas the only negative predictor 
was eGFR (Table  3). In the multivariate model, all but 
one positive and negative predictor of the primary out-
come with p lower than 0.100 were included. The variable 
CKD was excluded because of its high correlation with 
eGFR. Independent predictors of the primary outcome 
remained COVID-19 severity and plasma D-dimer levels 
(Table 3).

Figures 1 and 2 present the Kaplan–Meier curves and 
the log-rank test statistic of the heparin effect on the 
primary and secondary outcomes. Using heparin at the 
intermediate/high dose compared with the low dose 
did not reduce the probability of the primary outcome 
(Fig. 1), whereas it increased that of major hemorrhagic 

Table 2 Difference between variables of patients treated with intermediate/high versus low dose heparin

ATE arterial thrombotic event, VTE venous thromboembolism, eGFR estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation, FEU fibrinogen equivalent units, INR international normalized ratio; p probability, SMD standardized mean difference
a Unbalanced covariates with SMD higher than 0.050 absolute value. SMD for skewed variables was calculated on log-transformed values

Variable Low heparin dose Intermediate/high heparin 
dose

p SMD

Patients (n) 99 45 - -

Age (years) 70 ± 13 71 ± 13 0.532 0.019

Female sex (n (%)) 36 (36) 12 (27) 0.340 -0.219a

Past or active smoker (n (%)) 10 (10) 3 (6.7) 0.755 -0.137a

Comorbidities (n (%)):

 • Obesity 24 (24) 22 (49) 0.006 0.493a

 • Hypertension 56 (56) 32 (71) 0.140 0.321a

 • Diabetes 23 (23) 10 (22) 0.999 -0.024

 • Neoplasia 6 (6.0) 1 (2.2) 0.435 -0.260a

 • Past coronary artery disease 13 (13) 5 (11) 0.999 -0.064

 • Past cerebrovascular disease 6 (6.0) 3 (6.7) 0.999 0.024

 • Chronic kidney disease 39 (39) 20 (44) 0.588 0.102a

Severe COVID-19 (n (%)) 49 (49) 29 (64) 0.107 0.312a

Hemoglobin (g/dl) 13.3 ± 1.7 13.7 ± 1.8 0.140 0.266a

Platelet count (n. ×  103/mm3) 217 ± 90 194 ± 56 0.063 -0.410a

eGFR (ml/min/1.73m2) 67 ± 30 63 ± 27 0.486 -0.129a

Plasma D-dimer (ng/dl FEU) 733 (561–1367) 1075 (522–1789) 0.581 0.047

Prothrombin time (INR) 1.11 (1.06–1.19) 1.10 (1.05–1.22) 0.894 -0.083a

Antiplatelet drugs (n (%)) 33 (33) 16 (36) 0.850 0.046

Statins (n (%)) 24 (24) 10 (22) 0.836 -0.048

Outcomes

Primary outcome (n (%)) 30 (30) 18 (40) 0.260 -

All-cause death (n (%)) 24 (24) 11 (24) 0.999 -

ATE (n (%)) 4 (4.0) 4 (8.9) 0.257 -

VTE (n (%)) 6 (6.0) 3 (6.7) 0.999 -

Major hemorrhagic event (n (%)) 2 (2.0) 5 (11) 0.031 -
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events (Fig.  2). Unbalanced pretreatment covariates, 
were female sex, past or active smoker, obesity, hyper-
tension, neoplasia, CKD, severe COVID-19, hemo-
globin, platelets, eGFR, and INR (Table  2). Figure  3 
presents the effect of the propensity score weighting on 
unbalanced covariates. After applying propensity score 
weighs on the Cox regression, the use of heparin at 
intermediate/high dose compared with the low dose did 
not reduce the risk of the primary outcome (weighted 
HR 1.38, 95% CI 0.75–2.56, p = 0.292), all-cause death 
(weighted HR 1.03, 95% CI 0.49–2.18, p = 0.929), ATE 
(weighted HR 1.78, 95% CI 0.38–8.3, p = 0.465), and 
VTE (weighted HR 0.94, 95% CI 0.23–3.89, p = 0.929), 
whereas it increased that of major hemorrhagic events 
(weighted HR 5.92, 95% CI 1.09–32, p = 0.039). The 
median time to hemorrhagic event in patients treated 
with heparin at intermediate/high dose was 9 days (IQR 
8–13), and that of patients treated with the low dose 
was 14 days (IQR 11–16).

Discussion
In this study, it was shown that heparin at the intermedi-
ate/high dose compared to the low dose did not reduce 
the risk of VTE, ATE, or all-cause death within 30 days. 
Conversely, the intermediate/high dose increased the risk 
of major hemorrhagic events.

This study reported the clinical experience of an ED in 
northeast Italy during the initial COVID-19 pandemic 
when almost all patients were unvaccinated and evidence 
on anticoagulation strategies was poor. Therefore, hepa-
rin prophylaxis was administered according to the gen-
eral knowledge about the VTE risk in hospitalized and 
critical septic patients [34]. Nevertheless, the results con-
firmed what more recent prospective studies and rand-
omized controlled trials were showing [35].

This study was conducted during the second and third 
waves of the SARS-CoV-2 pandemic in Italy when virus 
mutations became dominant [36]. In this period, the 
wild-type Wuhan virus, responsible for the Italian first 
wave in early 2020, was rapidly substituted by the United 

Table 3 Univariate and multivariate Cox proportional hazards analysis of predictors of the primary outcome

eGFR estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, FEU fibrinogen equivalent units, INR 
international normalized ratio, HR hazards ratio, CI confidence interval, p probability

Univariate analysis Multivariate analysis

Variable HR (95% CI) p HR (95% CI) p

Age (each 10 years) 1.28 (1.01–1.61) 0.042 1.13 (0.89–1.44) 0.319

Female sex (yes/no) 1.15 (0.64–2.08) 0.642 - -

Past or active smoker (yes/no) 0.39 (0.10–1.62) 0.195 - -

Comorbidities (yes/no):

 • Obesity 0.99 (0.54–1.82) 0.971 - -

 • Hypertension 1.67 (0.90–3.12) 0.106 - -

 • Diabetes 1.92 (1.05–3.49) 0.034 1.30 (0.68–2.50) 0.430

 • Neoplasia 0.34 (0.05–2.47) 0.287 - -

 • Past coronary artery disease 1.36 (0.61–3.02) 0.456 - -

 • Past cerebrovascular disease 1.22 (0.46–3.60) 0.623 - -

 • Chronic kidney disease 1.87 (1.06–3.30) 0.031 - -

COVID-19

 • Moderate (Reference) 1 1

 • Severe 2.09 (1.13–3.85) 0.018 1.96 (1.05–3.65) 0.035

Hemoglobin (each 1 g/dl) 0.86 (0.73–1.02) 0.072 0.97 (0.80–1.18) 0.783

Platelet count (each  104/mm3) 0.97 (0.93–1.01) 0.157 - -

eGFR (each 10 ml/min/1.73m2) 0.87 (0.78–0.96) 0.005 0.94 (0.83–1.06) 0.308

D-dimer (each log ng/dl FEU) 1.55 (1.20–2.00)  < 0.001 1.38 (1.04–1.84) 0.026

Prothrombin time (each log INR) 5.29 (0.74–38) 0.097 5.72 (0.84–39) 0.075

Heparin use

 • Low dose (reference) 1 1

 • Intermediate/high dose 1.47 (0.82–2.63) 0.200 1.44 (0.79–2.62) 0.237

Antiplatelet drugs (yes/no) 1.44 (0.81–2.55) 0.216 - -

Statins (yes/no) 0.74 (0.36–1.53) 0.420 - -
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Kingdom (Alpha) variant (Phylogenetic Assignment of 
Named Global Outbreak lineages B.1.1.7) more infective 
[37], but less lethal [36]. Although patients in this study 
were not genotyped for SARS-CoV-2 variants, the Ital-
ian National Institute of Health periodically performed 
nationwide surveillance of virus variants according to 
random sampling from reference regional laborato-
ries. The second bulletin of variants prevalence in Italy, 
including data between 28 December 2020 and 6 June 
2021, estimated that the prevalence of the Alpha variant 
(lineage B.1.1.7) in northeast Italy, the area of patients’ 
provenience, was predominant (96.3%) [38].

In critical COVID-19 patients, usually admitted to the 
intensive care unit (ICU), high dose prophylactic hepa-
rin without a documented VTE is not recommended, 
whereas in hospitalized non-ICU patients it should 
be considered after having evaluated the bleeding risk 
[39]. The REMA-CAP et al. investigators’ trial on ICU 
patients was prematurely stopped because prophylactic 
heparin at a therapeutic dose compared with the usual 
prophylaxis reduced survival at hospital discharge and 
the number of days free of cardiovascular and organ 
support and induced a 65% increment of major bleed-
ing [40]. On the opposite, the ATTAC Investigators 
trial [41] showed the beneficial effect of the prophylac-
tic higher doses of heparin compared with the low dose 

in COVID-19 associated with adverse outcomes and 
mortality in hospitalized non-ICU patients. In all these 
studies, higher doses of prophylactic heparin increased 
major bleedings or thrombocytopenia compared with 
the low dose, though the cumulative incidence of hem-
orrhagic events was low and not always statistically sig-
nificant. Flumignan et al. summarize these results in a 
meta-analysis showing that higher doses of anticoagu-
lants increase the relative risk of major bleeding by 78% 
(95% CI 13%-280%), and reduce that of PE by 54% (95% 
CI 30%-69%), without affecting all-cause mortality, risk 
of DVT, and need for additional respiratory support 
[35].

Unexpectedly, in the present study, higher doses of 
heparin did not reduce the risk of VTE events compared 
to the low dose. This observation is not uncommon since 
also in other studies VTE occurred despite thrombo-
prophylaxis with elevated doses of heparin [42]. A poten-
tial mechanism that could explain this discrepancy is 
“heparin resistance”, reduced activity of the drug against 
the coagulation factor Xa [43]. Although this potential 
negative effect of COVID-19 on heparin efficacy is unex-
plained, this condition has been observed in about 75% 
of critical COVID-19 patients and it cannot be excluded 
that some patients in the present study might have pre-
sented heparin resistance during treatment.

Fig. 1 Kaplan-Meyer curves of the effect of heparin treatment on the primary outcome. In the graph is reported the probability (p) of the log-rank 
test. i/h, intermediate/high
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The most important limitation of this study is that it did 
not reach the number of minimum events of the primary 
outcome to get power above 80%. However, looking at 
the survival curves, the use of heparin at the intermedi-
ate/high dose was far from being superior compared with 
the low dose to reduce the risk of the primary outcome, 
whereas the use of heparin increased the hemorrhagic 
risk with more solid evidence. Nevertheless, the find-
ings of this study are in line with that of other groups and 

the most recent evidence. The second limitation of this 
study is the retrospective design. Because patients were 
not included with an a priori evaluation, selection bias 
introduced an elevated heterogeneity, as documented 
by the large standard deviation of some variables and by 
the large confidence intervals of estimates. To reduce this 
problem, multivariate analysis was adjusted by including 
relevant confounders with a p lower than 0.100 (not the 
conventional 0.050) and the heparin effect was weighted 

Fig. 2 Kaplan-Meyer curves of the effect of heparin treatment on secondary outcomes. In the graph is reported the probability (p) of the log-rank 
test. i/h, intermediate/high
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with a propensity score to be more conservative. The 
third limitation is the lack of a standard protocol for 
heparin use. Many patients started prophylactic hepa-
rin according to clinician self-assessment and, in some 
cases, heparin doses were changed during the follow-up 
because of the onset of new clinical needs. The effect of 
these changes on the study outcomes was not considered 
because it was not an object of this study.

Conclusions
In this study, prophylactic heparin at a high/intermedi-
ate dose did not reduce the primary outcome compared 
with the low dose but increased the risk of major hemor-
rhagic events. With the important limitations exposed in 
the previous paragraph, this study does not support the 
use of intermediate/high dose heparin instead of the low 
dose for thromboprophylaxis in ED.
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