
Cosmi et al. BMC Infectious Diseases          (2023) 23:718  
https://doi.org/10.1186/s12879-023-08297-7

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Infectious Diseases

Intermediate dose enoxaparin 
in hospitalized patients with moderate‑severe 
COVID‑19: a pilot phase II single‑arm study, 
INHIXACOVID19
B. Cosmi1,2*, M. Giannella3, G. Fornaro3*, F. Cristini4, A. Patacca4, A. Castagna5, F. Mazzaferri6, S. Testa7, 
A. Pan8, M. Lupi8, P. Brambilla8, A. Montineri9, S. Frattima10, E. G. Bignami11, M. Salvetti12, G. De Stefano13, 
E. Grandone14,15, G. Di Perri16, R. Rozzini17, A. Stella18, A. Romagnoli19, F. Drago20 and P. Viale3 

Abstract 

Background  Randomized clinical trials in non-critically ill COVID-19 patients showed that therapeutic-dose 
heparin increased survival with reduced organ support as compared with usual-care thromboprophylaxis, albeit 
with increased bleeding risk. The purpose of the study is to assess the safety of intermediate dose enoxaparin in hos-
pitalized patients with moderate to severe COVID-19.

Methods  A phase II single-arm interventional prospective study including patients receiving intermediate dose 
enoxaparin once daily according to body weight: 60 mg for 45–60 kg, 80 mg for 61–100 kg or 100 mg for > 100 kg 
for 14 days, with dose adjustment according to anti-factor Xa activity (target range: 0.4–0.6 UI/ml); an observational 
cohort (OC) included patients receiving enoxaparin 40 mg day for comparison. Follow-up was 90 days. Primary 
outcome was major bleeding within 30 and 90 days after treatment onset. Secondary outcome was the composite 
of all-cause 30 and 90-day mortality rates, disease severity at the end of treatment, intensive care unit (ICU) admis-
sion and length of ICU stay, length of hospitalization. All outcomes were adjudicated by an independent committee 
and analyzed before and after propensity score matching (PSm).

Results  Major bleeding was similar in IC (1/98 1.02%) and in the OC (none), with only one event observed in a patient 
receiving concomitantly anti-platelet therapy. The composite outcome was observed in 53/98 patients (54%) in the IC 
and 132/203 (65%) patients in the OC (p = 0.07) before PSm, while it was observed in 50/90 patients (55.6%) in the IC 
and in 56/90 patients (62.2%) in the OC after PSm (p = 0.45). Length of hospitalization was lower in the IC than in OC 
[median 13 (IQR 8–16) vs 14 (11–21) days, p = 0.001], however it lost statistical significance after PSm (p = 0.08). At 
30 days, two patients had venous thrombosis and two pulmonary embolism in the OC. Time to first negative RT-PCR 
were similar in the two groups.

Conclusions  Weight adjusted intermediate dose heparin with anti-FXa monitoring is safe with potential positive 
impact on clinical course in COVID-19 non-critically ill patients.
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Trial registration  The study INHIXACOVID19 was registred on ClinicalTrials.gov with the trial registration number 
(TRN) NCT04427098 on 11/06/2020.
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Background
Governments and health official worldwide are still fac-
ing the challenge of the severe respiratory syndrome 
epidemic due to the Coronavirus Disease 19 (COVID-
19) [1] which was declared as a pandemic disease by 
WHO at the beginning of 2020 [2]. The disease encom-
passes four stages depending on clinical severity: mild, 
moderate, severe and critical and it can rapidly progress 
respiratory failure requiring hospital admission for res-
piratory support up to invasive ventilation [1, 3]. Hos-
pitalized patients are inherently at high risk of venous 
thromboembolism (VTE) as acute infections are strong 
prothrombotic stimuli [4, 5]. An overall prevalence 
of VTE among patients with COVID-19 of 14.1% was 
found in a meta-analysis of 66 studies, with the highest 
incidence (22.7%) among those admitted to intensive 
care units (ICUs) [6]. In these patients routine pharma-
cological thromboprophylaxis has been recommended 
by WHO since the beginning of the pandemic [7]. In 
addition, COVID-19 patients exhibit an enhanced sys-
temic hypercoagulable state as SARS-CoV-2 leads to 
diffuse endothelial damage [8]. SARS-COV-2 binds to 
the ACE2 receptor which normally degrades angioten-
sin II, and SARS-CoV-2–mediated downregulation of 
ACE2 leads to accumulation of angiotensin II, which 
may contribute to a procoagulant state [9, 10]. The 
endothelial damage and the inflammatory host response 
can be characterized by excessive immune activation 
and cytokine storm, which promotes hypercoagulabil-
ity with both macrovascular and microvascular throm-
botic complications [11, 12]. A pathology hallmark of 
COVID-19 infection is diffuse small vessel (venule, 
arteriole, and capillary) platelet–fibrin thrombosis 
and intravascular megakaryocytes in all major organs, 
including the heart, lungs, kidneys, liver and mesenteric 
fat [9, 10]. As a result, standard pharmacological proph-
ylaxis with low molecular weight heparin (LMWH) or 
unfractionated heparin (UFH) may be insufficient in 
these patients as failure rates are not negligible (5–15% 
but 20–41% if arterial events are considered), especially 
in patients admitted to ICU who are characterized by a 
dynamic day-to-day variation of both thromboembolic 
and bleeding risk [13, 14]. These data have prompted 
the search for a better approach to pharmacological 
thromboprophylaxis, especially regarding its intensity. 
At least 75 trials of different antithrombotic strategies 
for COVID-19 have been registered, the majority of 

which employ heparin either unfractionated or LMWH 
[15]. Parenteral drugs such as heparins either unfrac-
tionated or LMWH may be preferred in acutely ill 
patients, also given drug-drug interaction with direct 
oral anticoagulants and some anti-viral regimens [16]. 
Several studies have evaluated the efficacy and safety 
escalated doses of heparin when compared to standard 
thromboprophylactic doses in hospitalized COVID-19 
patients. These studies have also considered heparin 
role on the progression of disease measured as organ 
support free days, due to its potential ability to inhibit 
pulmonary micro-thrombosis and also its antiviral and 
anti-inflammatory properties [17].

Studies in ICU patients, such as the INSPIRATION 
trial, showed no benefit of intermediate doses of LMWH 
when compared with standard-dose prophylaxis, on 
the primary outcome (a composite of adjudicated acute 
VTE, arterial thrombosis, treatment with extracorporeal 
membrane oxygenation, or death) with more bleeding 
in the intermediate-dose group [18]. The international, 
multiplatform, randomized clinical trials, combin-
ing data of three studies ACTIV-4a REMAP-CAP and 
ATT​ACC​, compared standard with therapeutic hepa-
rin thromboprophylaxis in COVID-19 patients. The 
trial in critically ill patients was stopped after enrolling 
1098 patients when the prespecified criterion for futility 
was met for therapeutic-dose anticoagulation. The lat-
ter did not improve the primary outcome of days with-
out organ support and was associated with more major 
bleeding complications than standard prophylaxis (3.8 
vs. 2.3%) [19]. On the contrary, in 2219 noncritically ill 
patients with COVID-19, therapeutic-dose anticoagula-
tion with heparin increased the probability of survival to 
hospital discharge with reduced use of cardiovascular or 
respiratory organ support as compared with usual-care 
thromboprophylaxis, albeit with increased risk of major 
bleeding (1.9% of the patients receiving therapeutic-dose 
anticoagulation and in 0.9% with standard anticoagu-
lation) [20]. Differently, the RAPID trial, which evalu-
ated therapeutic heparin as compared with prophylactic 
heparin or LMWH in 465 non critically ill patients with 
elevated D-dimer (approximately twofold the upper limit 
of reference-ULN) showed no difference between groups 
in the primary outcome (a composite of ICU admission, 
noninvasive or invasive mechanical ventilation, or death), 
although the therapeutic anticoagulation group had a 
lower incidence of death at 28 days [21]. More recently, 
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The HEP-COVID multicenter randomized clinical trial 
showed that therapeutic-dose LMWH reduced major 
thromboembolism and death compared with institu-
tional standard heparin thromboprophylaxis among 
adult inpatients with COVID-19 and D-dimer levels 
more than 4 times the upper limit of normal or sepsis-
induced coagulopathy score of 4 or greater. This effect 
was not seen in ICU patients [22]. On the basis of these 
results, the optimal thromboprophylactic regimen in 
hospitalized non critically ill patients with COVID-19 
with either therapeutic or intermediate heparin dosage 
remains an open issue [23], as therapeutic doses can be 
associated with an increased risk of bleeding [19, 20]. On 
the other hand, in this setting of hospitalized non-criti-
cally ill COVID-19 patients, weight adjusted intermedi-
ate doses of enoxaparin could reduce thromboembolic 
complications with improved outcomes and potentially 
ameliorate the progression of the disease [24]. With 
this premise, we performed a study aimed to assess the 
safety of intermediate weight adjusted enoxaparin doses 
in hospitalized patients with moderate-severe COVID-
19 infection. A parallel observational group of patients 
receiving standard prophylaxis was used to investigate 
efficacy as secondary aim.

Methods
Experimental design
A non-randomized parallel assignment study was con-
ducted with two arms: a phase II single-arm interven-
tional study including all patients treated with the study 
drug and an observational cohort including all patients 
screened for receiving the study drug but not included in 
the phase II study.

Objectives
The primary objective was to analyze the safety of interme-
diate weight adjusted enoxaparin in hospitalized patients 
with moderate-severe COVID-19. Secondary objective 
was to investigate the efficacy of intermediate weight 
adjusted enoxaparin in improving the clinical outcome of 
hospitalized patients with moderate-severe COVID-19.

Setting
The study INHIXACOVID19 was conducted in 13 Ital-
ian centers (see Supplementary Table  1) with the Infec-
tious Disease Unit of the S. Orsola-Malpighi Hospital 
University of Bologna, a 1.420-bed tertiary care Univer-
sity Hospital in Bologna, as promoting center. The study 
was approved by the Ethics Committee of the Lazzaro 
Spallanzani National Institute for Infectious Diseases 
of Rome which has been attributed the role of National 
Ethics Committee for assessing clinical trials on medi-
cines for human use and medical devices for patients 

with COVID-19. The study was approved also by the 
Italian Drug Agency - AIFA - (EudraCT Number: 2020-
001308-40) on 15/04/2020 and was registered on Clini-
calTrials.gov with the trial registration number (TRN) 
NCT04427098 on 11/06/2020. The study was conducted 
in accordance with the Declaration of Helsinki Ethical 
Principles and Good Clinical Practices.

Study population
The same inclusion and exclusion criteria were applied 
for patients included either in the interventional or in the 
observational arms. Inclusion criteria were: age >  = 18 
y; hospital admission; microbiologically confirmed 
COVID-19 infection; moderate-severe disease accord-
ing to study definitions (see below); and ability to provide 
consent to participate and to use data for interventional 
study, only to use data for observational cohort. Patients 
were excluded in case of coagulopathy: INR > 1.5, aPTT 
ratio > 1.4; impaired renal function (clearance to cre-
atinine less than 15  ml/min); known hypersensitivity to 
heparin; history of heparin induced thrombocytopenia; 
presence of an active bleeding or condition susceptible of 
bleeding in presence of anticoagulation (e.g. recent hem-
orrhagic stroke, peptic ulcer, malignant tumors at high 
risk of bleeding, recent neurosurgery or ophthalmic sur-
gery, vascular aneurysms, arteriovenous malformations); 
body weight < 45 or > 150 kg; concomitant anticoagulant 
treatment for other indications (e.g. atrial fibrillation, 
venous thromboembolism, prosthetic heart valves); dual 
antiplatelet therapy; pregnant or breast-feeding women.

Clinical severity definitions
Clinical severity of COVID-19 was assessed at the time of 
diagnosis, during the treatment with the study drug, and at 
the end of treatment according to the following criteria [25]:

•	 Mild: only mild symptoms without radiographic fea-
tures

•	 Moderate: fever, respiratory symptoms, and radio-
graphic signs of pneumonia

•	 Severe: fever, respiratory symptoms, and radio-
graphic signs of pneumonia plus at least one of three 
criteria: (1) RR > 30 times/min, (2) oxygen saturation 
< 93% on ambient air, (3) PaO2/FiO2 < 300 mmHg.

•	 Critical: meet one of three criteria: (1) respiratory 
failure needing invasive ventilation, (2) septic shock, 
(3) multiple organ failure.

Treatments
Patients included in the observational cohort received 
standard thromboprophylaxis with enoxaparin 40  mg 
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od, while patients included in the interventional cohort 
received subcutaneous enoxaparin in a single daily dose of:

–	 60 mg (body weight of 45–60 kg)
–	 80 mg (body weight of 61–100 kg)
–	 100 mg (body weight > 100 kg)

The intermediate dose was chosen to be 1  mg/kg/day 
which corresponds to half of the recommended enoxapa-
rin therapeutic dose, that is 1 mg/kg twice daily, accord-
ing to the European Medicines Agency (EMA) technical 
data sheet of Inhixa [26].

Enoxaparin was to be started on the first day of 
COVID-19 diagnosis and continued for 14  days, after 
determination of baseline PT, aPTT, complete blood 
cell count and creatinine levels. Standard thrombo-
prophylaxis was allowed for a maximum of 72  h before 
enrollment.

Laboratory tests
After reaching the steady state (usually after the third 
dose), heparin levels were measured with the determina-
tion of anti-Xa activity on a blood sample obtained at 4 h 
after the morning injection. LMWH dose could then be 
increased or reduced according anti-FXa (anti-Xa) activ-
ity (0.4–0.6 anti-Xa UI/ml for intermediate doses) [25]. 
This range was chosen on the basis of previous studies on 
thromboprophylaxis showing that this is a subtherapeu-
tic range, the therapeutic range of twice daily enoxaparin 
being 0.6–1.0 UI/ml [27] range which has been shown to 
be attained with 1 mg/kg/twice daily [28], while the range 
attained with enoxaparin prohylactic dose is 0.2–04 UI /
mL [29].

The determination of anti-Xa activity was repeated on 
the fifth or sixth day to monitor any drug accumulation. 
anti-Xa activity was measured according to locally avail-
able test. The effective doses of study drugs received by 
each participant during the study were recorded.

Complete blood cell count was obtained every second 
day to monitor for heparin induced thrombocytopenia.

D-dimer values were determined locally, and values 
were expressed as ng/ml in FEU (Fibrinogen Equivalent 
Units) and those measurements expressed as D-Dimer 
unit were converted into FEU. D-dimer values were 
expressed as a ratio of the upper limit of reference value 
(x ULN). In all patients, RT-PCR nasopharyngeal swabs 
were performed every 7  days to assess virus clearance 
and determined locally. All other laboratory tests were 
determined locally.

Follow‑up
Follow-up was 90  days after study drug initiation. Fol-
low-up information was collected via telephone calls, 

patient medical records and/or clinical visits according 
to clinical evolution.

Outcomes
Primary outcome was the rate of adverse events (AEs) 
in particular bleeding complications during treatment, 
at the end of treatment (EOT) and at 30 days after EOT, 
and occurrence of thromboembolic event at 90  days 
after COVID-19 diagnosis. Symptomatic thrombo-
embolic events were objectively confirmed deep vein 
thrombosis (DVT with compression ultrasound), pul-
monary embolism (PE with CT pulmonary angiogra-
phy), stroke (with CT scan), acute myocardial infarction 
(according to the 4th Universal definition of myocardial 
infarction), and peripheral acute ischemia. Major bleed-
ing was defined according to the International Society 
of Thrombosis and Haemostasis (ISTH) criteria as one 
of the following: fatal bleeding, symptomatic bleeding 
in a critical area or organ, such as intracranial, intraspi-
nal, intraocular, retroperitoneal, intra-articular or peri-
cardial, or intramuscular with compartment syndrome, 
bleeding causing a fall in hemoglobin level of 2  g/dL 
or more or leading to transfusion of two or more units 
of whole blood or red cells [30]. Secondary outcome 
was the composite of all-cause-in hospital, 30-day and 
90-day mortality rates, evolution of clinical severity 
during the treatment, ICU admission and length of ICU 
stay, length of hospital stay, considered as the percent-
age of patients in the two groups who had a duration of 
hospitalization of 14 or more days.

Outcome assessment
The cause of death was evaluated by an independent 
adjudication safety committee. The evolution of the clini-
cal severity during treatment was assessed by the attend-
ing physician. All outcomes related to thromboembolic 
and bleeding events were assessed by an independent 
adjudication safety committee with an interim safety 
analysis after enrolling the first 50 patients.

Sample size determination
This was a pilot study and an initial sample of 100 
patients for the phase II single-arm interventional trial 
was established.

Statistical analyses
Binary variables, such as the presence/absence of a given 
underlying condition, were reported as raw number 
and prevalence rates along with the p-value from Chi-
square’s test to compare the prevalence between the 
interventional and observational cohort. Continuous 
outcomes were summarized as the median and inter-
quartile range (i.e. 1st and 3rd quartile), or the mean and 
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95% confidence interval when the distribution of the 
variable appeared to be normal. Comparisons of con-
tinuous variables in the two cohorts were performed 
using the Wilcoxon-Mann-Whitney test for non-normal 
variables and the independent sample t-test for normally 
distributed variables. For efficacy analysis, the outcomes 
of patients enrolled in the interventional arm were com-
pared with those observed in the observational cohort 
by propensity score matching (PSm). A propensity score 
to receive enoxaparin was calculated and two propen-
sity matched groups of patients were obtained. Variables 
identified for the propensity-score matching were age, 
gender, BMI, diabetes, COPD, hypertension and disease 
severity at visit 1 (enrolment). A propensity score match-
ing (PSm) was calculated using the abovementioned var-
iables with third degree polynomials for the variables age 
and BMI. A 1-to-1 match for each patient in the inter-
ventional cohort was identified using nearest neighbour 
matching with a caliper of 0.5. Differences in 30-day 
mortality in the two groups were analyzed. The evolu-
tion of the clinical severity (progression from moderate 
to severe, of from severe to critical disease) of COVID-
19 between the two groups were further assessed by a 
competing risk analysis, considering death as compet-
ing event. Given the nature of the study, the amount of 
missing data for each variable of interest were reported. 
For a given variable, patients with missing data on that 
variable were excluded from the analysis. Although 
there were multiple variables of interest and multiple 

statistical tests were performed, statistical adjustment 
for type 1 error was not undertaken given the explora-
tory nature of the analyses at this stage. All analyses were 
performed using the statistical software SAS v9.4 and 
significance level of 5%.

Results
Patients’ characteristics
A total of 305 patients admitted to the hospitals 
between 08/01/2020 and 12/03/2021 were recruited 
into the study, 101 in the interventional cohort and 
204 in the observational cohort. Contribution on each 
center is shown in the supplementary Table  1. Among 
these, 98 patients in the interventional cohort and 203 
in the observational cohort were included in the follow-
ing analyses. One patient in the interventional cohort 
and another in the observational one were excluded as 
no moderate-severe disease was diagnosed according 
to study definitions; two patients in the interventional 
cohort were further excluded due to study protocol 
deviations (see Fig.  1). Table  1 shows patients’ char-
acteristics. Patients in the interventional cohort were 
younger (p = 0.001) and more likely to be male (p = 0.02) 
compared to patients in the observational cohort. 
There were no significant differences regarding ethnic-
ity. Moreover, patients in the interventional cohort had 
a higher BMI (p = 0.005) and Charlson comorbidity 
index (p < 0.001) and were more likely to have hyper-
tension (p = 0.003) when compared to patients in the 

Fig. 1  Consort flow diagram illustrating progress of patients throw the study
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observational cohort. Symptoms and signs were simi-
lar among the two groups except for more myalgias, 
anosmia, ageusia and headache and a lower frequency 
of PaO2/FiO2 < 300 among the interventional cohort 
patients when compared with the observational cohort 
patients (Table  2). Laboratory parameters, blood pres-
sure, pulse and respiratory rate were similar in the two 
cohorts (Table  3). D-dimer values were similar in the 
two groups, and they were only moderately increased 
(median 682 ng/mL and 1.16 × ULN in 80 subjects in the 
interventional cohort and 618 ng/mL and 1.32 × ULN in 
123 in observational cohort). albeit with missing data. 
There was no difference in levels of inflammatory mark-
ers such as IL-6, fibrinogen, C-Reactive Protein (CRP) 
between the two groups.

A total of 66 patients in the interventional cohort 
(66.0%) received heparin before enrollment in the study 
for no longer than 48  h; the majority with a dosage of 
40  mg (Table  4). Most patients in the interventional 
cohort (83.0%) received a dosage of 80  mg, while most 
patients in the observational cohort (97.5%) received a 
dosage of 40 mg. In 30 subjects (30.6%) of the interven-
tion arm, the heparin dose was adjusted according to 
the anti-Xa activity, it was decreased in 25, while it was 
increased in 5 patients but according with the body 
weight (mean ± SD 100.8 ± 27.6 kg) of patients the dosage 

remained in the subtherapeutic range. There were 12 
patients who were on aspirin, 4 in the interventional 
group and 8 in the observational group.

Regarding other treatments for COVID-19, a similar 
proportion of subjects received steroids, remdesivir and 
tocilizumab in the interventional and observational arms 
(81 vs. 78%, 37 vs. 27% and 8 vs. 12% respectively).

Analysis of safety
The bleeding events within 30 days were 5.4% and 0.5% 
in the interventional and in the observational arms 
(p = 0.02), respectively (see Table  5). However, only one 
out of the five events observed in the interventional arm 
was major (melena) and occurred in a patient also on 
aspirin, while all the remaining bleedings were adjudi-
cated as non-major (3 epistaxis and one rectal bleed in 
the interventional cohort and 1 epistaxis in the obser-
vational cohort). At 90  days 2.2% and 1.6% (p = 1) of 
patients in the interventional and observational cohort, 
respectively, had bleeding; these were all non-major 
bleedings. All non-major bleedings were minimal and 
self-limiting.

At 30  days, four patients in the observational cohort 
had a thromboembolic event; of these two were venous 
thrombosis and two were pulmonary embolism. At 
90  days, there were 3 thromboembolic events among 

Table 1  Characteristics of patients at baseline

Bold: values used in Propensity Score Matching
a Mean and 95% CI are reported and p-value was obtained from t-test for independent samples

Interventional cohort Observational cohort P-value

N Median (IQR) or n (%) N Mean (95% CI) or n (%)

Age [years] 98 61 (49, 71) 203 66 (56, 77)  < 0.001

Sex 98 203

  Female 29 (29.6%) 86 (42.4%) 0.03

  Male 69 (70.4%) 117 (57.6%)

Body weight [kg] 96 80 (74, 90) 163 76 (68, 85) 0.004

Height [m]a 91 1.72 (1.70, 1.74) 150 1.69 (1.68, 1.71) 0.02

BMI [kg/m2]a 91 27.1 (25.3, 30.8) 148 26.3 (24.2, 28.6) 0.005

Charlson index 97 2 (1, 3) 203 3 (1, 5)  < 0.001

Diabetes mellitus 98 13 (13.3%) 203 35 (17.2%) 0.41

COPD 98 5 (5.1%) 203 23 (11.3%) 0.09

Obesity 98 25 (25.5%) 180 29 (16.1%) 0.08

Hypertension 96 36 (37.5%) 203 114 (56.2%) 0.003

Smoking 96 5 (5.2%) 203 9 (4.4%) 0.77

Vaping cigarettes user 5 1 (20.0%) 7 0 (0.0%) 0.42

Alcoholism 96 3 (3.1%) 203 2 (1.0%) 0.33

Active opioid use 96 1 (1.0%) 203 0 (0.0%) 0.32

Haemodialysis 96 0 (0.0%) 203 0 (0.0%) n/a

Immunocompromised 97 0 (0.0%) 203 7 (3.4%) 0.10
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patients in the interventional cohort; one patient had 
both venous thrombosis and pulmonary embolism, two 
patients had venous thrombosis only. Patients were not 
routinely evaluated for thromboembolic events in the 
observational cohort at 90 days.

Analysis of efficacy
Crude comparison of outcome variables between inter-
ventional and observational arms are shown in sup-
plementary Table  2. The rate of clinical improvement 
across the study visits was higher in the interventional 
group than in the observational cohort (65.3 vs. 52.2%, 
p = 0.03). There were no difference in all-cause mortality 
at 30 and 90 days; rates of ICU admission were 13.3% and 
6.9% (p = 0.09) in interventional and observational arms, 
respectively; length of hospital stay was shorter in the 
interventional arm [13(8–16) vs. 14 (11–22), p < 0.001] 
(see supplementary Fig. 1 in supplementary material).

To account for differences in the two groups, a pro-
pensity score matching algorithm was done identifying 
a match for 90 patients both in the interventional and 
observational cohort, based on age, gender, BMI, diabe-
tes, COPD, hypertension and disease severity at enroll-
ment. Baseline characteristics in the matched groups 
showed no statistical differences between the two groups 

after matching (see supplementary Table 3 in supplemen-
tary material).

Mortality at 30 and 90 days did not differ significantly 
between the two cohorts (p = 0.37 at both 30 and 90 days, 
Table 6). Rates of ICU admission were 13.3% in the inter-
ventional cohort and 8.9% in the observational cohort 
(p = 0.48). Improvement of clinical status between enroll-
ment and day 14 was observed in 64% of patients in the 
interventional cohort and 57.8% in the observational 
cohort (p = 0.36). A trend toward lower length of stay 
in the interventional cohort compared to observational 
cohort was observed (p = 0.08) (Fig. 2).

The composite outcome of all-cause mortality at 30-day 
and 90-day, evolution of the clinical severity during treat-
ment, ICU admission, length of hospital stay was calcu-
lated. The composite outcome was 54% (53 /98) in the 
interventional cohort and 65% (132/203) in the observa-
tional cohort (p = 0.07) before PSm, while it was 55.6% 
(50/90) in the interventional cohort and 62.2% (56/90) 
(p = 0.45) after PSm (Table 6).

Discussion
This phase II pilot study showed that thromboprophy-
laxis with intermediate dose heparin with anti-FXa moni-
toring in patients with moderate or severe COVID-19 
and moderately increased D-dimer was not associated 

Table 2  Disease symptoms and signs

Interventional cohort Observational cohort P-value

N n (%) N n (%)

Fever 98 77 (78.6%) 203 158 (77.8%) 0.99

Respiratory symptoms 98 80 (81.6%) 203 160 (78.8%) 0.65

Radiological evidence of pneumonia 98 97 (99.0%) 203 201 (99.0%) 0.99

Respiratory rate > 30 98 5 (5.1%) 203 7 (3.4%) 0.54

Oxygen saturation < 93% 98 34 (34.7%) 203 72 (35.5%) 0.99

PaO2/FiO2 < 300 98 33 (33.7%) 203 98 (48.3%) 0.02

Respiratory failure requiring invasive ventilation 98 0 (0.0%) 203 2 (1.0%) 0.99

Septic shock 98 0 (0.0%) 203 0 (0.0%) n/a

Multiorgan failure 98 0 (0.0%) 203 0 (0.0%) n/a

Fever > 38.3 °C 98 41 (41.8%) 203 64 (31.5%) 0.09

Cough 98 61 (62.2%) 203 109 (53.7%) 0.17

Dyspnoea 98 43 (43.9%) 203 106 (52.2%) 0.18

Fatigue 98 40 (40.8%) 203 78 (38.4%) 0.71

Myalgia 98 31 (31.6%) 203 25 (12.3%)  < 0.001

Anosmia/Ageusia 98 24 (24.5%) 203 13 (6.4%)  < 0.001

Nausea/Vomiting 98 9 (9.2%) 203 16 (7.9%) 0.82

Diarrhoea 98 18 (18.4%) 203 30 (14.8%) 0.50

Conjunctivitis 98 3 (3.1%) 203 3 (1.5%) 0.40

Confusion 98 4 (4.1%) 203 18 (8.9%) 0.16

Headache 98 17 (17.3%) 203 15 (7.4%) 0.02
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with a higher risk of major bleeding compared to patients 
receiving standard dose prophylaxis. Indeed, there was 
only one major bleeding event in the interventional 
cohort in a subject on aspirin. Our results suggest that 
intermediate dose heparin with anti-FXa adjustment 
could be considered safe. Regarding efficacy assessment, 
although at the unadjusted analysis the rates of clinical 
improvement over study visits and the length of hospi-
tal stay were more favorable in the interventional group 
patients, their significance was reduced after the propen-
sity score matching.

Differently from the RAPID [21] and HEP-COVID 
[22] studies in which non critically ill patients with high 
D-dimer were enrolled (D-dimer 2.3 × ULN in the RAPID 

and D-dimer levels more than 4 times ULN in the HEP-
COVID study), in this cohort patients were enrolled with 
only moderately increased D-dimer levels (median 1.1–
1.3 × ULN). This indicates that patients at lower risk were 
enrolled as reflected by low mortality rates at 30 days (3% 
in the interventional cohort and 1% in the observational 
cohort). Mortality rates were higher both in the RAPID 
trial (7.6% in the standard prophylactic dose) and the 
HEP-COVID (19.4%) trial. In the ATT​ACC​, ACTIV-4a, 
and REMAP-CAP multiplatform trial in non-critically 
ill patients hospitalized with COVID-19, therapeutic 
heparin increased the probability of survival to hospi-
tal discharge with reduced use of cardiovascular or res-
piratory organ support as compared with usual-care 

Table 3  Laboratory tests and vital parameters

a Mean and 95% CI are reported and p-value was obtained from t-test for independent samples

Interventional cohort Observational cohort P-value

N Median (IQR) or n (%) N Median (IQR) or n (%)

WBC [10^9/mm3] 98 6.26 (4.20, 8.51) 202 6.42 (4.50, 8.55) 0.73

RBC [10^12/mm3]a 98 4.69 (4.58, 4.79) 202 4.58 (4.49, 4.67) 0.17

Hb [g/dL] 98 13.7 (12.7, 14.7) 202 13.5 (12.2, 14.6) 0.26

Neutrophils [10^9/mm3] 96 4.53 (2.89, 6.83) 187 4.56 (3.19, 7.11) 0.48

Lymphocytes [10^9/mm3] 96 1.10 (0.79, 1.56) 187 0.98 (0.74, 1.47) 0.16

Eosinophils [10^9/mm3] 96 0 (0,0) 187 0 (0, 0) 0.40

Platelets [10^9/mm3] 97 224 (170, 275) 201 206 (160, 255) 0.08

CRP [mg/dL] 94 8.15 (2.32, 14.50) 196 7.27 (2.66, 12.30) 0.33

PCT [ng/mL] 73 0.1 (0.1, 0.2) 97 0.1 (0.1, 0.2) 0.86

aPTT [ratio] 90 1.02 (0.90, 1.34) 140 1.09 (0.99, 3.64) 0.06

INR 90 1.07 (1.02, 1.12) 181 1.08 (1.02, 1.12) 0.62

D-dimer [ng/mL]
x ULN (upper limit of the reference 
range) mean, (min, max)

80 682 (355, 963)
1.16
2.3 (0.21, 36)

123 618 (417, 1013)
1.32
1.80 (0.32, 12.7)

0.28

Glucose [mg/dL] 94 112 (94, 145) 184 115 (96, 137) 0.95

Urea [mg/dL] 87 35 (27, 46) 136 36 (28, 48) 0.63

Creatinine [mg/dL] 98 0.87 (0.71, 1.02) 200 0.87 (0.72, 1.10) 0.30

AST [IU/L] 95 35 (26, 53) 159 33 (23, 47) 0.14

ALT [IU/L] 97 33 (20, 52) 199 26 (18, 38) 0.06

Bilirubin [mg/dL] 94 0.51 (0.40, 0.76) 142 0.60 (0.42, 0.88) 0.21

LDH [IU/L] 92 281 (233, 358) 169 284 (234, 382) 0.76

Triglycerides [mg/dL]a 59 109 (99, 119) 24 128 (109, 148) 0.05

Ferritin [mcg/L] 86 499 (259, 900) 89 448 (217, 753) 0.29

Fibrinogen [mg/dL] 79 546 (471, 633) 80 544 (437, 650) 0.72

CPK [IU/L] 82 97 (58, 189) 99 92 (47, 211) 0.50

Troponin [ng/L] 65 6.0 (5.0, 11.0) 43 8.0 (6.0, 13.0) 0.12

IL-6 [pg/mL] 80 20.0 (7.9, 40.7) 83 25.0 (10.6, 46.6) 0.67

Systolic blood pressure 98 125 (115, 135) 201 125 (120, 140) 0.74

Diastolic Blood Pressure 98 80 (70, 80) 199 75 (70, 80) 0.53

MAP 98 93.3 (84.3, 99.3) 199 93.3 (83.3, 100.0) 0.82

Pulse ratea 97 85 (82, 87) 200 83 (82, 85) 0.50

Respiratory Rate 84 20 (18, 24) 145 20 (18, 24) 0.22
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thromboprophylaxis [19, 20]. However, in this trial 77% 
of subjects had high D-dimer levels with 7–8% in- hospi-
tal mortality indicating a higher risk patient group. In this 
trial therapeutic dose heparin was also associated with a 
higher risk of major bleeding (1.9%) when compared with 
standard prophylaxis.

Several other randomized clinical trials have been 
conducted evaluating increased subtherapeutic doses 
or intermediate dose of LMWH in comparison with 
standard dose prophylaxis such as the study by Perepu 
et  al. [31] and the X–COVID 19 [32]. These studies 
however had all reduced sample size and were under-
powered to show an effect of different doses of LMWH 
on mortality or thromboembolic events. The BEMI-
COP trial compared therapeutic dose with standard 

prophylactic dose bemiparin in only 65 patients with 
nonsevere COVID-19 pneumonia and elevated 
D-dimer. without showing any difference of clinical 
outcomes between the two regimens [33].

Several systematic reviews and meta-analyses have also 
been conducted to assess the efficacy and safety of inter-
mediate/therapeutic in comparison with standard pro-
phylactic doses in hospitalized patients with COVID-19 
[34–38].

Five-thousand four-houndred and five hospitalized 
patients with COVID-19 were analyzed in a meta-
analysis including 8 randomized controlled trials. This 
meta-analysis showed a statistically significant reduc-
tion in the odds of development of thrombotic events in 
patients underwent to intermediate dose prophilaxis or 

Table 4  Heparin administration in the interventional and observational cohort

Interventional cohort Observational cohort P-value

N Median (IQR) or n (%) N Median (IQR) or n (%)

Pre-enrolment heparin administration 98 66 (66.0%) n/a n/a

Dose 64 n/a n/a

  40 mg 45 (70.3%)

  60 mg 10 (15.6%)

  80 mg 8 (12.5%)

  100 mg 1 (1.6%)

Heparin dosage 98 203  < 0.001

  40 mg 0 (0.0%) 198 (97.5%)

  60 mg 6 (6.1%) 2 (1.0%)

  80 mg 81 (82.7%) 3 (1.5%)
  100 mg 11 (11.2%) 0 (0.0%)

Day 3 Anti Xa activity (IU/mL) 69 0.58 (0.48, 0.66) n/a n/a

Day 5 Anti Xa activity (IU/mL) 63 0.58 (0.47, 0.65) n/a n/a

Heparin new dosage [mg] 30 n/a n/a
  40 mg 3 (10.0%)

  60 mg 19 (63.3%)

  80 mg 4 (13.3%)

  100 mg 4 (13.3%)

Table 5  Bleeding and thromboembolic events in the interventional and observational cohorts

Interventional cohort Observational cohort P-value

N n (%) N n (%)

Bleeding at 30 days 93 5 (5.4%) 186 1 (0.5%) 0.02

Minor 4 (80%) Minor 1 (100%)

Major 1 (20%) Major 0 (0%) 0.33

Thromboembolic events at 30 days 92 0 (0.0%) 186 4 (2.2%) 0.31

Bleeding at 90 days 93 2 (2.2%) 184 3 (1.6%) 1.00

Thromboembolic events at 90 days 93 3 (3.2%) 184 0 (0.0%) 0.04
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to therapeutic anti-coagulation relative to ones under-
went to prophylactic anticoagulation. However, the 
main problem was an increased risk of bleeding [34]. A 
subgroup analysis of randomized trials which recruited 
only patients with severe SARS-CoV-2 infection treated 
with intermediate or therapeutic dose of anticoagula-
tion, has demonstrated a statistically significant reduc-
tion in the odds of development of thrombotic events 
with no-effect on mortality and an increased risk 
of bleeding [34]. More recently, 11.430 hospitalized 
patients were included in a meta-analysis of 6 rand-
omized controlled trials and 25 cohort studies. This 
meta-analysis showed that risk for all-cause mortal-
ity was higher when standard prophylaxis was applied 
and lower when patients received an intermediate-dose 
LMWH prophylaxis. However, no associations were 
detected between the intensity of LMWH and the risk 
of thrombotic and hemorrhagic events, except the lower 
risk for hemorrhage in patients on prophylactic com-
pared to higher LMWH doses [35].

A meta-analysis including 33 studies (31 observational, 
2 RCT) for a total overall population of 32,688 patients 
showed that both prophylactic and full dose heparins 
reduced mortality. However, the full dose was associated 
with a higher risk of major bleeding compared to prophy-
lactic dose [36].

A Cochrane systematic review included seven RCT 
(16,185 participants) and showed little to no difference 
in all-cause mortality or DVT with higher dose UFH, 

LMWH or rivaroxaban when compared with standard 
thromboprophylaxis with higher risk of minor bleeding 
and a slightly higher risk of major bleeding [37].

Finally, a systematic review including a total of 5470 
patients from 9 RCTs showed that in hospitalized 
patients with COVID-19, high-dose thromboprophy-
laxis with either UFH or LMWH or fondaparinux is more 
effective than low-dose for the prevention of VTE but 
increases the risk of major bleeding [38].

The most important results of the INHIXACOVID 
study appear to be the safety of intermediate dose hepa-
rin. anti-Xa adjustment led to a change of dosage in 30 
patients and this seems to have increased the safety of 
intermediate dose heparin. No serious adverse event was 
correlated to the study drug.

Regarding a potential favorable impact on COVID-19 
course, although the length of hospitalization was lower 
in the interventional cohort compared to the observa-
tional cohort (median 13 vs. 14 days, p < 0.001), after PS 
matching this difference was not statistically significant. 
This finding appears interesting considering the lack 
of such observation in published studies in critically ill 
patients and / or in ICUs.

The main limitation of this study is the lack of a ran-
domized control group. However, at the time of trial 
design, a double blind randomized clinical trial was 
deemed not feasible, to limit the burden on extremely 
strained healthcare systems because of the pandemic, 
especially in Italy. Another limitation is the limited 

Table 6  Mortality, ICU admission and related events after propensity score matching

Interventional cohort Observational cohort P-value

N Median (IQR) or n (%) N Median (95% CI) or 
n (%)

Death within 30 days from heparin onset 88 3 (3.4%) 90 1 (1.1%) 0.37

Cause of death at 30 days 3 1

  COVID-19 2 (66.7%) 1 (100.0%)

  COVID-19 complications 1 (33.3%) 0 (0.0%)

Death within 90 days from heparin onset 89 3 (3.4%) 90 1 (1.1%) 0.37

Cause of death at 90 days 3 1

  COVID-19 2 (66.7%) 1 (100.0%)

  COVID-19 complications 1 (33.3%) 0 (0.0%)

Length of hospitalization [days] 85 14 (9, 16) 85 14 (10, 20) 0.08

NIV 90 14 (15.6%) 90 10 (11.1%) 0.51

CPAP 90 11 (12.2%) 90 11 (12.2%) 1.00

High nasal O2 flow 90 16 (17.8%) 90 14 (15.6%) 0.84

ICU admission 90 12 (13.3%) 90 8 (8.9%) 0.48

Length of ICU stay [days] 8 8 (5, 17) 8 6 (5, 10) 0.76

Death within 90 days or ICU admission 89 13 (14.6%) 90 9 (10.0%) 0.37

Improvement of clinical status between visit 1 
and visit 3

90 58 (64.4%) 90 52 (57.8%) 0.36
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sample size with reduced statistical power and the 
lack of assessment of thromboembolic complications 
at 90  days of the patients of the observational cohort. 
Patient’s characteristics may have influenced the deci-
sion to enroll patients (selection bias). In addition, 
clinicians’ decisions to admit patients to ICU or treat 
them with non-invasive mechanical ventilation could 
have been influenced by knowledge of the allocated 
treatment (performance bias). Moreover, random vari-
ation could have been caused by the pandemic’s vari-
able impact on hospital resources over time and across 
regions. Investigation or reporting of potential events 
(especially incidental deep vein thromboses or bleed-
ing) in patients receiving intermediate heparin could 
have been less likely than events in patients receiving 
prophylactic heparin (detection bias). However, an 
independent clinical events committee blindly adjudi-
cated all relevant outcomes based on clinical reports. 
Propensity score matching was employed to reduce or 
eliminate the effects of confounding when using obser-
vational data to estimate treatment effects and it was 
based on those variables which were different at base-
line in the two cohorts.

Conclusions
Intermediate dose heparin with anti-Factor Xa moni-
toring in patients with moderate or severe COVID-19 
and moderately increased D-dimer was not associated 
with an increased risk of major bleeding. Our data 
seems to suggest a more favorable clinical course and 
shorter length of hospitalization in patients treated 
with intermediate dose heparin as revealed by other 
studies in the literature.

Abbreviations
COVID-19	� Coronavirus Disease 19
VTE	� Venous thromboembolism
ICUs	� Intensive care units
LMWH	� Low molecular weight heparin
UFH	� Unfractionated heparin
EMA	� European Medical Agency
FEU	� Fibrinogen equivalent units
AEs	� Adverse events
EOT	� End of treatment
DVT	� Deep vein thrombosis
PE	� Pulmonary embolism
ISTH	� International Society of Thrombosis and Haemostasis
PSm	� Propensity score matching
FXa	� Factor Xa

Fig. 2  Length of hospital days in patients in the interventional and observation cohort after propensity-score matching



Page 12 of 13Cosmi et al. BMC Infectious Diseases          (2023) 23:718 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​023-​08297-7.

Additional file 1: Supplementary Table 1. Participating centers and 
relative contribution.

Additional file 2: Supplementary Table 2. Crude comparison of out-
come variables between interventional and observational groups.

Additional file 3: Length of hospital days in patients in the interventional 
and observation cohort before propensity score matching.

Additional file 4: Supplementary Table 3. Baseline characteristics in the 
propensity score matching groups.

Acknowledgements
The authors acknowledge the statistical support of Dr. Davide De Francesco, 
Data River Open Source Data Management.

Scientific Committee: B. Cosmi 1, P. Viale 2, M. Giannella 2, A. Stella4

1 Angiology and Blood Coagulation Unit, IRCCS Azienda Ospedaliero-Univer-
sitaria di Bologna, and Department of Specialty Diagnostics and Experimental 
Medicine, University of Bologna, Italy. 2 Infectious Diseases Unit, Department 
of Medical and Surgical Sciences (DIMEC), Sant’Orsola Hospital, University of 
Bologna, Italy. 3 Clinical Microbiology Unit, Department of Specialty Diagnos-
tics and Experimental Medicine Policlinico Sant’Orsola, University of Bologna, 
Italy. 4 Department of Specialty Diagnostics and Experimental Medicine 
(DIMES), Sant’Orsola Hospital University of Bologna Italy

Safety Committee: *Filippo Drago, **Gianluca Trifirò, ***Lucia Gozzo
*Full Professor of Pharmacology University of Catania (UNICT), **Associated 
Professor of Pharmacology (UNICT), ***Clinical pharmacology and vigilance 
(UNICT)

Authors’ contributions
B. Cosmi, F. Drago, M. Giannella, A. Stella and P. Viale designed the study, 
managed and coordinated responsibility for research activity planning and 
execution and wrote the draft; A. Romagnoli managed activities to annotate 
(produce metadata), scrub data and maintain research data (including soft-
ware code, where it is necessary for interpreting the data itself ) for initial use 
and later reuse. All other authors reviewed and edited the paper. The author(s) 
read and approved the final manuscript.

Funding
No funding.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to local privacy policy but are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the Lazzaro Spallanzani 
National Institute for Infectious Diseases of Rome which has been attributed 
the role of National Ethics Committee for assessing clinical trials on medicines 
for human use and medical devices for patients with COVID-19 and by the 
Italian Drug Agency (AIFA), EudraCT Number: 2020-001308-40. Informed 
consent was obtained from all enrolled patients.
The study was performed in accordance with relevant guidelines/regulations.
Informed consent was obtained from all participants and/or their legal 
guardians.

Consent for publication
Not applicable.

Competing interests
B. Cosmi received speakers honoraria by Sanofi, Werfen IL, fees for advisory 
board from Viatris and Techdow Pharma Italy; E. Grandone received pay-
ment or honoraria for lectures, presentations, speakers bureaus, manuscript 
writing or educational events from Sanofi, ItalFarmaco, Rovi, Stago Werfen; 
A. Castagna received consulting fees, payment or honoraria for lectures, pres-
entations, speakers bureaus, manuscript writing or educational events and 
participated to Data Safety Monitoring Board or Advisory Board from MSD, 
Gilead Sciences, Jannsen Cilag and Viiv Healthcare and Theratechnologies; A. 
Stella received consulting fees from Techdow Pharma Italy; A. Romagnoli is 
employed by Ricerche Nuove Pisa, Italy and received Contract from Techdow 
Italy Srl for the INHIXACOVID19 Study Management. Other authors declare no 
known competing financial interest or personal relationship that could have 
appeared influence the study.

Author details
1 Angiology and Blood Coagulation Unit, IRCCS Azienda Ospedaliero-Uni-
versitaria di Bologna, Via Albertoni, 15, Bologna, Italy. 2 Angiology and Blood 
Coagulation Unit, Department of Medical and Surgical Sciences, University 
of Bologna, Bologna, Italy. 3 Infectious Diseases Unit, Department of Medical 
and Surgical Sciences, Policlinico Sant’Orsola IRCSS, University of Bologna, Via 
Massarenti 11, Bologna 40138, Italy. 4 Infectious Disease Unit, Forlì and Cesena 
Hospiitals, Forlì‑Cesena, Italy. 5 Clinica di Malattie Infettive, Università Vita-
Salute, IRCCS San Raffaele Hospital, Milan, Italy. 6 Division of Infectious Diseases, 
Department of Medicine, Verona University Hospital, Verona, Italy. 7 Haemosta-
sis and Thrombosis Center, ASST Cremona, Cremona, Italy. 8 Infectious Disease 
Unit, ASST Cremona, Cremona, Italy. 9 San Marco Hospital, Catania, Italy. 10 Carlo 
Poma Hospital, Mantua, Italy. 11 Anesthesiology, Critical Care and Pain Medicine 
Division, Department of Medicine and Surgery, University of Parma, Parma, 
Italy. 12 ASST Spedali Civili di Brescia and University of Brescia, Brescia, Italy. 
13 San Carlo Hospital Potenza, Potenza, Italy. 14 Fondazione “Casa Sollievo della 
Sofferenza” San Giovanni Rotondo, Department Medical and Surgical Sci-
ences, University of Foggia, Foggia, Italy. 15 Ob/Gyn First Sechenov University, 
Moscow, Russia. 16 Amedeo di Savoia Hospital, Turin, Italy. 17 Dipartimento 
di Geraitria, Unità di cura subintensiva- Unità di Geriatria per Acuti, Unità di 
attività subacute,Poliambulanza Hospital, Brescia, Italy. 18 Department of Spe-
ciality Diagnostics and Experimental Medicine (DIMES), Sant’Orsola Hospital 
University of Bologna, Bologna, Italy. 19 Ricerche Nuove, Pisa, Italy. 20 University 
of Catania (UNICT), Catania, Italy. 

Received: 27 July 2022   Accepted: 30 April 2023

References
	1.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of 

adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study. Lancet. 2020;395:1054–62.

	2.	 WHO. The interim guidance on COVID 19. 2020.
	3.	 Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, Bondi-Zoccai G, 

et al. Cardiovascular considerations for patients, health care workers, 
and health systems during the coronavirus disease 2019 (COVID-19) 
pandemic. J Am Coll Cardiol. 2020;75:2352–71.

	4.	 Iba T, Levy JH, Levi M. Viral-induced inflammatory coagulation disorders: 
preparing for another epidemic. Thromb Haemost. 2022;122(1):8–19. 
https://​doi.​org/​10.​1055/a-​1562-​7599. Epub 2021 Jul 30. PMID: 34331297; 
PMCID: PMC8763450.

	5.	 Smilowitz NR, Subashchandran V, Yuriditsky E, Horowitz JM, Reynolds HR, 
Hochman JS, Berger JS. Thrombosis in hospitalized patients with viral res-
piratory infections versus COVID-19. Am Heart J. 2021;231:93–5. https://​
doi.​org/​10.​1016/j.​ahj.​2020.​10.​075. Epub 2020 Nov 10. PMID: 33181067; 
PMCID: PMC7654304.

	6.	 Nopp S, Moik F, Jilma B, Pabinger I, Ay C. Risk of venous thromboembo-
lism in patients with COVID-19: a systematic review and meta-analysis. 
Res Pract Thromb Haemost. 2020;4:1178–91.

	7.	 Clinical management of severe acute respiratory infection when novel 
coronavirus (‎2019-nCoV)‎ infection is suspected: interim guidance. 2020. 
https://​iris.​who.​int/​handle/​10665/​330893. (who.int).

	8.	 Iba T, Levy JH, Connors JM, Warkentin TE, Thachil J, Levi M. The unique 
characteristics of COVID-19 coagulopathy. Crit Care. 2020;24:360.

https://doi.org/10.1186/s12879-023-08297-7
https://doi.org/10.1186/s12879-023-08297-7
https://doi.org/10.1055/a-1562-7599
https://doi.org/10.1016/j.ahj.2020.10.075
https://doi.org/10.1016/j.ahj.2020.10.075
https://iris.who.int/handle/10665/330893


Page 13 of 13Cosmi et al. BMC Infectious Diseases          (2023) 23:718 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger 
F, Vanstapel A, Werlein C, Stark H, Tzankov A, Li WW, Li VW, Mentzer SJ, 
Jonigk D. Pulmonary vascular endothelialitis, thrombosis, and angiogen-
esis in COVID-19. N Engl J Med. 2020;383(2):120–8.

	10.	 Fox SE, Akmatbekov A, Harbert JL, Li G, Quincy Brown J, Vander Heide 
RS. Pulmonary and cardiac pathology in African American patients with 
COVID-19: an autopsy series from New Orleans. Lancet Respir Med. 
2020;8(7):681–6.

	11.	 Mizurini DM, Hottz ED, Bozza PT, Monteiro RQ. Fundamentals in COVID-
19-associated thrombosis. Molecular and cellular aspects. Front Cardio-
vasc Med. 2021;8:785738. https://​doi.​org/​10.​3389/​fcvm.​2021.​785738.

	12.	 Manolis AS, Manolis TA, Manolis AA, Papatheou D, Melita H. COVID-19 
infection: viral macro- and micro-vascular coagulopathy and throm-
boembolism/prophylactic and therapeutic management. J Cardiovasc 
Pharmacol Ther. 2021;26(1):12–24.

	13.	 Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers DAMPJ, 
Kant KM, et al. Incidence of thrombotic complications in critically ill ICU 
patients with COVID-19. Thromb Res. 2020;191:145–7.

	14.	 Tomerak S, Khan S, Almasri M, Hussein R, Abdelati A, Aly A, et al. Sys-
temic inflammation in COVID-19 patients may induce various types of 
venous and arterial thrombosis: a systematic review. Scand J Immunol. 
2021;94(5):e13097. https://​doi.​org/​10.​1111/​sji.​13097. Epub 2021 Sep 27. 
PMID: 34940978; PMCID: PMC8646950.

	15.	 Talasaz AH, Sadeghipour P, Kakavand H, et al. Recent randomized trials of 
antithrombotic therapy for patients with COVID-19: JACC state-of-the-art 
review. J Am Coll Cardiol. 2021;77:1903–21.

	16.	 Drago F, Gozzo L, Li L, Stella A, Cosmi B. Use of enoxaparin to counteract 
COVID-19 infection and reduce thromboembolic venous complications: 
a review of the current evidence. Front Pharmacol. 2020;11:579886. 
https://​doi.​org/​10.​3389/​fphar.​2020.​579886.

	17.	 Bal Dit Sollier C, Dillinger JG, Drouet L. Anticoagulant activity and pleio-
tropic effects of heparin. J Med Vasc. 2020;45(3):147–57. https://​doi.​org/​
10.​1016/j.​jdmv.​2020.​03.​002. Epub 2020 Apr 17. PMID: 32402428.

	18.	 Sadeghipour P, Talasaz AH, Rashidi F, et al. Effect of intermediate-dose 
vs standard-dose pophylactic anticoagulation on thrombotic events, 
extracorporeal membrane oxygenation treatment, or mortality among 
patients with COVID-19 admitted to the intensive care unit: the INSPIRA-
TION randomized clinical trial. JAMA. 2021;325:1620–30.

	19.	 REMAP-CAP Investigators, ACTIV-4a Investigators, ATT​ACC​ Investigators, 
Goligher EC, Bradbury CA, McVerry BJ, Lawler PR, Berger JS, Gong MN, 
et al. Therapeutic anticoagulation with heparin in critically ill patients 
with COVID-19. N Engl J Med. 2021;385(9):777–89.

	20.	 ATT​ACC​ Investigators, ACTIV-4a Investigators, REMAP-CAP Investigators, 
Lawler PR, Goligher EC, Berger JS, Neal MD, McVerry BJ, Nicolau JC, et al. 
Therapeutic anticoagulation with heparin in noncritically ill patients with 
COVID-19. N Engl J Med. 2021;385(9):790–802.

	21	 Sholzberg M, Tang GH, Rahhal H, AlHamzah M, Kreuziger LB, Áinle FN, 
et al. Effectiveness of therapeutic heparin versus prophylactic heparin on 
death, mechanical ventilation, or intensive care unit admission in moder-
ately ill patients with COVID-19 admitted to hospital: RAPID randomised 
clinical trial. BMJ. 2021;375:n2400.

	22.	 Spyropoulos AC, Goldin M, Giannis D, Diab W, Wang J, Khanijo S, et al. 
Efficacy and safety of therapeutic-dose heparin vs standard prophylac-
tic or intermediate-dose heparins for thromboprophylaxis in high-risk 
hospitalized patients with COVID-19: the HEP-COVID randomized clinical 
trial. JAMA Intern Med. 2021;181(12):1612–20.

	23.	 Ten Cate H. Surviving COVID-19 with heparin? N Engl J Med. 
2021;385:845–6.

	24	 Duranteau J, Taccone FS, Verhamme P, Ageno W, ESA VTE Guidelines Task 
Force. European guidelines on perioperative venous thromboembolism 
prophylaxis: Intensive care. Eur J Anaesthesiol. 2018;35(2):142–6.

	25.	 Wei MY, Ward SM. The anti-factor Xa range for low molecular weight 
heparin thromboprophylaxis. Hematol Rep. 2015;7(4):5844. https://​doi.​
org/​10.​4081/​hr.​2015.​5844. PMID: 26733269; PMCID: PMC4691677.

	26.	 European Medicines Agency. Inhixa. 2016. https://​www.​ema.​europa.​eu/​
en/​medic​ines/​human/​EPAR/​inhixa. Accessed 15 May 2020.

	27.	 Garcia DA, Baglin TP, Weitz JI, Samama MM. Parenteral anticoagulants: 
antithrombotic therapy and prevention of thrombosis, 9th ed: American 
College of Chest Physicians. Evidence-based clinical practice guidelines. 
Chest. 2012;141(2 Suppl):e24S-e43S.

	28.	 Robinson S, Zincuk A, Larsen UL, Ekstrøm C, Nybo M, Rasmussen B, Toft P. 
A comparative study of varying doses of enoxaparin for thromboprophy-
laxis in critically ill patients: a double-blinded, randomised controlled trial. 
Crit Care. 2013;17(2):R75.

	29.	 Desjardins L, Bara L, Boutitie F, Samama MM, Cohen AT, Combe S, et al. 
Correlation of plasma coagulation parameters with thromboprophylaxis, 
patient characteristics, and outcome in th MEDENOX study. Arch Pathol 
Lab Med. 2004;128(5):519-26.ns.

	30.	 Schulman S, Kearon C. Definition of major bleeding in clinical investiga-
tions of antihemostatic medicinal products in non-surgical patients. J 
Thromb Haemost. 2005;3:692–4.

	31.	 Perepu US, Chambers I, Wahab A, Ten Eyck P, Wu C, Dayal S, et al. Standard 
prophylactic versus intermediate dose enoxaparin in adults with severe 
COVID-19: a multi-center, open-label, randomized controlled trial. J 
Thromb Haemost. 2021;19(9):2225–34.

	32.	 Morici N, Podda G, Birocchi S, Bonacchini L, Merli M, Trezzi M, et al. 
Enoxaparin for thromboprophylaxis in hospitalized COVID-19 patients: 
the X-COVID-19 randomized trial. Eur J Clin Invest. 2022;52(5):e13735.

	33.	 Marcos-Jubilar M, Carmona-Torre F, Vidal R, Ruiz-Artacho P, Filella D, 
Carbonell C, et al. Therapeutic versus prophylactic bemiparin in hospital-
ized patients with nonsevere COVID-19 pneumonia (BEMICOP study): an 
open-label, multicenter, randomized controlled trial. Thromb Haemost. 
2022;122(2):295–9.

	34.	 Kow CS, Ramachandram DS, Hasan SS. The effect of higher-intensity dos-
ing of anticoagulation on the clinical outcomes in hospitalized patients 
with COVID-19: a meta-analysis of randomized controlled trials. J Infect 
Chemother. 2022;28:257–65.

	35.	 Fragkou PC, Palaiodimou L, Stefanou MI, Katsanos AH, Lambadiari V, Par-
askevis D, et al. Effects of low molecular weight heparin and fondaparinux 
on mortality, hemorrhagic and thrombotic complications in COVID-19 
patients. Ther Adv Neurol Disord. 2022;15:17562864221099472.

	36.	 Jiang L, Li Y, Du H, Qin Z, Su B. Effect of anticoagulant administration on 
the mortality of hospitalized patients with COVID-19: an updated system-
atic review and meta-analysis. Front Med (Lausanne). 2021;4(8):698935.

	37.	 Flumignan RL, Civile VT, Tinôco JDS, Pascoal PI, Areias LL, Matar CF, Tendal 
B, Trevisani VF, Atallah ÁN, Nakano LC. Anticoagulants for people hospital-
ised with COVID-19. Cochrane Database Syst Rev. 2022;3(3):CD013739.

	38.	 Valeriani E, Porfidia A, Ageno W, Spoto S, Pola R, Di Nisio M. High-dose 
versus low-dose venous thromboprophylaxis in hospitalized patients 
with COVID-19: a systematic review and meta-analysis. Intern Emerg Med. 
2022;27:1–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3389/fcvm.2021.785738
https://doi.org/10.1111/sji.13097
https://doi.org/10.3389/fphar.2020.579886
https://doi.org/10.1016/j.jdmv.2020.03.002
https://doi.org/10.1016/j.jdmv.2020.03.002
https://doi.org/10.4081/hr.2015.5844
https://doi.org/10.4081/hr.2015.5844
https://www.ema.europa.eu/en/medicines/human/EPAR/inhixa
https://www.ema.europa.eu/en/medicines/human/EPAR/inhixa

	Intermediate dose enoxaparin in hospitalized patients with moderate-severe COVID-19: a pilot phase II single-arm study, INHIXACOVID19
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Experimental design
	Objectives
	Setting
	Study population
	Clinical severity definitions
	Treatments
	Laboratory tests
	Follow-up
	Outcomes
	Outcome assessment
	Sample size determination
	Statistical analyses

	Results
	Patients’ characteristics
	Analysis of safety
	Analysis of efficacy

	Discussion
	Conclusions
	Anchor 28
	Acknowledgements
	References


