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ABSTRACT 

 

Background: After the outbreak of a novel coronavirus (i.e. SARS COV2) in China and its 

diffusion around the world, great attentions was reserved to the increased incidence of venous 

thromboembolism in these patients. A specific antiviral action of heparins toward SARS 

COV2 has been reported in vitro such as a well know action of heparins to prevent VTE in 

inpatients with infective disease has already been reported since several years. Yet, because 

fondaparinux represent the pharmacological antithrombotic active sequence of all heparins 

and because its clinical indication o prevent VTE in inpatients is similar to heprains, we 

realized a retrospective analysis in inpatients with SARS COV2 on the incidence of VTE 

during pharmacological prophylaxis with enoxaparin or fondaparinux. This retrospective 

analysis was named FONDENOXAVID. 

Methods: We conducted a retrospective cohort study that used patients with SARS COV2 

during the Italian outbreak from February 18, 2020 to april30, 2020.  

Our aim was to compare the clinical characteristics, prophylactic treatment and outcomes in 

inpatients positive to SARS COV2 at risk to develop venous thromboembolism, in particular 

venous thrombosis with or without pulmonary embolism, during in-hospital primary 

thromboprophylaxis with enoxaparin (40 mg or 60 mg once daily) or fondaparinux (2.5 mg 

once daily).  

Statistical analysis was conducted with using MatLab R2016B and eventually ad hoc 

functions. 

Results: There were not significative differences in clinical characteristics between patients 

that used enoxaparin or fondaparinux as thromboprpophylaxis for SARS COV2. The 

cumulative incidence of thrombotic events was not different in patients that used enoxaparin 

or fondaparinux as thromboprpophylaxis. No differences were found also in d-dimer and 

fibrinogen levels test at the admission and after 3 weeks as markers of prolonged 

inflammation due to SARS COV2. 

Discussion: The increased incidence of VTE in vivo has been reported in several studies 

although prophylaxis with low molecular weight heparin was conducted in some of them. 

The clinical indication to prevent VTE was similar for heparins and fondaparinux. In our 

results a non-inferiority to prevent VTE was recorded when inpatients with SARS COV2 

were treated with prophylactic doses of enoxaparin or fondaparinux according to 
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international guidelines. The incidence of VTE in this retrospective analysis showed that 

Fondaparinux at fixed doses of 2.5 mg daily was not inferior to enoxaparin (4000 UI daily). 

Our results testify that fondaparinux and enoxaparin showed the same efficacy to reduce the 

incidence of VTE in inpatients with SARS COV2. 
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Background 

 

After the outbreak of a novel coronavirus (i.e. SARS COV2) in China and its diffusion 

around the world (1), several therapeutic strategies have been reported in the Literature (2). 

The main attention of therapeutic support has been given to oxygen support and then to 

antiviral treatment but also to other several drugs tested to counteract the infection although 

not univocal data are available (3). Yet, in this way, inpatients affected by SARS COV2 

showed also an increased trend to hypercoagulable state (4) and then to thrombotic diseases 

as venous thromboembolism (VTE) (5). For this reason, several Authors supported the 

protective action of heparin, in particular low molecular weight heparin as enoxaparin, 

because its specific antinflammatory and antiviral showed in vitro also versus SARS COV2 

(6-7). Furthermore, the protective actions of heparins are exerted also for the prevention of 

VTE events (8). Pulmonary embolism, in fact, has been reported to be associated to 

COVID19 in different autoptical studies (9) and of course also in vivo in several cohort of 

inpatients in ICU (10).  

All described actions (i.e. antiviral action and prevention of VTE for inpatients with SARS 

COV2) are well documented in vitro and in vivo for heparins while data regarding the same 

action for fondaparinux are lacking in the Literature,althoughfondaparinux is the 

syntheticpenthasaccharidic sequence with antithrombotic actions present in all heparins. 

Furthermore, in daily clinical practice, fondaparinux and enoxaparin has the same clinical 

indication for prevention of VTE (11). 

The FONDENOXAVID study gave information alsoon the antinflammatory actions of 

fondaparinux and enoxaparin (tailored prophylactic doses) during SARS COV2 besides 

information onVTE prevention.  
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Patients and methods 

Inclusion criteria 

Selected patients with symptomatic, confirmed SARS COV2 were selected for a retrospective 

analysis in order to understand the incidence and mortality for VTE during 

thromboprophylaxis with fondaparinux or enoxaparin at doses suggested by international 

guidelines on VTE prevention or to update the role of the progressive lung inflammation with 

its related morbidity and mortality. 

Oral or written informed consent was given for participation to this retrospective analysis that 

is named FONDENOXAVID.Ethics committee approval was obtained.  

Physicians participating to FONDENOXAVID retrospective analysis made all efforts to 

select consecutive patients although in a retrospective way. 

Data were recorded onto a computer-based report from at each participating hospital and sent 

to a centralized coordinating centre through a secure system. 

FONDENOXAVID also used electronic data monitoring to detect inconsistencies or errors 

and 

attempted to resolve discrepancies by contacting the local coordinators. 

Exclusion criteria  

Patients aged less than 18 yy were excluded from the retrospective analysis. Patients that 

were taken anticoagulants at therapeutic doses before SARS COV2 diagnosis for any medical 

reason were excluded from the selection; patients positive for SARS COV2 but with recent 

bleeding (i.e. within 30 days of hospital admission), were excluded from the selection too. 

Patients were also excluded if they were currently participating in any clinical trials regarding 

for COVID19 or VTE.  

Design  

We conducted a retrospective cohort study that used patients with SARS COV2 during the 

Italian outbreak from February 18, 2020 to April 30, 2020.  

Our aim was to compare the clinical characteristics, prophylactic treatment and outcomes in 

inpatients positive to SARS COV2 at risk to develop venous thromboembolism, in particular 

venous thrombosis with or without pulmonary embolism, during in-hospital primary 

thromboprophylaxis with enoxaparin (40 mg or 60 mg once daily) or fondaparinux (2.5 mg 
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once daily) or the inflammatory progression associated to prothrombotic state testified by 

increased levels of fibrinogen and d-dimer. 

Main outcomes were the rate of VTE (i.e. deep vein thrombosis or superficial vein 

thrombosis or pulmonary embolism), mortality for VTE, clotting abnormalities associated to 

progressive inflammation testified by increased levels of fibrinogen and d-dimer, incidence of 

morbidity and mortality for progressive inflammation. 

 

Clinical definitions and variables 

Antropometric, clinical, laboratory, instrumental and therapeutic data were retrospectively 

collected in patients with COVID19. 

Patients were divided into 2 different group for analysis: patients that performed enoxaparin 

40 mg (standard dose) or 60 mg daily (intermediate dose for high risk patients) (11) for 

primary thromboprophylaxis of VTE (i.e. group 1) and patients that performed fondaparinux 

2.5 mg daily for primary thromboprophylaxis of VTE according to international agreement 

for prevention of VTE (12). 

Selected variables to be analysed were sex, age, weight, BMI, clinical presentations (i.e. 

isolated pneumonia or SARS). Inflammatory state associated to specific acquired 

hypercoagulables state was evaluated testing d-dimer, fibrinogen and C reactive protein 

valueswere at the hospital admission and after 14 days from hospital admission. 

Venous thrombotic events of lower limbs were evaluated with Compressive ultrasonography 

(CUS), performed for all patients between day 5 and day 8 after the hospital admission; PE 

events were looked for all patients during clinical observation when the suspect was high and 

according to internal guidelines protocol: GENEVA SCORE and 2-3-fold increase of d-dimer 

after first d-dimer sampling. 

For all patients we considered also overall mortality after discharge from hospital at day 28th 

after SARS COV2 identification and beginning of thromboprophylaxis. 

Data about pharmacological thromboprophylaxis was recorded since the hospital admission 

both for enoxaparin and fondaparinux.  

 

Statistical analysis 

Statistical analysis was performed using MatLab R2016B and eventually ad hoc functions. 
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The Anderson–Darling test was used to analyze data normality. Continuous variables were 

reported using the median and interquartile intervals. Categorical variables were indicated as 

frequency counts and percentages. Differences inter 2 groups were evaluated using the 2-

tailed Fligner–Policello and Fligner–Killeen tests for continuous data and the Barnard’s or 

Fisher’s test for categorical variables. Differences inter 3 groups were evaluated using the 2-

tailed Dunn’s multiple comparison test with Bonferroni correction. Differences intra 2 groups 

were evaluated using the 1-tailed Wilcoxon’s test. 
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Results 

 

The clinical and laboratory characteristics of study population were shown in Table 1; data 

were reported as percentage. There were not significative differences in clinical 

characteristics between patients that used enoxaparin or fondaparinux as 

thromboprpophylaxis for SARS COV2.  

Venous thrombosis was detected in 5 patients in the enoxaparin group vs 2 patients in the 

fondaparinux group; 3 deep vein thrombosis, 1 isolated distal vein thrombosis and 1 

superficial vein thrombosis for the enoxaparin group while 2 deep vein thrombosis for the 

fondaparinux group.Pulmonary embolism was detected in 4 patients in the enoxaparin group 

while no pulmonary embolism was found in the fondaparinux group. Data about distribution 

of thrombotic events were summarized in table 1. Barnard’s test was used to analyze data. 

No differences were found for overall mortality or mortality for VTE as reported in table 1. 

Data were analyzed using Barnard test. 

We did not find differences in d-dimer distribution on admission as reported also in table 2 

and in figure 1. Data were obtained usingFligner-Policello and Fligner-Killeen teststhat did 

not show differences about medians or variances into unmatched D-dimer distributions. 

None differences were found also analyzing d-dimer distribution after 3 weeks. 

1-tailed Wilcoxon’s test was also used onto matched data analyzing Enoxaparin or 

Fondaparinux groups and no differences were found. 

We did not find differences in fibrinogen and CRP distributions on admission and after 3 

weeks as reported also in table 2 and in figure 2. Data were obtained using Fligner-Policello 

and Fligner-Killeen tests that did not show differences about medians or variances into 

unmatched fibrinogen distributions;  

None differences were found also analyzing fibrinogen distribution after 3 weeks. 

1-tailed Wilcoxon’s test was also used onto matched data analyzing Enoxaparin or 

Fondaparinux groups and no differences were found. 

Table 3 show all categories of drug used to treat SARS COV2 in our cohort in which 

heparinoids (i.e. enoxaparin and fondaparinux) were the only drugs to reach 100% of 

patients. 
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Discussion 

 

D-dimer testing is one of laboratory procedures used to suspect or to esclude venous 

thromboembolism (13). Furthermore, d-dimer levels may have also prognostic value after the 

confirm of a VTE event (14). 

Furthermore, if VTE event is not present d-dimer levels may be increased for several other 

reasons and infections are one of this (15-16). SARS COV2 infection, in fact, is associated to 

abnormal levels of d-dimer and fibrinogen (17-18). 

In our study the incidence of VTE in patients that used pharmacological prophylaxis was low 

(no higher than 10%) but abnormal and increased values of d-dimer were present in more 

than 75% of patients both at the admission and after 3 weeks although reduced; for this 

reason, we associated the clinical surveillance of admitted patients with increased d-dimer 

both for VTE events and also for inflammatory markers as fibrinogen and C reactive protein. 

The SARS COV2 pathophysiology, in fact, usually showed a prolonged clinical course 

because the association with it is associated to prolonged inflammation of respiratory system 

that may exceed 20 days (19). 

On the other hand, the treatment of SARS COV2 infection is based on the administration of 

several kind of drugs with multiple actions in order to reduce the inflammatory damages (i.e. 

antivirals, immunomodulants, antibiotics, steroids, antithrombotics). For their 

pharmacological properties heparinoids showed to be drugs that may fight SARS COV2 

infection in multiple ways: a specific antiviral action of heparin toward n-COV19 has been 

found in vitro (20-21) as well a specific antinflammatory action of heparinoids and 

fondaparinux has known (22-23) and these action should be added to their antithrombotic 

actions. Yet the specific active action of heparin, that is a saccharidic polymer is exerted by a 

penthaccaridic sequence and fondaparinux is the synthetic pentasaccharidic sequence of 

heparin (24). For this reason, we postulated that all therapeutic actions exerted by enoxaparin, 

the most studied of all heparins, could be effective also for fondaparinux. 

Because of the antithrombotic indication is similar for both drugs (i.e. enoxaparin and 

fondaparinux) (12), beside to compare the incidence of VTE events in our population of 

patients affected by SARS COV2, we compared also their action toward the levels of d-

dimer, fibrinogen and C reactive protein as markers of associated prolonged inflammation 

present in SARS COV2. 
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As already underlined in our results, the incidence of thrombotic events was similar in both 

groups as well as the rate of death for VTE and overall death. 

Yet, regarding the increased levels of fibrinogen, C reactive protein and d-dimer due to the 

prolonged inflammation a progressive reduction of all values has been recorded in both 

groups in particular for C reactive protein but without statistical differences for patients that 

performed prophylaxis with enoxaparin or fondaparinux. 

So, we can assume that the association of heparinoids as enoxaparin or fondaparinux to 

standard therapies for SARS COV2 infection has multiple clinical advantages as the 

reduction of VTE rate, the reduction of death for VTE and the progressive adjuvant and 

ancillary action to counteract the prolonged inflammatory state present in the disease (21). As 

we reported in table 3, in fact, heparinoids were the only class of drug used in all selected 

patients, so their antinflammatory effect gave a contribution in the improvement of levels of 

inflammatory markers as C reactive protein and fibrinogen beside d-dimer. In this specific 

field we added and enlarged this knowledge to the use of fondaparinux; Literature, in fact, in 

this fields, reports more data on the use of low molecular weight heparin as enoxaparin, 

Interestingly, patients that performed thromboprophylaxis with fondaparinux showed at the 

admission values of CRP higher than patients treated with enoxaparin and this difference 

raised statistical significance; after 21 days of treatment there were not differences in values 

of CRP in patients that performed treatment with fondaparinux or enoxaparin,so we may 

speculate that antinflammatory actions of fondaparinux are stronger than those of enoxaparin 

but these data should be confirmed by further studies.  

In conclusion, fondaparinux showed its non-inferiority to enoxaparin in VTE prevention, 

VTE mortality and antiviral and antinflammatory actions during SARS COV2 infection. 

Of course our study shows several limitations, first of all the selection of patients that was 

conducted by a retrospective analysis. Furthermore, the fondaparinux has a unique dosage for 

thromboprophylaxis while different dosages are available for enoxaparin and we selected 

only patients that performed standard dosage with 4000 u daily; last but not least the outcome 

of events has been limited to 4 weeks that has been the duration of hospitalization for the 

major of Italian inpatients but it could be different if we analyse same outcomes in different 

times.  
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Table 1. Demographic, clinical, and laboratory characteristics of the study population.  

 

Patients' Characteristics 
Enoxaparin 

N: 62 

Fondaparinux 

N: 38 
p-value 

Males, n (%) 40 (65%) 23 (61%) 0.76 

Age <40 yy, n (%) 3 (5%) 6 (16%) 

0.09 Age 40–60 yy, n (%) 34 (34%) 17 (45%) 

Age >60 yy, n (%) 38 (61%) 15 (39%) 

VT 5 (8%) 2 (5%) 0.76 

PE 4 (6%) 0 (0%) 0.12 

Death for VTE 1 (2%) 0 (0%) 0.50 

Overalldeath 6 (9%) 4 (10%) 0.82 

 

Legend to table 1. Age was analyzed by Fisher’s test; other variables were analyzed by 

Barnard’s test. 

 

VT: Vein Thrombosis;  

PE: pulmonary embolism 
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Table 2. Comparisons of D-dimer, fibrinogen and CRP distributions between 

Enoxaparin and Fondaparinux groups at baseline and after 3 weeks. 

 

D-dimer 

mcg/dL 

Enoxaparin 

N: 62 

Fondaparinux 

N: 38 

FP-test 

p-value 

FK-test 

p-value 

Admission 710.5 (520 – 1208) 643.5 (502 – 919) 0.10 0.14 

3 week later 602 (428 – 1230) 606 (450 – 810) 0.38 0.21 

Wilcoxon test 

p-value 
0.09 0.33  

Fibrinogen 

mg/dL 

Enoxaparin 

N: 62 

Fondaparinux 

N: 38 

FP-test 

p-value 

FK-test 

p-value 

Admission 600 (478 – 734) 570 (503 – 632) 0.15 0.07 

3 weeks later 631 (497 – 722) 535 (450 – 630) 0.01 0.07 

Wilcoxon test p-

value 
0.29 0.28  

CRP 

mg/dL 

Enoxaparin 

N: 62 

Fondaparinux 

N: 38 

FP-test 

p-value 

FK-test 

p-value 

Admission 11.53 (3.60 – 21.97) 44.00 (15.00 – 52.00) 0.000004 0.0011 

3 weeks later 13.00 (5.00 – 40.50) 15.00 (9.00 – 21.00) 0.3051 0.17 

Wilcoxon test p-

value 
0.006 0.0005  

 

 

 

 

Legend to table 2: 

FP: Fligner–Policello; FK: Fligner–Killeen 

CRP: C Reactive Protein
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Table 4. class of drugs used in the described cohort of patients treated for SARS COV2. 

 

Patients (n 100) N % 

Antibiotics 64 64 

Biologics (tocilizumab or others) 12 12 

Antivirals 21 21 

Steroids 55 55 

Immunomodulants (hydroxicloroquine or others) 65 65 

Heparinoids (enoxaparin or fondaparinux) 100 100 
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Figure 1. distributions of d-dimer in both group at the admission and after 3 weeks. 
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Figure 2. distributions of fibrinogen in both group at the admission and after 3 weeks. 
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Figure 3. distributions of CRP in both group at the admission and after 3 weeks. 

 

 

 

Legend to figure 3  

 

CRP: C reactive protein 
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