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ABSTRACT
Purpose: We aimed to investigate the clinical performance of edoxaban for the treatment of pulmonary 
embolism (PE) in hospitalized COVID-19 patients.
Methods: We conducted a retrospective analysis selecting hospitalized patients with COVID-19 
admitted to our Institution from 20 May 2020 to 20 November 2020 with computer tomography (CT) 
detected PE at admission, treated with edoxaban after initial parenteral therapy. Clinical outcomes were 
compared between patients with and without ARDS at admission and between those with and without 
CT confirmed PE resolution.
Results: 50 patients were included. Mean follow-up was 42.5 ± 10 days. No baseline differences were 
found between patients with ARDS (30%) and those without ARDS at admission. Patients with PE 
resolution (84%) were younger (P = 0.03), had a shorter duration of fondaparinux therapy (9.9 ± 3.8 vs 
15.8 ± 7.5 days; P = 0.0015) and length of hospitalization (36 ± 8 vs 46 ± 9 days: P = 0.0023) compared 
with those without PE resolution. 2 patients experienced major bleedings. At multivariate analysis the 
time to edoxaban switch was the only predictor of the PE resolution (HR: 0.92; 95% C.I. 0.86 to 0.99).
Conclusion: Edoxaban was an effective and safe treatment for acute PE in COVID-19 setting.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is a highly pathogenic human coronavirus recently recognized 
as the cause of the coronavirus disease 2019 (COVID-19), 
which spread rapidly form China to other countries, reaching 
devastating pandemic proportion [1]. Italy is the one of the 
hardest hit countries by COVID-19, with more than 540,000 
laboratory-confirmed cases by 27 October 2020 [2]. Pulmonary 
embolism (PE) and acute distress respiratory syndrome (ARDS) 
are frequent encountered complications of COVID-19 and 
have been associated with significantly lower survival during 
hospitalization [3–6].

The optimal treatment of PE in the clinical contest of 
COVID-19 is still debated [7]. Even if non-vitamin K oral antic-
oagulant (NOACs) shares the same indication of parental antic-
oagulation with low molecular weight heparin (LMWH) or 
fondaparinux in general population [8], few clinical experi-
ences on the NOACs use for the PE treatment have been 
reported in COVID-19 patients, with a recent case series 
describing a relatively high percentage of NOACs failure in 
COVID-19 patients [9]. The aim of our study was to describe 
the real-world safety and effectiveness of edoxaban for PE 
treatment among COVID-19 patients.

2. Materials and methods

From 384 consecutive patients with laboratory confirmed 
COVID-19 admitted to our institution for acute dyspnea from 
20 May 2020 to 20 November 2020, we retrospectively 
selected those with computer tomography (CT) detected PE 
at admission. All patients treated with edoxaban during hos-
pitalization were included in the analysis. Baseline character-
istics such as medical history, physical examination, laboratory 
evaluation, pharmacological therapy, chest X-Ray and CT fea-
tures have been collected. Clinical outcomes as ARDS at 
admission or developed during hospitalization, resolution of 
PE at CT, length of hospitalization, overall bleedings and mor-
tality were collected and analyzed. Baseline characteristics and 
clinical outcomes were compared between patients with ARDS 
at admission and patients without ARDS at admission as well 
as between patients with PE resolution and patients without 
PE resolution. ARDS diagnosis was defined according to the 
Berlin definition [10]. According to our hospital protocol, 
a follow-up CT scan evaluation performed at one and three 
months from the PE diagnosis or at hospital discharge, which-
ever came first. Complete PE resolution was defined as a CT 
pulmonary angiogram on follow-up that showed no evidence 
of PE in any vessel [11].
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This study was conducted according to the Declaration of 
Helsinki and approved by the institutional ethics committee 
(ID-140220). The requirement for informed consent from indi-
vidual patients was waived due to the observational retro-
spective design of the study.

2.1. Statistical analysis

The distribution of continuous data was tested with the 
Kolmogorov–Smirnov and the Shapiro-Wilk test. Normally dis-
tributed variables were expressed as mean ± standard devia-
tion (SD), whereas non-normal distributed ones as median and 
interquartile range (IQR). Categorical variables were reported 
as numbers and percentages. Continuous variables were com-
pared by using the Student t-test or the Mann-Whitney U test, 
when appropriate. Categorical variables were compared with 
chi-squared test, or Fisher exact test, when appropriate. The 
univariate and multivariate analysis for complete PE resolution 
was calculated using Cox proportional hazard model and pre-
sented as Hazard Ratio (HR) with their 95% confidence inter-
vals (CI). All independent variables showing a P value <0.1 for 
the association with the outcome of interest at univariate 
analysis were tested in the multivariate model. PE resolution 
during follow-up was evaluated with the Kaplan-Meier 
method and compared with the log-rank test. For all test, 
a p value <0.05 was considered statistically significant. 
Analysis was performed by using R version 3.5.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

3. Results

Among 384 COVID-19 patients admitted to our institution for 
acute dyspnea, 50 consecutive COVID-19 patients (13%) with 
PE diagnosed at admission were included in the present study. 
The mean age was 59.24 ± 15.00 years; 39 (78%) were males. 

No patients show hemodynamic instability and were all at 
intermediate risk according to the current guidelines [8]. The 
concomitant ARDS at admission was diagnosed in 15 patients 
(30%). COVID-19 patients with ARDS did not show significant 
difference in baseline clinical characteristics compared to 
those without ARDS. The Table 1 shows the baseline charac-
teristics of study population. At PE diagnosis all patients 
started anticoagulant therapy with low molecular weight 
heparin (LMWH) (26%) or fondaparinux (74%), at therapeutic 
dosage according to body weight and renal function, and 
continued for a mean time of 15 ± 6 and 11 ± 5 days, respec-
tively. No differences in the type and duration of parental 
anticoagulant therapy, both enoxaparin and fondaparinux, 
have been shown among patients with and without ARDS. 
All patients were switched to edoxaban therapy according to 
clinical decisions after a mean time of 13.0 ± 5.5 days. The 
mean duration of edoxaban treatment during the hospitaliza-
tion was 25.3 ± 8.0 days. The median duration of hospitaliza-
tion was 37.5 ± 9.0 days.

During the follow-up period (42.5 ± 10.0 days), 42 patients 
(84%) showed complete PE resolutions at CT and continued 
edoxaban therapy for at least 3 months. No patient showed at 
follow-up CT scan new emboli despite the anticoagulant treat-
ment. Two major bleeding events were reported: one gastro-
intestinal bleeding due to colon polypsosis; one metrorragy 
not related to menstrual period in patient with newly diag-
nosed uterus cancer; both the events happened after the PE 
resolution and led to the early interruption of the anticoagu-
lant treatment. No death was recorded.

The subgroup with complete PE resolution was younger 
(57.3 ± 14.0 vs 69.2 ± 9.0 years; P = 0.03) and showed more 
likely BMI> 30 (36% vs 0%; P = 0.04), shorter duration of 
fondaparinux therapy (9.9 ± 3.8 vs 15.8 ± 7.5 days; 
P = 0.0015) and length of hospitalization (35.9 ± 7.6 vs 
45.7 ± 9.3: P = 0.0023) compared with those without PE 

Table 1. Clinical characteristics of the study population according to ARDS at admission.

Overall population 
(N = 50)

Patients with ARDS 
(N = 15)

Patients without ARDS 
(N = 35) P

Males, n (%) 39 (78%) 11 (73%) 28 (80%) 0.59
Age, mean± SD 59.24 ± 15 55 ± 17.2 61.05 ± 12.5 0.17
BMI>30, n (%) 15 (30%) 6 (40%) 9 (26%) 0.33
Smoker, n (%) 26 (52%) 5 (33%) 21 (60%) 0.08
Hypertension, n (%) 31 (62%) 7 (47%) 24 (68.5%) 0.15
Diabetes Mellitus, n (%) 13 (26%) 4 (27%) 9 (26%) 0.94
Cancer, n (%) 3 (6%) 0 3 (8.6%) 0.25
Atrial fibrillation, n (%) 3 (6%) 0 3 (8.6%) 0.25
*Hepatopathy, n (%) 14 (28%) 6 (40%) 8 (23%) 0.22
Previous Stroke/TIA, n (%) 5 (10%) 1 (7%) 4 (11.4%) 0.64
CKD, n (%) 7 (14%) 1 (7%) 6 (17%) 0.35
CAD, n (%) 10 (20%) 2 (13.3%) 8 (23%) 0.44
COPD, n (%) 22 (44%) 6 (40%) 16 (46%) 0.7
PaO2/FiO2 ratio, median (IQ) 197 

(146.75–243.75)
132 

(116–149)
224 

(195–285)
< 0.005

D-Dimer (ng/mL), median (IQ) 1875.5 
(1290.25–2811.75)

3215 
(2342–4325)

1513 
(987–1934)

0.09

Enoxaparin Therapy, n (%) 13 (26%) 2 (13.3%) 11 (31.4%) 0.18
Enoxaparin therapy duration (days), mean ± SD 15 ± 6 17.5 ± 6.4 14.7 ± 5.9 0.55
Fondaparinux Therapy, n (%) 37 (74%) 13 (87%) 24 (68.5%) 0.17
Fondaparinux therapy duration (days), mean ± SD 11 ± 5 13.4 ± 6.2 9.8 ± 4.1 0.04
Hospitalization length (days), mean ± SD 37.5 ± 9 39.3 ± 6.1 36.6 ± 9.5 0.32
Edoxaban treatment length (days), mean ± SD 25.3 ± 8 25.4 ± 7.1 25.3 ± 7.9 0.97

ARDS: acute respiratory distress syndrome; BMI: body mass index; CKD: chronic kidney disease; CAD: coronary artery disease; COPD: chronic obstructive pulmonary 
disease; PaO2/FiO2: arterial pressure of oxygen/fraction of inspired oxygen; IQ: interquartile; *Hepatopathy defined as a raise in AST and ALT above the 99th 
percentile upper reference limit. 
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resolution (Table 2). The rate of ARDS at admission was not 
statistically different between patients with and without PE 
resolutions (26.2% vs 50%; P = 0.1826). No significant differ-
ences in the type of parental anticoagulant therapies and 
edoxaban therapy were found between patients with and 
without PE resolution (Table 2).

According to the univariate Cox regression analysis, the age 
(HR: 0.97; 95% C.I. 0.95 to 0.99; p = 0.007), the length of 
hospitalization (HR: 0.96; 95% C.I. 0.93 to 0.99; p = 0.015) and 
the time to edoxaban switch (HR: 0.91; 95% C.I. 0.86 to 0.97; 
p = 0.022) were found to be dependent predictors of the 
complete PE resolution (Table 3). At multivariate Cox regres-
sion analysis only the time to edoxaban switch was confirmed 
to be an independent predictor (HR: 0.92; 95% C.I. 0.86 to 0.99; 
p = 0.02) of the complete PE resolution (Table 3). Figure 1 
shows the Kaplan-Meier analysis of survival free from occur-
rence of PE resolution according to the ARDS diagnosis at 
admission (long rank P = 0.61).

4. Discussion

The main findings of the present study can be summarized as 
follows: 13% of COVID-19 patients admitted for acute dyspnea 
showed acute PE at admission and among them about 30% 
showed concomitant ARDS. Edoxaban, administrated after 
initial therapy with parenteral anticoagulants with LMWH/fon-
daparinux, was an effective and safe anticoagulant treatment 
for acute PE in COVID-19 setting. The earlier administration of 
edoxaban seems to be independently associated with PE 
resolution at CT.

Deep vein thrombosis (DVT) and PE are a major concern in 
COVID-19 patients. The relationship between SARS-CoV-2 
infection, COVID-19 disease and coagulopathy has been well 
established and attributed to several factors such as increased 
vasoconstrictor angiotensin II [12] and sepsis-induced release 
of cytokines [13]. These factors could be responsible for plate-
let activation, endothelial dysfunction, and stasis with both 
arterial and venous thrombotic manifestations [14,15]. 
Indeed, up to 50% of COVID-19 patients showed abnormal 
and progressive D-dimer elevation and up to 40% experienced 
DVT and PE events [16], with a prevalence ranging between 
12.9 and 19.5% [5,17]. Abnormal coagulation parameters and 
DVT are associated with poor prognosis in these patients [18– 
20]. In light of these considerations and supported by several 
clinical evidences [21–24], CHEST guidelines recommend par-
enteral over NOACs anticoagulation therapy for thrombopro-
phylaxis and treatment of DVT in hospitalized acutely ill 
patients with COVID-19; moreover, the once-daily dosing regi-
men of low-molecular-weight heparins or fondaparinux 
should be preferred over unfractionated heparin to reduce 
personal protective equipment use and exposure of health-
care workers [7].

The major concerns in the use of NOACs among COVID-19 
patients lie in drug interactions with antiviral agents [25] and 
their longer duration of action than heparins, which could result 
in an increased risk of bleeding in critically ill patients [7]; more-
over, some case reports suggest the possibility that COVID-19 
may lead to higher rates of NOACs failure [9,26], probably due to 
lower anti-inflammatory effects compared to heparinoids [27]. 
According to the current guidelines [7], our study cohort started 

Table 2. Clinical characteristics of patients with and without PE resolution.

PE Resolution 
(N = 42)

No resolution of PE 
(N = 8) P-value

Males, n (%) 33 (78.5%) 6 (75%) 0.83
Age, mean ± SD 57.3 ± 14.3 69.2 ± 8.8 0.03
BMI>30 n (%) 15 (36%) 0 0.04
Hypertension, n (%) 26 (62%) 5 (62.5%) 0.99
Smoker, n (%) 22 (52.4%) 4 (50%) 0.9
Diabetes Mellitus, n (%) 10 (24%) 3 (37.5%) 0.43
Cancer n (%) 2 (4.8%) 1 (12.5%) 0.41
Atrial fibrillation, n (%) 2 (4.8%) 1 (12.5%) 0.41
Hepatopathy n (%) 12 (28.6%) 2 (25%) 0.84
Previous Stroke, n (%) 5 (12%) 0 0.31
CKD, n (%) 7 (7%) 0 0.44
CAD, n (%) 8 (19%) 2 (25%) 0.7
COPD, n (%) 20 (47.6%) 2 (25%) 0.24
ARDS at admission 11 (26.2%) 4 (50%) 0.18
PaO2/FiO2 ratio, median (IQ) 201 

(159.75–267.75)
142 

(110–217)
0.16

D-Dimer (ng/mL), median (IQ) 1811.5 
(1290.25–2668.5)

2952.5 
(1254–11,059.75)

0.2

Enoxaparin Therapy, n (%) 12 (28.6%) 1 (12.5%) 0.35
Enoxaparin therapy duration (days), mean ± SD 15.3 ± 6.0 13 -
Fondaparinux Therapy, n (%) 30 (71.4%) 7 (87.5%) 0.35
Fondaparinux therapy duration (days), mean ± SD 9.9 ± 3.8 15.8 ± 7.5 0.0015
Azithromycin Therapy, n (%) 35 (83.3%) 6 (75%) 0.58
Corticosteroid, n (%) 42 (100%) 8 (100%) -
Retroviral therapy, n (%) 1 (2.4%) 1 (12.5%) 0.19
Hospitalitazion length (days), mean ± SD 35.9 ± 7.6 45.7 ± 9.3 0.0023
Switch to Edoxaban (days), mean ± SD 11.5 ± 5.1 15.5 ± 7 0.06
Edoxaban treatment length (days), mean ± SD 24.4 ± 6.7 30.2 ± 10.6 0.05

PE: pulmonary embolism; BMI: body mass index; CKD: chronic kidney disease; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; ARDS: 
acute respiratory distress syndrome; PaO2/FiO2: arterial pressure of oxygen/fraction of inspired oxygen; IQ: interquartile 
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the parental anticoagulant therapy with fondaparinux or LWMH 
at PE diagnosis. Despite contrasting data about the fondapar-
inux safety among COVID-19 patients [28], its increasing use in 
our clinical practice was related to the once-daily administration 
and the more feasible dosing scheme compared with LMWH.

The choice of edoxaban for the VTE treatment among our 
study cohort was based on the once daily administration and 
the lack of pharmacokinetic interaction with the cytochrome 
P-450 system [29,30]. In the clinical setting of VTE treatment, it 
is already established that edoxaban should be administered 
after a minimum of 5 days of parenteral anticoagulation, there-
fore PE treatment with edoxaban was slightly influenced in 
outcomes by the in-hospital protocol of initiating therapy with 
LMWH or fondaparinux in COVID-19 patients with PE [8,31].

So far, little is still known about the clinical profile of NOACs 
for the treatment of VTE in COVID-19 patients. Edoxaban has 
demonstrated non-inferiority to standard therapy for the treat-
ment of VTE in general population, preserving a high safety 
profile even in long term therapy, in frail patients and in 

severe clinical presentations [32]. Indeed, in the ‘Edoxaban 
versus Warfarin for the Treatment of Symptomatic Venous 
Thromboembolism (HOKUSAI-VTE)’ trial, edoxaban showed 
non inferiority compared to standard therapy even in severe 
PE (hazard ratio, 0.52; 95% CI, 0.28 to 0.98) [31]. Later, 
Brekelmans et al demonstrated edoxaban superiority in pre-
vention of recurrent VTE in this subset of patient in a post-hoc 
analysis of the HOKUSAI-VTE trial [33].

The retrospective nature of the study, the small simple size 
and the absence of alternative anticoagulant treatment group 
represent the main limitations of the present analysis; however, 
to the best of our knowledge this is the first study directly 
exploring the clinical profile of edoxaban, following parental 
heparin anticoagulation, in COVID-19 patients with PE diagnosed 
at admission. Other limitations concern the lack of metrics to 
further classify illness severity in the PE subgroup and the lack of 
data about the concomitant deep venous thrombosis; however, 
the routine ultrasound screening for the detection of asympto-
matic deep vein thrombosis (DVT) is not currently indicated [34].

Figure 1. Kaplan-Meier curve of time to resolution of pulmonary embolism (PE) among patients with and without acute respiratory distress syndrome (ARDS).

Table 3. Univariate and multivariate Cox regression models for PE resolution.

Clinical Variable
Univariate 

HR (95% CI) P value
Multivariate 
HR (95% CI) P value

Age 0.97 (0.95–0.99) 0.007 0.97 (0.95–1.01) 0.067
Hospitalization lenght (days) 0.96 (0.93–0.99) 0.015 1.01 (0.96–1.04) 0.922
Switch to edoxaban (days) 0.91 (0.86–0.97) 0.022 0.92 (0.86–0.98) 0.017

PE: pulmonary embolism; HR: hazard ratio; CI: confidential interval. 
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5. Conclusion

Although our results need confirmation by prospective studies 
including a larger population, the combined anticoagulant 
strategy of LMWH/fondaparinux followed by edoxaban 
seems to be an effective and safe treatment for acute PE in 
the clinical contest of COVID-19.
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