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Abstract

Direct oral anticoagulants (DOACsSs) are not recommended in COVID-19 patients receiving dexamethasone because of
potential drug-drug and drug-disease interactions affecting anticoagulant concentration and activity. To evaluate short- and
long-term pharmacokinetic interactions, serial through and peak DOAC plasma levels were prospectively measured during
and after dexamethasone therapy, as well as during the acute phase and after recovery from COVID-19 in hospitalized, non-
critically ill patients undergoing treatment with DOACs. Thirty-three (18 males, mean age 79 years) consecutive patients
received DOACs (17 apixaban, 12 rivaroxaban, 4 edoxaban) for atrial fibrillation (n=22), venous thromboembolism (n=10),
and acute myocardial infarction (n=1). Twenty-six patients also received dexamethasone at a dose of 6 mg once daily for a
median of 14 days. Trough DOAC levels on dexamethasone were within and below expected reference ranges respectively
in 87.5 and 8.3% of patients, with no statistically significant differences at 48—72 h and 14-21 days after dexamethasone
discontinuation. Peak DOAC levels on dexamethasone were within expected reference ranges in 58.3% of patients, and below
ranges in 33.3%, of whom over two thirds had low values also off dexamethasone. No significant differences in DOAC levels
were found during hospitalization and after resolution of COVID-19. Overall, 28 patients were discharged alive, and none
experienced thrombotic or bleeding events. In this study, dexamethasone administration or acute COVID-19 seemed not to
affect DOAC levels in hospitalized, non-critically ill COVID-19 patients.

Keywords COVID-19 - Dexamethasone - Anticoagulants - Apixaban - Rivaroxaban - Embolism - Thrombosis

Highlights e We serially measured through and peak DOAC levels in
COVID-19 inpatients receiving intravenous dexametha-
sone.

e The effects of dexamethasone and COVID-19 on DOAC e Dexamethasone use or acute COVID-19 did not to sys-

plasma levels are uncertain. tematically affect DOAC concentrations.

e DOAC anticoagulant activity may be preserved in this
patient population.

P4 Nicola Potere
nic.potere @ gmail.com

Introduction

! Department of Innovative Technologies in Medicine
and Dentistry, School of Medicine and Health Sciences, “G. Venous and arterial thromboembolism represent frequent
d’Annunzio” University of Chieti-Pescara, Via dei Vestini complications of COVID-19, affecting around 15 and 5%
snc, 66100 Chieti, Italy o ) Co

, o . . of hospitalized patients, respectively [1, 2]. Due to the
Division of Pulmonary Medicine, “SS.ma Annunziata relatively elderly age as well as the direct and indirect
Hospital, Chieti, Italy . .

X effects of severe acute respiratory syndrome coronavirus 2

* Division of Clinical Pathology, “SS.ma Annunziata (SARS-CoV-2), atrial fibrillation is also highly prevalent in
Hospital, Chieti, Italy . . . K . .

) o . _ this patient population, with estimates ranging from 10 to
Department of Medicine and Ageing Sciences, 13% [3]. Adequate anticoagulation is therefore crucial in

“G. d’Annunzio” University of Chieti-Pescara, Chieti, Italy

@ Springer


http://orcid.org/0000-0002-6585-4870
http://crossmark.crossref.org/dialog/?doi=10.1007/s11239-021-02561-w&domain=pdf

Direct oral anticoagulant plasma levels in hospitalized COVID-19 patients treated with... 347

COVID-19 [2, 3]. Current guidelines suggest low-molecular-
weight heparins as the preferred anticoagulants in hospital-
ized COVID-19 patients [1, 4]. Direct oral anticoagulants
(DOAC:s) generally represent the first-line anticoagulants
for patients with venous thromboembolism or atrial fibril-
lation, however, their safety and efficacy remain uncertain
in COVID-19 [5]. One of the potential reasons for con-
cern is the pharmacological interaction between DOACs
and COVID-19 medications [6], which may interfere with
cytochrome CP450, mainly CYP3A4, or transporter perme-
ability glycoprotein (P-gp), and affect DOAC clearance and
half-life [6-8]. Of note, dexamethasone, administered intra-
venously at a dose of 6 mg, has become standard-of-care for
the treatment of hypoxemic COVID-19 patients [4]. Whether
concomitant administration of DOACs and dexamethasone,
a well-known inducer of both CYP3A4 and P-gp [9, 10],
results in lower DOAC concentrations that may be clinically
relevant is currently uncertain [6, 7, 11].

In addition, the coagulation abnormalities associated with
COVID-19, including increased concentrations of coagu-
lation factors such as activated factor X, may potentially
reduce DOAC efficacy [1, 12]. Pharmacokinetic data on
DOAC:Ss in COVID-19 are therefore urgently needed.

The aim of this study was to evaluate the impact of con-
comitant dexamethasone administration and moderate-to-
severe COVID-19 on DOAC plasma levels.

Methods

Prospective study of patients admitted to the Divisions of
Internal Medicine and Pulmonary Medicine of “SS. Annun-
ziata” Hospital, Chieti, Italy for COVID-19 not requiring
invasive mechanical ventilation and receiving DOACs. To
assess the short- and long-term impact of dexamethasone,
DOAC levels were measured at 48—72 h from the first dose
of dexamethasone, and at 48—72 h and 14-21 days from the
last dose of dexamethasone. To evaluate the influence of
COVID-19, DOAC levels were measured during the acute
hospital phase and after recovery from COVID-19. Trough
samples were collected about 30 min before DOAC admin-
istration, whereas peak samples were collected on the same
day, at 2—4 h from DOAC administration. DOAC levels,
expressed as drug concentration-equivalent (ng/mL), were
measured using chromogenic assays calibrated for apixaban,
edoxaban, rivaroxaban (Biophen Dixal Coachrom, Hyphen
Biomed, France), and dabigatran (Innovance DTI Assay,
Siemens Healthineers AG, Germany). DOAC plasma levels
at steady state were compared with the expected reference
ranges derived from international consensus guidelines [7].
Clinical outcomes including symptomatic venous and arte-
rial thromboembolism, bleeding, and death were recorded
throughout the study period. The study was approved by the

local Ethics Committee, and all patients gave their written
informed consent before enrollment.

Continuous variables were presented as median and inter-
quartile range, categorical variables as number and percent-
age. Mean differences in basal characteristics were tested
using Fisher exact test and Kruskal-Wallis test, as appropri-
ate. Between- and within-group differences in mean DOAC
levels were tested using T-student test for independent sam-
ples. We used a two-sided alpha level of 0.05 for all statisti-
cal tests. All analyses were performed using R software,
version 4.0.4 and Rstudio version 1.1.423—© 2009-2018
RStudio, Inc.

Results

Out of 265 COVID-19 patients admitted at our center
between December 11, 2020 and May 18, 2021, 33 (12.4%,
18 males, median age 82 years) received DOAC and were
consecutively enrolled (Table 1). Seventeen (51.5%) patients
received apixaban, 12 (36.4%) rivaroxaban, and four (12.1%)
edoxaban at the recommended doses. The indication for
DOACS was atrial fibrillation in 22 (66.7%) cases, venous
thromboembolism in 10 (30.3%), and acute myocardial
infarction in one (3.0%). Twenty-six patients requiring sup-
plemental oxygen also received intravenous dexamethasone
at a dose of 6 mg once daily for a median of 14 days (range
3 to 23 days). No other drug potentially interfering with
CYP3A4 or P-gp activity was administered, except for rem-
desivir, which was used in one patient.

There were no differences in mean trough and peak
DOAC plasma levels as measured at 48—72 h from dexa-
methasone initiation, and at 48-72 h and 14-21 days after
dexamethasone discontinuation. Likewise, dexamethasone-
treated patients showed similar mean DOAC levels to those
of patients not receiving dexamethasone (Fig. 1A). Dur-
ing concomitant dexamethasone administration, trough
DOAC levels were within the expected reference ranges in
21 (87.5%) patients, below ranges in two (8.3%) and above
ranges in one (4.2%) (Fig. 1B). The corresponding values for
peak levels were 14 (58.3%), eight (33.3%), and two (8.3%).
Of note, six out of eight patients, all receiving rivaroxaban,
with low peak DOAC levels on dexamethasone, displayed
similarly low values off dexamethasone.

When patients were stratified according to DOAC type,
none of the 11 (45.8%) patients treated with a twice daily
dose of apixaban had both trough and peak levels outside the
expected reference ranges during concomitant dexametha-
sone use, one patient had low trough and one high peak
values. Among 13 (54.2%) patients receiving a once daily
dose of DOAC (11 rivaroxaban, 2 edoxaban), only one who
was treated with rivaroxaban had both trough and peak lev-
els below the expected reference ranges. Two patients, one
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Table 1 Baseline characteristics of study population

Overall Dexamethasone group No-dexamethasone group P-values
N=33 N=26 N=7

Sex, female, n (%) 15 (45.5) 10 (38.5) 5(71.4) 0.203
Age, years, median (IQR) 82.0 (76.0, 86.0) 83.0 (78.0, 86.0) 79.0 (71.0, 84.5) 0.427
BMI, median (IQR) 26.8 (25.0, 30.1) 26.9 (25.0, 28.8) 26.30 (24.6, 32.6) 0.692
Oral anticoagulant, n (%) 0.54

Apixaban 2.5 mg 10 (30.3) 7(26.9) 3(42.9)

Apixaban 5 mg BID 5(15.2) 4(154) 1(14.3)

Apixaban 10 mg BID 2 (6.1) 2(7.7) 0(0.0)

Edoxaban 30 mg 2 (6.1) 1(3.8) 1(14.3)

Edoxaban 60 mg 2 (6.1) 1(3.8) 1(14.3)

Rivaroxaban 10 mg 1(3.0) 1(3.8) 0(0.0)

Rivaroxaban 15 mg 4 (12.1) 3(11.5) 1(14.3)

Rivaroxaban 20 mg 7(21.2) 7 (26.9) 0(0.0)
New users, n (%) 20 (60.6) 15 (57.7) 5(71.4) 0.676
Anticoagulation indication, n (%) 1

Atrial fibrillation 22 (66.7) 17 (65.4) 5(71.4)

Myocardial infarction 1(3.0) 1(3.8) 0(0.0)

Venous thromboembolism 10 (30.3) 8 (30.8) 2 (28.6)
COVID-19 severity, n (%) 0.001

Moderate 9(27.3) 3(11.5) 6 (85.7)

Severe 24 (72.7) 23 (88.5) 1(14.3)
Prior venous thromboembolism, n (%) 309.1) 2(7.7) 1(14.3) 0.523
Prior myocardial infarction, n (%) 7(21.2) 5(19.2) 2 (28.6) 0.623
Prior stroke/TIA, n (%) 2 (6.1) 1(3.8) 1(14.3) 0.384
Prior bleeding, n (%) 39.1) 1(3.8) 2 (28.6) 0.106
Hypertension, n (%) 23 (69.7) 18 (69.2) 5(71.4) 1
Diabetes, n (%) 13 (39.4) 9 (34.6) 4(57.1) 0.393
Active cancer, n (%) 2 (6.1) 2(7.7) 0(0.0) 1
Ventilation type, n (%) 0.001

Nasal cannula/venturi mask 18 (54.5) 17 (65.4) 1(14.3)

CPAP 5(15.2) 5(19.2) 0(0.0)

NIV 7(6.1) 7(1.7) 0(0.0)
D-dimer, mcg/mL, median (IQR) 1.09 (0.59, 2.28) 1.14 (0.54, 2.26) 1.09 (0.76, 2.37) 0.843
CRP, mg/L, median (IQR) 64.20 (41.35, 124.50) 85.16 (47.61, 129.50) 24.06 (10.14, 54.48) 0.014

IQR interquartile range, BID bis in die, the anticoagulant was administered once daily where not specified, BMI body mass index, 7/A transient
ischemic attack, CPAP continuous positive airway pressure, NIV non-invasive ventilation, CRP C-reactive protein. P-values were calculated with

Fisher exact test and Kruskal-Wallis test as appropriate

on edoxaban and one on rivaroxaban, had high peak drug
levels during dexamethasone and normal levels when off
dexamethasone.

Both mean through and peak DOAC levels as well as the
proportion of patients with values within ranges were similar
during hospitalization and after recovery from COVID-19
(Fig. 2).

Overall, 28 patients were discharged alive after a median
of 14 days (interquartile range 9.0, 22.0). During a median
of 36 days (interquartile range 28.0, 73.5) after hospital dis-
charge, seven patients died, and none developed sympto-
matic thromboembolic or bleeding events.
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Discussion

In this study, intravenous dexamethasone at a dose of 6 mg
once daily for a median of 14 days, and up to 23 days, was
not associated with short- and long-term reductions in
DOAC plasma levels among hospitalized, non-critically
ill COVID-19 patients. Low-molecular-weight heparins
are the suggested anticoagulants in hospitalized COVID-
19 patients according to expert consensus guidelines [4].
Drugs employed for COVID-19, particularly those inter-
acting with CYP3A4 and P-gp metabolic pathways, may
affect the pharmacokinetic and pharmacodynamic profiles
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Fig.1 Panel A shows DOAC plasma levels according to dexamethasone use; Panel B shows the distribution of patients with DOAC levels
within, below and above the expected reference ranges in relation to dexamethasone use

of DOAC:S, thereby altering their anticoagulant activity
[6-8]. Dexamethasone, an inducer of both CYP3A4 and
P-gp, may reduce bioavailability and increase clearance of
DOAC:S, potentially leading to reduced plasma concentra-
tions [9-11]. Although it remains possible that a longer
exposure or higher doses of dexamethasone would result
in clinically relevant effects, our data, which confirm and
expand previous preliminary findings, seem to be reassur-
ing as they suggest that relevant systematic interactions, if
any, are unlikely [13]. However, the current findings are lim-
ited by the small number of patients included, both overall
and by DOAC type, which hampers firm conclusions on

DOAC safety and efficacy in COVID-19. Since all patients
received activated factor X inhibitors, results may not apply
to patients receiving dabigatran.

Increased levels of pro-inflammatory cytokines, as
observed in COVID-19, have been linked to downregulation
of hepatic drug-metabolizing enzymes including CYP3A4,
which could counteract the enzyme-inducing effects of dexa-
methasone [14, 15]. Furthermore, the coagulopathy associ-
ated with SARS-CoV-2 may result in altered concentrations
of coagulation factors, including higher levels of activated
factor X, and influence DOAC anticoagulant activity [1,
12]. We found that DOAC levels following resolution of
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Fig.2 Panel A shows DOAC
plasma levels as measured
during and after recovery from
COVID-19 in the overall study
population; Panel B shows the
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COVID-19 were similar to those observed during the acute
phase of disease, suggesting that both SARS-CoV-2 and the
associated inflammatory response may not have a relevant
impact on DOAC anticoagulant activity. It is worth pointing
out that reference ranges adopted for DOAC plasma levels
are subject to high inter-individual variability and do not
represent the optimal therapeutic window [16]. Therefore,
despite there were no thrombotic or bleeding complications
during DOAC treatment, it cannot be excluded that patients
with DOAC concentrations within the expected reference
ranges may still experience such events. Adequately powered
randomized trials evaluating the pharmacological and clini-
cal profiles of DOACSs in COVID-19 are urgently needed
to inform on the optimal anticoagulation strategy in these
patients.
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Conclusions

In hospitalized, non-critically ill COVID-19 patients, con-
comitant dexamethasone administration and the acute phase
of disease did not systematically alter DOAC plasma levels,
suggesting that anticoagulant activity of DOACs may be
preserved in this patient population.
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