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Abstract: In this article, we present a case of apixaban elimination
prolonged by 450% in a patient with coronavirus disease 2019
because of multiple conditions, including drug–drug interaction,
severe inflammation, and acute kidney injury. Therapeutic drug
monitoring was used to explain unusual routine coagulation assays.
This grand round highlights the importance of dialog between the
clinician and a therapeutic drug monitoring consultant for optimal
patient care.
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CLINICIAN
An 82-year-old man (85 kg, body mass index 30.8

kg/m2, and glomerular filtration rate 62 mL/min/1.73 m2),
with a medical history of hypertension and atrial fibrillation
(AF), was admitted for fever, cough, fatigue, confusion, vom-
iting, and diarrhea to our tertiary care hospital on March 9,
2020. His outpatient treatment included apixaban 5 mg twice
daily as a preventive treatment for AF, which was continued
throughout hospitalization. Coronavirus disease 2019
(COVID-19) was identified after nasopharyngeal swab test
using real-time polymerase chain reaction. On day 5, the
patient was transferred to the intensive care unit for acute
respiratory distress syndrome. Based on the COVID-19 treat-
ment strategy used at that time, lopinavir/ritonavir was intro-
duced on day +5.

Is it possible to monitor lopinavir concentrations?

THERAPEUTIC DRUG
MONITORING CONSULTANT

Lopinavir can be monitored using a validated ultrahigh-
performance liquid chromatography–mass spectrometry method.

However, apixaban elimination is mediated by metab-
olism by cytochrome P450 3A4/5 (CYP3A4/5) and renal
elimination, with excretion in the gastrointestinal tract by
P-glycoprotein (P-gp).1 Ritonavir is a potent inhibitor of
CYP3A4 and P-gp,2 resulting in a marked increase in antico-
agulant activity.3 Apixaban trough concentrations were +77%
to +491% higher than previous concentrations (measured
before COVID) in 3 patients with COVID receiving concom-
itant lopinavir/ritonavir (ranging from 71 to 92 to ng/mL
before COVID to 163–420 ng/mL with lopinavir/ritonavir).4

Typically, when lopinavir/ritonavir is introduced, a 50%
decrease in the apixaban dose is recommended.5 Switching
to parenteral heparin is recommended 12–24 hours after direct
oral anticoagulants (DOACs) withdrawal in patients with
COVID-19.3

CLINICIAN
Apixaban was discontinued on day +5. After a 24-hour

washout period, enoxaparin was introduced on day +6 as a cura-
tive treatment (8000 UI/mL twice daily) for AF. On day +7,
antifactor Xa activity was .2 UI/mL (,1.2 UI/mL for curative
treatment), the activated partial thromboplastin time (aPTT) ratio
was increased (1.52), and prothrombin time (PT) was decreased
(68%). Accordingly, enoxaparin was withdrawn, with no clinical
sign of bleeding. How can we evaluate these unusual results?

THERAPEUTIC DRUG
MONITORING CONSULTANT

Apixaban concentrations could be retrospectively assessed
using remaining samples stored at +48C for 7 days because its
long-term matrix stability was investigated during method vali-
dation according to the International Council for Hamonization
M10 Guideline on bioanalytical method validation (European
Medicines Agency/Committee for Medicinal Products for
Human Use/International Council for Hamonization/172948/
2019).
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FIGURE 1. Evolution of apixaban and lopinavir concentrations, CRP, estimated glomerular filtration rate, and antifactor Xa activity
over time. The black dotted line represents apixaban withdrawal, and the gray-filled rectangle represents enoxaparin adminis-
tration.
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Concentrations were retrospectively investigated from
day +2 using the validated ultrahigh-performance liquid
chromatography–mass spectrometry method. Before with-
drawal, apixaban concentrations were increased by 2-fold
when compared with its predicted steady-state exposure in
patients with AF (162.8–241.6 versus 104.5 mcg/L using
apixaban 5 mg6). The level of C-reactive protein (CRP), a
serum biomarker of inflammation, was 72–129 mg/L.
However, inflammation, as observed during COVID-19, has
recently been identified as a major factor of interindividual
and intraindividual variabilities of drug-metabolizing
enzymes and transporters,7 such as CYP3A4 and P-gp. The
acute phase response can increase circulating proinflamma-
tory cytokines, possibly downregulating both hepatic and
intestinal metabolizing cytochrome P450 enzymes, drug
transporters, and conjugative enzymes.7 Despite a 24-hour
therapeutic window, the high apixaban level persisted
(157.7 mcg/L) after enoxaparin initiation. Apixaban is a
reversible and selective FXa inhibitor (activated factor X) that
inhibits free, clot-bound FXa, and prothrombinase activity.8

The remainder apixaban concentration is responsible for the
elevated antifactor Xa activity.

Meanwhile, the lopinavir trough level was 39.2 mg/L
on day +8, whereas the ritonavir level was 0.47 mg/L, and
CRP was 251.7 mg/L. High lopinavir trough concentrations
have previously been described in patients with coronavirus
disease 2019.9 Furthermore, lopinavir elimination is
Cytochrome mediated, and its concentration reportedly varies
with CRP levels.10

CLINICIAN
Lopinavir dosage was first reduced by 50% on day +8

and then discontinued on day +9. The patient experienced
acute kidney injury (glomerular filtration rate = 26 mL/min/
1.73 m2 on day +8).

Simultaneously, on days +8 and +9, the antifactor Xa
activity was 1.72 and 1.26 UI/mL, respectively, whereas the
aPTT ratios were 1.57% and 1.36%, and PT was 68% and
70%, respectively.

THERAPETIC DRUG
MONITORING CONSULTANT

Ritonavir-induced reversible acute tubular injury has
been previously described.11 However, the disease itself
might induce acute kidney injury, as reported in up to 25%
of critically ill patients with COVID-19.12 The half-life of
lopinavir was 13 hours, indicating a 200% decrease in
elimination.

The remaining high antifactor Xa activity was attributed
to the extended apixaban elimination. Owing to the drug–
drug interaction between a Cytochrome and P-gp inhibitor
and apixaban, potentially increased because of inflammation,
the direct impact of inflammation on apixaban metabolism,
and acute kidney injury, the apixaban half-life was decreased
by 450% (half-life was 54 hours versus normal half-life of 12
hours) (Fig. 1).

CLINICIAN
Activated charcoal was administered on day +10, and

acute kidney injury resolved on day +11 (GFR = 62 mL/min/
1.73 m2). Enoxaparin was reintroduced on day +11, with the
antifactor Xa activity at 0.23 UI/mL, aPTT ratio at 1.26, and
PT at 83%.

THERAPETIC DRUG
MONITORING CONSULTANT

Apixaban may undergo some degree of recycling
between the systemic circulation and gastrointestinal tract.
The presence of activated charcoal in the gastrointestinal tract
interrupted this recycling, resulting in enhanced elimination
of apixaban through the feces13; the apixaban concentration
was 20 mcg/L, and its half-life was 18 hours after day +10
because of the activated charcoal and improved kidney func-
tion. However, it was still detectable 7 days after withdrawal.

CLINICIAN
Finally, the patient was discharged from the intensive

care unit after 16 days.

CONCLUSION
COVID-19 can be associated with severe inflammation

and acute kidney injury, inducing considerable pharmacolog-
ical interference. Consequently, repurposed drugs should be
carefully monitored using therapeutic drug monitoring to
avoid critical drug–drug interactions and subsequent toxicity.
Other CYP3A4 and/or P-gp inhibitors (such as antifungal
agents or macrolides), as well as CYP3A4 and/or P-gp sub-
strates (such as midazolam, cyclosporine, and tacrolimus),
remain widely used in patients with COVID-19, and the sit-
uation observed in the current patient could recur.
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