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Abstract

Background Direct oral anticoagulants (DOACs) have gradually replaced vi-
tamin K antagonist warfarin as the preferred medication for anticoagulation
therapy in non-valvular atrial fibrillation, yet the safety and effectiveness of
their clinical use require continuous attention.

Objective Through investigation and analysis of potentially inappropriate med-
ication (PIM) of DOAGCsS in elderly hospitalized patients with atrial fibrillation
in the cardiology department, to promote the rational clinical use of DOACs.

Methods By integrating the Beers Criteria, DOACs drug labeling, and guidelines
related to anticoagulation therapy for atrial fibrillation patients, we developed
PIM evaluation criteria for DOACs, including criteria for indications of DOACs
for atrial fibrillation, PIM evaluation criteria for matching DOACs dosage with
renal function levels, criteria for DOACs use in patients with different hep-
atic function levels, PIM evaluation criteria for DOACs drug-drug interactions,
references for age-related DOACs dosage PIM evaluation, references for body
weight-related DOACs dosage PIM evaluation, and references for bleeding risk-
related DOACs dosage PIM evaluation. We retrospectively collected data on
atrial fibrillation patients hospitalized in the cardiology department of The Sec-
ond Affiliated Hospital of Zhejiang Chinese Medical University in 2022 who
received anticoagulation therapy with DOACs (including rivaroxaban tablets,
edoxaban tablets, and dabigatran etexilate capsules) from the Hospital Informa-
tion System (HIS). The target population was screened according to inclusion
and exclusion criteria, and each case was evaluated based on the PIM evaluation
criteria.
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Results A total of 89 elderly patients with atrial fibrillation were included, with a
mean age of (77.93+88.1) years, and the PIM incidence rate was 56.18% (50/89).
Among the three DOACs groups, a total of 58 PIM instances occurred, includ-
ing 47 instances (81.03%) in rivaroxaban-treated patients, 6 instances (10.35%)
in edoxaban-treated patients, and 5 instances (8.62%) in dabigatran etexilate-
treated patients. The distribution of PIM types was as follows: renal function-
related PIM in 44 instances (75.86%), drug-drug interaction-related PIM in 9
instances (15.52%), hepatic function-related PIM in 4 instances (6.89%), and
body weight-related PIM in 1 instance (1.72%).

Conclusion There exists non-negligible PIM in DOACs anticoagulation therapy
for elderly patients with non-valvular atrial fibrillation: rivaroxaban-treated
patients had the highest PIM incidence rate, followed by edoxaban-treated pa-
tients, mainly manifested as renal function-related PIM, drug-drug interaction-
related PIM, and hepatic function-related PIM. Therefore, anticoagulation ther-
apy for elderly patients with non-valvular atrial fibrillation requires compre-
hensive consideration of individual patient conditions to develop personalized
anticoagulation regimens, thereby reducing PIM in the clinical use of DOACs.
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Abstract

Background: Direct oral anticoagulants (DOACs) have gradually replaced the
vitamin K antagonist warfarin and become the first-line drugs for anticoagulant
therapy in patients with non-valvular atrial fibrillation (NVAF). However, the
safety and efficacy of DOACs in clinical use require sustained attention.

Objective: To promote rational use of DOACs by investigating and analyzing
the potentially inappropriate medication (PIM) of DOACs in elderly patients
with atrial fibrillation hospitalized in the Cardiology Department.
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Methods: Beers criteria, DOACs drug inserts, and anticoagulant treatment
guidelines were integrated to develop PIM evaluation criteria for DOACs ther-
apy, including criteria for the indication of DOACs for atrial fibrillation, PIM
evaluation of DOACs dose matched to renal function, DOACs application in
patients with different liver function and PIM evaluation of DOACs drug in-
teraction, evaluation references for age-related PIM, body weight-related PIM,
and bleeding risk-related PIM. A retrospective analysis was performed to collect
NVAF patients from the Hospital Information System (HIS) who were admit-
ted to the Department of Cardiology and received DOACs (rivaroxaban tablets,
edoxaban tablets, and dabigatran etexilate capsules) therapy from January 2022
to December 2022 at the Second Affiliated Hospital of Zhejiang Chinese Medi-
cal University. The target population was screened according to inclusion and
exclusion criteria and evaluated individually according to the PIM evaluation
criteria.

Results: A total of 89 elderly NVAF patients were enrolled with an average
age of (77.943+$8.06) years, and the incidence of PIM was 56.18% (50/89).
There were 58 cases of PIM across the three DOACs groups, including 47 cases
(81.03%) in the rivaroxaban group, 6 cases (10.35%) in the edoxaban group, and
5 cases (8.62%) in the dabigatran etexilate group. Sorted by PIM categories, the
incidence of renal function-related PIM was 75.86% (44 cases), drug interaction-
related PIM was 15.52% (9 cases), liver function-related PIM was 6.89% (4
cases), and weight-related PIM was 1.72% (1 case).

Conclusion: Anticoagulation treatment with DOACs in elderly patients with
NVAF is associated with non-negligible PIM. Rivaroxaban-treated patients had
the highest incidence of PIM, followed by edoxaban-treated patients, which
mainly manifested as renal function-related PIM, drug interaction-related PIM,
and liver function-related PIM. Therefore, clinicians need to develop individual-
ized anticoagulation regimens integrating patient-specific conditions for elderly
patients with NVAF, thereby reducing the PIM of DOACs therapy.

Keywords: Non-valvular atrial fibrillation; Anticoagulant therapy; Direct oral
anticoagulants; Beers criteria; Potentially inappropriate medication

Introduction

The stroke risk in patients with atrial fibrillation is five times higher than in
those without atrial fibrillation, and this risk increases with age, making stan-
dardized anticoagulation therapy particularly important for stroke prevention
in elderly atrial fibrillation patients [1]. With the continuous launch of direct
oral anticoagulants (DOACs) and updates to domestic and international antico-
agulation guidelines, DOACs have gradually replaced vitamin K antagonists—
warfarin—to become the preferred drugs for anticoagulation therapy in patients
with non-valvular atrial fibrillation (NVAF) [2]. Although DOAC:s offer definite
clinical efficacy and do not require routine coagulation function monitoring,
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they exhibit large individual differences in plasma concentration [3], and their
metabolism in vivo is affected by liver and kidney function as well as drug inter-
actions [4]. Consequently, numerous potential safety concerns remain in clinical
use. Elderly patients often have extensive disease spectra, multiple comorbidi-
ties, poorer liver and kidney function, and serious polypharmacy, making anti-
coagulation therapy safety issues—namely potentially inappropriate medication
(PIM)—a focus of attention for both clinicians and pharmacists. The Beers
criteria represent the earliest developed and most widely applied clinical PIM
evaluation tool, designed to reduce adverse drug events [6]. The 2019 version
of the Beers criteria includes corresponding updates regarding PIM issues for
direct oral anticoagulants in elderly patients and hospitalized elderly patients.
However, the Beers criteria section on DOACs requires supplementation with an-
ticoagulation treatment guidelines and DOACs drug inserts in clinical practice.
While various countries have DOACs usage guidelines or manuals, no unified
standard has been formed, and guidelines suggest that medical institutions can
develop their own anticoagulation treatment manuals and rational medication
evaluation principles [7-13]. Therefore, this study integrated the Beers criteria
with domestic and international DOACs drug inserts and atrial fibrillation anti-
coagulation treatment guidelines [1-2, 10-13] to develop PIM evaluation criteria
for three direct oral anticoagulants (rivaroxaban tablets, edoxaban tablets, and
dabigatran etexilate capsules) at our hospital. As the Cardiology Department
is the primary unit admitting atrial fibrillation patients, we conducted this ret-
rospective investigation and analysis to identify PIM issues in anticoagulation
therapy for elderly atrial fibrillation patients in our Cardiology Department,
providing a reference for guiding rational DOACs use in clinical practice.

Methods

1.1 Development of PIM Evaluation Criteria The PIM evaluation cri-
teria for DOACs were developed based on the Beers criteria [9], primarily ac-
cording to drug inserts approved by the China Food and Drug Administration
(CFDA) for rivaroxaban tablets, edoxaban tablets, and dabigatran etexilate
capsules, with reference to drug inserts approved by the U.S. Food and Drug
Administration (FDA) and the UK’s Medicines and Healthcare products Reg-
ulatory Agency (MHRA), and in combination with domestic and international
atrial fibrillation anticoagulation treatment guidelines and DOACs clinical use
and pharmacotherapy management guidelines, including “Atrial Fibrillation:
Current Understanding and Treatment Recommendations (2021)” [2], “2022
Scientific Statement: Stroke Prevention in Atrial Fibrillation (Part 2)” [10],
%2021 APSC Consensus Recommendations: Direct Oral Anticoagulants in Asian
Atrial Fibrillation Patients” [11], “2020 CCS/CHRS Comprehensive Guidelines:
Management of Atrial Fibrillation” [12], and “2021 EHRA Practice Guidelines:
Use of Non-Vitamin K Antagonist Oral Anticoagulants in Atrial Fibrillation
Patients” [13]. The expert panel for developing the DOACs PIM evaluation
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criteria consisted of five members, including the director of the Pharmacy De-
partment, the director of the Cardiology Department, the deputy director of the
Medical Affairs Department, a cardiologist, and a cardiovascular clinical phar-
macist. After two rounds of roundtable discussions, the PIM evaluation criteria
for three DOACs in atrial fibrillation patients were finalized, comprising seven
components: (1) Indication criteria for DOACs in atrial fibrillation (Table 1 );
(2) PIM evaluation criteria for matching DOACs dose to renal function level (Ta~
ble 2 ); (3) Criteria for DOACSs use in patients with different liver function levels
(Table 3 ); (4) PIM evaluation criteria for DOACs drug interactions (Table 4
); (5) Age-related DOACs dose PIM evaluation reference: generally, for elderly
atrial fibrillation patients aged >80 years, the recommended dose of dabiga-
tran etexilate capsules is 110 mg per dose, twice daily; (6) Body weight-related
DOACGs dose PIM evaluation reference: generally, for elderly atrial fibrillation
patients with body weight $ $60 kg, the recommended dose of edoxaban tablets
is 30 mg per dose, once daily; (7) Bleeding risk-related DOACs dose PIM eval-
uation reference: generally, when Has-Bled score $ $3, low-dose DOACs are
recommended.

1.2 Inclusion and Exclusion Criteria We retrospectively collected atrial
fibrillation patients from the HIS system of the Second Affiliated Hospital of Zhe-
jlang Chinese Medical University who were hospitalized in the Cardiology De-
partment and received DOACs (including rivaroxaban tablets, edoxaban tablets,
and dabigatran etexilate capsules) anticoagulation therapy in 2022. Inclusion
criteria were: (1) diagnosed with atrial fibrillation; (2) age $ $65 years; (3) hos-
pitalization duration of 3-30 days; (4) receiving anticoagulation therapy with
rivaroxaban tablets, edoxaban tablets, or dabigatran etexilate capsules. Exclu-
sion criteria were: (1) diagnosis without atrial fibrillation; (2) hospitalization
duration $ $2 days; (3) hospitalization duration >30 days; (4) death during hos-
pitalization. By reviewing electronic medical records, we extracted patients’ ba-
sic information including hospital number, name, gender, age, diagnosis (disease
name and number), renal function, liver function, anticoagulant drugs (type,
dose, frequency), number of drug types, length of hospital stay, major bleed-
ing events during hospitalization, thrombotic events during hospitalization, and
anticoagulation-related death during hospitalization (thrombosis or bleeding).
Renal function level was calculated using the creatinine clearance formula: CrCl
(mL/min) = [(140 - age) x body weight] / [72 x serum creatinine (mg/dL)] x
(0.85 for female) [14]. Liver function level was assessed using the Child-Pugh
evaluation scale [15].

1.3 PIM Evaluation Standards One cardiovascular clinical pharmacist re-
viewed all involved medical records according to the developed PIM evaluation
criteria for direct oral anticoagulants (DOACs). The review results were verified
by one cardiovascular clinician. If disagreements arose, the case was referred to
the Medical Affairs Department for final determination.
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1.4 Statistical Methods Original data were collected using Excel software,
and statistical analysis was performed on patients’ basic information and evalu-
ation results. Measurement data were expressed as (X4s), and count data were
expressed as relative numbers.

Results

2.1 Patient Baseline Characteristics A total of 89 elderly atrial

fibrillation patients were ultimately enrolled in this study (Figure 1

[Figure 1: see original paper]), including 45 males (50.56%) and 44 fe-

males (49.44%); age ranged from 65 to 92 years, with an average age of

(77.98+8.1)years; bodyweightranged from39.5t088.5kg, withanaveragebodyweighto f (62.6+11.4)kg; renal func
Bledscoreranged from0to3points, withanaverageo f (1.42+0.64)points; numbero fmedicationtypesranged fror
days. Among all enrolled elderly atrial fibrillation patients, 63 cases (70.79%)

received rivaroxaban tablets anticoagulation therapy; 18 cases (20.22%)

received edoxaban tablets; and 8 cases (8.99%) received dabigatran etexilate

capsules. Patient baseline characteristics are shown in Table 5 .

2.2 PIM Evaluation Results The evaluation results showed that among 89
hospitalized elderly atrial fibrillation patients, 50 patients had DOACs-related
PIM, with a total incidence rate of 56.18%. Among them, 41 patients (82.00%)
had PIM with rivaroxaban; 5 patients (10.00%) had PIM with edoxaban; and 4
patients (8.00%) had PIM with dabigatran etexilate (Table 6 ). Calculated by
occurrence frequency, there were 58 cases of PIM related to the three DOACs
anticoagulation therapies, including 47 cases (81.03%) with rivaroxaban, 6 cases
(10.35%) with edoxaban, and 5 cases (8.62%) with dabigatran etexilate.

Renal function level mismatch with DOACs dose caused 44 cases of PIM, rank-
ing first among all PIM categories and accounting for 75.86%: 37 cases (82.22%)
with rivaroxaban PIM, including 35 cases of underdosing and 2 cases of over-
dosing; 3 cases (8.89%) with edoxaban PIM, including 1 case of underdosing
and 2 cases of contraindicated use in CKD stage 5; and 4 cases (8.89%) with
dabigatran etexilate PIM, including 2 cases of underdosing and 2 cases of con-
traindicated use in CKD stage 4.

Drug interaction-related PIM with DOACs dosing totaled 9 cases, ranking sec-
ond among all PIM categories and accounting for 15.52%: 6 cases with rivarox-
aban PIM, including 2 cases combined with dronedarone and 4 cases combined
with Chinese herbal medicine forsythia; 2 cases with edoxaban, including 1 case
combined with clarithromycin tablets and 1 case combined with dronedarone;
and 1 case with dabigatran etexilate, where the patient was combined with
dronedarone. No indication-related PIM was found.

Liver function level mismatch with DOACs dose caused 4 cases of PIM, rank-
ing third and accounting for 6.89%, all from rivaroxaban: 4 atrial fibrillation
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patients with Child-Pugh grade B liver function (Table 5) received rivaroxaban
tablets 10 mg per dose, once daily anticoagulation therapy.

Body weight mismatch with dose caused 1 case of DOACs PIM, ranking last
and accounting for 1.72%: the patient was treated with edoxaban, with body
weight <60 kg, receiving edoxaban tablets 60 mg per dose, once daily.

2.3 DOACs-Related Adverse Events A total of 4 cases of DOACs an-
ticoagulation therapy-related adverse events were recorded during hospitaliza-
tion, with an adverse event rate of 4.5%: 2 rivaroxaban tablet patients had
hemoglobin decrease >30 g/L, 1 patient had cerebral infarction; 1 edoxaban
tablet patient had cerebral infarction; and no adverse events occurred with
dabigatran etexilate capsules (Table 7 ).

Discussion

The elderly are generally defined as $ 65yearsold, withtheW orld HealthOrganization furthersubdividingthemi
old(65—"T4years), old—old(75—84years), andoldest—old( 85years)[16]. Elderlyatrial fibrillationpatients( 65ye
point for males, $$2 points for females) [17]. Cardiologists were relatively

active in initiating anticoagulation therapy for atrial fibrillation with good

indication control, and no indication-related PIM was found, but there were

many PIM issues in DOACs dose selection.

Renal function level has very significant safety relevance to DOACs anticoag-
ulation therapy dosing. On one hand, the kidney is the main excretory organ
for DOACSs, and decreased renal function can lead to drug accumulation and
greatly increase bleeding risk [18]; on the other hand, impaired renal function
reduces hematopoietic function, easily causing anemia and decreased coagula-
tion function [19]. This study showed that the renal function levels of enrolled
patients were: rivaroxaban > dabigatran etexilate > edoxaban, and the inci-
dence of PIM due to mismatch between renal function level and DOACs dose
was: rivaroxaban tablets > dabigatran etexilate capsules > edoxaban tablets.
We found that rivaroxaban-treated patients with the best renal function had
the highest incidence of dose-renal function mismatch PIM, while edoxaban-
treated patients with the poorest renal function had the lowest PIM incidence.
Edoxaban-treated patients had lower renal function levels than patients on the
other two DOACSs, possibly because clinicians were particularly cautious when
facing patients with moderate renal insufficiency, believing that the edoxaban
30 mg per dose, once daily anticoagulation regimen had lower bleeding risk than
rivaroxaban 15 mg per dose, once daily and dabigatran etexilate capsules 110
mg per dose, twice daily. Reviewing the DOACs evaluation table, among 37
rivaroxaban-treated patients with renal function-dose mismatch PIM, 35 cases
were unreasonable use of low-dose rivaroxaban, including 16 patients who used
low-dose rivaroxaban 15 mg per dose, once daily when renal function permitted,
and another 19 patients who used low-dose rivaroxaban 10 mg per dose, once
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daily when renal function permitted. Some real-world studies from Asia ACC
guidelines, Japan, and China Taiwan have found that rivaroxaban 10 mg per
dose, once daily may have equivalent clinical effects in Asian populations to 15
mg used in European and American Caucasian populations [20-21]. However,
this anticoagulation dosing regimen is not included in the Chinese rivaroxaban
drug insert or atrial fibrillation guidelines.

Drug interactions related to DOACs dosing are caused by changes in DOACs
plasma concentration [22]. Among the 89 enrolled elderly atrial fibrillation
patients, 9 cases (8.99%) had drug interaction-related PIM, with an overall
incidence that is not high but warrants vigilance. The most common drug inter-
actions causing PIM were dronedarone (4 cases) and Chinese herbal medicine
forsythia (4 cases). Dronedarone has an antiarrhythmic mechanism similar to
amiodarone but with significantly reduced adverse reactions. Dronedarone can
increase NOACs plasma concentration by inhibiting P-glycoprotein and reduc-
ing NOACs efflux, thereby increasing bleeding risk. Rivaroxaban and dabiga-
tran etexilate should avoid combined use with dronedarone, while edoxaban
combined with dronedarone should use low dose [23]. Forsythia, also known as
St. John’s wort, can simultaneously induce P-glycoprotein and CYP3A4, pro-
moting DOACs efflux and metabolism, causing plasma concentration to signifi-
cantly decrease and leading to insufficient anticoagulation. The plasma concen-
tration decrease is most significant when rivaroxaban and dabigatran etexilate
are combined with forsythia, which should be avoided, while edoxaban plasma
concentration decrease is relatively smaller and should be used with caution
[24-25].

Liver function level is related to DOACs metabolism and intrinsic coagulation
function. Pharmacokinetic studies show that in Child-Pugh grade B, the area
under the curve (AUC) of rivaroxaban tablets can increase by 125%, with el-
evated plasma concentration increasing bleeding risk, and its use should be
avoided; edoxaban exhibits similar pharmacokinetic and pharmacodynamic char-
acteristics in grade B patients as in grade A, and is not recommended but can
be used cautiously; dabigatran etexilate capsules show large individual differ-
ences in pharmacokinetic characteristics and plasma concentration in grade B
patients, and are not recommended but can be used cautiously; all DOACs
should be avoided in grade C patients [26].

Regarding the relationship between body weight and DOACs dose, only edox-
aban randomized controlled trial (RCT) subgroup analysis indicated that pa-
tients with body weight $ $60 kg using the low-dose 30 mg per dose, once daily
anticoagulation regimen is safer and more effective [27]. For elderly atrial fibril-
lation patients, studies have shown that using DOACs anticoagulation therapy
carries significantly higher major bleeding risk, especially gastrointestinal bleed-
ing risk, compared to warfarin [28]. Dabigatran etexilate capsules explicitly
recommend low-dose 110 mg per dose, twice daily for patients over 80 years old;
edoxaban recommends that for patients over 80 years old who cannot tolerate
30 mg per dose, once daily, 15 mg per dose, once daily may be considered [29];
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however, for rivaroxaban tablets, there are no explicit regulations in current
guidelines or drug inserts on whether low dose can be selected when advanced
age is the only risk factor. Bleeding risk is an important factor that must be con-
sidered in clinical use of DOACs. A Has-Bled score $ $3 indicates high bleeding
risk but is not a contraindication for anticoagulation therapy. When bleeding
risk factors are irreversible, low-dose DOACSs should be selected.

In summary, this retrospective investigation and analysis study demonstrates
that numerous PIM issues exist in clinical use of DOACs in elderly atrial
fibrillation patients, particularly the inappropriate use of low-dose rivaroxa-
ban, followed by drug interactions with concomitant medications (dronedarone,
forsythia), and anticoagulation therapy with rivaroxaban in patients with mod-
erate liver function impairment. These PIM issues in clinical use of DOACs
can lead to major bleeding or thrombotic adverse events. Although this study
is retrospective, it reflects real-world PIM issues of DOACs in elderly atrial fib-
rillation patients and provides direction and reference for clinical pharmacists
to conduct rational drug use work in the future. Atrial fibrillation anticoagula-
tion therapy is a very complex pharmacotherapy process that requires consid-
eration of various factors including age, body weight, disease status, liver and
kidney function, thrombotic and bleeding risks, and drug interactions, weigh-
ing the pros and cons to develop individualized anticoagulation regimens for
patients. Clinical pharmacists will use these PIM evaluation criteria to conduct
in-hospital education and intervention on PIM-related prescriptions to promote
rational clinical use of DOACs.
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