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Abstract. - OBJECTIVE: This study aimed
to assess the appropriateness of direct oral an-
ticoagulants (DOACSs) utilization in a Saudi ter-
tiary hospital.

PATIENTS AND METHODS: Adult inpatients
and outpatients diagnosed with atrial fibrilla-
tion, deep vein thrombosis, or pulmonary em-
bolism were included in a retrospective cohort
study. Patients received at least one month of
apixaban, rivaroxaban, or dabigatran. The dura-
tion of the study at the Armed Forces Hospital
Southern Region in Khamis Mushait, Saudi Ara-
bia, was from January 1, 2019, to December 31,
2021. The study assessed the appropriateness
of DOACs dosing, initial and follow-up monitor-
ing, the presence of clinically significant interac-
tions, and treatment duration adherence.

RESULTS: 778 patients were included in the
analysis (mean age 71.34 = 15.98 years, equal
male and female representation). Rivaroxaban
was administered to 40.8% of the patients, while
apixaban and dabigatran were administered
to 31.02% and 28.18% of the patients, respec-
tively. The most prevalent indication for DO-
ACs was atrial fibrillation (72.84%), followed by
deep vein thrombosis and pulmonary embolism
(27.16%). The most prevalent category of med-
ication errors was inappropriate maintenance
dose (41.7%), followed by inappropriate initial
dose (37.97%) and lack of laboratory parameter
monitoring (36.42%). 31.5 percent of the study
sample lacked baseline renal functions, while
24.5% of patients lacked baseline liver func-
tions. 115 patients (14.8%) had potential clinical-
ly significant interactions. Regarding treatment
duration, 232 patients (29.8%) were improper-
ly prescribed DOACs based on their indications.
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CONCLUSIONS: In a significant proportion
of DOAC patients, the prescribed rational DO-
AC utilization parameters were not implement-
ed. The results of the study provide specific im-
provement areas and objectives for Anticoagu-
lation stewardship programs.

Key Words:
Anticoagulants, DOACs, Medication errors.

Introduction

Anticoagulation stewardship is one of the re-
cently introduced concepts and initiatives, de-
fined as coordinated, efficient, and sustainable
system-level initiatives designed to achieve op-
timal anticoagulant-related health outcomes and
minimize avoidable adverse drug events. As di-
rect oral anticoagulants (DOACs) are widely used
in clinical practice, and to effectively implement
anticoagulation stewardship, it is recommended
to conduct a gap analysis to identify areas for
improvement and assess opportunities for stan-
dardizing practices of DOACsS.

Since DOACs introduction in clinical practice
in 2010, they have dramatically changed the field
of stroke and thrombosis prevention and manage-
ment. DOACs are frequently preferred in clini-
cal practice guidelines over other anticoagulants
(injectable heparins and Vitamin K antagonists
VKA) for their convenience of use, more pre-
dictable response, less individualized dosing, less
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frequent laboratory monitoring, fewer significant
interactions, favorable safety profile, notably sig-
nificantly lower incidence of bleeding.

Each DOAC has a different dosing sched-
ule and dose modifications, mostly reductions,
depending on one or more patient-specific fac-
tors, including age, weight, renal function, serum
creatinine, indication, and concomitant medica-
tions'*; the need to consider all of these param-
eters is associated with increased incidence of
prescribing errors®, For patients with renal and
hepatic impairment, overdosing could increase
the risk of drug accumulation and is associated
with increased risk of bleeding®. Co-adminis-
tration with medications that interfere with DO-
ACs metabolism is associated with an increased
risk of thrombotic events or bleeding episodes®®.
Thus, conducting studies involving these param-
eters and rational DOACs prescribing and moni-
toring assessment can provide specific objectives
for the anticoagulation stewardship programs and
ultimately improve DOACs patients’ clinical out-
comes.

As far as we know, this is the first study to
evaluate DOACs utilization as a whole hospital
experience in the Arab region, including the
most significant parameters for DOAC utilization
assessment.

Patients and Methods

Study Population and Design

After receiving approval from the institutional
review board, a retrospective cohort study was
conducted involving inpatients and outpatients
of at least 18 years of age diagnosed with atrial
fibrillation, deep venous thrombosis, or pulmo-
nary embolism. Patients included in the analysis
received at least one month of one or more direct
oral anticoagulant agents, either apixaban, rivar-
oxaban, or dabigatran. The study duration was
from January 1, 2019, to December 31, 2021, at
the Armed Forces Hospital Southern Region in
Khamis Mushait, Saudi Arabia. Patients were
excluded from the analysis if they administered a
DOAC for less than one month. For the year 2019,
the hospital formulary included rivaroxaban and
dabigatran. But from 2020 onward, dabigatran
was replaced by apixaban based on the Pharmacy
and Therapeutics Committee decision. The study
was approved by the Research Ethics Committee
of the Armed Forces Hospital Southern Region
(AFHSRMREC/2022/PHARMACY/662).  In-

formed consent has been waived by the research
ethics committee due to the absence of patients’
identifying data and the study design.

Data Collection

The initial list of patients on DOAC and data
collection was done utilizing the hospital infor-
mation system (HIS). Collected data included
patient characteristics such as age, sex, body
weight, clinical information such as indication,
baseline and regular, relevant labs (including
renal and hepatic function), estimated creati-
nine clearance (CrCl) using the Cockcroft and
Gault formula, adherence to the recommended
treatment duration, development of thrombotic
events or bleeding episodes. Besides, prescription
information was also recorded, including pre-
scribed DOAC agent, initial and long-term dos-
age, frequency, presence of over or under-dosing,
presence of concomitant drug interactions, par-
ticularly p-glycoprotein inhibitors, CYP450 3A4
inhibitor or inducer, or concomitant antiplatelet
agent for more than the recommended duration.

Outcomes and Definitions

To meet the study objective, we calculated
the proportions of patients with appropriate and
inappropriate DOAC dosing compared to the
FDA-approved dosing for general and special
populations, adherence to the recommended ini-
tial and maintenance doses, commitment to the
recommended laboratory monitoring, rate of the
avoidable drug-drug interaction existence in the
DOAC prescriptions, and adherence to recom-
mended duration of therapy.

For the dosing appropriateness evaluation, un-
derdosing was defined as a prescription dose
that was reduced when the patient did not meet
the criteria for dose reduction; while overdosing
was defined as a prescription dose that was not
reduced when the patient met the criteria for dose
reduction or the total daily amount exceeds that
recommended on the dosing guidelines. Accord-
ing to the International Society of Thrombosis
and Hemostasis, significant bleeding was defined
as bleeding that caused a fall in hemoglobin level
of 2 g/dL or more. It is confirmed by the patient
history of receiving bleeding management treat-
ment such as tranexamic acid. In contrast, throm-
botic events are defined by the patient history of
receiving parenteral anticoagulant while avoiding
the prescription of the oral anticoagulant that was
administered before developing the thrombotic
event.
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Statistical Analysis

These collected data were analyzed using IBM
SPSS 28 (IBM Corp., Armonk, NY, USA). De-
scriptive Statistics were used and presented as
means = SD for continuous variables and num-
bers and percentages for categorical variables. If
inferential statistics is needed, the level of signif-
icance was predetermined to be p < 0.05.

Results

Upon extraction of data through the hospital
information system, the patients who received
DOACs as inpatients or outpatients during the
study period were 1,050. Of these, 778 patients
were included in the analysis, while 272 patients
were excluded either due to incomplete data or
not meeting the inclusion criteria. The patient’s
baseline characteristics are summarized in Table 1.

Among the study sample, the most common
category of medication errors encountered was
inappropriate maintenance dose (41.7%) fol-
lowed by inappropriate initial dose (37.97%), lack
of laboratory parameters follow-up (36.42%),
detailed about categories of dosing errors in
the study sample are summarized in Table II.
Regarding laboratory monitoring, in addition to
the errors encountered in the follow-up clinics
visits (36.4%), 31.5% of the study sample did not
have baseline renal functions, while 191 patients
(24.5%) did not have baseline hepatic functions.
For drug interactions, concomitant administra-
tion of drugs significantly interacting with DO-
AC were prescribed in 115 patients (14.8%);
these drug interactions included CYP 3A4 or
P-gp inhibitors (e.g., clarithromycin, diltiazem,
and verapamil), CYP 3A4 or P-gp inducers (e.g.,

Table I. Baseline characteristics of the study sample.

Variable Result
Age (mean £ SD) 71.34 years + 15.98
Weight (mean + SD) 77.27 £16.03
Indication of DOAC

Atrial fibrillation (number, %)
Venous thromboembolism
(number, %)

Gender
Male (number, %)

566, 72.84%
211, 27.16%

388, 49.94%

Female (number, %) 50.06%
DOAC administered
Rivaroxaban (number, %) 317, 40.8%

241, 31.02%
219, 28.19%

Apixaban (number, %)
Dabigatran (number, %)
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Table Il. Categories of DOACs dosing errors.

Category of DOAC
utilization error

Number
and %

Inappropriate initial dose 295, 37.97%

Underdose 181, 61.36%
Overdose 107, 36.27%
Inappropriate frequency 215, 72.88%

Inappropriate maintenance dose 323,41.7%
Underdose 193, 59.57%
Overdose 117, 36.1%

Inappropriate frequency 222, 68.52%

carbamazepine) or dual antiplatelet therapy in
addition DOAC. With regard to treatment dura-
tion, 232 patients (29.8%) were prescribed DO-
ACs for inappropriate duration based on their
indications.

Thirteen patients (1.6%) of the study sam-
ple developed thrombotic events, ten of them
had received subtherapeutic doses of DOACs.
Conversely, sixteen patients (2.05%) had major
bleeding events, three of them only received su-
pratherapeutic doses of DOACs.

Discussion

In this single-center experience with the uti-
lization of DOAC in AFIB and VTE patients
across the inpatient and outpatient hospital set-
tings, we tried to assess the adherence of pre-
scribers with the recommended appropriate use
of DOACs. The inappropriate DOAC dosing
prevalence was reported as (37.9%) as initial
doses, and (41.7%) as maintenance doses, the
majority of patients received lower than the rec-
ommended doses (30.3%), and subtherapeutic
doses were associated with an increased risk
of cardiovascular hospitalization as reported by
ORBIT-AF registry®’. In contrast, those who
received higher doses than recommended were
(16.4%), with 15.8% of doses prescribed in inap-
propriate frequency. These inappropriate dosing
findings are higher than the previously reported
inappropriate DOAC dosing in atrial fibrillation
patients (28.9%)'® and venous thromboembolism
patients [34% (19% for initial dose and 15%
for maintenance doses)], respectively'!. These
reported inappropriate dosing might contrib-
ute to the reported bleeding episodes (4.5%)
and thrombotic events (4.3%). Potential factors
contributing to the reported high rate of inap-
propriate dosing and frequency include lack of
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multidisciplinary teams’ cooperation and focus
on the antithrombotic rational use optimization
across all hospital settings, in addition to the
limited continuous education initiatives on the
use of DOAC agents in a timely and updated
manner for both physicians and pharmacists.
This highlights the need for additional clinician
and pharmacist education on the recommended
DOAC dosing based on the patient’s indication,
hepatic, and renal functions.

Drug interaction is considered one of the
challenges to the DOAC prescribers, in which
P-glycoprotein and/or cytochrome P450 (CYP)
3A4 inhibitors or inducers may change the DO-
AC plasma concentration. In addition, the use
of triple antithrombotic agents for more than
the recommended duration or without regular
patient assessment may significantly jeopardize
patient clinical outcomes. These clinically sig-
nificant interactions may increase the risk of
bleeding episodes or thrombotic events accord-
ing to the underlying mechanism of the interac-
tion. Although there is an inconsistency between
the DOAC plasma level and clinical outcomes,
in which the adverse thrombotic events and
bleeding episodes have been reported for pa-
tients with the “on therapy” range'?!, there
are cases in the literature* that have reported
thrombotic events such as stroke, VTE, and
intracardiac thrombus due to concomitant use
of DOAC with enzyme inducer medications.
Our findings show that 14.80% of DOAC pa-
tients were on concomitant interacting medi-
cations through the patient DOAC treatment
course. This situation places the patients at risk
of developing thrombotic and bleeding events
and necessitates a thorough medication list re-
view by pharmacists to ensure the absence of
clinically significant DOAC drug interactions.
Concerning DOAC monitoring, the irregular or
lack of recommended DOAC laboratory mon-
itoring may increase the incidence of serious
adverse events, particularly bleeding events, as
reported by Harper et al' in the context of
AFIB patients. Within two months, 78 bleed-
ing episodes occurred, with 12 of them being
major bleeding events. Per Harper et al'’, these
identified bleeding episodes were related to four
contributing factors, including renal function
impairment, a finding that highlights the impor-
tance of regular renal function test follow-up.
Our findings showed that around one-third of
patients did not measure the baseline renal and
hepatic function test nor followed up regularly.

Our results showed that about 30% of our study
sample were not prescribed DOAC agents for the
recommended therapeutic durations as per the
approved medication labels and clinical practice
guidelines. An irrational practice that can be
associated with a risk of bleeding or throm-
botic events development due to suboptimal or
overuse of DOACs. One of the potential inter-
ventions to improve patient outcomes is an an-
ticoagulation stewardship care model, in which
the care model implementation reduced the in-
cidence of significant bleeding or thrombotic
events by -1.83% (-2.58%-1.08%) within two
months, with the conclusion that anticoagulation
stewardship initiative significantly reduced the
composite endpoint of one or more bleeding ep-
isodes and one or more thrombotic events within
three months after hospitalization'®. One of the
anticoagulation stewardship program elements
is a pharmacist-led anticoagulant clinic that in-
volves verifying the patient appropriateness for
DOAC, patient education, and long-term moni-
toring of patients for adverse events in addition
to follow-up their adherence to medications.
This intervention reported that 93.6% of their
patients received a correct dose'”.

One of the strengths of our study is the in-
clusion of the most recommended parameters to
assess the appropriateness of DOAC utilization in
the most clinically important indications, which
are atrial fibrillation and venous thromboembo-
lism in different hospital settings for hospitalized
and ambulatory patients, to help other health
institutions to assess their utilization of DO-
AC agents. Of note, recently published literature
highlighted that DOACs are not only acting as
anticoagulants in atrial fibrillation patients, but
they also reduce inflammation and platelet reacti-
vation's. Thus, DOACs could also be superior to
vitamin K antagonists for stroke prevention in AF
patients”. These findings add to the significance
of the role of DOACs in this vulnerable popula-
tion and provide more support to the rationale of
our study.

This study is not limitation-free. First, the gen-
eralizability of the findings is limited by the sin-
gle-center retrospective study design. One of the
limitations is that many patients on DOACs are
excluded due to incomplete data. This exclusion
affects a significant percentage of patients. Third,
we could not investigate the route cause for bleed-
ing and thrombotic episodes of some patients due
to incomplete data such as medications and care
provided by other healthcare settings.
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Conclusions

The data of this study provide a comprehensive
overview of DOAC utilization in real-world clini-
cal practice. Generally, in a significant percentage
of DOAC patients, appropriate DOAC utilization
parameters were not applied as recommended.
As DOACs continue to be widely used in daily
clinical practice, establishing an anticoagulation
stewardship initiative and monitoring its imple-
mentation outcomes, seem necessary to improve
DOAC utilization.

Conflict of Interest
The authors declare that they have no conflict of interests.

Ethics Approval

The study was approved by the research ethics committee
of the Armed Forces Hospital Southern Region (AFHSRM-
REC/2022/PHARMACY/662).

Informed Consent

Informed consent has been waived by the research ethics
committee considering the study design and its outcomes
that do not present any patients’ identifying data.

Funding

The authors extend their appreciation to the Deanship of
Scientific Research at King Khalid University for fund-
ing this work through a large group Research Project under
grant number RGP2/145/44.

Availability of Data and Materials

As per the guidance of the institutional IRB, data should not
be submitted to any third party without special permission
from the IRB after masking all patients’ identifiers.

Authors’ Contribution

H. Sultan, and M. Zaitoun: contribution to research design,
acquisition, analysis, and interpretation of data; drafted the
manuscript; approved the submitted final version.

M AlNasser, A. Assiri, F. Tawhari, A. Bakkari, M. Mustafa,
W. Alotaibi, A. Asiri, A. Khudari, A. Alshreem, M. Ayoub,
S. Alkhathami, H. Basndwah, O. Alsaeed, M. Alkredees,
T. Alsalem, A. Alhuwail, T. Almalki, Y. Alzahrani, F.
Alshahrani, B. Algahtani, B. Alghamdi, and A. R. N. Ibra-
him: Contribution to research design, and acquisition of da-
ta; critically revised the manuscript; approved the submit-
ted final version.

10)

11)

References

Steinberg BA, Shrader P, Thomas L, Ansell J,
Fonarow GC, Gersh BJ, Kowey PR, Mahaffey
KW, Naccarelli G, Reiffel J, Singer DE, Peter-
son ED, Piccini JP, ORBIT-AF Investigators and
Patients. Off-Label Dosing of Non-Vitamin K An-
tagonist Oral Anticoagulants and Adverse Out-
comes: The ORBIT-AF Il Registry. J Am Coll Car-
diol 2016; 68: 2597-2604.

Eliquis(R) [Package Insert]. Princeton, NJ: Bris-
tol-Myers Squibb Company; 2017.

Xarelto(R) [Package Insert]. Titusville, NJ: Jans-
sen Pharmaceuticals, Inc; 2017.

Pradaxa(R) [Package Insert]. Ridgefield, CT:
Boehringer Ingelheim Pharmaceuticals, Inc; 2017.

Moudallel S, Steurbaut S, Cornu P, Dupont A. Ap-
propriateness of DOAC Prescribing Before and
During Hospital Admission and Analysis of Deter-
minants for Inappropriate Prescribing. Front Phar-
macol 2018; 9: 1220.

Li A, Li MK, Crowther M, Vazquez SR. Drug-drug
interactions with direct oral anticoagulants asso-
ciated with adverse events in the real world: a
systematic review. Thromb Res 2020; 194: 240-
245.

Bernier M, Lancrerot SL, Rocher F, Van-Obber-
ghen EK, Olivier P, Lavrut T, Parassol-Girard N,
Drici MD. Major bleeding events in octagenarians
associated with drug interactions between dabig-
atran and P-gp inhibitors. J Geriatr Cardiol 2019;
16: 806-811.

Hanigan S, Das, J, Pogue K, Barnes GD, Dorsch
MP. The Real World Use of Combined P-Glyco-
protein and Moderate CYP3A4 Inhibitors with Ri-
varoxaban or Apixaban Increases Bleeding. J
Thromb Thrombolysis 2020; 49: 636-643.

Steinberg BA, Shrader P, Pieper K, Thomas L, Al-
len LA, Ansell J, Chan PS, Ezekowitz MD, Fon-
arow GC, Freeman JV, Gersh BJ, Kowey PR,
Mahaffey KW, Naccarelli GV, Reiffel JA, Singer
DE, Peterson ED, Piccini JP; Outcomes Regis-
try for Better Informed Treatment of Atrial Fibrilla-
tion (ORBIT-AF) Il Investigators. Frequency and
Outcomes of Reduced Dose Non-Vitamin K An-
tagonist Anticoagulants: Results From ORBIT-AF
Il (The Outcomes Registry for Better Informed
Treatment of Atrial Fibrillation Il). J Am Heart As-
soc 2018; 7: e007633.

Li RJ, Caughey GE, Shakib S. Appropriateness
of inpatient dosing of direct oral anticoagulants
for atrial fibrillation. J Thromb Thrombolysis 2022;
53: 425-435.

Trujillo-Santos J, Di Micco P, Dentali F, Douketis
J, Diaz-Peromingo JA, Nufiez MJ, Cafias |, Mas-
troiacovo D, Saraiva de Sousa M, Monreal M;
RIETE Investigators. Real-life treatment of ve-
nous thromboembolism with direct oral antico-
agulants: The influence of recommended dosing
and regimens. Thromb Haemost 2017; 117: 382-
389.



Utilization of direct oral anticoagulants in a Saudi tertiary hospital: a retrospective cohort study

12)

13)

14)

15)

16)

Sennesael AL, Larock AS, Hainaut P, Lessire S,
Hardy M, Douxfils J, Spinewine A, Mullier F. The
Impact of Strong Inducers on Direct Oral Antico-
agulant Levels. Am J Med 2021; 134: 1295-1299.

Perlman A, Wanounou M, Goldstein R, Choshen
Cohen L, Singer DE, Muszkat M. Ischemic and
thrombotic events associated with concomitant
Xa-inhibiting direct oral anticoagulants and antie-
pileptic drugs: analysis of the FDA Adverse Event
Reporting System(FAERS). CNS Drugs 2019; 33:
1223-1228.

Li A, Li MK, Crowther M, Vazquez SR. Drug-drug
interactions with direct oral anticoagulants asso-
ciated with adverse events in the real world: a
systematic review. Thromb Res 2020; 194: 240-
245.

Harper P, Young L, Merriman E. Bleeding risk
with dabigatran in the frail elderly. N Engl J Med
2012; 366: 864-866.

Dreijer AR, Kruip MJHA, Diepstraten J, Polinder
S, Brouwer R, Mol PGM, Croles FN, Kragten E,

17)

18)

19)

Leebeek FWG, van den Bemt PMLA. Effect of an-
tithrombotic stewardship on the efficacy and safe-
ty of antithrombotic therapy during and after hos-
pitalization. PLoS One 2020; 15: e0235048.

Leef GC, Perino AC, Askari M, Fan J, Ho PM,
Olivier CB, Longo L, Mahaffey KW, Turakhia
MP. Appropriateness of Direct Oral Anticoagu-
lant Dosing in Patients With Atrial Fibrillation: In-
sights From the Veterans Health Administration. J
Pharm Pract 2020; 33: 647-653.

Cakmak T, Cakmak E, Balgetir F, Yasar E, Kara-
kus Y. Do novel oral anticoagulant drugs used in
patients with nonvalvular atrial fibrillation act only
as anticoagulants? Eur Rev Med Pharmacol Sci
2023; 27: 2946-2952.

Kundnani NR, Rosca Cl, Sharma A, Tudor A,
Rosca MS, Nisulescu DD, Branea HS, Mocanu V,
Crisan DC, Buzas DR, Morariu S, Lighezan DF.
Selecting the right anticoagulant for stroke pre-
vention in atrial fibrillation. Eur Rev Med Pharma-
col Sci 2021; 25: 4499-4505.



