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Abstract

Background: Direct oral anticoagulants (DOACS) have favorable safety and efficacy outcomes in treating and
preventing different thrombotic events compared to warfarin. DOACSs are mainly eliminated through the kidney;
therefore, poor renal function is one of the important patient-related factors related to DOACS prescription errors.
Our objective was to systematically review evidence related to the prevalence, risk factors, and characteristics of
inappropriate DOACSs prescription practices.

Methods: The search was conducted in PubMed and Scopus databases from 2011to 2021. We included any study
that involved DOACs use among adults >18. Modified Newcastle-Ottawa Scale was used to assess the quality of
selected articles.

Results: As a result of our search strategy, we found 19 articles that met the inclusion criteria. The prevalence of
DOACs inappropriate prescription ranged from 6% to 60%. The most commonly reported inappropriate
prescription was underdosing. Renal impairment was an important factor related to inappropriate DOACs
prescriptions.

Conclusion: Appropriateness of the DOACSs prescription practice remains a concern, with underdosing as the most
reported dosing-related problem. Renal impairment among the patients-related factors increases the risk of
inappropriate dosing.
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1. Introduction
Direct oral anticoagulants (DOACS) that include rivaroxaban, apixaban, edoxaban, and dabigatran

are indicated for treatment or prophylaxis of several conditions such as stroke prevention, non-valvular
atrial fibrillation, venous thromboembolic events and total hip or knee replacement surgery. Dabigatran
was the first direct oral anticoagulant and had favorable results in clinical practice [1]. DOACs have a
rapid onset of action, fewer drug and food interactions, and less bleeding risk than warfarin [1,2] For
DOAC:S, there is a lack of evidence on their use when patients have renal insufficiency [2].

Over one-third of the adverse drug events (ADE) are preventable, and anticoagulants are
considered a high-risk medication, therefore, more prone to errors than the other drugs classes [3,4]. Errors
in DOACs prescription occur because of the knowledge gap about DOACs safe practices.1 Renal
impairment is an important factor to consider while prescribing DOACs [5,6,7]. Dose adjustment is
needed if the patient has at least two of the three conditions, i.e., age > 80, bodyweight < 60 kg, and serum
creatinine >1.5 mg/dL [8,9]. This is important to avoid adverse effects among patients with renal
impairment [10]. According to the American Heart Association, direct oral anticoagulants are approved
for patients with creatinine clearance of less than 30 ml/min in some cases [11]. With this background, it
is also important to remember that guidelines related to dose adjustment depend on the type of DOACs
and the creatinine clearance [1].

A previous systematic review and meta-analysis published intended to assess the efficacy and
safety of direct oral anticoagulants compared with warfarin among atrial fibrillation patients with chronic
kidney disease. The review reveals that DOACs are similar to warfarin in efficacy and safety and did not
increase the risk of major bleeding among atrial fibrillation patients with chronic moderate kidney
impairment. The review did not include patients with creatinine clearance of less than 15, so their findings
do not apply to patients with advanced kidney disease [36] Another published review studied the safety
and efficacy of the DOACs for treating venous thromboembolism patients with renal impairment. the
included studies were phase 3 trials that did not include patients with creatinine clearance of less than 25
ml/min, confirming the lack of evidence related to DOACS prescription among patients with advanced
renal failure [2].

With the expanding use of direct oral anticoagulants, there are some challenging situations
regarding the appropriate selection of DOACs, dose, duration, and use with the high-risk population.
Several factors are needed to be considered to avoid inappropriate prescription of DOACs. To assess the
relationship between DOACSs improper use and renal insufficiency, we conducted a systematic review to
find relevant literature on the prevalence and risk factors of inappropriate DOACs prescriptions. In these
studies, we also explored the nature of DOACs inappropriate prescription.



2. Subjects and Methods

We followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020
(PRISMA) checklist [12]. The search was conducted on PubMed and Scopus databases from 2011-2021.
We used search terms for PubMed; ("Medication Errors“[Mesh] or "medication error*" [tw] or
"preventable adverse drug event*" [tw] or “medication related harm” [tw] or “inappropriate prescribing”)
AND ("Anticoagulants"[Mesh] or "anticoagulant*" [tw]). For Scopus we just removed the Mesh words.
The search strategy is reported on PRISMA flowchart (Figurel). EndNote was used to remove the

duplicate articles. Two reviewers screened the articles based on title, abstract, and full articles.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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2.1.Inclusion and exclusion criteria:

We included any study involving DOACSs use among adults >18; thus studies conducted on warfarin
only or those studies which did not include DOACs were excluded. We limited our search to English
language.
2.2.Assessment of the quality:

Modified Newcastle-Ottawa Scale (NOS) for appraisal of non-randomized controlled studies
adopted to assess the methodological quality of the included studies [35] the assessment was done
independently for each study by two reviewers (Table 1).

Table (1) Modified Newcastle-Ottawa scale for appraisal of non- randomized controlled studies.

Study/ Study | attrition | Exposure | Outcome | Investigator | Confounders | Statistical | Funding
domain group measure | measure | s blinded identified adjustment | source
Rahmanza Y N Y Y NR Y Y Y
131 2020

Feng 41 Y N Y Y Y Y NR N
2020

Godino 9 Y Y Y Y NR Y NR Y
2020

Alrowily 1 | Y Y Y NR N Y N Y
2021

Pharithi 1] Y Y NR Y Y Y Y N
2018

Sennesael Y Y Y Y NR Y NR N
1181 2018

Bruneau 91 | Y Y Y NR N Y Y Y
2019

Larock [29 Y NR Y Y Y NR NR N
2015

Zhang 24 Y NR Y Y NR Y Y Y
2020

Ting 22 Y N Y Y Y Y N N
2020

Dreijer (23] Y NR Y Y N NR NR Y
2018

Desai 24 NR N Y Y N Y Y Y
2013

Cardoso 1 | Y NR Y N NR Y Y Y
2020

Elewa [?6] Y Y Y Y N Y Y N
2017

Mascolo 21 | Y Y Y Y NR Y NR Y
2019

Viprey 281 Y NR Y N Y Y Y N
2016

Ferrat [2°] Y N Y Y N Y Y Y
2021

Getachew Y Y N Y NR Y Y Y
[0 2016

Whitworth Y N Y Y NR Y Y Y
(342017

Y= Yes; N= No; NR= Not reported



2.3.Data collection:
The data from each article is summarized in a table containing; the author, year of the study, country,

sample size, study design, assessment of the exposure, assessment of the outcome, and the main results of
each study (Table 2).

Table (2) Details of the studies selected in the systematic review

Author/ Country/ Sample Study Assessment of Assessment of the Results
year region size design the exposure outcome
Rahmanza | Switzerland | 107 Cohort computerized HAS-BLED score. | Therapeutic duplication of
etal [13] study export from the anticoagulants occurred in
2020 hospital utilizes 6.7% of patients who
an electronic received direct oral
health care anticoagulants (DOACs)
system
(KISIM).
Feng etal | US 3634 Cohort ICD-9-CM Self-reports 20.7% were potentially
[14] 2020 patients. | study ICD- 10-CM inappropriate.
Godino et | Iltaly 760 Cohort The 2018 International An inappropriate DOACs
al [15] patients study European Heart | Society of dose was prescribed in 96
2020 Rhythm Thrombosis and patients (12.6%), 68% of
Association Hemostasis which underdosing, and
Practical Guide | classification 32% higher dose.
on the use of (ISTH)
nonvitamin K
antagonist oral
anticoagulants
in patients with
atrial fibrillation
Alrowily | Saudi 109 Cohort -Saudi Food -Saudi Food and Prescribing error was the
etal [16] | arabia. reported | study and Drug Drug Authority most common error type
2021 errors Authority pharmacovigilance | representing 81.4% of all
pharmacovigila | database errors. Apixaban was the
nce database most frequent drug
associated with error
- local incidents reporting with 134 (67.3%)
reporting system | - |ocal incidents incidents.
reporting system
Pharithi Ireland 348 Cohort By reviewing of | CHA2DS2-VASC | 20.4% (n=70) had
etal [17] patients | study non-vitamin K score inaccurate prescriptions;
2018 antagonist 92.9% (n = 65) underdosed
anticoagulant and 7.1% (n=5) on
(NOACQC) inappropriately higher doses
prescriptions
Sennesael | Belgium 89 Cohort Medication European 53% of DOAC -related
etal [18] patients | study Appropriateness | Medicines Agency | serious ADRs considered
2018 Index (MAI) definitions potentially preventable.




Bruneau France 157 Cohort summary of SPC guidelines 34 (22.4%) prescriptions
etal [19] patients | study product were inappropriate at
2019 characteristics discharge. Underdosing
(SPC) represent 17% of dosing
guidelines errors, and over-dosing
4.6% of dosing errors at
discharge.
Larock et | Belgium 69 Cohort Medication HAS-BLED 16 patients (23%) had 1
al [20] patients | study Appropriateness | bleeding risk score | inappropriate criterion, and
2015 Index an additional 18 (26%) had
more than 1 inappropriate
criterion.
Zhang et | Netherland | 770 Cohort Manual record modified version of | (34.6%) had at least met one
al [21] S patient’s | study reviewing the Medication inappropriate criterion for a
2020 prescripti Appropriateness DOAC prescription
-on Index (MALI)
reduced renal function
(eGFR < 50 mL/min)
(OR=2.35; p<0.001)
a diagnosis of atrial
fibrillation (OR=1.87;
p=0.004), and ‘prescribed
by surgeons’ (OR=1.9;
p=0.013) were
independently associated
with inappropriateness of
prescribing.
Ting etal | USA 207 Cohort FDA-labeled International 61 (29.5%) patients
[22] 2020 patients | study dosing Society on received inappropriate
recommendat- Thrombosis and dosing, with 43 (70.5%)
ion. Haemostasis being under-dosed and 18
(ISTH) (29.5%) being over-dosed.
Dreijer et | Netherland | 1000 Cross- Central (LSKA; Dutch Anticoagulants were
al [23] S sectional | Medication guideline on inte- involved in 8.3% of the
2018 incidents grated medication error reports
Registration antithrombotic
(CMR) care) DOACs were (3%) which is
the lowest one among all
anticoagulants.
Desai et USA 32176 Cross- Reviewing Self- | Medication Error Anticoagulants drugs errors
al [24] Medicati | sectional | reported ME. Quality Initiative versus other drugs OR=1.79
2013 on errors (MEQI) (95% CI 1.20-2.66)
Cardoso Portugal 858 Cross- By reviewing HAS-BLED score (42 patients [4.9%] with
etal [25] patients | sectional | Medical supratherapeutic dosing and
2020 Records. 218 [25.4%] with

infratherapeutic dosing
ITD).

Effect of Chronic kidney
disease on ITD (odds ratio,
0.22; 95% Cl, 0.258e0.678;
P < 0.001).




Elewa et | Qatar 1049 Cross- By reviewing based on approved Factors associated with
al [26] sectional | medical records | dosing and inappropriate dosing
2017 for indications in included dabigatran
anticoagulants Canada and the prescriptions (OR= 7.6,
prescriptions. United States. 95% ClI: 5.5-10.5)
and poor renal function (OR
=14.6,95% ClI: 3.6-58.4)
Factors associated with
inappropriate indication
Dabigatran OR = 2.9 95%
Cl=1.3-6.5
Mascolo Singapore | 453 Cross- Individual Case | bleeding 8.6% of preventable cases
etal [27] sectional | Safety Reports categorized by was related to DOACS.
2019 (ICSRs) system organ class

(SOC)

Viprey et | France 1213 Cross- ICD-10 and Pharmaceutical A too low drug dose was the

al [28] sectional | diagnosis- Care Network most frequent DRP* 4.7%

2016 related group Europe followed by a too high drug
(DRG) Classification dose 3.1%

System. Contraindication 0.4% and
pharmacokinetic problem
requiring dose adjustment
0.2%

Ferrat et France 1111 Cross- European The HAS-BLED 438 patients (39.4%) had

al [29] patients sectional | Medicines and CHA2DS»- received at least one

2021 Agency VASC scores inappropriate prescription.
Reduced kidney function
association with
underdosing OR= 0.59
(95% CI 0.42-0.83) and
over-dosing 3.28 (95%ClI
1.34-8.08)

Getachew | Ethiopia 156 Cross- STOPP/START | The Screening Tool | (51.4%) were identified as

etal [30] patients | sectional | criteria for Older Person’s potentially inappropriate

2016 Prescription/ medications.

Screening

Whitworth | USA 120 retrospec | Medication Medication (60.0%) IP, the most

et al [34] patients tive Appropriateness | Appropriateness frequent inappropriate

2017 cohort Index (MALI) Index (MAI) criteria were dosage
(33.0%)

3. Results

3.1.Quiality assessment:

According to The NOS visual assessment, no study met all the criteria. There was no clear
justification in some studies regarding the validity of exposure or the outcome measures and whether the
investigator was blinded. Out of all studies, 10 (52.6%) met 6 out of 8 criteria, while 7 (36.8%) met 5



criteria. The remaining 2 (10.5%) met 4 criteria, and we did not include those two studies in the analysis.
(Tablel) Six high-quality studies showed that inappropriate prescribing ranged from 6% to 51%.

3.2.Included studies characteristics:
Among 19 studies included, 11 studies (57.9%) used cohort study design, and 8 studies (42.1%)

used cross-sectional study design. Two cross-sectional study designs were multicenter, one single-center,
four from reporting systems, and one from a cohort study.

The included studies involved approximately 44,386 patients from either hospital admissions or
medication errors records. Two US studies (10.5%) involved the highest sample, 32,176 patients from
medication errors reports and 3,634 from the hospital registry. Further, 4 studies (21.1%) included over
a thousand patients in each study, and the remaining 13 studies (68.4%) comprised less than thousand
patients in each study. Additionally, considering the geographical spread of the included studies, 4 were
conducted in the United States and 3 in France, 2 in Belgium and 2 in Netherland, 1 in each of Switzerland,
Italy, Ireland, Portugal, Saudi Arabia, Qatar, Singapore, and Ethiopia. (Table 2)

More than half of the included studies, i.e., 13 studies (68.4%) used the “inappropriate prescribing”
term and included the subtypes of the prescribing error “overdosing, underdosing...”. Moreover, 3 studies
(15.8%) used the medication errors term, 1 study (5.3%) used the preventable cases of adverse drug events,
1 (5.3%) used misdoing term, and 1 study (5.3%) used therapeutic duplication term. The definition of
inappropriate prescribing varies throughout the studies as 4 studies (21.1%) used the medication
appropriateness index definition, and 2 (10.5%) studies developed their definition. Also, 2 studies
(10.5%) retrieved the definition from previous studies, and 2 studies (10.5%) did not provide a clear
definition. The remaining studies used 9 (47.4%) studies used different definitions. The data was obtained
either by reviewing hospital medication records or by using national incident reporting databases. Due to
the large variability of the study design, definitions, and scales of measurements, the methodological
heterogeneity was high.

3.3.Main results
The most commonly inappropriate prescribing was related to dosage, reported in 9 studies

(47.4%). Underdosing was reported in 6 studies (31.6%). Underdosing was more common than
overdosing across all the studies. Rivaroxaban, dabigatran, and apixaban were the most commonly
reported medications associated with errors. Out of all the studies included, 5 studies (26.3%) assessed
the medication errors among DOACs and compared them with the other medications, and 2 studies
(10.5%) assessed the preventability of the adverse drugs events related to DOACs. The percentage of
preventable drug events reported in these two studies was 8.6% and 50%. We observed that a comparative

“inappropriate prescription rate” among the medications is difficult to assess because it is unclear and not
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unified throughout all the studies. The prevalence of DOACs inappropriate prescribing estimated in 13
studies (68%) ranged from 6% to 60%.
3.4.Contributory factors:

While assessing contributory factors, it was found that 13 studies (68%) reported the contributory
factors correlated with DOACs inappropriate prescribing. The most common ones assessed were the
patients’ related factors such as age (older adult > 65), gender (female > males), weight, renal and hepatic
function, comorbidities, history of bleeding, thromboembolic events, and previous use of vitamin K
antagonist. Notably, renal impairment was largely discussed as a risk factor that could lead to
inappropriate prescribing cause the kidney mainly eliminates all the agents.

4. Discussion

Patient-related factors mainly affected the prescribing appropriateness of DOACs. Dosing-related
problem was the most reported concern, particularly underdosing was the highest across all the studies
reporting the subtypes of dosing inappropriateness. Renal impairment was an important risk factor for
inappropriate prescription of DOACs. In most studies, the inappropriate prescribing assessment was
according to the severity of the bleeding (HAS-BLED score) and the thromboembolic events (CHA2DS2—
VASC score).

Some studies reported other factors like atrial fibrillation as an indication or whether surgeons
wrote the prescription as being independently associated with inappropriate prescribing. In this review
only reduced renal function was considered. We could not assess the most frequent factor related to errors
due to the disparities between the study settings and the DOACSs indications. Some studies only assessed
two agents: dabigatran and rivaroxaban or rivaroxaban and apixaban. Other studies compare DOACs with
warfarin.

The three studies that used the medication errors reporting systems were inconsistent, limiting the
ability to compare the results. One study compares the DOACs with the other anticoagulants. Another
study compared it with different classes. Only one study compares the DOACs agents individually in
terms of medication errors; apixaban was more prone to errors, followed by rivaroxaban and dabigatran
[16,23,24].

A previous systematic review discussed prescription errors as the most common type of
medications errors, particularly dosing-related errors with high-risk medications [31]. Thomas et al. found
that the definition and reporting of medication errors for any subtype is inconsistent despite their study
conducted in the middle east and the healthcare system being not quite different from each other [31]

Another systematic review was done to assess the suboptimal use of oral anticoagulants among atrial

9



fibrillation patients found that adoption of the DOACS varies across the counties, leading to preventing
the improvement of prescribing practice [32] This review intended to investigate only DOACSs and assess
one of the most reported risk factors, i.e., renal impairment, and its effects on the prescribing practices.

A systematic review of thirty-eight systematic reviews and meta-analysis was done to assess the
risk and benefits of all classes of anticoagulants. The result did not apply to severe renal impairment,
other comorbidities, and polypharmacy as these were the circumstances in which the inappropriate
prescribing practices was found [33]. The majority of the studies did not give a clear recommendation
regarding prescription patterns of DOACs among patients with severe renal failure.

Our findings should encourage clinicians to improve the safe practice of DOACs and consider the
patients-related factors. Few studies reported wrong prescriptions by non-cardiologist, which shows that
this practice may be avoided to prevent unwarranted complications. Further studies are needed to provide
the best DOACSs use among renal impairment patients.

This systematic review has several limitations; our findings were from different countries, so other
factors might be related to the healthcare system and the level of DOACs introduced in practice. We only
assessed the renal impairment among the individual patient-level factors, while the other factors may also
be important. The classifications of kidney diseases differ throughout the studies. Moreover, there might
be under-reporting among the studies that extract the data from the reporting system. We limited this
review to English articles and did not search grey literature. In addition, this systematic review suffers
from limitations related to poor internal validity of some studies. Further research is needed to investigate
the prescribing practice, contributary factors, and interventions to improve the prescribing of DOACS.

5. Conclusion
Appropriateness of the DOACs prescribing practice remains a concern, with underdosing as the

most reported dosing-related problem. Renal impairment among the patients-related factors increases the
risk of inappropriate dosing.
6. Declarations
6.1.Conflict of Interest Statement
The authors have no conflict of interests to declare.
6.2.Funding Disclosure
This research did not receive any specific grant from funding agencies in the public, commercial,

or not-for-profit sectors.

10



7. References

[1] Chen A, Stecker E, A. Warden B. Direct oral anticoagulant use: a practical guide to common clinical
challenges. Journal of the American Heart Association. 2020 Jul 7;9(13):e017559.

[2] Kimachi M, Furukawa TA, Kimachi K, Goto Y, Fukuma S, Fukuhara S. Direct oral anticoagulants
versus warfarin for preventing stroke and systemic embolic events among atrial fibrillation patients with
chronic kidney disease. Cochrane Database of Systematic Reviews. 2017(11).

[3] World Health Organization. Medication errors.

[4] Kanjanarat P, Winterstein AG, Johns TE, Hatton RC, Gonzalez-Rothi R, Segal R. Nature of
preventable adverse drug events in hospitals: a literature review. American Journal of Health-System
Pharmacy. 2003 Sep 1;60(17):1750-9.

[5] Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, Masiukiewicz U, Pak R,
Thompson J, Raskob GE, Weitz JI. Oral apixaban for the treatment of acute venous thromboembolism.
N engl j med. 2013 Aug 29;369:799-808.

[6] Hokusai-VTE Investigators. Edoxaban versus warfarin for the treatment of symptomatic venous
thromboembolism. N Engl J Med. 2013 Oct 10;369:1406-15.

[7] Einstein Investigators. Oral rivaroxaban for symptomatic venous thromboembolism. New England
Journal of Medicine. 2010 Dec 23;363(26):2499-510.

[8] Einstein—PE Investigators. Oral rivaroxaban for the treatment of symptomatic pulmonary embolism.
New England journal of medicine. 2012 Apr 5;366(14):1287-97.

[9] Schulman S, Eriksson H, Kakkar A, Kearon C, Schellong SM, Mismetti P, Feuring M, Hantel S,
Kreuzer J, Goldhaber SZ. Influence of age and renal function on efficacy and safety of dabigatran versus
warfarin for the treatment of acute venous thromboembolism: a pooled analysis of RE-COVER™ and
RE-COVER™ ]I,

[10] Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson H, Baanstra D, Schnee J,
Goldhaber SZ. Dabigatran versus warfarin in the treatment of acute venous thromboembolism. New
England journal of medicine. 2009 Dec 10;361(24):2342-52.

[11] Fanikos J, Burnett AE, Mahan CE, Dobesh PP. Renal function and direct oral anticoagulant
treatment for venous thromboembolism. The American journal of medicine. 2017 Oct 1;130(10):1137-
43.

[12] Prisma statement. Prisma 2020 checklist.

[13] Rahmanzade R, Cabrera Diaz F, Zaugg C, Schuetz P, Salili AR. Therapeutic duplication of

11



anticoagulants: a retrospective study of frequency and consequences in a tertiary referral hospital.
Thrombosis Journal. 2020 Dec;18(1):1-9.

[14] Feng Y, Pai CW, Seiler K, Barnes GD. Inappropriate prescription of direct oral anticoagulant starter
packs. The American journal of medicine. 2021 Mar 1;134(3):370-3.

[15] Godino C, Bodega F, Melillo F, Rubino F, Parlati AL, Cappelletti A, Mazzone P, Mattiello P, Della
Bella P, Castiglioni A, Alfieri O. Inappropriate dose of nonvitamin-K antagonist oral anticoagulants:
prevalence and impact on clinical outcome in patients with nonvalvular atrial fibrillation. Journal of
Cardiovascular Medicine. 2020 Oct 1;21(10):751-8.

[16] Alrowily A, Jalal Z, Abutaleb MH, Osman NA, Alammari M, Paudyal V. Medication errors
associated with direct-acting oral anticoagulants: analysis of data from national pharmacovigilance and
local incidents reporting databases. Journal of Pharmaceutical Policy and Practice. 2021 Dec;14(1):1-8.
[17] Pharithi RB, Ranganathan D, O’Brien J, Egom EE, Burke C, Ryan D, McAuliffe C, Vaughan M,
Coughlan T, Morrissey E, McHugh J. Is the prescription right? A review of non-vitamin K antagonist
anticoagulant (NOAC) prescriptions in patients with non-valvular atrial fibrillation. Safe prescribing in
atrial fibrillation and evaluation of non-vitamin K oral anticoagulants in stroke prevention (SAFE-
NOACS) group. Irish Journal of Medical Science (1971-). 2019 Feb;188(1):101-8.

[18] Sennesael AL, Larock AS, Devalet B, Mathieux V, Verschuren F, Muschart X, Dalleur O, Dogné
JM, Spinewine A. Preventability of serious thromboembolic and bleeding events related to the use of oral
anticoagulants: a prospective study. British journal of clinical pharmacology. 2018 Jul;84(7):1544-56.
[19] Bruneau A, Schwab C, Anfosso M, Fernandez C, Hindlet P. Burden of inappropriate prescription of
direct oral anticoagulants at hospital admission and discharge in the elderly: a prospective observational
multicenter study. Drugs & aging. 2019 Nov;36(11):1047-55.

[20] Larock AS, Mullier F, Sennesael AL, Douxfils J, Devalet B, Chatelain C, Dogné JM, Spinewine A.
Appropriateness of prescribing dabigatran etexilate and rivaroxaban in patients with nonvalvular atrial
fibrillation: a prospective study. Annals of Pharmacotherapy. 2014 Oct;48(10):1258-68.

[21] Zhang ZX, van de Garde EM, S6hne M, Harmsze AM, van den Broek MP. Quality of clinical direct
oral anticoagulant prescribing and identification of risk factors for inappropriate prescriptions. British
journal of clinical pharmacology. 2020 Aug;86(8):1567-74.

[22] Ting C, Rhoten M, Dempsey J, Nichols H, Fanikos J, Ruff CT. Evaluation of Direct Oral
Anticoagulant Prescribing in Patients With Moderate to Severe Renal Impairment. Clinical and Applied
Thrombosis/Hemostasis. 2021 Jan 25;27:1076029620987900.

[23] Dreijer AR, Diepstraten J, Bukkems VE, Mol PG, Leebeek FW, Kruip MJ, van den Bemt PM.
12



Anticoagulant medication errors in hospitals and primary care: a cross-sectional study. International
Journal for Quality in Health Care. 2019 Jun 1;31(5):346-52.

[24] Desai RJ, Williams CE, Greene SB, Pierson S, Hansen RA. Anticoagulant medication errors in
nursing homes: characteristics, causes, outcomes, and association with patient harm. Journal of healthcare
risk management. 2013;33(1):33-43.

[25] Cardoso CS, Sousa JA, Simbes P, Silva B, Albuquerque A, Esperanca A, Cibrdo A, Correia A,
Gongcalves J, Mortagua J, Almeida JE. Misdosing of Non—Vitamin K Antagonist Oral Anticoagulants in
Primary Care. Clinical Therapeutics. 2020 Jun 1;42(6):1132-6.

[26] Elewa H, EI-Makaty H, Ali Z. Appropriateness of dabigatran and rivaroxaban prescribing in Qatar:
a 5-year experience. Journal of cardiovascular pharmacology and therapeutics. 2018 Mar;23(2):155-61.
[27] Mascolo A, Ruggiero R, Sessa M, Scavone C, Sportiello L, Rafaniello C, Rossi F, Capuano A.
Preventable cases of oral anticoagulant-induced bleeding: data from the spontaneous reporting system.
Frontiers in pharmacology. 2019 Apr 30;10:425.

[28] Viprey M, Jeannin R, Piriou V, Chevalier P, Michel C, Aulagner G, Berthiller J, Armoiry X.
Prevalence of drug-related problems associated with direct oral anticoagulants in hospitalized patients: a
multicenter, cross-sectional study. Journal of clinical pharmacy and therapeutics. 2017 Feb;42(1):58-63.
[29] Ferrat E, Fabre J, Galletout P, Boutin E, Le Breton J, Renard V, Frappé P, Bastuji-Garin S.
Inappropriate direct oral anticoagulant prescriptions in patients with non-valvular atrial fibrillation: cross-
sectional analysis of the French CACAO cohort study in primary care. British Journal of General Practice.
2021 Jan 1;71(703):e134-9.

[30] Getachew H, Bhagavathula AS, Abebe TB, Belachew SA. Inappropriate prescribing of
antithrombotic therapy in Ethiopian elderly population using updated 2015 STOPP/START criteria: a
cross-sectional study. Clinical Interventions in Aging. 2016;11:8109.

[31] Thomas B, Paudyal V, MacLure K, Pallivalapila A, McLay J, El Kassem W, Al Hail M, Stewart D.
Medication errors in hospitals in the Middle East: a systematic review of prevalence, nature, severity and
contributory factors. European journal of clinical pharmacology. 2019 Sep;75(9):1269-82.

[32] Alamneh EA, Chalmers L, Bereznicki LR. Suboptimal use of oral anticoagulants in atrial fibrillation:
has the introduction of direct oral anticoagulants improved prescribing practices?. American journal of
cardiovascular drugs. 2016 Jun 1;16(3):183-200.

[33] Sommerauer C, Schlender L, Krause M, Weissbach S, Rieckert A, Martinez YV, Reeves D, Renom-
Guiteras A, Kunnamo |, Soennichsen A. Effectiveness and safety of vitamin K antagonists and new

anticoagulants in the prevention of thromboembolism in atrial fibrillation in older adults—a systematic
13



review of reviews and the development of recommendations to reduce inappropriate prescribing. BMC
geriatrics. 2017 Oct;17(1):73-98.

[34] Whitworth MM, Haase KK, Fike DS, Bharadwaj RM, Young RB, MacLaughlin EJ. Utilization and
prescribing patterns of direct oral anticoagulants. International journal of general medicine. 2017;10:87.
[35] Wells G, Shea B, O’Connell J, Robertson J, Peterson V, Welch V, et al. The Newcastle- Ottawa
scale (NOS) for assessing the quality of nonrandomised studies in meta-analysis. Awvailable at
http://www.ohri.ca/ programs/clinical_epidemiology/oxfordasp. Accessed June 21, 2016.

[36] Chen HY, Ou SH, Huang CW, Lee PT, Chou KJ, Lin PC, Su YC. Efficacy and safety of direct oral
anticoagulants vs warfarin in patients with chronic kidney disease and dialysis patients: a systematic

review and meta-analysis. Clinical drug investigation. 2021 Apr;41(4):341-51.

14



