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Abstract

Purpose This study aimed to estimate the prevalence, contributory factors, and severity of medication errors associated with
direct acting oral anticoagulants (DOAC:sS).

Methods A systematic review and meta-analysis were undertaken by searching 11 databases including Medline, Embase,
and CINHAL between January 2008 and September 2020. The pooled prevalence of errors and predictive intervals were
estimated using random-effects models using Stata software. Data related to error causation were synthesised according to
Reason’s accident causation model.

Results From the 5205 titles screened, 32 studies were included which were mostly based in hospitals and included DOAC
treatment for thromboembolism and atrial fibrillation. The proportion of study population who experienced either prescrip-
tion, administration, or dispensing error ranged from 5.3 to 37.3%. The pooled percentage of patients experiencing prescribing
error was 20% (95% CI 15-25%; I> =96%; 95% Prl 4-43%). Prescribing error constituted the majority of all error types with
a pooled estimate of 78% (95%CI 73-82%; I>=0) of all errors. The common reported causes were active failures including
wrong drug, and dose for the indication. Mistakes such as non-consideration of renal function, and error-provoking condi-
tions such as lack of knowledge were common contributing factors. Adverse events such as potentially fatal intracranial
haemorrhage or patient deaths were linked to the errors but causality assessments were often missing.

Conclusions Despite their favourable safety profile, DOAC medication errors are common. There is a need to promote
multidisciplinary working, guideline-adherence, training, and education of healthcare professionals, and the use of theory-
based and technology-facilitated interventions to minimise errors and maximise the benefits of DOACs usage in all settings.
Protocol A protocol developed as per PRISMA-P guideline is registered under PROSPERO ID = CRD42019122996
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Introduction

Direct-acting non-vitamin K antagonist oral anticoagulants
(DOAC:s) including direct thrombin-inhibitor dabigatran,
and two-factor Xa inhibitors rivaroxaban and apixaban have
become the preferred choice in clinical practice for the pri-
mary and secondary stroke prevention in patients with atrial
fibrillation, prevention and treatment of venous thromboem-
bolism (VTE), and thromboprophylaxis in patients undergo-
ing total hip or knee arthroplasty. Depending on indications,
anticoagulation therapy can be given for a short term (up
to around three months) or long term. Short-term antico-
agulation therapy is most commonly indicated for primary
perioperative prophylaxis of thromboembolic events such
as those undergoing hip or knee replacement surgery. Long-
term anticoagulant therapy with DOACsS is recommended
primarily for major cardiovascular conditions such as non-
valvular atrial fibrillation (NVAF) [1].

DOAC:S have the advantage over Vitamin-K antagonists
(VKA) of a much wider therapeutic window. While the
relative ease of prescribing DOACs compared to VKAs
makes them more commonly prescribed, therefore, health-
care professionals need to be aware of unwanted treatment
outcomes associated with medication errors and subopti-
mal prescribing [1]. DOACSs’ relatively shorter history of
use precludes the current availability of long-term safety
data. In addition, pharmacokinetic profiles and drug inter-
actions are also not fully understood.

A risk and benefit profiling should be carefully con-
sidered/conducted before the prescribing of DOACs. The
NICE guideline on atrial fibrillation recommends that
bleeding risk, estimated using the HAS-BLED score, is
taken into account when offering anticoagulation [1].
The HAS-BLED score estimates the risk of bleeding on a
9-point scale. Dose adjustments are often recommended
with DOAC: for renal creatinine clearance including con-
traindications for severe renal impairment [2].

Evidence of adverse events, particularly the incidence
of bleeding related to the use of DOACs compared with
vitamin-K antagonists in real-life patients, are beginning to
emerge [3]. Previous systematic reviews of randomised con-
trolled trials (RCTs) and observational studies have demon-
strated the clinical benefits of DOACs compared to VKAs.
DOAC:S significantly reduce the risks of intracranial haem-
orrhage, gastrointestinal, and major bleeding [4]. However,
no direct head-to-head comparisons have been reported for
each medicine of DOAC class. This leads to difficulty in the
choice of drugs and dosage. A particular challenge is also
the lack of availability of specific antidotes for all DOACs,
and the lack of clear guidelines around treatment options
for patients with intracranial bleeding and gastrointestinal
bleeding under DOAC therapy [5].
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Considering the above factors, DOACs are known to be
one of the most common drug classes that are associated
with adverse drug events (ADESs) [6]. The lack of long-term
clinical experiences and the need for careful consideration of
risk and benefit profiles makes DOAC candidates for medi-
cation errors, particularly prescribing errors which are often
responsible for such ADEs [6].

To date, there exists no systematic reviews and meta-
analysis that synthesise the prevalence of medication errors
associated with DOACs including the prevalence of different
types of medication errors. In addition, it is imperative to
synthesise the contributory factors reported in the literature.
Theoretical models are useful in identifying and interpreting
factors that contribute to errors and to enable future inter-
ventions that can be effective in minimising such errors [7].

Reason’s accident causation model classifies errors into
three different categories including (a) active failures which
are unsafe acts committed by persons who are in direct con-
tact with the patient or system and includes slips and lapses
(errors in task execution), mistakes (errors in planning), and
procedural violations (rule breaking); (b) error-provoking
conditions within the workplace (e.g., time pressure, under-
staffing, inadequate equipment, fatigue, and inexperience);
and (c) latent failures which arise from decisions made by
policy makers, leaders, and top-level management [8]. This
model has been widely adopted in research identifying the
prevalence and causes of medication errors [9].

This systematic review aimed to determine the preva-
lence of medication errors associated with DOACs in clini-
cal practice and to identify contributory factors associated
with DOAC:s in adult patients using the Reason’s accident
causation model. Results can enable healthcare professionals
in diverse settings including primary, secondary, ambulatory
care, and those in the interface such as community pharmacy
to understand and mitigate common errors and associated
consequences on patients and health systems.

Methods

The systematic review protocol was developed in accordance
with the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) guidelines and
registered with the International Prospective Register of Sys-
tematic Reviews (PROSPERO code is CRD42019122996).
The review is reported according to the PRISMA guidelines
[10] and MOOSE statements (Electronic supplementary
material 1).

Search strategy

A systemic search of the literature was undertaken using
electronic databases: Medline, Embase, and Cumulative
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Index of Nursing and Cumulative Allied Health Literature
(CINAHL), British Nursing Index (BNI), International
Pharmaceutical Abstract (IPA), Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), and grey sources
including Institute for Safe Medication Practices (ISMP),
The FDA Safety Information and Adverse Event Report-
ing Program (FDA MedWatch), and Google Scholar data-
bases from 2008 to September 2020. The search terms used
included Medical Subject Headings and Natural Language
Keywords for DOACSs, namely dabigatran, rivaroxaban
betrixaban, apixaban, and edoxaban and medication errors
(specifically prescribing, and dispensing), and administra-
tion errors. Besides, each database search was restricted to
English published studies (Electronic supplemental material
2) and conducted using the Boolean operators (AND, OR,
and/or NOT). In addition, reference lists of included studies
were screened to identify any additional relevant studies.

Types of studies

We included studies which reported or investigated the rate
of prescribing, administration, or dispensing errors associ-
ated with DOAC:s. Studies of adverse drug events that are
not classified as errors were excluded, as were review arti-
cles, letters, opinion papers, and editorials.

Types of participants

Adult patients (> 18 years) prescribed DOACs were eligible
for inclusion.

Outcomes

The primary outcome was the prevalence of medication
errors associated with DOACs. Prevalence data on each
error type i.e. prescribing, dispensing, and administration
error was obtained by calculating the number of patients
for whom an error was identified amongst the total number
of patients included during the data collection period. The
errors included in this study were those identified from the
following source: chart review, medication review, and those
reported to the error reporting systems. The secondary out-
comes included the nature of causes, contributory factors,
and severity of medication errors associated with DOACs.

Study selection and data extraction

Two reviewers (AA and MHA) independently screened the
titles and abstracts of all potentially relevant papers based
on the selection criteria. This was followed by a full-text
screening using Rayyan QCRI (a web and mobile app for
a systematic review screening that facilitates collaboration
between different reviewers for inclusion and exclusion of

studies) [11]. Any disagreement about study inclusion was
resolved through discussion with a third reviewer (VP).
Duplicate independent extraction of data was undertaken
by researchers working in pairs (AA, MHA, VP, ZJ). The
data extracted included authors, year of publication, coun-
try and setting, study design, error prevalence, the nature
of errors, error severity, and contributory factors. Data on
study characteristics, error prevalence, and error causes were
extracted. A meta-analysis was performed using Stata/IC
15.1 Software (StataCorp, College Station, TX, USA).

Assessment of methodological quality

Quality assessment was undertaken by two independent
reviewers (AA and MA) with disagreements resolved by
consensus or referred to two other reviewers (HA, VP)
as required using the critical appraisal skills programme
(CASP) checklist [12].

Data synthesis and statistical analysis

The meta-analyses were performed on the prevalence of
medication errors associated with DOACsS by a statistician
(MP). A random-effects model was used to synthesise the
data due to the expected heterogeneity between included
studies, and the results obtained were presented using for-
est plots. Heterogeneity was described using I statistics
and reporting of 95% prediction intervals [13]. The statisti-
cal significance of I* was tested with chi-square test, and
P-value level < 0.05 was set as the level of statistical signifi-
cance. The effect size was calculated as the proportion with
95% confidence interval (CI).

Data on error causation were synthesized using Reason’s
accident causation model [14] as a theoretical framework
as per the classification of active failures, error-producing
conditions, and latent failures.

Results
Search and study selection

The initial search resulted in 5205 titles search results across
all the databases accessed (Fig. 1 shows the PRISMA flow
diagram for this study). The duplicate results and studies
that did not meet the inclusion criteria were identified and
excluded. Overall, 408 articles were assessed for eligibility,
of which 32 studies fulfilled the inclusion criteria for full-
text review (Fig. 1) [15-46].
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CENTRAL: Cochrane Central Register of Controlled Trials. BNI: British Nursing Index. CINAHL: Cumulative
Index of Nursing and Cumulative Allied Health Literature. IPA: International Pharmaceutical Abstract. MEDLINE
is the National Library of Medicine's premier bibliographic database of life sciences and biomedical information.
Embase (Excerpta Medica Database) is a biomedical and pharmacological database.

Fig. 1 PRISMA flowchart describing systematic review search and study selection
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Study characteristics

Out of the 32 studies, 12 (40.7%) were conducted in the
USA [15, 19, 20, 24, 33, 35, 3740, 42, 44]; three each in
the UK (11.1%) [22, 34, 45] and France [18, 30, 46]; two
each in Belgium [31, 36], Greece [27, 28], Australia [23,
41], Ireland [29, 32]; and one each in the Netherlands [21],
Spain [43], Turkey [17], Israel [16], Denmark [25], and
United Arab of Emirates [26]. Studies were conducted in
university-affiliated or academic/teaching hospitals [15, 16,
18, 23, 25, 28-31, 34, 36, 37, 39, 41, 43, 45, 46], tertiary
care non-teaching hospitals [24, 26, 33, 35, 38, 42], pri-
mary healthcare centres [22, 43], nursing home [19], private
general hospital [27], pharmacist managed anticoagulation
clinic [20], central medication registration [21], Poison con-
trol system [40], single center [32], and patient safety report-
ing system [44].

Study quality

The quality of the included studies was variable (Fig. 2).
Out of the 32 studies, only two studies (6%) met the eleven
CASP-related quality assessment criteria for observational
studies, while one study met 10 criteria. The key limitations

centred on the lack of justification for the method of sam-
pling and sample size, and exposures characteristics which
include drugs and associated comorbidities were often
poorly described (Fig. 2).

Study design and data collection

About three quarter of the studies (n =24) used retrospec-
tive routinely collected data [15, 16, 19, 21-26, 29, 31-35,
37-40, 42-46], six used prospective observational design
[17, 18,27, 30, 34, 36], while two studies used mixed study
design which were combined with a retrospective chart
review, prospective observational data, and clinical trial
design [20, 28] (Table 1).

Adopted definitions of medication errors

Although a clear definition of medication error was not pro-
vided in most of the included sample studies (n=30), two
studies used established definitions used by North Carolina’s
Medication Error Quality Initiative (MEQI), and National
Coordinating Council for Medication Error Reporting and
Prevention (NCC MERP) [19, 37].

2 9

o )

] 3

[0} é g o b4
[0} = i) ad g 9 o F
< o s o o O ul z x & T o0 = o -4

‘Sazv‘%333m§z,’§mi_‘i,ﬁ“—_"imaﬂ“”ig‘zwﬁﬁﬂéﬁ%
2388 %3553 fagsziasissiAgesgses o e
% g 222 5 % T2 QR YO g 2228 T E Q0 R L 88 g 2o g
2 09 2 2 2 5 222 2 2 7 2 9 22222 2822222y 2 LG 2
[ N [ [ [ M N N 1) [ [ [ [ [ [ N 1) 1) [ [ [ [ [ [ 1) 1) 1] [ [ [ [ [
[ = O = = S = S = S O S S S = S = S S S =
~ [} e} = (L.} w = o 0 =~ 2} W ~ o -- @ @ o 2] ~ ~ (L} [0} -~ Lis w w i<} ~ (<} e} =~
PO0OCOOOONOOOGONONONNONOO0VDNONNONOO D OO OB O O O 6| O Diestyatdessacleafocused issue?
0060000600066~ 060~~600-"-060000 6|0 6 wrsthemhoremtdnanacepdlews?
O W (@ @] @ O@ @)= | @ | Washeeposure acurately measured to minimise bias?
0000 ~~00 0~ B0 ~~B==~D OO~ ® O O O Ovesteoutomeaccuaelmeasuediomininise hias?
O |l (@] (@] (@@~ (@@~ | @)@ - |Havete auhors identfied allimportant confounding factors?
I IR I . IR . W | . . N . w | . = | Have theytaken account ofthe confounding factors in the design andior analysis?
0:~000060-00060-~0060:-~000000060000 06 0|6 /vmsheilmyuposubets ompe enough?
SEIRICICICICIE . . @~ ~0 . ®~~00 . IO ) . O @ O O ®|®|vasthelowupof subjects long enough?
OO~~~ OO BB~ @O Q@@ O]~ |@]0 || @] |Howpresiseare e esuts?
©~006~-000060006000060606-060600006000006060 0] D0onubmirheeus
() . v OOS~00-0060-00060-0060- 0060060060000 6]Ccnmhermesitsheapniettelca populton?
V(W (W@ @O~ OOOe- 00O OGO G OO G| O G Dotheressoftis sty oher avaiable eidence?

I . Low risk of bias 2 Undlear risk of bias . High risk of bias

Fig.2 Quality assessment of studies included in the review

@ Springer



623-645

European Journal of Clinical Pharmacology (2022) 78

628

oseyd Suueysiutwpe

Q) Ul SIOLIQ Jo a5e

-juoorad jseySiy

oY) 1o o[qrsuodsar
QIOM SIOLID UOISSIW()

‘suondrosaid S10T
9jordwoour woiy Keq pue
asoure aseyd Juiqrios 7107 12q
-a1d oy ur apew -wad9g
SI0119 Jo Ajuiofew oy, uoaMmIoq
(%8°67) s1o1rd w)sAs
Sunstutwpe Aq Sunaodax
PamoIIof (% 1°LE) uonren
s1o0119 Surquiosard -s130y
se pajiodar a1om sjuaprout
SI0119 UOTIBOIPaW uorn
jueneodnue SO ueq woIsAs -BOIPOIN
9%¢ s110dax -exide Suniodar [euoneu 110dar [enua) (D) wIsKs
) UI PIA[OAUT ‘ueqexo ® 01 payiodar 10119 o) Suntodax
jue[nSeoonue Jo -IBALI SIOLIQ {10119 uoned payodar uonensisoy
ad£) Apuonbay ‘uened uonensmuIupy -Ipow 10119 SJuapIOUT UOT) Kpnys SpueIa [12]
AN AN AN ISB] 9y a1am sOVOA AV -1qeq 10119 SUIqLIOSAI] 0001 UODEOIPIJN  -BOIPIJA [BNUD)  [RUONOAS-SSOI ¥ -YION YL, e 19 Jalidig
810C
A[nf pue
Kreniqo
uoamIaq
un
(%1°17) Suisop Inde 0]
-IOAO IO -TOpun sem pantupy
ssouajeridorddeur pue
o Jo armeu oy, ovoa
cuondrrosaxd uo
errdorddeur ue pey ueq paSreydp
(%¥'TT) *o51eYdSIp IV -exide -SIp pue
‘uondurosaid ‘ueqexo Sp10931 PIAIRIAI 191U
qerdorddeur -TRATI [eJTPAUL JO MAIART s1eak -npnuw :Apnys
ue pey (%9°0¢€) ‘uened aanoadsonarx G9< srendsoy 2Anoadsord [81] Te 10
AN AN AN ‘UOISSTWIPE 0} IOLld  SIAYIQ PUB ‘LA ‘dV -1qeq £10119 SUIqLIOSAI] LS1 Ap1opig Ksroatun [PUONIBAIISqO Qouel] neaunig
#0000
0D -1puo) pajes
-ipuo)  Sunjoaold -hseAul
e Jo1g +QIN[IE] SATOY 10 paisT] SI0LI5 uon
SI0110 poyow uonod[  (siorrd)  judned -eoIpaw AJnuapt
[9POW UONEsNe)) JUSPIOIY S, UOSBIY Snup  -[0d BIRp PUE JOLID azIs ozis  uonendod 01 pasn SPOYIdN Te9X
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsoy SuOnEdIpUL sOVOQ uoneorpaw jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

$10308} KI0JNQIIUOD JOLIS UOTEIIPIW JO UONEIYISSL[D YIIM SONSLIaORIRyd ApmS | djqeL

pringer

Qs



629

623-645

European Journal of Clinical Pharmacology (2022) 78

(¢ = u) 2ouerdwod
£q pamor[oj ‘(91 =
U) J0119 UOTBdIpaW
ur pOAJOAUT $s9001d
uonedIpaW Jo a3els
urew 2y sem Sur

-qQLIOSAI "9[qBIUA oVOoa
-a1d (Ajrenuajod) 1opun
9q 0) PaIAPISUOD Q[yM
1M (%€S) sIAV JUIAD
0¢ ‘9say) Suowry uened Surpasiq
'SYQY SNOLIdS se -1qep MIIAJI UOTBD 10 9110q syuounredop
Pajen[eAd a1om ‘ueq -1pawt 2Anddsoxd -woiy) KouaSrowrd
Sur SJUSAQD ISIOAPR 8¢ -exide ‘3uriojiuow ® M Yy ur Apmys
-10)TUOW ‘OVOod Suney ‘ueq enbopeur pue panrwpe srend [BUOIIBAIISQO [9¢] 'Te 30
AN 9enbopeuy AN syuaned g4 oY) 10 LA AVAN  -exoreAry sonss1 SUIqLIdSAIg 8¢ of sjuaned -soy] Suryoea], oanoadsorg  wmiSpg [orsoUUAS
uened aseqejep
‘uLey Jnoyim -1qep [N
SIOLI9 UOTIBIIpAW ‘ueq Sur
a1om (9G] = u) -exide -odoy
%G8 pue sgqVy ‘ueq Kyoyes aseqelep wa)
POIOpISUOD Q1M -exopd  wo)sAs Juniodar e juaned -sAg Suniodoy aseqejep
(G697 =) %91 ‘ueq 01 paytodar s1o11 RIURA Kyoyeg Juoned POMIIADI [¥¥] TR 12
AN AN ‘syr0dar 1187 2yl JO dd Pue ‘LAQ AV -BXOIRATY ‘Aderoyy geordng 961 1181 -1Asuuad BIUBAJASUUL] aandadsonay VSN QUIUIBA
(%0701 ¥l =)
Sursop-10r0 VO
Pu® (%t'€T 1991 =
1) DYO( 03 uoned
-Tpurenuod Oum&muﬁ
ovO0d (%60T ‘85T
= ) PARIIPUI SEM
oVOd Uoym VA
(%L Y ‘LS = U)
Sursop-1opun JyOod
QIoMm SIOLID Jo sadA) uenesd
UOWIOD JSOW Y} -1qep SPIOJAI [BIIpW
“uaunean ajenba ‘ueqexo JO MITADI 9AT)
asop -peur pim syuaned -IBALI -oodsonar uawr [endsoy Apms 110409 [o1]
AN AN SuoIm :eISI L€21 2y} Suowry AV ‘ueqexidy -jean) ojenbapeuy LETT LThY - Kyis1oAtun) aanoadsonay [PRIS]  [B 1R [dSuy
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylour uondd[  (SIOLId) juaned -BOIpAW AJnuopt
[9poW UONESNE)) JUIPIIOY S UOSLIY Snip  -[00 BIRp pUER JOLID az1s ozis  uonerndod 0) pasn SPOYIN Teox
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

a's



623-645

European Journal of Clinical Pharmacology (2022) 78

630

SPIOdAT

Suiquosaxd jo uon paquiosaxd
‘sourjopIng [aqe[ -BAIOSQO 2ATIOdS 1om sQVOA
Qwm ut jou jonpoid oy syo1pen -o1d ¢(uonouny QI9YM SISED [[B
I0pI0 91 Sut -uo0o Jet) Aem e ut uenes [eUI UO Paseq PpAJUAWNOOP
-JLIM JOU J0JO0p SOVOJ PIAIOAIL -1qep 93esop sQVOd [endsoy systoeurreyd
UOTR[OI A @3SOP (%4°11) syuaned jo ‘ueq paje[no[es) [e1ouad Tendsoy [eourpd :Apnis 909010 [L2] e
AN AN Suoim :oyelSIAe  JunoOWe JUBOYIUTIS -BXOTeATY SI0119 SUIqLIOSAI] w 0LE AeALd [e10Ud3 dyeALI aanoadsold ‘Suayy SIPIUURO]
uopnedIpur renur ag
Suoim 10j 9 77 pue [endsoy
(suonesrpaw-0o Ays1on
‘Sururen ‘uonouny [eual ‘age sp10da1 Sur -lun
Juon 0) Surp1oooe agesop -quosaid Jo uonea soSowr
-8onpo 1991100UI) SIOLID ueq -195q0 dAndadsord ) 0)
U1y Suiquosaid 10y %8/ -exide ‘{(suoneorpaw-0o paniwpe
-Jnsufe :sauIjepIng oy 03 ‘uened ‘uonouny [eual ovVoa
Qouo SurpIodoe ur Jou -1qep “a3e 0) Surpiodoe s :Apmys
-11adxa asop sem JUQUIIEDI) oY) ‘ueq aSesop j0a1100UT) s300[qns Tendsoy [BUOTIBAIISQO [og]
AN Joyoe]  SuoIm—OoyRISIN  ‘SOSBI Ay} JO %7 9] UJ -BXOIRATY SIOLI9 SUIQLIOSAI] - 861 nv Ayis1oatun) aanoadsoid Qouel{ ‘[ 39 uoje|
ased JVOd
pasopiapun jo (ueq
-BXOIRALL) % 7' 1S
pue ‘(uenesiqep)
%L 9T ‘(ueqexide)
%1°L9 UL "100°0
>d(%821)
UBQEXOIBALI pUE
(%0'1) uenesiqep
0 paredwod
(%$t¢) ueqexide Keys
10§ JudreAard jsowr rendsoy
sem Sursop Jopupn Suumnp
(¥80°0 aeut
= d) Ajeanoadsar ovoda
‘ueqexide pue QU0 ISBI[
‘URQEXOIBALI ‘URIES ueq e s
-1qep I0J %/°67 pue -exide SpI0Ja1 s1eak
‘6'1C ‘v ET Ym ‘ueqexo [eJIP3W JO MITAJI 09< pase
suonezieydsoy jo -IRAL aAnoadsomnar (Jur syuaned
90°ST Ul PALINIJ0 ‘uenes -sop 9jeridorddeur poz1 eandsoy Kpnjs 110400 [1¢] e 10
AN AN N  Sursop arendoiddeuy -iqeg  ‘sIoLId SulquIOsAlg €61 TLL -rendsoy SIS ENNT) oanoadsonoy  wniSjog  [Q[[EPNON
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylow uonod[  (SI0LR) juaned -BOIpAW AJnuopt
[9poW UONESNE)) JUIPIIOY S UOSLIY Snip  -[00 BIRp pUER JOLID az1s ozis  uonerndod 0) pasn SPOYIN Teox
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

Qs



631

623-645

European Journal of Clinical Pharmacology (2022) 78

JDVON
UIIM PISOPISAO

d1am (%1°6) 1T pue lonny
PIsopIopun a19m [erne 1o
(%8°€7) Ay ‘s1osn AV Tema Ansi3ax
OVON Jo 1a1renb e -[eA-uou AV-DVOSIN
uey) 2I0W 0] JUBAD MIIASI UOT) m WOIJ PAIBIIXd
-[o1 sem (%6°82) ueqexidy -B2IpAW 93IBYISIP syuoned [endsoy e Apms
AN AN AN Sursop [9qe[-JO AV ‘ueqexoleAry ‘uenesiqeq £10119 uIqLIdSAIg - 89L Nnpy ared Areniag, [BUONI3S $SOID 203310 [8z] seuey
SOVON
ay jo
ueq Kue jo
-exide QS0P QU0
‘ueqexo SP10931 1se9] 8 Apms 110402
-TRALL [BOIPIUL JO MIIADL AEINEREN [BUONIBAIISQO
‘uenes aanoadsonar pey oym aAndadsonar [zel e e
AN AN AN AV -1qeq £10119 SUIqLIOSaI - gpe  swoaned gy [endsoy Suryoea], ‘onuad J[surg puepy npLeyq
(%$°€)
UQADS UI UIS
sem SUISOpIOAQ
(%$'11) swened ¢
UT UJ9S SEM [DTYM
‘(uoneaIpur oY) 10
‘uorouny [eual pue
JyS1om ‘a3e 10§)
Sursop-1opun sem
10119 uondriosard
UOWIWOD 1SOW Y],
(%$70) swened
G ur arerrdorddeur SPI0AI [BOIPAW systoeurreyd
POWAdP SeM UOn JO MI1AQI 9ANdadS £Qq sp10oar
ERANEN -duosaid oy, ‘suon uened -01)31 ‘3UISOpIAAO [eo1paw Jo
uoneI[Io Qoud -eorjdwoo yim pare -1qep pue Suisop-1opun Mma1aa1 £q
-u0d231 -11adxa -100sSE Jou y3noyiye ‘ueq SeM IOLId Uon Pa1O9[[00 AToM
uon pue a3po ‘uowrod sreadde -exide -drrosaid uowr BIEP JUBAD[I
-eoIpow -[mouy sQvOQ jo uondrios ‘ueq -WOD JSOW 33) [endsoy AU, :MIIADI [1¢] T8 19
Jo yor] Jo yor] AN e -a1d oyerrdorddeuy Ad ‘ALA IV -BXoIeATy 10119 SUIqUIOSAI St 002 Suryoeay, Tendsoy Suryoea], oanoadsonoy  erensny gewing
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylow uonod[  (SI0LR) juaned -BOIpAW AJnuopt
[9POW UoNEsNe)) JUSPIOIY S, UOSBIY Snip  -J0d BIRp PUE JOLID azIs azis  uonendod 01 pasn SPOYIdN Te9X
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

a's



623-645

European Journal of Clinical Pharmacology (2022) 78

632

uorn *asop A[rep
-eg[n3eoonue jo 8w () 01 pajoar

‘ejep
SIY) P2IOR[[00
jstoeureyd
[ed1UI[d v/
‘syuaned T4
JO sp102a1

uonenIul Jo yor[ -100 ATOM [DIYM [eoIpaw oruon
pue juounsn(pe ‘sixejAydoxd L AQ ueq rendsoy -09[0 PIMIIAAI
9s0p [eUdI JO 10} UBQRXOIRALT JO -exide paseq A1oanoadsomer
o' 0) NP 2SOP A[rep Sw g1 yym ‘ueq MIIAJI JIRYD -Kyu :Apms oAn [L€] e 10
AN AN Suoim -oxeISTIA PIsOp A1oMm SJUSNE] dd pue ‘LA IV  -BXOIRATY{ £10110 SUIqLIOSAI] o1 1% -nwwo)) [endsoy Suryoeay, -oadsonoy VSN BULIRYS
SUONEOIPAW JO
Joquinu Y3y Surye)
pue DI 1oMmof
1M 9soY) ur Py
Apueoyrudis sem
Sursop arerrdorddeur
Jo oouopeaard oy,
(%€1) wounesn
Hd/LAC 10§ 3t Suisn
asoy 0 paredwod
(%€0£)dV 10]
SOVON 3unye
‘syuanjed 1op[o
Suowe juonbaiy
Q10w Apueoyrugis
sem 3uisop e VSN
-udoxddeur jo ‘ewreq
ouareaard ayJ, -y
‘Sursop QA
POpUSIIOAT UBY) -sjuny
1931y POAIdOAT ‘Tendsoy
%L°01 S[1yM ‘Suisop A[[rasyuny
POpUAWIWOIAI UBY) L10T ‘0€
JIOMO] PIATIOAL aun( pue
syuaned Jo %7€l 1 poreN
‘3urpoqey a3eyoed uaamiIeq
o PimJue OVON
-)SISUOOUT SASOP ad uo
PaA10aI syuaned ‘LAd ueqexopo ‘ueqexide MIIAJI JIRYD sjuoned 19)UD Apns [8¢] 'Te 10
AN AN N 9U} JO %6 €T Isouy IV ‘ueqexoreAl ‘uenediqeq £10119 SUIqLIOSAI] - 606 NPy areo Arenie],  aanoadsoner y VSN eyel-YIeys
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylour uondd[  (SIOLId) juaned -BOIpAW AJnuopt
[9poW UONESNE)) JUIPIIOY S UOSLIY Snip  -[00 BIRp pUER JOLID az1s ozis  uonerndod 0) pasn SPOYIN Teox
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

Qs



633

623-645

European Journal of Clinical Pharmacology (2022) 78

SOWI00INO
JuapIoul JOo
K)110A3S )

endsoq pajenpead A30
K)IsIoA -Jooewreyd
-lun [edturpo ut
(%£€9) ‘aseq sisteroads
61—(2%) snorreg MITADI -ejeq juopuadopur
Arenualod £(%12) ueqeX0 aanoadsonar Kyoyes QA1) :MITAJX
Sursop 0¢€:(%) dnoi3qns -IeATY <3ursop juaroy juaned 2Anadsonar
SIOLIO JuSIdYJNSUI 10 AU UIIIM JoqUINU ‘uenes -J0SUL JO SSAOXD pajels ay) 03 steyrdsoy Sur :Kprys oAT) [sz] e 10
AN WAISAS $SQ0XA :RISTIAL Te10, :uenesiqeq e\ -Iqeq  :sIol1o Suiquosalg L1 JON suodoy  -yoee) AJISIoATU() -duoso@  yewudq  USSYLIUSH
(%T0T=1)
juounsnipe asop
Surnbar wapqoxd
sneunjodewreyd
pue (%0 g = u)
uoneoIpuIenuod
(%1€ 'LE = u) 3sop
3nip y31y ooy e £Aq
PamoIIo) “(%L¥
(96 = u) J¥d uenb
-QIJ JSOW 9y} Sem
9sop SnIp mo[ 00} sreyidsoy
(S-81-L-01 ‘ID %S6 Suroea) UOATT
‘9%9-¥1) uone[[LIqy o Jo wasks
[BLIR I0J UBQRXO MITAIL SPI023I [BI1
-TEALI POATOOAI ueqexo  1Ieyd danoodsonor -powI WoIj eyep
oym sjuoned Suowe -IBATY 3nap oy Jo Sursn tmaraar
punoy sem sqIA pue a3esop 9y} Jo ssou syuoned aanoadsomer
asop Jo oouoreaard 1so uenes -gjerrdoxdde oy poz1 sreydsoy Sur Apmys [ot]
AN AN Suoim :RISTA -y3y oy, dd Pue ‘LAd AV -iqeg  —SI0LId SuIqLIOSAI] 001 8811 -endsoy  -yoeay A)sIoAtup) [RUONI3S-SSOID) oouer] ‘[e 30 Koxdip
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylour uondd[  (SIOLId) juaned -BOIpAW AJnuopt
[opow uonEesne)) JUSPIOIY S, UOSEIY Snip  -[0d vjep puE JOLID az1s ozis  uonendod 0} pasn SPOYIOA Teax
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

a's



623-645

European Journal of Clinical Pharmacology (2022) 78

634

sIoquow ADIN
weo) Aq pasag3ns si se
uaamiIaq Apuanbaiy azow
uonedIu Ppalojruow uopouny
-nWWod [eURI J19Y) 9ARY JOU
100de PIP (09 > [D1D) Uon
NieYe) -ouny [euar pasreduwr SpI0daI
asop UM sjuaned "osop [eJTPAUT JO MAIARX sOVOd ‘siSoyroudog
jsnfpe 19y31Y 9y paqLIds aanoadsonar paquIds ur soonoexd
0] Moy -a1d arom (G > {10119 SutLI0)IUOW -a1d oym dD om) woiy
Jo o8pa 1D1D) uonouny [euax pue Suiqriosaxd AVAN PA1II[0I Sem
Sururen -pmouy asop paaredwr Suraey ueq pue JOLId uon P Tendsoy BIRP :MIIADI [z2]
Jo yoe] YoeTe SuoIm :eISTIA aidsop syuened 71 AVAN  -BXoIeary -BJUAWNIO - cL sjuaneq ared Arewitig aanoadsonay N R EYD
uon
-eo1pul ‘uenesiqep uenes
1°qe] paquiosaid syuened SpI001 -1qep
Jjo a8pa 19 9y) Jo £ ur [e91paW JO MIIAX PAATIOAI sisA[eue
-pmouy PIQISIUTWIPE SeM aanoadsonar oym Tendsoy [BUOI}0S-SSOIO [97] 'Te 30
AN 9enbopeuy AN asop deridorddeuy AVAN uenediqep  {sI0110 SuIqLIOSAI] 8T 19 sjuaned areds A1eniag, aanoadsonoy avn uressny
‘ueqexide Surarooar
syuoned jo (] = u)
9%1°L pue ‘ueqexo
-IBALI SUIAIDOAI
syuaned jo (¢ = u)
%8'8 ‘uenesiqep MITADI
Suraredar syusned 1reyd 9Andadsonar
J0(9=u)%T6 ‘(ySrom Jo/pue
Ul PaLINJd0 pue a3e ‘uopouny
Juoureduwr [euax [eual ‘uonedIpUI
s)nsal i syuaned ug oy1oads J0y) asn ‘ueq
K101 sasop pajsnfpeun 03 arerrdorddeur -exide
-eJoqe| QNp 1M SSED [y 10J UOSBAI UOUX Io ‘ueq
qyenbopeuy *A10A199[[00 syuaned ueq -Wwod JsowW Y} -BXOIBALI
2Inpad Jo (01 = u) %88 -exide sem uonouny ‘uenes
-oxd pue ur (JySrom Jo/pue pue [eUaI paoNpal -1qep
Korjod 93e ‘uonouny [eual ‘ueqexo i sjuaned ur paqLIos
MO[[0] asop Suoim ‘uonearpur oyroads -IRALI juaunsnfpe-asop -oxd
0} Jje1s pue Kdezoy) 10§) paysnipeun sem ‘uenes [euaI JO yor[ Qr1om Jey) srendsoy Sur MIIAAIL [S1]°Te1e
AN amyre]  deordnp :eISIA SOVO( JO 9sop Y], ALA ‘TIOYLS -1qeq 110119 SUIqLIdSAI o1 €11 sjuened  -yoed) AJSIOATU() aanoadsoney vSn  Jespeysry
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylow uonod[  (SI0LR) juaned -BOIpAW AJnuopt
[9poW UONESNE)) JUIPIIOY S UOSLIY Snip  -[00 BIRp pUER JOLID az1s ozis  uonerndod 0) pasn SPOYIN Teox
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

Qs



635

623-645

European Journal of Clinical Pharmacology (2022) 78

‘UoNEOIPOW
PAIRIIPUIRIIUOD 10
pauonned & Surye)

Apuenuosuod
siuaned Jo %9
()M ‘UOWITIOD 9JOM
suonoeIoUI InIp
[enualod - [DID
ay) 10§ 9SOp e

-udoxddeur ue uo uenesd porrad
juounsnipe %11 pue uonesipur -1qep SpI0JaI (sprem NOoM-¢ B JOAO
3s0p Jo o[ Jerdoxddeur ue 1oy pue ueq [BOIPAW JO MITAJI K3ojo1p syuonedur
pue uonedrpur DVON ® UO d1om -exide ‘(uonearpur ‘asop -Ied pue Wwolj pajod[[0d
Suoim 10§ Sur 901 1sowre ‘sjuaned ‘ueq deudoxddeur) Qurorpowt sreyidsoy Sur sem ejep [62] ‘T2 30
AN AN -quosard-oyelstiy ) Jo %0L Jo MQ AV -exoreary s10110 SUIQLIOSAI] - 0€ [eUIOU]  -Uoed) A)ISIOATU[)  [BUONIIS-SSOID) pueraIy QuEY09Y]
uone[nSeoonue
oYM SInoy 84
se 3uof se Juom waIsAs sistoewt
sjuaned pue prem ueq Sunaodar yudprour -reyd reorurfo
sOVOd QU] UO J[qE[IeAR JOU -BXOpd {(uonouny [euar Aq syuoprour
unm A udljo M SOVOd ‘uened o8e 0) Surpiodoe payiodar-wdy
-Ier[Iurey 'qd 1oy ueqexidy -1qep 93esop j0a1100Ul -sAs X11Lvd [1e
pue [9qe[ 1991100 Jo asop Jv 59 ‘ueq ‘uoT)ROIPUT 10J 10} PJO[0d
a3pa Suoim :osdee ‘UOT)EIIPUL JOJ 9SOp -exide 9sop Suoim ‘asop Sem ejep
-[mouy sasde| SuoIm ay) paqLIos ‘ueq PISSIW)SIOLID sreyidsoy Sur AU, :MIIAIL [Sp] TR0
AN Jo yoe] Krowow—sdI[g -a1d a10M syuanRd AV -eXoIeAry Surquiose1g ST - - -yoed) AJISIOATUN) aanoadsonoy SN BLIONIA
reandsoy
Sunyoea)
‘sprem
uornonpal SpI09a1 SUIqLIDS K3ojorp
asop areridorddeur ueq -a1d jo maraax -Ied pue
POA[OAUI SIOLID -eXopa aAndadsord [eorpout
2sop Juoim Suiqrioserd jsow Sy ‘ueq {(uonouny [euar AINoe ‘SOt
-OYEISTA® -o3esop oyerrdord -exide ‘a3e 03 Surpiodoe -uIp v Apmys
Kiowow-asde| -deur jo ojerisoysiy ‘ueq agesop 1091100UI) Surpuane srejdsoy Sur [BUOTIRAIISQO [¥¢] Te 10
AN AN pue sdijSe oy pey ueqexidy AV -XoIeary SI0119 SUIqLIOSAI] 1 061 sjuaned  -Uord) AJISIOATUN) aandadsoig SN $110q0Y
uon
SOIuI[d -duoserd JyO
K3o101p 10J PAUAIIS
SpI0Ja1 -Ied Juan arom JVAN
SOVOd ueqeX0 Suiquiosexd jo -edino Pim syuaned
s syuaned Suowre -IBALI MIIAAI 2ATIOdS VAN :Apnys [euon
asop juonbaiy st osn ‘uenes -oid ‘Suiqriosord s sredsoy Sur -BAIOSQO [L1] Te e
AN AN SuoIm :eISI Snap errdorddeuy AVAN -1qeq Jeridorddeuy T Y1 sjuaned  -yoed) AJSIOATUN) ‘aAnpoadsorg Aoy, uereseq
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylow uonod[  (SI0LR) juaned -BOIpAW AJnuopt
[9poW UONESNE)) JUIPIIOY S UOSLIY Snip  -[00 BIRp pUER JOLID az1s ozis  uonerndod 0) pasn SPOYIN Teox
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

a's



623-645

European Journal of Clinical Pharmacology (2022) 78

636

(%L°6 *swaned g)
asop arerrdorddeur
ue JIoM JUUIEAN)
ALA Joj uowidax
UBQEXOIRALI ) UT

SIOLI9 UOWIWOD JSOU ueq
QyJ, ‘uowrdar ojerad -BXOIRALI
-oxddeur ue uo arom Jo asop
ALA 10} pajeon juduEaI)
%t T1 PUB VAN MOTADI JIBTD OAT) Quo
10§ pajean syuaned -oodsonai sasop Jse9] B
JO %6°9¢ ‘parenyeAd ueq arerrdorddeur EINEREY rendsoy Ayu MIIAIL [zr]
AN AN AN syuaned Gyt oy JO LAd ‘Ad ‘AVAN -BXOIBATY  :SIOLId SuIqLIOSAld Shi YIL sjuaned  -nNwwod AIenia, aAndadsonay VSN B9 Io[RL
suonedrdwos
juonbasqns Aue
Jo douesaxd
Ay} pue SIOLID
Suiquiosaxd
10J POMAIAL
arom syuaned
2saY) Jo sajou
ssa13oxd pue
S1IBYO uon
-BdIpaW Y],
{UBQRXOIBALI IO
ueqexide 1oy
pasuadsip
sajou ssar3oxd sjuaned Jo Is1|
SIOLId paure} ueq pue sjreyd [ed & papraoxd
-u0d sOYO( Sur -exide -Ipaul {10119 Koewrreyd ey
-quiosaxd syreyo uon ‘ueq UoNBIUAWNIOP sredsoy Sur -1dsoy :ma1Ax [¢2] Tere
AN AN N -BOIPAW JO %661 ALA -BXOIBATY ‘10119 SUIqLIOSAIJ - 0ST - -[oed) A)ISIOATUN) oAnoadsoney  erensny  Suruuipudin
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylour uondd[  (SIOLId) juaned -BOIpAW AJnuopt
[9poW UONESNE)) JUIPIIOY S UOSLIY Snip  -[00 BIRp pUER JOLID az1s ozis  uonerndod 0) pasn SPOYIN Teox
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

Qs



637

623-645

European Journal of Clinical Pharmacology (2022) 78

wsAS
SPI003I onuo) sIoquIaW Jje)s
[e91paW JO MIIAX uosiog wosAs uostod
aanoadsoxd pue BIUIOY JuaIayIp Aq
aanoadsonar -e) PAIII[[0D d1oM
‘uonedIpow oy ojur SSBD 10§ BIR(]
Sw G/ 01 G/ woIy ueqexo S [enprAIpur soIns £SOLIS B
PaSueI S9SOp $590X -TBALI JIOYIOUE UAAIS -odxo [BUOTIBAIOSQO
ayL, ‘Sursop enxa [} pue sem 10 pajsadur ueqeX0 aanodadsord
-UapIodE uenesiqep ueneS  Aquoyejstu juoned parels -TeATT hElliEh] puER MITAX [ov] Te 10
AN AN AN JO Sosed / d1om d1oy], -1qeq 110110 onnaderdy], oF JoN ‘uenesiqeq [onuod uosiod  9Andadsonar y VSN  UOSudAd)S
9%¢C 0} '€ wWoIj SPI0OAI [BIIPAW
JOIId dU) paonpax JO MITAQI 9AT)
NIVAT, weiSoxd -0adsomar ‘sjuade
[euoneonpy ‘sjuage uonenseodnue
uone[nseodnue Jo Jo uoneordnp
uoneoridnp pue pue uonedIpur
sonTu uonedIpuJ Uo paseq uo paseq aSesop
-nj1oddo 95esop j0a1100Ul 1991100UT ‘SJUdW
Sururen Adeay 9180 ‘syuaunsnlpe Fur -jsnlpe Sursop
Juon -ijdnp—osdee -sop oneday pue oneday pue [¥2] Te 10
-eonpa SI01ID [eUaI SjeINddRUL ueq [eULI SjeINdORUL rendsoy MITADI Z)IemyoS
JULTOYJNSUL AN wkuoioe -sdijg Ppapn[our SI0LIg -BXOTeATY papnout siolg - - - Amunwuo) aanoadsonoy VSN  -S10quodin
“Yoom 12d asop
OVOS.L U0 1se9]
e Sursstw payiodax
(%9) syuoned uay,
‘uenediqep jo a3e
-103s deridorddeur
PIsIOpua (%¥1)
sjuaned x1s ‘uenes
-1qep Supye) syuaned paronpuod
PajoBIU0d JO pue MITADI sem (YHHA)
pooy ‘pooy Inoym K[ore ueqexo  1Ieyd danoodsonor SOTUI[D PI0daI Y)[eay
JNOYIIM UBGRXO -udoxddeur 31 Sunyey -IBALI tosn ojeridorddeur juan J1U0NI[D
-IBALI 9AIS O} panodar (%€7) $T ‘uened pavodar-juaned -edino ) JO YoIeas
QInyrej pue asop ‘ueqeXOIeALl Sunye) -1qep ‘Surquiosoxd Ul UQds Anudd [8d B IMOIAJX l6£]
AN AN Suoim -oxeIsT)N  syuened pajovIuod JO ‘ueqexidy erdorddeuy 6¥¢ S6¢ sjuened  -IpawW OTWAPEOY aanoadsoney VSN Te e uowrs
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylow uonod[  (SI0LR) juaned -BOIpAW AJnuopt
[opow uonEesne)) JUSPIOIY S, UOSEIY Snip  -[0d vjep puE JOLID az1s ozis  uonendod 0} pasn SPOYIOA Teax
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

a's



623-645

European Journal of Clinical Pharmacology (2022) 78

638

%8¢ 01 %0 Wolj
Jo119 Surquosaid

SPI053I [BIIPAW
JO MIIADI 9AT
-oodsonar {(suon
-oeIoyul AIe1aIp)
uonensuIwpe jo
owmn ajerrdorddeur
-uoneorput

erndorddeuy

(uonouny reuar
‘a3e 0) Surpiodoe

Qonpar JJVD., uenes 93esop 1001100UT) Tendsoy MITADI [scl TR0
AN AN AN SenIAnoe [euoneInpH -1qeq SI0119 SUIqLIOSAI] - - - Lunwwo) aanoadsonay vsn Z)IeMUOS
oI uon
-e[nSeoonue
poSeuew
-spoewreyd e
Aq parerdwod
RIGITp) ‘sisA[eue 1gon
*SUONORIdUL uonenge -0)-uonuaut
Snup JuaLmMoOU0d -0onue ‘oAn0adsord ©
JIo/pue uonouny paSeuew SE SoNUNU0d
[BUSI UO Paseq dS0p Jsoew pue Aderor
JIOMO] B UO U39q -Teyq uenesiqep
QAeY PINOYS (%¢€°6) ‘Kderory uo syuoned
syuaned oAl ‘GAV MITADI uenes JO MIIADI
ue Suroudrradxa uenes  eyd aAndadsonan -1qep So1uIpd aanoadsonar [oz] e
AN AN AN siuwaned 46 o1 JO -Iqe@  ‘sIod1d SuIqLIdSAIg ¥S 12 UOo sjuaneq jue[N3ROONUY ® se ue3aq VSN  uospreuoq
ueq
-BXOIRALI
s3nip pue
9s9Y) 10} SAIBPIPURD uenes
d[qeyms Aqrenuajod -1qep Sp10921
arom Aayy y3noy PaquIos [eo1uI[o oruomn
UQAD UBQEXOIRALL ueqexo MITADI -a1d ueaq -09[3 ‘ML
9SOp 20107 10 uenesiqep -TeALI )Ieyd 9AToadsonar ARy oYM aanoadsonoy
Suoim pue paqudsaid usaq jou ‘uenes <Surquosaid AV s SONUID Q1D Apmys [¢¥] Te 1o
AN AN 9sop Suoim-diis pey syuaned swog -1qeq erdorddeur 161 $T€T sjuaned  -i[edy Arewtig [BUONEAIISQQ uredg 0S00UOI],
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOLId poylow uonod[  (SI0LR) juaned -BOIpAW AJnuopt
[9POW UoNEsNe)) JUSPIOIY S, UOSBIY Snip  -J0d BIRp PUE JOLID azIs azis  uonendod 01 pasn SPOYIdN Te9X
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

Qs



639

European Journal of Clinical Pharmacology (2022) 78:623-645

juowaSeuew [0A9]-do) pue ‘s1aped] ‘s1oyew Korjod Aq opeuw SUOISIOOp WOI) ASLIE YITYM SQIN[Iey Judje|

(eouatradxaur pue angnej ‘yuswdmbs dyenbapeur ‘Suyyels sopun ‘amssad ‘own 5-9) dor[dNIOM Y} UIYIIM SUONIPUOD Suronpoid-rouy

(Sunyeaiq 9[na) suone[ola [einpasoid pue ‘(Suruued ur s10119) saye)
~SIW “(UONNOAXS Yse} Ul s10113) sasde pue sdifs Surpnjour swof Jo KJoLreA € oxe} Ay, “wajsAs 10 Judned Sy YIm JOBIU0D J031Ip Ul a1e oym d]doad £Q PaPIUWOD SJO8 SFesun e SIINJILY ANIY

WSIOqUIQ0QUIOIY) SNOUDA A ‘ISTUOSeIue 3 Uruelia yyA
‘syuen3eoonue [ero dyroads Ja31e) DYOSL ‘Sue[nSeodnue [eI0 DO ‘UONR[[LIQY [BLNE IB[NA[BA-UOU JYAN ‘PoNIodal jou YN ‘oaneniu] Ayfeng) JOIIg UONedIPIN JOFN ‘Sisoquioly) uroa dodp
IAQ ‘warqoid paje[eI-Snip Jy (g ‘siue[nSeodnue [eIo JSIUOSeIue 3 UMEBIA-UOU SOV ‘@OUBIES[d QUIUNEIID [)4) ‘UONR[[LIQY [eLIe 1/ ‘UOTORAI SNIP 9SIOAPE YTV ‘SIUOAD 109JJ9 SIOAPE STV

AQV pue 10110

SJUIAD paje[ar
-juendeodonue

UOTBIIPaW B }0q (SI0119 payodar e
uonedIpul oY} POAJOAUI (%/°0T) uorn POMITADI JOJLJO
10§ paquiosard 96 PUe ‘(%5°0¢) -BoIpoW Kyoyes yuaned
UoneoIpow SYAV 1M {1 MITADI paerd Tendsoy e pue
SuoIm :SOYRISIA  ‘(%8’8F) SIOLId uon 11eyd 9A10adso101 -osse ‘systoewreyd
SIoLd -BOIPAW A19M 97T £S3S0p uoneIIpaw -juende ‘suerorsAyd
uondrosuern ‘SHAV PIIBIoosse PISSIW :SIOLID pajels -oonue Tendsoy {MOTADI 9AT) [eg]
AN AN :osdef pue sdifs  -juenSeoonue €94 JO LAd AV  Ppajeis JoN uonduosuery, 97T 10N juaneduy areo Areniag, -oadsonoy VSN [e 19 ezzeld
a3ueyd
WIySe
uon
-euriojur
2jenba
-peur pue
Ampad
-o1d pue
Korjod
MOT0f
01 Jjers
aIn[reje
PpeofIaA0 I0dIN
JIopm e ) 0)
‘uon sowoy s[euoissojord
-oensice Sursinu areoyeay
uonedIu ‘uondriosuen *SIOLIO IOYJ0 euIjOIR) £q pa1o9[[0d
-NWWod 1991109UT ‘UOTS 11e 03 paredwod yuoN £q are [OYIA ut
YoeTe -NJuUOd SuWeU (1000 =d ‘%] s MITADI parodor sy10dor 10110
a3p2 3nap pue ansst 9,¢) wrey yuaned 1Ieyd 9Andadsonar sjuaprout uonedIpaw Ay J,
-[mouy Sursuadsip 1M PIIRIJOSSE 9q £S10119 SULIOJUOIA 10119 U0t {MOTADI
Jrenba Koewreyd 0) A[1[ 210W 21OM uenes 10 Sunuawnoop parels -eoIpow Anoadsonar l61]
AN -peufe -osdey pue dijg $I0119 JuR[NIeoonuUy AV -1qeq ‘urquiosarg €791 JON  [enpIAIpuy QWOH SuIsInN  :[BUOIIAS-SSOID) vSN el IES:g
#0000
0D -1puo) pawes
-ipuo)  Sunjoaold -hseAul
Jude T Jo1g +9IN[Ie,] ANV 10 paisI| SI0LI5 uon
SIOII poylaur uonod3| Aw\—a\:vv uﬂvﬁmh— -edIpawt %,wﬂﬂ@@«
[opow uonEesne)) JUSPIOIY S, UOSEIY Snip  -[0d vjep puE JOLID az1s ozis  uonendod 0} pasn SPOYIOA Teax
19d se s10308) £10INQLIIUOD JO UONBOYISSE[D) synsay SUOTEOIpUL sOVOQ uoneorpawr jo sadA],  opdweg  opdwreg Apms Sumes Apmg ‘uSisop Apms  Anuno) (s)1oyny

(ponunuoo) | sjqey

pringer

a's



640

European Journal of Clinical Pharmacology (2022) 78:623-645

Prevalence of errors

Proportion of patients who experienced either prescrib-
ing, dispensing, or administration errors across the studies
ranged from 5.3 to 37.3%. The variability in the rates of
errors was often contributed to the range of DOACsSs being
indicated, types of DOACs agent used in the study settings,
and consideration of either certian type of error or range of
errors across the different stages of medication use process
(Table 1).

Prescribing errors and contributory factors

Eighteen studies reported the number (proportion) of
patients amongst the study population where prescribing
errors were identified. The overall proportion of patients
experiencing prescribing error was found to be 20% (95%Cl
15-25%) with a 95% prediction interval (95% Prl) between
4 and 43% (Fig. 3).

Prescribing errors was the most commonly reported error
types. The proportion of prescribing errors as a proportion
of all error types ranged from 70 to 78%. The pooled esti-
mate of error rate was 78% (95%CI 73-82%; 2=0, 95%Prl
68-87%) (Fig. 4).

Prescribing errors detected in the studies included related
to over or under dosing [15], missed medication doses [18],

Fig.3 Forest plot meta-analysis

of the prevalence of prescribing Study
errors amongst all patients pre- ID
scribed DOACS. *Pre-admissions;

and inappropriate prescribing in the context of indication,
altered renal function (particularly creatinine clearance),
advanced age, altered weight, concomitant medications, and
prescribed contraindication based on product label guidelines
(Table 1). Studies also reported duplicate therapy from differ-
ent DOAC agents as one of the common prescribing errors.

A study conducted in a tertiary care community hospital
in the USA reported that over a third of patients (n =92,
35.4%) who received rivaroxaban had an inappropriate
dose ordered. Forty one of these patients were considered
too low, while 51 were considered too high based on the
patient’s renal function at the initiation of rivaroxaban [42].
A UK study showed that 12 (16.4%) of the included patients
were prescribed the full dose despite having impaired renal
function (CrCl <50) [33]. In a study conducted in Ireland,
an inappropriate dose according to CrCl was found in 11%
[29]. The study conducted in a community hospital by Tellor
et al. to evaluate the appropriateness of rivaroxaban’s dosing,
indication, and safety reported that 36.9% of patients treated
for NVAF and 12.4% treated for VTE were on an inappropri-
ate regimen [42]. Furthermore, twenty patients (7.7%) were
treated for NVAF with an unapproved 10 mg dose of rivar-
oxaban, whereas two patients (0.8%) had an inappropriately
high dosing frequency of twice daily. Although rivaroxaban
is only approved for NVAF, six patients (2.3%) were treated
for atrial fibrillation as off label use [42].

%

ES (95% Cl) Weight

**at discharge. ES (95% CI): Sheikh-Taha, 2019 : —— 0.24(0.21,027) 596
proportion with 95% confidence Bruneau, 2019* D —— 0.31(0.23,0.38)  5.44
im‘?r"al (CI), p-value is from a Bruneau, 2019** ST — 0.22(0.15,0.29)  5.44
Chi-square test for heterogeneity Suknate, 2018 —_— 022(0.17,029) 557
Kartas, 2018 : —— 0.29 (0.25,0.34)  5.82
Pharithi, 2018 —— 0.20 (0.16,0.25)  5.77
Moudallel, 2018 | 0.25(0.22,0.28) 5.94
Roberts, 2017 — 0.17(0.12,023) 557
Ghai, 2017 _’._ 019 (0.11,030)  4.86
Basaran, 2017 b ——— 0.37 (0.26, 0.49)  4.88
Algadheer, 2017 S 0.20(0.13,0.29) 523
Hussain, 2017 —_— 0.11(0.05,022) 468
loannidis, 2016 —— : 0.11(0.08,0.15) 579
Viprey, 2016 - ! 0.08 (0.07,0.10)  5.98
Glendinning, 2015 —— 0.20 (0.15,0.25)  5.66
Lafona, 2015 — 0.16 (0.11,022) 556
Tellor, 2015 E —— 0.27(0.23,0.32) 5.83
Troncoso, 2014 »> ! 0.08 (0.07, 0.10) 6.03
Overall (1"2=95.79%, p=000) <> 0.20 (0.15,0.25)  100.00

with estimated predictive interval

(0.04, 0.43)
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Fig.4 Forest plot meta-
analysis of the prevalence of
prescribing errors amongst all
medication errors associated
with DOACs. ES (95% CI): D
proportion with 95% confidence
interval (CI), p-value is from a
Chi-square test for heterogene-
ity.

Study %
ES (95% CI) Weight
i
!
Sharma, 2017 g L 0.70 (0.35, 0.93) 274
i
!
Ware, 2016 —_————— 0.76 (0.55, 0.91) 6.66
Stevenson, 2014 — - 0.70 (0.47,0.87) 6.14
Piazza, 2011 E—— 0.78 (0.73, 0.82) 84.46
Overall (1"2=0.00%, p=0.72) @ 0.78 (0.73, 0.82) 100.00
j
with estimated predictive interval ! (0.68, 0.87)
!
‘
T T T T
0 25 5 .75 1

Administration error

Only two studies reported the rate of administration errors
amongst all types of medication errors associated with
DOACs. Heterogeneity was low (I>=0), though there
were little data to estimate between-study variance. The
pooled estimate gave a prevalence of errors to be 5% (95%
CI 3-8%). However, nearly all of the weight in the meta-
analysis is given to one study [33]. Therefore, there were
insufficient studies to calculate a prediction interval (Fig. 5).

A prospective study conducted at a private general
hospital in Greece reported that Apixaban was the most

Fig.5 Forest plot meta-analysis
of the prevalence of admin-
istration errors amongst all
medication errors associated
with DOACs. ES (95% CI):
proportion with 95% confidence ©
interval (CI), p-value is from a

Chi-square test for heterogene-

ity ;

Study

Ware, 2016

propoﬁiun with prescription error

frequent DOACSs agent to be erroneously administered (13
of 76 cases, 17.1%), followed by rivaroxaban (28 of 257
cases, 10.9%) and dabigatran (one of 37 cases. 2.7%) [27].
One study reported that DOACs were often unavailable on
the ward and patients went as long as 48 h without antico-
agulation while admitted [45]. Another study reported that
24 patients (23%) were taking rivaroxaban inappropriately
without food, and six patients (14%) endorsed inappropri-
ate storage of dabigatran [39]. A study by Stevenson et al.
described an administration error related to dabigatran, in
which patients mistakenly ingested the drug or were given
another patient’s medication [40].

ES (95% CI) Weight

Piazza, 2011

Overall (1"2=0.00%, p=.)

0.12 (0.03, 0.31) 3.34

0.05 (0.03, 0.08)

96.66

0.05 (0.03, 0.08) 100.00

A £2 3 4
proportion with administration error
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Dispensing errors

The prevalence of dispensing errors amongst all medication
errors associated with DOACs was described in one study.
This study reports that out of 25 total prescribing errors
associated with DOACs, only 2 (8%, 95% CI=0-18.6%)
were identified as dispensing errors [45].

Subgroup analyses

Subgroup analyses of error prevalence across various indi-
cations and study settings are provided in electronic sup-
plementary material 3.

Consequences, severity of errors

Only four included studies [15, 25, 40, 44] assessed the sever-
ity of harm associated with the error. Haemorrhage was the
most frequently reported adverse event associated with the
errors especially in patients with lower CrCl and older age.
For instance in a US study, haemorrhage occurred in 70.2% of
the included subjects and of whom almost 40% of the patients
were 80 years or older; furthermore, mortality reported in
two patients in this study [44]. However detailed causality
assessment linking errors with adverse events were missing.
In another study in Danish patients prescribed dabigatran, two
incidents of potentially fatal outcomes were also reported [25].

Contributory factors

Of the 32 studies, only 27 reported contributory factors asso-
ciated with medication errors related to DOACs, yet none
of these 27 studies used any theory (e.g., behavioural or
organisational) in their methodology or data collection or
analysis. The results from these studies were categorised
according to Reason’s accident causation model and showed
in Table 1. The most commonly reported contributing fac-
tors were active failures and mistakes, which included fail-
ure to consider risk factors of creatinine clearance, age, or
weight when prescribing such medicines. In addition to the
inexperience and lack of knowledge of the prescriber, lack
of inter-professional collaboration and poor communications
with other healthcare providers or with the patients, as well
as staffing and workload issues, were also reported as con-
tributory factors that lead to medication errors associated
with DOAC (Table 1).

Discussion
Oral anticoagulants are currently among the most widely

prescribed medications in clinical practice, with DOACs
becoming more and more utilized over VKAs. DOACs have

@ Springer

more predictable pharmacokinetic profiles, lower bleeding
risks, and fewer drug interactions than warfarin [47]. Com-
plexity of patients’ conditions and polypharmacy therapeu-
tics on the other hand can increase the risk of adverse events.
The popularity of DOACs and their associated adverse
events made them of interest to investigate errors and iden-
tify their contributing factors. The aim of this study was to
systematically review the prevalence of medication errors
associated with DOACs and its contributory factors. Stud-
ies reported a wide prevalence rates often influenced by the
method used for error definition and detection, drugs being
investigated for errors, and the patient population.

Prevalence of errors

This systematic review found that prescribing errors, par-
ticularly the dose-related, were the most prevalent type of
errors associated with DOACs. Although DOACs are given
in fixed doses and not requiring routine coagulation moni-
toring, dosing varies based on drug used, indication, renal
function, age, and body weight, as well as concurrent medi-
cations [48-52]. The nature of errors identified in the sys-
tematic review was reflective of these factors.

Severity of errors

The severity of medication incident reports may help iden-
tify possible areas for improvement in reporting the adverse
events and types of errors related to DOACs. Few studies
had reported the severity of adverse events associated with
medication errors. New thrombotic and bleeding events risks
are found associated with suboptimal prescribing [53], while
the likelihood of hospitalisation and mortality increases with
overdosing. Detailed causality assessments were however
often missing in the included studies as to whether the errors
primarily contributed to the adverse events.

Implications for practice

There are several risk reduction strategies relevant to mini-
mise and avoid harm related to medications errors with
DOACSs. Development of novel-theory based and technol-
ogy-enabled interventions can improve patient safety. Edu-
cation of healthcare professionals through training sessions
and adopting anticoagulant stewardship programme can be
effective. Secondly, undertaking medication reconciliation
on admission and discharge as well as upon care transfer in
combination with medication reviews.

The relative ease of prescribing and monitoring DOACs
compared to VKAs makes them first prescribing choice for
many indications like a non-valvular atrial fibrillation and
VTE. Such prescribing preference could lead to increased
incidence of different types of prescribing errors. Each
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DOAC has a different dosing schedule and dose adaptations,
mostly reductions, depending on one or more patient-specific
factors including age, weight, renal function, indication, and
concomitant medications. As seen in the included stud-
ies, one of the reasons for overdosing DOACs was failing
to adjust the dose of DOAC:S for specific indication, renal
function, age, and/or weight. Similarly, elderly patients who
are at high risk of developing stroke are often likely to be
underdosed. Amongst the included studies which reported
nearly fatal or fatal adverse events linked to prescribing
errors, severe incidents most commonly occurred during
sector change such as admissions, discharge, or undergoing
surgery [25, 44]. It is imperative that additional precautions
be applied during patient transitions across sectors as well as
prior to and after surgical procedures.

This review has shown that the contributing factors to
medication errors with DOACs are multifactorial. These fac-
tors include inappropriate drug selection and lack of dose
adjustments consideration due to failure to approach patients
holistically by assessing, for instance, renal function, medi-
cal, or medication histories or demographics. Inexperience,
poor communication, and lack of inter-professional col-
laborative practice together with non-compliance to clini-
cal guidelines also contributed to their inappropriate pre-
scribing. Therefore, adopting inter-professional team-based
clinical practice and leaning as well as pharmacist-led anti-
coagulant stewardship program are likely to minimise errors.
A recent meta-analysis showed that including a pharmacist
in clinical rounds alongside educational interventions and
prescription reviews can significantly reduce prescribing
errors by as much as three quarters [54].

Implications for research

Future studies should expand on the current research to
determine techniques to reduce the occurrence of the more
prevalent errors associated with DOACs. Behavioural frame-
works such as the theoretical domains framework (TDF) are
useful in identifying target behaviours and future interven-
tions [55]. Future studies should consider data from non-
hospital settings and undertake rigorous causality assess-
ment to investigate the link between errors and adverse
outcomes.

Study strengths and limitations

To the best of our knowledge, this is the first systematic
review and meta-analysis that aim to review the prevalence
of DOACS associated errors and its contributed factors. A
wide range of databases was used including grey literature.
However, the current review was limited to the literature
published in English language. Overall, the review endorsed
the variability of clinical implications and consequences of

errors based on patients’ characteristics such as age, co-
morbidities, and concomitant of drug therapy.
Furthermore, this review used Reason’s accident causation
model to analyse the data related to the error causation. This
model focuses on the system or the environment in which
the error occurred, rather than the individual that caused the
error, and the random rather than intentional act. However, it
is important to note that classifying errors based on this model
could be subject to the researchers’ interpretation bias, par-
ticularly when the conditions of the error were not thoroughly
described. Therefore, mutually exclusive classification of the
documented medication errors is not always possible. In addi-
tion, well-known causes of medication errors under-reporting
such as perceived fears of blame, punishment, or indemnity
either by patients, clinicians or administration, consequences
of reporting protocol, heavy workload, and lack of time
will impede estimating the true prevalence of actual errors
reported in the included studies [56]. Therefore, studies that
rely on incident reporting databases to identify error rates are
likely to be provide underestimation of true prevalence [57].

Conclusions

This systematic review and meta-analysis suggests that
despite their favourable safety profile and relative ease of use
compared to VKAs, medication errors with DOACs are com-
mon. Future studies should consider data from non-hospital
settings and undertake rigorous causality assessment to inves-
tigate the link between errors and adverse outcomes. There
is a need to promote multidisciplinary working, guideline-
adherence, training and education of healthcare profession-
als, and the use of theory-based and technology facilitated
interventions to minimise errors and maximise the benefits
of DOAC usage in all settings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-021-03212-y.
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