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1 | INTRODUCTION

Medication errors are common in hospital setting and
can result in adverse drug events and a prolonged
hospital stay [1]. The greater impact of medication
errors in the hospital compared with the ambulatory
setting may be related to the more acute and serious
nature of clinical cases and the complexity of treatment
regimens [2].

Medication errors can occur at any stage of the
medication use process, including prescribing, dispens-
ing, administration, and monitoring [3]. Nevertheless,
more than half of hospital medication errors occur dur-
ing the administration stage [4—6]. Administration error
is a deviation from the physician’s medication order as
written on the patient’s chart [7]. This error stage is of
particular importance, as it constitutes the last step to
implement an ultimate interception barrier [3]. In addi-
tion, according to medication incident reports in the
United Kingdom, the maijority of incidents resulting in
severe harm or patient deaths are related to the admin-
istration stage [8]. Therefore, the prevention of adminis-
tration errors is a priority for enhancing patient safety.

Several attempts were taken to understand and
meta-analyze administration error rates. A systematic
review of the prevalence of these errors in healthcare
settings reported a median error rate of 19.6% of total
opportunities for errors (TOE) [9]. Another systematic
review in hospitalized patients showed a median error
rate of 25.2% of TOE for cross-sectional studies [10].
However, these two reviews were limited by the high
statistical heterogeneity, hindering the meta-analysis of
included studies [9,10]. Other meta-analyses focused
on specific countries, such as those by Taghizadeh
et al [11] in Iran and Almalki et al [12] in Saudi Arabia,
have also shown highly statistically heterogeneous
administration error rates.

Although high heterogeneity in error rates has been
highlighted [9,10,12], there is scarcity in studies
attempting to explore heterogeneity in pooled error
rates. This heterogeneity was suggested to be related
to study design and error detection methods, among
others [10].

numerator, we identified two subgroups of low (0.10[0.09-0.10]; 1?2 = 0%;
p = 0.76) and high (0.28[0.27—0.29]; I? = 0%; p = 0.89) pooled prevalence
rates, with controlled heterogeneity. These subgroups differed regarding the
denominators used: Total opportunities for errors versus others (doses,
observations, administrations). Calculation methods, specifically the denom-
inator, seem a primary factor in explaining heterogeneity in error rates. Stan-
dardizing numerators, denominators, and definitions is necessary.

adults, hospital, medication administration error, medication errors, meta-analysis, statistical

So far, statistical heterogeneity is a main limitation
for meta-analyzing administration error rates [10]; high
heterogeneity questions the validity and reliability of the
results of a meta-analysis [13] posing restrictions on
their use [12]. The quantification of administration error
rates with control of heterogeneity provides a valuable
safety indicator to guide control measures in hospitals
[14]. Our work is of exploratory nature, aiming to inves-
tigate the sources of heterogeneity in the prevalence of
medication administration errors in hospitalized adults,
through a systematic review of the literature and a
meta-analysis.

2 | MATERIALS AND METHODS

21 | Search strategy

We searched MEDLINE via Ovid, PubMed, Embase via
Ovid, and the Cumulative Index to Nursing & Allied
Health Literature (CINAHL) via EBSCO up to November
21, 2017. The search was performed using keywords
and controlled vocabulary, combining two concepts:
“errors” and “hospital setting.” The search strategy was
validated by a medical information specialist and is
available in Appendix 1. We also conducted a manual
search of bibliographies of included studies and rele-
vant systematic reviews for potentially eligible studies.
This systematic review was not registered a priori.

2.2 | Inclusion and exclusion criteria

Included studies had to present a medication adminis-
tration error rate or provide numerical data to calculate
a medication administration error rate, be conducted in
hospital setting, on adult patients over 18 years of age,
and published in English or French, between January
1, 2000, and November 21, 2017. We included cross-
sectional studies, prospective studies, and interven-
tional studies for which only pre-intervention data were
retained. We excluded retrospective studies, studies
that are not original articles (editorials, letters,
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comments, opinions, narrative, and systematic
reviews), as well as qualitative studies, case reports,
and case series, and studies that are only available as
a conference abstract. We excluded studies that only
target errors related to a specific medication, and stud-
ies that rely only on reporting systems to detect errors,
because of the underreporting [15,16]. We also
excluded studies that did not provide numerical data
regarding errors, or if the presented data were pooled
with those of the pediatric population.

For the meta-analysis, we further excluded studies
that presented the error rate pooled with error risk, and
studies that presented rates only for errors with poten-
tial or actual adverse events.

2.3 | Selection of studies

Two reviewers (CA/PR) reviewed the titles and
abstracts retrieved to identify potentially eligible stud-
ies, using EndNote X6 software. Then, three pairs of
reviewers (CA/PR; CA/CB; PR/CB) reviewed indepen-
dently and in duplicate the full texts of these studies
against the inclusion criteria.

A calibration exercise was performed before starting
the selection process. Discrepancies were resolved by
consensus between the two reviewers after discussion.
If no consensus was reached, a third reviewer was
consulted.

2.4 | Data extraction

An extraction form was developed and used to collect
data, including study’s characteristics, methodology,
and error rates. The authors of included studies were
contacted in case of missing or inaccurate information
and to clarify ambiguities such as the population stud-
ied, the definition of errors, the classifications used, the
calculation methods, etc. Data extraction was per-
formed by same three pairs of reviewers independently
and in duplicate following a calibration exercise. Dis-
crepancies were resolved through discussions or with
the assistance of a third reviewer.

2.5 | Data synthesis

Author-reported study characteristics were summarized
narratively in textual and tabular forms. The numerators
were presented based on: number of doses
(or administrations) with at least One Medication Error
(OME) (i.e., each dose may be either correct or
incorrect) and the Total Number of Errors (TNE)
(i.e., more than one error per dose could be counted).
We contacted authors of studies where the numerators
were unclear regarding whether they represented the

\S Rl W1 EY >

numerator as OME or TNE. In case they did not
respond, we considered the numerator as OME [17—
19], since no information on whether one or more errors
were counted per dose. The prevalence was calculated
by dividing the numerator by the denominator. The
denominators were used, as reported in the studies,
including the number of doses, administrations, obser-
vations, and the TOE.

2.6 | Statistical analysis

Meta-analyses of medication administration error prev-
alence were performed separately for the OME and
TNE numerators, following the generic inverse variance
method, using a random-effects model with a 95% con-
fidence interval (95% CI). Heterogeneity in pooled error
prevalence rates was our outcome. It was assessed
using the /2 statistic and the Cochran’s Q test [20,21].
An [? statistic of 0% indicates no observed heterogene-
ity, and higher values indicate increasing heterogeneity
[20]. A P-value <0.05 of the Cochran’s Q test indicates
heterogeneity [21]. Sources of heterogeneity were first
explored by performing subgroup analyses based on
the study characteristics, including countries, wards,
population, medications, routes of administration, and
error detection methods. The analyses were performed
on Cochrane Review Manager software (RevMan
Version 5.4). Results of meta-analyses were presented
visually through forest plots.

2.7 |
studies

Quality of reporting of included

The quality of reporting of included studies was
assessed independently and in duplicate by the same
three pairs of reviewers. The assessment was based
on a combination of the “Strengthening the Reporting
of Observational Studies in Epidemiology” (STROBE)
checklist consisting of 22 items [22] and four additional
criteria adopted by Alsulami et al [23], three of which
are error specific (definition of medication error, catego-
ries of errors specified, and categories of errors
defined), in addition to the ethical agreement criterion.
The quality of reporting was assessed for each item as
yes, no, or not applicable. The percentage of applicable
items satisfied was calculated ([number of items
satisfied/total number of applicable items] x 100).
The respective thresholds of 0%—25%, 26%—50%,
51%—-75% and 76%—-100% indicated low, medium,
good, and excellent quality of reporting.

Finally, the reporting of the systematic review fol-
lowed the recommendations of the “Preferred Report-
ing ltems for Systematic reviews and Meta-Analyses”
(PRISMA) [24], including those for the literature search
extension (PRISMA-S) [25].
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3 | RESULTS

3.1 | Selection of studies

The initial search yielded 32 650 references, of which
37 were included in the systematic review and 33 in the
meta-analysis (Figure 1). The characteristics of the four
studies included only in the systematic review [26—29]
are described in Appendix 2.

3.2 | Characteristics of studies included
in the meta-analysis

The characteristics of the 33 studies included in the
meta-analysis are described in Tables 1 and 2.

3.2.1 | Country

The included studies (n = 33) were mainly conducted
in the United States (n=6) [17,30,35,41,51,56],
France (n = 5) [36,38,42,45,53], the United-Kingdom
(n=05) [19,31,32,34,46], the Netherlands (n =2)
[33,47], and Denmark (n = 2) [52,55].

3.2.2 | Hospitals and wards

Most of the studies (n = 23) took place in teaching hos-

pitals [17,18,32,37—46,49-58]. Regarding the wards,
studies were carried out in medical and/or surgical

Identification of studies via databases and registers

wards [19,33,37,38,40,42,43,45,46,48,50,55,58], geri-
atric wards [32,36,57], mental health wards [31,34,52],
intensive care wards [17,39,41,47,51,53,54],
emergency department [44], or mixed wards
[18,30,35,49,56,59].

3.2.3 | Population

The mean age of the participants varied between
46 [52] and 84 years [36]. The studies by Jheeta and
Franklin [32], Cousein et al [36], Kelly et al [46], and
Ernawati et al [57] included geriatric patients only.

3.2.4 | Medications and routes of
administration

No specific medications were selected in included stud-
ies, except in the study by Calabrese et al [17], which
targeted high-alert medications, comprising different
classes of medications, and the study by Foo et al [18],
which included all medications except chemotherapy.

Regarding routes of administration, only one study
considered all routes [18], 13 studies considered multi-
ple routes [19,33,37,39,40,45,47,49,50,52,54,55,58],
and five studies targeted specific routes, such as the
intravenous route [48,59], the oral route [36], the oral/
enteral routes [46], and the intravenous and oral routes
[17]. In 12 studies, the routes of administration were not
reported [31,34,35,38,41-44,51,53,56,57], and in two
other studies, the routes were unclear [30,32].

| | Identification of studies via other methods

)

< Records identified from*:
2 PUBMED (n=6471) Records removed before:screening Records identified from
5 K Duplicate records removed (n=9832) 3
g MEDLINE (n=4581) Records marked as ineligible by Websites (n=0)
§ EMBASE (n=11 053) ' automation tools (n=0) Organisations (n=0)
@ CINAHL (n=10 545) - Citation searching (n=12)
T Registers (n=0) Records removed for other reasons (n=0)
}
Records screened » | Records excluded"*
(n=22 818) (n=22 577)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=241) >[ (n=5) (n=12) )
2 ] ]
3
Reports assessed for eligibility Repontsiexcluded Reports assessed for eligibility >
(n=236) | Not original article (1=4); Duplicate data (n=2); (0=12) Reports excluded
Not on MAE (n=97); Not hospitalized patients Noton MAE (n=2)
(n=1); Not specified setting (n=2); Pooled results Reporting system (n=1)
between inpatient and outpatient (n=9); Not on Inadequate denominator (n=1)
p: p: (
adult patients (n=1); Not specified population Specific error types (n=1)
(n=5); Pooled results with pediatric population Pooled results with pediatric
(n=33); Specific error types (n=18); Errors related population (n=2)
— to one specific medication (n=1); No baseline
) results for MAE (n=2); Pooled information for
administration stage with other stages (n=3);
2 Studies |n_c:l;:|,ded in systematic Reporting system (n=13); Retrospective study
E review (n=37) (n=3); No/ Unclear/ Inadequate denominator
= Studies included in meta- (n=9); Error rate not available (n=1)
= analysis (n=33)
FIGURE 1 PRISMA flow diagram.
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3.2.5 | Study design

Most of the studies were cross-sectional (n = 25)
[17-19,30,31,33,37,38,40,42-52,54,55,57-59]. The
others were pre—post implementation studies (n =7)
[32,34-36,39,53,56], and one parallel-controlled
study [41].

3.2.6 | Error detection method

In most studies, medication errors were detected
through direct observation, whether disguised or not
[17-19,30-50,52-56,58,59]. Other detection methods
used included chart review [51,57,58], reporting system
[51], interviews with patients/carers [57], review of
medications dispensed from the central pharmacy [57],
and checking stock levels in patients’ medication
drawers [57].

3.3 | Administration error rate

The error rates were expressed either as incidence,
that is, error rate taking into account the unit of time, for
example, patient-day, or as prevalence, that is, error
rate according to different denominators, for example,
observations, administrations, and TOE. The results of
this meta-analysis were expressed in terms of preva-
lence, since only one study [51] expressed one of its
error rates in terms of incidence.

3.3.1 | Denominator

Various denominators were used in included studies,
the definitions of which were not always sufficiently
detailed or precise. Furthermore, the same term
sometimes corresponded to different definitions. The
denominators used included number of observations
[17,37,39,50], doses [30,40,41,56,57,59], administra-
tions [33,43,48,49], and TOE. The definitions of the
latter varied between the total number of ordered
doses and unordered doses administered to patients
[34,38,44,45], or the total number of doses adminis-
tered and doses omitted [31,32,35,36,42,46,47,53—
55,58]; in some studies, the authors elaborated their
own definition of the TOE [18,19,50,52].

3.3.2 | Numerator

Eighteen studies presented error rates based only
on the OME  numerator [17-19,30-32,34—
39,41,42,44,46,48,49], while nine studies used only the
TNE numerator [51-59]. Six studies presented the error
rate based on OME and TNE [33,40,43,45,47,50]. To

estimate the global rate of medication administration
errors, two analyses were performed: one analysis for
studies using the OME numerator and one for those
using the TNE numerator.

3.3.3 | Global rate of medication
administration errors, based on the OME
numerator

Twenty-four studies based on the OME numerator were
included in the meta-analysis, the characteristics of
which are detailed in Table 1.

The rate of administration errors varied between 0.02
[30] and 0.98 [50]. The global pooled rate based on the
OME numerator was 0.23 (95% CI: 0.11-0.35) with a
very high heterogeneity (/> = 100%; Cochran’s Q test
p < 0.00001). Since, as expected, the heterogeneity of
the pooled rate was high (/> = 100%), different subgroup
analyses based on study characteristics including coun-
tries, wards, population, medications, and routes of
administration were performed to explain and control this
heterogeneity. In each of these analyses, heterogeneity
remained consistently high (Appendix 3). Therefore, we
explored the sources of heterogeneity beyond the study
characteristics. Since the prevalence of errors in the dif-
ferent studies varied between low and high rates, we
stratified the studies according to the error prevalence
level: low versus high, taking the pooled mean of the
meta-analysis (0.23) as the threshold. Accordingly,
14 studies had a low prevalence level (i.e., <0.23)
[17-19,30-40] and 10 studies had a high prevalence
level (i.e., >0.23) [41-50]. In each side of this threshold,
we tested incrementally the heterogeneity to obtain the
combination with the least heterogeneity (Figure 2).

The two subgroups, for which the heterogeneity
was controlled, showed a low pooled prevalence rate of
0.15 (95% Cl: 0.13-0.17; I> = 0%) and a high rate of
0.26 (95% Cl: 0.24-0.27; I? = 38%) (Figure 3).

After exploring these two subgroups, we noticed
that they differed regarding the denominators used: In
the subgroup of studies with a low pooled error rate,
the majority of denominators were based on doses and
observations, while in the subgroup that presented the
high pooled error rate, the denominators tended toward
the TOE. These two subgroups consisted of sets of
studies closely located from either side of the pooled
mean of the meta-analysis.

3.3.4 | Global rate of medication
administration errors, based on the TNE
numerator

Fifteen studies based on the TNE numerator were
included in the meta-analysis, the characteristics of
which are detailed in Table 2.
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FIGURE 3 (a) Forest plot presenting (a)
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administration errors, based on the OME St}ldy or Subgroup Pr SE_Weight IV, 95% CI v, 95% CI
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Heterogeneity: Tau®= 0.00; Chi*= 2.77, df = 3 (P = 0.43); F= 0% o2 o 5 o o2
Test for overall effect: Z=19.17 (P < 0.00001) : : No MAE MAE : :
( ) Prevalence Prevalence
Study or Subgroup Prevalence SE_Weight IV,R 95% CI IV, R 95% CI
Ford etal, 2010 023809524 002399774 83%  0.24(0.18,0.29) —
Le Grognec etal, 2005 0.23963134 0.02897704 6.0%  0.24(0.18,0.30] —
Westbrook et al, 2010 0.2498244 0.00662421 39.0%  0.25(0.24,0.26] -
Acheampong etal, 2016 0.27177177 0.01218944 226%  0.27[0.25, 0.30] -
Berdotetal, 2012 0.27648235 0.01154431 241%  0.28(0.25,0.30] -
Total (95% Cl) 100.0%  0.26[0.24,0.27] ¢
Heterogeneity: Tau?= 0.00; Chi*= 6.45, df= 4 (P = 0.17); F= 38% 0= 2 _051 3 051 052
Test for overall effect: Z= 34.57 (P < 0.00001) : N‘o MAE MAE | :

The rate of administration errors varied between
0.02 [51] and 0.56 [47]. The global pooled error rate
based on the TNE numerator was 0.19 (95%
Cl: 0.12-0.25) with a very high heterogeneity
(I> =100%; Cochran’s Q test p < 0.00001). Given
that the heterogeneity for the global result was high
(I? =100%), the same approach described above
was adopted to reduce heterogeneity. We conducted
different subgroup analyses based on the characteris-
tics of the studies, including countries, wards, popula-
tion, routes of administration, and error detection
methods, for all of which the heterogeneity remained
high (Appendix 4). To better explore heterogeneity,
we also stratified the studies according to the level of
prevalence of errors, taking the pooled mean of the
meta-analysis (0.19) as a threshold: Nine studies had
a low prevalence level (i.e., <0.19) [33,40,51-57],
and six studies had a high prevalence level

(i.e., >0.19) [43,45,47,50,58,59]. In each side of this
threshold, we tested incrementally the heterogeneity
to obtain the combination with the least heterogeneity
(Figure 4).

The two subgroups for which heterogeneity was null
had respectively a low pooled prevalence rate of 0.10
(95% Cl: 0.09-0.10; /2 = 0%) and a high rate of 0.28
(95% Cl: 0.27-0.29; I? = 0%) (Figure 5).

These subgroups differed regarding their denomina-
tors. The subgroup of studies that presented the low
pooled error rate was mostly oriented toward the TOE
denominator, while the subgroup that presented the
high pooled error rate was mostly oriented toward
the denominators doses/administrations. Having two
groups of denominators (TOE vs. other denominators:
doses, administrations, or observations) on each side
of the mean prevalence was also noticed in the analy-
sis based on the OME numerator.
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Prevalence Prevalence FIGURE 4 Forest plot of the global
Study or Subgroup Prevalence SE Weight IV, Random, 95% CI IV,R 95% CI prevalence of medication administration
Carayon etal, 2014 0.0167112 0.00059991 6.8%  0.02(0.02,0.02) rror n the TNE numerator an
van derVeenetal, 2018 005437597 000297928 68%  0.05(0.05,0.06] : eh ors, bas;d ont eﬂ ud :‘. ar:o and
Soerensenetal, 2013 005588235 0.01245693 67%  0.06(0.03,0.08] B the two subgroups of low and high
Chapuis etal., 2010 008832335 0.01097918 6.7%  0.09(0.07,0.11] = prevalence with control of heterogeneity.
Vazin et Delfani, 2012 0.09580622 0.00559631 6.8% 0.10(0.08,0.11] = The dotted line represents the pooled
Lishy et al,, 2005 009708738 0.01458665 6.7%  0.10(0.07,0.13)] = i ;
Ching etal,, 2013 010296412 000848797 67%  0.10(0.08,0.12) = mean of the meta ana_ly3|_s. Th_e IOV_V
Emnawai et al,, 2014 012098669 0.00372550 6.8%  012(0.11,013) . prevalence subgroup is visualized in
Gunningherg etal, 2014 _ _0.18954248 0.02240566 _ 6.6% __ 0191015023 _____________ | _- e green, and the high prevalence subgroup
Sulaiman etal., 2017 020152713 000662432 6.8%  0.20(0.19,0.21] - is visualized in red.
Westbrook et al., 2010 02800281 000687058 6.7%  0.28(0.27,0.29] &
Berdot et al,, 2012 028647568 001166965 6.7%  0.29(0.26,0.31] =
Taxis et Barber, 2004 028688525  0.04095 62%  0.29(0.21,037] ——=
al Tehewy etal,, 2016 037805878 000400896 6.8%  0.38(0.37,0.39 2
van den Bemtetal, 2002 056223176 003250138 6.4%  0.56(0.50,0.63] e
Total (95% Cl) 100.0%  0.19[0.12,0.25] R 2

I

Heterogeneity. Tau*= 0.02; Chi*= 11760.76, df= 14 (P < 0.00001); F=100%

-0.25

Test for overall effect: Z= 5.45 (P < 0.00001) 0 No MAE UMAE 849 03

(a) FIGURE 5 (a)Forest plot presenting

Prevalence Prevalence the low pooled prevalence of medication

Study or Subgroup Prevalence SE_Weight IV, Rand 95% CI IV, Rand: 95% CI administration errors, based on the TNE
Chapuis etal,, 2010 0.08832335 0.01097918 141% 0.09 [0.07,0.11] — ’ .
Vazin et Delfani, 2012 0.09580622 000559631 54.3%  0.10(0.08,0.11] - numerator. (b) Forest plot presenting the
Lishy et al., 2005 0.09708738 0.01458665 8.0% 0.10[0.07,0.13) —_— high pooled prevalence of medication
Chingetal,, 2013 010296412 000848797 23.6% 0.10(0.09,0.12) — administration errors, based on the TNE
Total (95% CI) 100.0%  0.10[0.09, 0.10] < numerator.
Heterogeneity: Tau®= 0.00; Chi*=1.15,df=3 (P = 0.76), F= 0% + p p y
Test for overall effect: Z= 23.41 (P < 0.00001) 01 0.0[\?0 MAE UMAE 005 01

( ) Prevalence Prevalence
Study or Subgroup Prevalence SE Weight IV, Rand 95% CI IV, 95% CI
Westhrook etal., 2010 0.2800281 0.00687059 72.7% 0.28[0.27,0.29] [ |
Berdotetal,, 2012 0.28647568 0.01166965 25.2% 0.29[0.26, 0.31] -
Taxis et Barber, 2004 0.28688525 004085 2.0% 0.29[0.21,0.37] e
Total (95% CI) 100.0% 0.28[0.27,0.29] L]
Heterogeneity: Tau®= 0.00; Chi*= 0.24, df= 2 (P = 0.89); F=0%

Test for overall effect: Z= 48.09 (P < 0.00001)

3.4 | Quality of reporting of the studies

Nine studies had a good quality of reporting
[17,18,34,35,42,47,48,54,59], and 24 studies had an
excellent quality [19,30-33,36—41,43-46,49-53,55-58].

4 | DISCUSSION

This meta-analysis confirms that medication adminis-
tration errors are common in hospitalized adult patients.
However, estimating exact prevalence rates remains a
great challenge, as shown by the substantial heteroge-
neity in previous meta-analyses [9,10,12]. In this meta-
analysis, we sought to investigate factors affecting het-
erogeneity to improve error prevalence assessment.
Our extensive analyses induced that error calculation
methods, specifically the denominator, are a crucial
factor in explaining heterogeneity in pooled error rates.
This hypothesis allowed for the first time to assess a

No

02-01 0 01 02

MAE MAE

pooled prevalence of medication errors without
heterogeneity.

The high heterogeneity in our meta-analyses was
expected. Indeed, this heterogeneity is highlighted in
the literature [9,10,12], and it could be attributed to
many factors, including study design and error detec-
tion methods, etc. [10].

Our results suggest that these factors as well as
other study characteristics (country, ward studied, pop-
ulation, medications, routes of administration), isolated,
are not sufficient to explain heterogeneity. Similar
observations were reported by other researchers. Tak-
ing the country as an example, despite being focused
on specific countries, several meta-analyses presented
heterogeneous results such as the work of Taghizadeh
etal [11] in Iran and Almalki et al [12] in Saudi Arabia.

Following these analyses, we tested the hypothesis
of heterogeneity being linked to the error calculation
method. We identified two subgroups of studies for
which heterogeneity was controlled, one with a low
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pooled prevalence of 15% and one with a high pooled
prevalence of 26%, based on the OME numerator.
These subgroups differed mainly by their denomina-
tors: other denominators (doses/observations) versus
TOE. The same approach applied for the analysis
based on the TNE numerator resulted in two subgroups
without heterogeneity with low and high pooled preva-
lence rates of 10% and 28%, respectively. These sub-
groups also differed by their denominators (TOE
vs. other denominators: doses/administrations).

The approach to quantifying administration error
rates based on different types of denominators was
suggested by other authors [9,10]. Following a series of
analyses, we induced that, indeed, denominator types
play a primary role in explaining heterogeneity in the
pooled error rates. However, this hypothesis is not with-
out limitations, since the definitions of the denominators
were limited by the details given in each publication.
Furthermore, the robustness of this hypothesis must be
confirmed by future studies.

The scientific literature encompasses a variety of
denominators used in calculating medication error rates,
including TOE, doses, prescriptions, and patients [60].
Furthermore, Ferner et al [61] found that often the
denominator used to quantify error rates is both poorly
defined and inconsistently measured. Although the use
of the TOE as a denominator has been advocated to
determine the rate of medication errors in general [62],
McLeod et al [63] recommended the use of this
denominator particularly for administration error rates.
Moreover, McLeod et al [63] recommended using the
proportion of opportunity of error with at least one admin-
istration error, as this approach is the most practical and
easily interpreted. However, reaching a consensus on
numerators and denominators is warranted.

The primary factor leading to heterogeneity seems
to be the denominator. However, for each subgroup
with heterogeneity controlled, there have been studies
that, when introduced, led to an increase in heteroge-
neity. It is, therefore, plausible that beyond the denomi-
nator as primary factor, there are a combination of
factors (characteristics of the studies) that further
explain the heterogeneity. Nevertheless, we were
unable to investigate this reasoning since studies with
similar characteristics were limited in number.

Since the heterogeneity in pooled error rates is
mainly related to calculation methods, we therefore rec-
ommend standardizing the numerators, denominators,
and their definitions. Regarding this point, a systematic
review of the literature found 45 generic definitions of
medication errors, including 26 different forms of word-
ings confirming the inconsistency in the definitions of
errors [60]. The authors of this review suggested that
definitions and detection methods may be subject to
individual researcher preferences rather than being
reproducible and reliable [60]. Applying clear definitions
and reliable methods could significantly improve the

\S Rl W1 EY |

quality and consistency of medication error studies
[60]. Likewise, research on medication administration
error rates must describe the methodology in a precise
manner, specifically regarding the number of possible
errors per dose, the number of doses with at least one
error if more than one error is possible per dose, the
total number of errors detected in the doses with error,
the detailed definitions of numerators and denomina-
tors, and the method used to calculate the error rate.
These recommendations echo those suggested by
McLeod et al [63].

Targeted efforts should be deployed to enhance the
methods and reporting of medication error studies. We
suggest to bring together key stakeholders in the field
of medication safety including national and international
entities along with academicians and researchers to
foster the work on standardizing study methods, espe-
cially denominators, numerators, and calculation
methods. Practical steps include identifying inconsis-
tencies across studies, issuing clear definitions and ter-
minology, and reaching a consensus on valid, reliable,
yet relatively simple, and easy reproducible denomina-
tors and numerators to track medication error rate in a
consistent and systematic manner. Based on our work,
we suggest the use of the OME numerator with the
TOE denominator given their practicality. On the one
hand, the OME numerator is widely used, is practical,
and avoids the overestimation of error rates. On the
other hand, it seems that the TOE denominator is better
defined than the other denominators adopted by the
studies included in this meta-analysis. For the TOE
denominator, although the definitions may slightly vary,
they are very precise, which makes it more practical
and more reproducible. Nevertheless, it remains neces-
sary to perform robust methodological studies that
allow us to identify the best types of numerators and
denominators in terms of validity, reliability, and
practicality.

Calls for standardization in this research field would
ultimately lead to issuing guidelines on study design,
which should be disseminated among researchers,
who should be also trained on using them while con-
ducting pertaining research. Furthermore, we suggest
to issue a set of reporting criteria or a checklist for
authors to submit to journals along with their research
findings.

41 | Strengths and limitations

Our study was first to provide quantitative evidence on
the sources of heterogeneity in pooled medication
administration error rates and induced that the
calculation methods, specifically the denominator,
constitute a primary factor in this regard. We used an
exhaustive search strategy, conducted on several
databases and validated by a medical information
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specialist. Inclusion of studies and data extraction were
done in duplicate. Finally, we followed best practices
for reporting systematic reviews and used a validated
checklist to assess the reporting quality of included
studies [24,25].

However, our systematic review has certain limita-
tions, specifically regarding the categorization of stud-
ies. The definitions of denominators used in included
studies were not always sufficiently detailed or precise;
also, in some studies, the same term corresponded to
different definitions. These factors might have affected
the assignment of the studies into the two groups of
denominators. Similarly, we had to contact some
authors to clarify the numerators used. In cases where
they did not respond, the numerators were categorized
by default as OME. However, this concerned only three
studies, which is unlikely to affect our results. Although
the metaregression is a suggested method to explore
heterogeneity, we could have not used it. The analysis
by the meta-regression method assumes a linear rela-
tionship between the dependent variable and the inde-
pendent variables, which we could not ascertain in the
current analysis. Other factors should be taken into
account to further explain heterogeneity. Future studies
can build on the work generated by this analysis to
explore these factors. Finally, we acknowledge that
recent literature was not included in this review. This
systematic review is of exploratory nature, aiming to
investigate the sources of heterogeneity in error rates
using a pool of studies, rather than generating actual-
ized prevalence rates, where including recent studies is
required. Extending the study period may be of value;
however, we argue that our work is still valid given that
systematic reviews of recent literature still pinpoint het-
erogeneity of error rates as a major problem [12,64,65].
Lack of standardization of methods, numerators, and
denominators definitions remains a main shortcoming
in this field [66], especially that, to our knowledge, in
recent years, no standardization of medication error
methods was issued by national or international agen-
cies. All of these factors highlight the relevance of our
recommendation for standardization in medication error
research.

5 | CONCLUSION

This work was first to meta-analyze medication admin-
istration error rates in hospitalized adult patients while
controlling heterogeneity. Our analyses induce that the
calculation methods, specifically the denominator,
appear to be a primary factor in explaining heterogene-
ity in error rates. Standardization of numerators,
denominators, and definitions is a necessity. Future
studies could be conducted to validate our hypothesis
and explore other factors contributing to heterogeneity
in error rates.
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