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Abstract

Background There is a need to identify effective inter-

ventions to minimize the threat posed by medication

administration errors (MAEs).

Objective Our objective was to review and critically

appraise interventions designed to reduce MAEs in the

hospital setting.

Data sources Ten electronic databases were searched

between 1985 and November 2013.

Methods Randomized controlled trials (RCTs) and con-

trolled trials (CTs) reporting rates of MAEs or related

adverse drug events between an intervention group and a

comparator group were included. Data from each study

were independently extracted and assessed for potential

risk of bias by two authors. Risk ratios (RRs, with 95 %

confidence intervals [CIs]) were used to examine the effect

of an intervention.

Key Points

Reduction in rates of medication administration

errors (MAEs) and related adverse drug events

(ADEs) were reported for some medication use

technology (automated dispensing, barcoding, and

electronic prescribing) and nurse educational

training (simulated learning and pharmacist-led

training) interventions.

All included studies were subject to potential bias in

study design, and the use of chart review and/or self-

reported data for some technological-, ward system-,

and anesthesia-based interventions reduced the

confidence that could be placed in their findings due

to likely underestimation of MAE rates.

Key considerations for the design and testing of

future interventions designed to minimize MAEs and

related ADEs include the use of theory-driven

evidence of their causes to inform design;

standardization of research methods and reporting

(using direct observation and separation of

subgroups); incorporating all MAE types and

measuring error severity.
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Results Six RCTs and seven CTs were included. Types of

interventions clustered around four main themes: medica-

tion use technology (n = 4); nurse education and training

(n = 3); changing practice in anesthesia (n = 2); and ward

system changes (n = 4). Reductions in MAE rates were

reported by five studies; these included automated drug

dispensing (RR 0.72, 95 % CI 0.53–1.00), computerized

physician order entry (RR 0.51, 95 % 0.40–0.66), barcode-

assisted medication administration with electronic admin-

istration records (RR 0.71, 95 % CI 0.53–0.95), nursing

education/training using simulation (RR 0.17, 95 % CI

0.08–0.38), and clinical pharmacist-led training (RR 0.76,

95 % CI 0.67–0.87). Increased or equivocal outcome rates

were found for the remaining studies. Weaknesses in the

internal or external validity were apparent for most inclu-

ded studies.

Limitations Theses and conference proceedings were

excluded and data produced outside commercial publishing

were not searched.

Conclusions There is emerging evidence of the impact of

specific interventions to reduce MAEs in hospitals, which

warrant further investigation using rigorous and standard-

ized study designs. Theory-driven efforts to understand the

underlying causes of MAEs may lead to more effective

interventions in the future.

1 Background

It is now widely acknowledged that healthcare can

inadvertently harm patients, with a median of 9.2 %

(4.6–12.4) of hospital admissions suffering at least one

adverse event worldwide [1]. Adverse events associated

with medication (adverse drug events [ADEs]) are a

chief contributor to overall patient harm and commonly

involve medication administration [1, 2]. Though esti-

mates vary, a median of over one-third of ADEs have

been considered preventable [2] and arise due to medi-

cation errors (MEs) [3]. MEs may affect drug adminis-

tration stages frequently [4], thus making administration

an important area for quality and safety improvement

[5]. To emphasize this need further, the median rate of

medication administration errors (MAEs) in hospitals has

been reported as 19.1 % of ‘total opportunities for error’

[5], with much greater rates for intravenous (IV) MAEs

[5, 6].

In order to design effective interventions to minimize

MAEs, it is important to understand what causes them [7].

A systematic review of the causes of MAEs found that they

arose due to deficiencies in communication between col-

leagues; medication supply problems; interruptions/dis-

tractions; patient-related factors (e.g. acuity); inadequate

equipment; and poor physical/mental health of staff,

amongst other causes [8]. Evidence suggests that multiple

interconnecting causes are responsible for prescribing and

administration errors [7–10], and that a combination of

MEs from either within or between medication use stages

contribute to the development of ADEs [4]. Any forth-

coming remedial interventions may therefore need to

reflect this level of complexity [4, 7–10].

Interventions suggested to reduce MAEs in hospitals

include use of information technology; staff training in

calculations and medicines use; proper labeling of

medicinal products; improved access to pharmacy ser-

vices; outsourcing supply of high-risk products; and

redesign of medicines storage and preparation areas [11,

12]. Systematic reviews have been carried out that eval-

uated reductions in MAEs through utilization of barcode

technology [13], interventions designed to minimize

interruptions [14], and double-checking processes [15].

Other literature reviews have considered MAEs as part of

an overall assessment of the effect of preventive measures

on MEs. These include a variety of measures with ref-

erence to older adults [16], and critical care patients [17],

as well as physician order entry with or without decision

support [18, 19].

No systematic reviews have examined all types of

interventions designed to impact on MAEs in hospitals.

Although informative, the review papers above do not

assess interventions designed to address a wider range of

known MAE causes, and, despite them all assessing or

commenting on study quality in some way, the process and

criteria varied considerably. Many also included studies

without comparator groups, which reduces the certainty

with which changes in outcome measure(s) are attributable

to the intervention [20], increasing the likelihood of bias in

determining which are most appropriate for implementa-

tion in practice.

Given the emerging knowledge surrounding the causes

of MAEs, a focused systematic review of the published

literature is required. This study was undertaken to identify

and critically appraise the evidence relating to interven-

tions designed to impact on MAEs in hospitals.

2 Literature Search Method

2.1 Search Strategy

The search strategy was developed by RNK (protocol

available from the authors). Ten electronic databases were

searched by RNK: EMBASE, MEDLINE, Health Man-

agement Information Consortium, International Pharma-

ceutical Abstracts, PsycINFO, Cumulative Index for

Nursing and Allied Health Literature, Cochrane Reviews

and Trials, Social Science Citation Index (1985–November
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2013), British Nursing Index (1994–November 2013), and

Applied Social Science Index and Abstracts (1987–

November 2013).

The PICOS method (participants, interventions, com-

parisons, outcomes, and study design) [21] was used to

define the research question, inclusion and exclusion criteria,

and to develop the database search strategy. Search terms

were grouped into five themes based on this method: topic of

interest (e.g. error, ME[s]); measuring error rate (e.g. rate);

stage of medication use process (e.g. drug administration);

study design (e.g. randomized controlled trial [RCT]), and

study setting (e.g. hospital). A complete example of the

search strategy for EMBASE is available in the Electronic

Supplementary Material. Search terms underwent slight

modification depending on which database was used. Whilst

the reference lists of included studies and relevant review

articles identified from the search were examined to identify

additional publications, study authors were not contacted for

this information. All searching was carried out electroni-

cally; no hand searching of paper journals was conducted.

2.2 Inclusion and Exclusion Criteria

Studies published in any language between 1985 and

November 2013 reporting on the impact of any interven-

tion(s) on the rate of MAEs (all types or a proportion, e.g.

clinically significant) and/or related ADEs (actual or

potential patient harm resulting from MAEs) in the hospital

setting were sought; this included both ward- and theatre-

based studies, as it was felt that despite differences in the

nature and design of workflow between these environ-

ments, transferable lessons may be learned in relation to

medication administration. Data reported outside com-

mercial publishing were not searched. Theses and confer-

ence proceedings were excluded, as was research carried

out in patients’ own/nursing/care homes, primary care, or

outpatient clinics. Studies needed to compare outcome

rates between an intervention and a comparator group in

order to be eligible for inclusion; comparator groups were

defined as either those that did not receive any intervention

or those that received an alternative intervention. Outcome

rates needed to either be already reported or be calculable

using raw numerator and denominator data.

RCTs and non-randomized controlled trials (CTs,

including ‘controlled before and after’ and ‘interrupted

time series’ designs) were eligible for inclusion according

to the Cochrane Effective Practice and Organisation of

Care (EPOC) Group criteria [20]; before and after studies

that did not utilize a separate comparator group were

excluded. Please see Table 1 for a summary of the EPOC

study design inclusion criteria [20]. Review articles, stud-

ies based on simulation, and conference abstracts were

excluded. No restrictions were placed upon the data

collection method used by studies to identify MAEs/ADEs;

instead, the review team critically evaluated the suitability

of each method.

2.3 Data Extraction

The following information was independently extracted

from each eligible study by two authors (either RNK and

SDW or RNK and JC), who then met to reach consensus:

core details (e.g. date, authors, setting), study background

details (e.g. sampling strategy, data collection method,

definitions), and outcome measures. If required, study

authors were contacted for additional data.

2.4 Definitions

An MAE was defined as ‘a deviation from the prescriber’s

medication order as written on the patient’s medication

chart, the manufacturers’ instructions, or relevant institu-

tional policies’ [5]. Ward-level medication preparation and

dispensing errors were included, whilst prescribing and

pharmacy dispensing errors were not. ADEs were defined

as injuries resulting from medication use; these may be

considered as potential ADEs (with little harm potential) or

actual preventable ADEs (harm associated) [3]. Interven-

tions were defined as ‘the implementation of any measure

designed to impact on the rate of MAEs or related ADEs in

hospitals.’

2.5 Data Analysis

Studies were grouped and findings presented after data

extraction according to the emerging intervention themes

of ‘medication use technology’, ‘ward system changes’,

‘nurse education and training’, and ‘changing practice in

anesthesia’. Due to the heterogeneity of study objectives,

designs, methods, and outcome measures, data were ana-

lysed separately for each study, with changes in outcome

rates between study groups compared using the risk ratio

(RR) with 95 % confidence interval (CI), calculated using

OpenEpi software [22]. Two authors (RNK and SDW or

RNK and JC) independently assessed risk of bias for each

study according to the EPOC Group criteria [23]. A third

author (DMA) made the final recommendation in any cases

of disagreement.

3 Results

3.1 Search Process

Thirteen studies were included, consisting of six RCTs and

seven CTs. A total of 14,640 articles were excluded at the
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title review stage as they were either duplicates or did not

report on medication safety topics. Abstracts were then

removed if they did not focus on interventions to reduce

MEs. Following this, full texts of the remaining articles were

examined and removed if they did not report on MAE/related

ADE rates associated with such interventions in the hospital

setting. These included a number of studies that did not focus

on MAE/ADEs or provide rates or relevant outcome data

(n = 44) and those study designs not meeting the inclusion

criteria (n = 48). No foreign language studies met the

inclusion criteria. Reference list examination included

review articles focusing on MEs that were referenced in the

introduction, which were either identified from the literature

search or from prior knowledge [8, 14, 17, 18]. A summary of

the search process is shown in Fig. 1.

3.2 Study Characteristics

3.2.1 Country of Origin and Date of Publication

The majority of studies (n = 6, 46.1 %) originated from

the USA [24–29]. Two were from New Zealand (15.4 %)

[30, 31], and the remainder originated from France [32],

the UK [33], Canada [34], Australia [35], and Vietnam

Table 1 EPOC study design inclusion criteria

Randomized controlled trials

Individuals, providers, or groups are allocated randomly to one or more alternative interventions

Non-randomized controlled trials

An experimental study in which people are allocated to different interventions using non-random methods

Controlled before and after studies

Outcomes are measured before and after an intervention is introduced in both control and intervention groups

Interrupted time series

A study using observations made at multiple time points both before and after implementation of an intervention (i.e. the interruption)

Fig. 1 Summary of citation identification and exclusion process
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[36]. Two studies [24, 35] were published prior to the year

2000. Study characteristics are summarized in Table 2.

3.2.2 Setting and Demographics

Two studies were carried out across two hospitals [25, 30]

and one across three institutions [26]. The majority

(n = 10) of studies included medical, surgical, and/or

intensive care settings [24, 28, 29, 32, 36], with one also

including step-down units [29]. Two papers were focused

solely on operating theatres [30, 31] and another on geri-

atric assessment and rehabilitation [35].

Eleven studies focused only on adult patients, one

pediatrics [34], and another all age groups [30]. The

majority (n = 8) of studies investigated outcomes resulting

solely from the actions of nursing staff, with the remainder

anesthetists (n = 2), a combination of these groups [29], or

not stating whether nurses had sole responsibility for

administration [24, 34].

3.2.3 Intervention(s)

Two studies compared the impact of two different inter-

ventions on MAEs without including a ‘standard practice’

comparator group (though baseline measurements were

included) [24, 28]. The remaining 11 studies assessed the

effect of an intervention against standard practice. The

interventions were heterogeneous in nature, but clustered

around four main themes: medication use technology

(n = 4); nurse education and training (n = 3); changing

practice in anesthesia (n = 2); and ward system changes

(n = 4). Individual intervention descriptions can be found

in Table 2.

3.2.4 Study Design

Six studies were RCTs [24–26, 31, 32, 35] and the

remainder were CTs. Most RCTs used random number/

sequence generators [25, 26, 31, 32]. Two studies did not

describe the method of randomization [24, 35]. One CT

mentioned randomization in the abstract but the authors

later stated in the discussion that an RCT was not possible

[29].

Outcome data collection techniques varied between

studies, with the most commonly used being direct obser-

vation (n = 7). Three studies reported use of multiple data

collection techniques, which included chart review and

incident report review in all, amongst others [24, 29, 35].

In four studies, data collection was disguised so that

subjects were not aware of the study purpose [25, 33, 34,

36]. In three studies, data collection was undisguised [26,

30, 31], with the details not specified in the remaining six

studies [24, 27–29, 32, 35].T
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Based on study design, the intervention being tested and

author reporting, data collectors were considered not

blinded to study aims and comparator groups (except for

three studies [26, 34, 36]). Blinding of data collectors was

not clear in one study [35]. Six studies described a training

process for their data collectors (one said only that they

were trained [29]) [25–28, 31, 36], and only two studies

reported some form of measure of consistency between

observer measurements (where more than one was used)

[28, 31].

Seven studies described a process to review the error

data [24, 28, 29, 31–33, 36]. Two studies described a

process of re-grading confirmed MEs [29, 34]. There was

little consistency in which professional groups carried out

these assessments. In all but two studies [29, 34], the

assessor(s) were reported as blinded and three studies

reported the use of a statistical measure of consistency

between the data generated by those asked to carry out the

assessments [24, 29, 34].

3.2.5 Definitions

Six studies [24, 28, 29, 32, 35, 36] used referenced criteria

[37–43] to supplement their own formal/working definition

of a MAE/ADE, with considerable variation seen in the

definitions reported. The majority of studies (n = 7)

reported their own definition, either stated formally or as a

working definition, with no referenced criteria [25–27, 30,

31, 33, 34]. Of these, the majority described MAEs as a

discrepancy between the physician order and what was

observed during administration processes [25–27, 33],

which broadly matches the frequently used definition from

Allan and Barker [5, 44].

Significant variation was seen in which subcategories of

MAEs/related potential or preventable ADEs were reported

by the included studies (e.g. timing errors, wrong dose).

Three studies did not specify any outcome subcategories

[24, 30, 34], and the number reported by the remaining

studies varied considerably.

3.3 Outcome Measures

The majority of studies reported data on the number of

MAEs (n = 11) [25–28, 30–36]. Of these, three also

sought to determine the potential [32] or actual [36]

severity of identified errors (one study simply reported

whether MAEs caused harm or not [31] and in another

study this was not stated [33]). The denominator ‘total

opportunities for error’ was most commonly used (n = 6)

[25–27, 32, 33, 36], and can be defined as the number of

doses administered (whether correct or incorrect) plus

those omitted [44]. Other measures included MAEs and/or

related potential/preventable ADEs per 1,000 patient days

[24, 34], number of doses administered [28, 31, 35], per

100 patient-pump days [29], and number of self-reported

anesthetic forms returned [30]. Key outcome data from the

included studies are shown in Table 3.

3.4 Impact of Interventions

3.4.1 Medication Use Technology

Three technological interventions demonstrated signifi-

cant reductions in outcome rates between control and

intervention groups post-intervention as shown in Table 4

[27, 32, 34]. However, although most studies provided

baseline outcome data only a study investigating an

automated ward dispensing system (ADS) tested for dif-

ferences in outcome rates at baseline [32]. Different

baseline outcomes and characteristics between study

wards represented a high risk of potential bias when

investigating barcode medication administration (BCMA)

(see Table 5 for potential bias risk assessments) [27]. This

study was given a potentially unclear bias risk for selec-

tive outcome reporting, as some results were presented

without being described in the methods [27]. Despite

positive findings in the observation-based ADS study,

sample size did not meet pre-specified targets [32]. One

study comparing the effect of turning on decision support-

enabled pump software and when it was switched off

found that serious MAEs (preventable ADEs and non-

intercepted potential ADEs) were not reduced when using

a combination of non-observation-based data collection

methods [29]. One potential limitation of this study was

the risk of learning bias amongst staff introduced through

alternating exposure between intervention and control

periods [29]. The study investigating the effect of com-

puterized physician order entry (CPOE) utilized a retro-

spective design involving incident report numerator data

and, like other technological interventions, allocation bias

was scored as high risk, as participants were likely to

know which intervention they used in comparison with

their colleagues [34].

3.4.2 Ward System Changes

Introducing nurses dedicated to the administration of

medication significantly increased the MAE rate compared

with general nurses in one RCT using direct observation

(RR 1.63, 95 % CI 1.42–1.87) [25]. Initiation of a patient’s

own drugs (PODs) scheme in one hospital did not change

the observed MAE rate in a CT using a before and after

design; however, dissimilar wards were compared [33].

One RCT reported no difference in ADE rates between

CPOE and CPOE plus a multifaceted team-based inter-

vention (RR 0.91, 95 % CI 0.49–1.67) though both
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interventions were associated with reductions in outcome

rates when compared with combined baseline data [24]. A

crossover RCT demonstrated that single nurse administra-

tion was associated with more MAEs than dual nurse (RR

1.41, 95 % CI 1.07–1.85); however, significant differences

in rates were seen between wards when fixed at either dual

or single nurse administration, and the control unit also

showed a substantial decrease in MAE rate between phases

[35]. Data were also presented differently than reported in

the methods by this study, raising the potential risk for

selective outcome reporting [35]. In two studies, contami-

nation bias was potentially high, as participants were likely

to have been exposed to both control and intervention

practices [25, 35].

3.4.3 Nurse Education and Training

When an interactive compact disc read-only memory (CD-

ROM) program to improve administration practices was

evaluated using an RCT design with direct observation,

MAE rates were found to not change significantly (and

showed a trend towards an increased rate) at post-inter-

vention when compared with standard practice (RR 1.78,

95 % CI 0.94–3.35) [26]. However, these results may be

viewed cautiously, as denominator numbers did not meet

the pre-defined sample size. In contrast, a CT comparing

didactic with simulation-based nurse education interven-

tions on MAE rates, again using direct observation, found a

statistically significant reduction for simulated learning

(RR 0.17, 95 % CI 0.09–0.30) [28]. A second direct

observation-based CT, which compared a control ward

with a unit whose nurses had undergone lectures and a

practice-based training program in IV dose preparation and

administration (along with introducing and advertising an

IV dosing policy), also reported positive results for the

intervention for both clinically significant IV MAEs (RR

0.76, 95 % CI 0.67–0.87) and when all MAEs were com-

bined [36]. Unlike other studies where high potential

contamination bias risks were noted, two of these studies

utilized blinded data collectors, and all three involved

interventions that were not outwardly visible unless the

nurse revealed their allocation, thus having a low potential

bias risk [26, 28, 36].

3.4.4 Changing Practice in Anesthesia

An RCT and CT investigating a multifaceted system in

anesthesia, which included electronic administration and

redesign of drug trays/drawers and labels, failed to dem-

onstrate a significant reduction in MAEs per doses

administered (RR 0.62, 95 % CI 0.27–1.45) [31] or self-

report forms returned (RR 1.26, 95 % CI 0.95–1.68) [30].

One CT was also conducted across apparently dissimilarT
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settings without comparing them [30]. These two studies

were considered at high risk of potential contamination

bias, as participating staff had either used the intervention

before the study [31] or were likely to have been exposed

to both control and intervention knowledge, technology, or

practice [30, 31].

4 Discussion

This is the first systematic review with a focus on evalu-

ating the impact of interventions designed to reduce the

rate of MAEs and related ADEs in hospitals. Key strengths

of this review are the time period covered and the use of

established approaches to apply inclusion criteria and

undertake independent risk of bias assessments, which

have been used in a previous systematic review assessing

the effect of interventions on ADEs [45]. Whilst it is

important to recognize the contribution of well known

research outside this review in working towards reducing

the MAE burden such as other BCMA evaluations [46], our

inclusion criteria were designed to identify studies where

changes in outcome rates could be compared against a

comparator group to help mitigate against contamination or

changes in outcome independent of an intervention, which

are important sources of potential research design bias.

Study settings varied considerably amongst the included

studies (e.g. intensive care [ADS] vs. medical/surgical

wards [BCMA, CPOE]), which is important to consider

when taking account of the external validity of the findings

presented [1, 5, 6]. Analysis of comparator groups also

revealed important differences in outcome rates between

study sites and individual units, a phenomenon commonly

encountered in MAE research [5]. Study authors have

suggested that these differences may arise due to medicines

management activities, staff roles, or workload factors

unique to each ward [25, 27]. In one study, results from all

included wards were grouped together to present findings,

which may mask important changes in outcomes [29].

These findings highlight the importance of using similar

study units where possible and reporting data from all

included groups.

The variety of outcome definitions used by studies

included in this review has been reported elsewhere as an

Table 4 Summary of risk ratios with 95 % confidence intervals

Theme Intervention Study

design

Description RR

value

95 % CI

Medication use

technology

ADS vs. standard practice RCT [32] Intervention vs. control post

intervention phase

0.72 0.53–1.00

BCMA ? eMAR vs. standard practice CT [27] Intervention vs. control post phase 0.71 0.53–0.95

Intervention vs. control pre phase 1.04 0.79–1.37

Smart infusion pump with real-time decision

support vs. no decision support software

CT [29] No decision support vs. decision

support

1.18 0.88–1.57

CPOE vs. standard practice CT [34] Intervention vs. control post phase 0.51 0.40–0.66

Intervention vs. control pre phase 1.02 0.81–1.27

Ward system changes Medication nurse role vs. general nurse role RCT [25] Medication nurse vs. general nurse 1.63 1.42–1.87

CPOE plus multifaceted team intervention vs.

CPOE

RCT [24] CPOE ? team intervention vs.

CPOE alone

0.89 0.48–1.64

Single vs. double nurse drug administration RCT [35] 1 vs. 2 nurse administration 1.41 1.07–1.85

PODs scheme vs. standard practice CT [33] Intervention vs. control post phase 1.12 0.79–1.69

Intervention vs. Control pre phase 1.09 0.75–1.59

Nurse education and

training

Self-directed educational CD ROM program vs.

standard practice

RCT [26] Intervention vs. control post phase 1.78 0.94–3.35

Didactic vs. simulated ward-based learning CT [28] Simulation vs. didactic post phase 0.17 0.09–0.30

Simulation vs. didactic pre phase 1.48 1.01–2.18

Clinical pharmacist-led training program vs.

standard practice

CT [36] Intervention vs. control post phase 0.76 0.67–0.87

Intervention vs. control pre phase 1.11 0.96–1.27

Changing practice in

anesthesia

Multifaceted initiative vs. standard practice RCT [31] SAFERSleep� vs. traditional system 0.62 0.27–1.45

Multifaceted initiative vs. standard practice CT [30] SAFERSleep� vs. traditional system 1.26 0.95–1.68

ADS automated ward-based dispensing system, BCMA barcode assisted medication administration, CD ROM compact disc read only memory, CI

confidence interval, CPOE computerized physician order entry, CT non-randomized controlled trial, eMAR electronic medication administration record,

POD patients own drugs, RCT randomized controlled trial, RR risk ratio

RR and 95 % CI which appear in bold are statistically significant (p \ 0.05)
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influence on reported outcome measures and a barrier to

comparing results [5, 6, 8, 47]. In addition, variability in

which MAE subtypes were studied and whether error

severity was investigated added to this uncertainty. Despite

their reported frequency in MAE research [5], timing errors

were included in only four studies [26, 28, 32, 35]. A range

of different reported MAE subtypes were reported in direct

observation studies, which reflects the findings of a recent

review [6]. Only four studies carried out an assessment of

the severity of identified MAEs [31–33, 36], a finding that

has been shared elsewhere when assessing direct observa-

tion-based MAE research [5]. Aside from two studies that

provided enough information to determine whether harm

was actual or potential [32, 36], no changes in error

severity were attributed to the intervention [33] or no errors

causing harm were captured [31]. Greater standardization

is therefore required to address the impact of interventions

on harm associated with the full range of MAEs, including

whether actual or potential harm was measured [5, 6].

Direct observation is considered the most appropriate

method to identify MAEs, as it identifies the largest

number and full range of errors compared with chart

review and self-reporting [48, 49] and does not appear to be

influenced by observation time or observer intervention

[50]. Whilst seven studies used direct observation for MAE

data collection, one used chart review [35], another used

reconciliation [31] and two others used self-reporting [30,

34] methods that may underestimate the MAE rate. The

studies that detected types of ADEs using chart review and

self-reporting, amongst other methods [24, 29], may not be

disadvantaged as chart review is suitable for identifying

such outcomes [51], though caution must be advised as

different adverse event detection methods show little

overlap in their findings [52].

Although a positive impact on outcomes was seen for some

medication use technology, nurse educational/training and

ward system interventions, equivocal or negative changes in

MAE rates were seen for those that remained, some of which

were assessed using RCTs with less risk of potential bias.

With the exception of decision support-enabled infusion

pumps, medication use technology interventions (CPOE,

ADS, BCMA/ electronic medication administration record

[eMAR]) showed statistically significant reductions in out-

come rates [27, 32, 34]. Of these, two used direct observation

error detection methods (ADS, BCMA) [27, 32]. In particular,

in the RCT design of the ADS study [32], the risk of bias was

limited to contamination and allocation knowledge, which are

difficult to enforce in hospitals where staff move between

wards and the intervention is clearly visible and requires

interaction. However, the positive outcomes reported in the

CPOE study [34] should be viewed with caution given the

unreliability of incident reports as a reflection of MAE rates

over time, and the wider question should be asked as to

whether this intervention would have a pronounced effect on

MAEs beyond written communication deficiencies. Although

overall these results for technology are encouraging, further

research is required to confirm these findings. Future evalua-

tions could place greater emphasis on the untoward effects of

information technology on medication use processes; safety

features of infusion pumps were often bypassed in one

included study [29], and research conducted elsewhere sug-

gests workarounds are a major barrier to effective imple-

mentation of medication administration support technology

[13, 53] and that implementation of technology requires

careful planning to avoid such issues [54].

Mixed results were observed when changes to ward sys-

tems were made. The observed increase in MAEs for single

nurse medication administration warrants careful consider-

ation, as potential risks of bias affecting almost all assessed

areas were noted as well as a large decrease in MAE rate

between phases for the control group [35], which may indi-

cate the influence of other ward changes or circumstances in

accounting for the change in MAE rate. One RCT with fewer

potential risks of bias found that nurses made more errors

when they were given the sole task of medication adminis-

tration [25], and elsewhere a patients’ own drugs scheme

[33] and a multifaceted team intervention inferred no sig-

nificant reductions in outcome rates [24].

Two studies (including one RCT) found that a multi-

faceted system to improve IV medication administration in

anesthesia did not reduce MAEs [30, 31], though con-

tamination and blinding were areas of high risk of potential

bias and errors were measured using techniques other than

direct observation, where self-reporting in particular meant

that the rates of errors reported may have been influenced

by awareness of errors and reporting behavior as well as

the intervention being tested [55].

Direct observation evidence from nurse education and

training interventions suggests that self-directed learning

does not appear effective thus far in reducing MAEs in

hospitals [26], but that simulation-based exercises and

clinical pharmacist-led training may show promise, though

further rigorous evaluation is required [28, 36]. Two

studies (including one RCT) [25, 26] found that their

educational/ward system changes reduced procedural

errors such as failure to check or borrowing medicines but

did not reduce (and displayed a trend towards increasing)

MAEs. The origins of some MAEs may thus be indepen-

dent of such failures [25, 26].

The educational interventions appeared practical, as they

required little time for staff to participate [26, 28, 36]. In

contrast, technological interventions such as BCMA/eMAR,

CPOE, ADS, and the multifaceted anesthesia system may

require substantial and sustained organizational change,

along with major financial investment and may therefore

take a considerable period of time to implement and for
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benefits to be seen (as well as altering time spent on certain

tasks [31]) [11, 55]. However, research has noted economic

benefits associated with barcode-assisted pharmacy dis-

pensing [56], CPOE [57], and BCMA [58]. Changing the role

of nurses and patients may be less costly than technological

innovations to introduce, but one must consider their impact

on social dynamics and workflow patterns [25], with one

study reporting that dual nurse administration took twice as

long as single nurses [35]. In addition, the attitudes and

experiences of front-line staff using these interventions are

an important contributor to successful implementation [59],

and must be evaluated more rigorously, as only two studies

reporting such measures asked both comparator groups for

feedback [28, 31, 32]. Although RCT study designs are

preferable when evaluating interventions, they may not be

feasible when testing particular patient safety research

questions, or evaluating interventions that are implemented

across a hospital simultaneously [60].

Whilst a number of different interventions were evalu-

ated, other important targets for MAE minimization did not

feature and warrant investigation using robust study

designs [8]. These include interventions to reduce inter-

ruptions/distractions and to improve the process of medi-

cation dosing, including checking and checklists. Recent

research has identified weaknesses in existing interventions

designed to minimize interruptions (and MAEs) [14] and

where future investigations could focus [14, 61, 62]. Others

have reported that checking exercises may minimize

MAEs, though more robust evaluations are needed [15,

63]. Given the frequency with which intensive care units

(ICUs, n = 5, with two using ICUs exclusively [28, 32])

and theatres (n = 2) [30, 31] were used by studies in this

review, one must also consider that errors may originate

from different pathways and factor combinations than other

environments [8, 64], which may then suggest different

solutions. Evidence from critical care suggests that no

single intervention can as yet be recommended, with rel-

evant studies possessing limitations similar to those iden-

tified in this review [17]. Despite our understanding that

multifaceted interventions are likely to be needed to reduce

MEs [7, 8, 10], the few studies employing this approach

failed to show benefits [24, 30, 31], though one study

reported reductions in IV MAEs after implementing pro-

cedural and training changes, though their focus was on the

latter of the two interventions [36]. This suggests that

further theoretical study of their underlying causes may be

required to best inform forthcoming interventions [8, 65].

5 Conclusion

The evidence base for interventions designed to reduce

MAEs in hospital settings is limited. Despite this,

significant improvements in MAE/related ADE rates were

seen for nurse education and training initiatives, and

medication use technology interventions, though these

findings should be viewed with caution as many did not

utilize optimal study designs or more suitable data col-

lection techniques, and all were susceptible to potential risk

of bias. Evidence from RCTs with fewer potential biases

suggests that dedicated medication nurses, self-directed

educational CD ROM packages on medication adminis-

tration safety, and a multimodal anesthesia drug delivery

package may not reduce MAEs in hospitals. In the future,

greater standardization of methods and a more theory-dri-

ven approach to the design and implementation of forth-

coming interventions to minimize MAEs is needed,

whereby knowledge of the range and causes of these errors

is used to guide their prevention.
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