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Abstract

The use of automated systems within the medication use process has significantly reduce
the occurrence of medication errors and the associated clinical and financial burden. How-
ever, automated systems lull into a false sense of security and increase the risk of medica-
tion errors that are often associated with socio-technical interactions, automation bias,
workarounds and overrides. The objective of the systematic review is to determine the prev-
alence, types and severity of medication errors that are associated the use of automated
systems in ambulatory and institutionalized care settings. The search strategy will be guided
by PRISMA framework. Selected databases and relevant gray literature were searched and
screening was done independently by two researchers between 01 April and 29 June 2021.
These covered all relevant articles published from the inception of the use of automation in
the medication use process (2000) until 2020. De-duplication and screening of all studies
were done independently by two researchers with a clear inclusion / exclusion criteria. Data
extraction and synthesis are currently on going (started on 06 July 2021) and being con-
ducted independently but the validity and completeness of the processes will be confirmed
by the third researcher. The Cochrane Risk of Bias tool and the Hoy et al’'s quality assess-
ment checklist will be used for the assessment of methodological bias while the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) system will be
used for the quality of evidence assessment. Detailed qualitative synthesis of key findings
will be done with thematic and descriptive analyses. If the number and types of included
studies permit, fixed or random effect model meta-analysis will be conducted based on the
degree of homogeneity in the sampling frame used in the included studies. Heterogeneity
will be assessed with | statistics and 1 > 50% will be considered a high statistical heteroge-
neity. The systematic review may provide new perspective especially from developing set-
tings about the prevalence, types and severity of medication errors associated with the use
of automated systems at all the stages of medication use process, and in all categories of
patients. This may add to global knowledge in the research area. Systematic review
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Introduction

Appropriate use of rationally prescribed medications is critical to the achievement of optimal
outcomes, but this is predicated on an error-free medication use process that ensures that
medications are used effectively and safely, and their movement from one stage to the other
fully tracked and documented [1]. However, the medication use process is in reality complex
and involves multiple stages and professionals with different background, and this is associated
with an increased risk of medication errors and adverse drug events (ADEs) [2,3]. Bates et al.
(1995) reported that 56% of all preventable ADEs occur at the prescribing phase followed by
administration phase (34%), transcription phase (6%) and dispensing phase (4%) [4]. Medica-
tion errors are preventable events that may occur within the medication use process and cause
or lead to inappropriate medication use or patient harm [5]. Medication errors are responsible
for thousands of avoidable deaths, temporary or permanent harm and billions of dollars in
financial loss [6,7]. However, the use of automated systems at the various stages of the medica-
tion use process have significantly reduce the occurrence of medication errors and the associ-
ated clinical and financial burden [8-11]. Automated systems such as electronic medical
records, computerized physician order entry system, clinical decision support system, auto-
mated / robotic dispensing systems and bar code administration system have all contributed to
significant reduction in medication errors and patient harms [12-17]. A systematic review of
the effectiveness of automated systems in outpatients and community settings showed a 37%
reduction in medication errors, increased productivity and reduced patient waiting and pre-
scription filling time [18]. In addition, Sinnemaki et al 2013 in a systematic review of auto-
mated dose dispensing service in primary care settings showed increased accuracy of
medication administration and appropriate use [19]. Furthermore, automated systems have
also been reported to reduce workload, improve efficiency and reduce job-related stress [20].
However, automated systems are not error-proof as the observed improvement in medication
use and patient safety associated with their use may lull healthcare professionals into a false
sense of security from the occurrence of medication errors. This is because automated systems
require a level of human interventions to function optimally, and hence the potential for errors
exist. Indeed, the phenomenon of socio-technical interactions has been identified as a major
factor underlining the risk of errors with automated system as the attitude of users and accep-
tance of automation and its appropriate use are critical to prevention of errors [21,22]. Fur-
thermore, the automation of the various stages of the medication use process has thrown up
new phenomenon such as automation bias, automation complacency, workarounds and over-
rides; and these have been identified as accounting for the rising prevalence of medications
errors associated with the use of automated systems [23-25]. Furthermore, the complexity of
the tasks or processes that are not supported or covered by automated systems, and which
require human intervention have been identified as sources of errors including omission,
wrong timing and medication mishandling [26-28]. Current published evidence about auto-
mated systems-related medication errors is relatively modest, and mostly focused on medica-
tion errors encountered at specific single stage of the medication use process or in specific
patient group or healthcare setting. Hence, this systematic review will provide a comprehen-
sive review of evidence of the frequency, types and severity of the medications errors associated
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with the use of automated systems at all the stages in the medication use process for all cate-
gory of patients in both developed and developing settings. Hence, findings from this system-
atic review may potentially provide new perspective especially from developing settings that
may add significantly to global knowledge in the research area. The objective of the systematic
review is to determine the prevalence, types and severity of medication errors that are associ-
ated with the use of automated systems for adults and children in ambulatory and institution-
alized care settings.

Methods
Protocol

The protocol was developed with the Preferred Reporting Items in Systematic Reviews and
Meta-analyses (PRISMA) statement and this will guide all the activities related to the system-
atic review [29] (S1 Checklist). The International Prospective Register of Systematic Reviews
(PROSPERO) registered the protocol for the systematic review (CRD42020212900) on
November 07, 2020. The registered protocol will be updated in PROSPERO should need for
any relevant amendment arise.

Eligibility criteria
The criteria for inclusion in the systematic review are as follow:

1. All eligible studies with observational, experimental and quasi-experimental including
cross-sectional, case-control, nested case-control, cohort and randomized, non-random-
ized, controlled and uncontrolled studies respectively. Relevant systematic reviews pub-
lished in the research area will be hand-sampled for cross-referencing.

2. All eligible studies focused on the prevalence, types and severity of medications errors asso-
ciated with all automated systems used in the prescribing, dispensing and administration
stages of the medication use process.

3. All eligible studies published in English Language starting from 2000 to 2020

4. All eligible studies that meet the inclusion criteria irrespective of geographic location, set-
ting, gender, age or race.

Exclusion criteria

We will exclude case report and case series, narrative reviews, abstracts, personal opinions,
commentaries, and conference reports. In addition, all studies with qualitative designs such as
focus group discussions, semi-structured interviews and surveys, studies published in other
languages beside English and studies published earlier than 2000 will be excluded. The year
2000 was chosen as the start for inclusion because this coincides with the introduction of auto-
mated systems into the medication use process. Animal studies and those involved with the
use of automations for non-medicine use related purpose will also be excluded.

Database search and literature retrieval

The search strategy was developed by the MM and NHA and reviewed for validity and com-
prehensiveness by the third author (KBY) because of his experience with conducting system-
atic reviews and developing search strategy. The database search was conducted between 01
April and 29 June 2021 and consisted of three stages including an initial search to identify

PLOS ONE | https://doi.org/10.1371/journal.pone.0260992 December 3, 2021 3/8


https://doi.org/10.1371/journal.pone.0260992

PLOS ONE

Prevalence, types and severity of medication errors associated with automated medication use systems

relevant key words / search terms in the title and abstracts of all retrieved papers. This was fol-
lowed by a more in-depth database search with the use of all the search terms and Boolean
operators, truncation and wildcards in variety of combinations to ensure a detailed and com-
plete search. Three electronic databases (PubMed, EMBASE and Cochrane library) will be
searched by two authors (MM and NHA) to identify all studies that meet the inclusion criteria.
The key search terms included were (Prevalence OR Types OR severity) AND (medication OR
drug) errors AND (automated systems OR automation OR BCMA OR eMAR OR AMS OR
ADM OR CPOE OR BCDD OR CDSS OR PDAS OR ADC OR PICS OR MCA) and Boolean
operators were used to develop diverse combinations of search terms to maximize the effec-
tiveness and efficiency. The third stage consisted of a thorough hand search of the reference
lists of all full text articles that meet the inclusion criteria to identify other relevant eligible
studies. Furthermore, grey literature including publications by the World Health Organiza-
tion, Institute for Safe Medication Practices (ISMP), National Coordinating Council for Medi-
cation Error Reporting and Prevention (NCCMERP), Agency for Healthcare Research and
Quality were searched. All identified studies were uploaded to EndNote to remove duplicates.
Two of the authors (MM and NHA) independently screened the titles and abstracts to exclude
ineligible studies, and the third author (KBY) checked the validity of the procedure used for
screening.

Data extraction

Data extraction is currently on going (Started on 06 July 2021). Full text articles will be exam-
ined independently by all the authors, and an agreement will be reached regarding inclusion
based on the inclusion criteria. Any probable discrepancy during selection will be discussed
and resolved with consensus. Data extraction will be done independently by two of the authors
(MM & NHA) with a standard data extraction sheet that will developed for the review. The
data extraction form will be pre-tested to ensure completeness of data capture. The process for
data extraction will be checked for validity and completeness by the third author (KBY). The
data to be extracted will include name of author(s), year of publication, country of origin,
study objective (s), duration of study, study design, study setting, study participants and sam-
ple size, age, frequency, types and severity of medication error, method used for categorizing
the type and severity of medication errors, stage of the medication use process, automated sys-
tem involved, and factor (s) underlining the medication error associated with automated
system.

Assessment of risk of bias

The process for the assessment of the risk of bias will be standardized with a pre-assessment of
a sample of the included studies by all the authors and the result will be discussed. All the three
authors will do the risk of bias assessment independently and any probable disagreement will
be discussed and resolved with consensus. This assessment will be done for all randomized
controlled trials (if any) with the Cochrane Risk of Bias tool [30]. The Hoy et al’s quality assess-
ment checklist will be used for the methodological quality assessment of all the included stud-
ies. This is a specific tool used for assessing the methodological quality of prevalence studies
and classifies the risk of bias as low, moderate, or high. This tool is easy to use and has a high
interrater overall agreement of 91% [31].

Quality of evidence

The assessment of the quality of evidence for the outcome of interest (Prevalence, Types, and
severity of medication errors associated with the use of automated systems) will be done

PLOS ONE | https://doi.org/10.1371/journal.pone.0260992 December 3, 2021 4/8


https://doi.org/10.1371/journal.pone.0260992

PLOS ONE

Prevalence, types and severity of medication errors associated with automated medication use systems

independently by two of the authors. The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) system will be used for the quality of evidence assessment
[32], and this will range from very low, low, moderate to high.

Data analysis and synthesis

Data analysis and evidence synthesis will include a fixed or random effect model meta-analysis
depending on the degree of homogeneity in the sampling frame used in the included studies.
Heterogeneity will be assessed with I” statistics and I* > 50% will be considered a high statistical
heterogeneity. For the meta-analysis, a sensitivity analysis will be done, if the number of
included studies for the pooled analysis permit, to determine impact of the risk of bias on the
robustness of the quantitative findings. Furthermore, we plan to assess the probability of publi-
cation bias with the use funnel plots to assess the possibility of publication bias if 10 more eligi-
ble studies were included for the meta-analysis [33]. However, a high degree of heterogeneity
due to varieties of differences in study designs and settings, study participants, automated sys-
tems, medication use stages have been reported in the research area [34]. In addition, we do not
anticipate the availability of a sizeable number of randomized controlled trials due to ethical rea-
sons that may not allow the use of the classical double blind randomized controlled trial design
in the research area. In addition, we plan to conduct a detailed qualitative synthesis that is con-
sistent with the stated objective for the systematic review. The qualitative synthesis will include
an arrangement of the key findings from all the included full text studies to relevant themes and
/ or sub-themes based. In addition, key findings related to methodological and participant char-
acteristics, automated systems and associated types and severity of medication errors will be
presented in tabular and / or graphical forms, including any other data related to the stated
objective for the systematic review. Furthermore, we plan conduct descriptive statistical analysis
using frequency, mean, and standard deviation, median and interquartile range as necessary.

Discussion

We did not apply to an Institutional Review Board for ethical approval because published data
that cannot be traced to specific individuals will be used for the systematic review. The proto-
col for the systematic review will be focused on presenting a comprehensive review of pub-
lished evidence about the frequency, types and severity of medication errors that encountered
with the use of automated systems at all the stages of medication use process. In addition, the
review will focus on all categories of patients in both ambulatory and hospitalized health care
settings and in both developed and developing settings. Several systematic reviews exists that
report the evidence of the impact of the use of automated systems in reducing the occurrence
of medication errors and patient harms, improving productivity, efficiency and patient safety.
However, the introduction of automation for the delivery of medications has thrown up new
type of medications errors that are mostly related to automation bias and complacency that are
underlined by varieties of factors such as the complexity of interactions between human and
technology, organizational and system-related factors and overreliance, workarounds and
overrides. Current published evidence about automated systems-related medication errors is
focused on those encountered at specific stage of the medication use process or in specific
patient groups or healthcare settings. Hence, the proposed systematic review will provide a
more comprehensive synthesis of evidence of the frequency, types and severity of the medica-
tions errors associated with the use of automated systems at all the stages in the medication use
process in both developed and developing settings. Hence, findings from this systematic
review may provide information on appropriate points for interventions to improve the safety
of the use of automated systems within the medication use process. In addition, the systematic
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review may potentially provide new perspective especially from developing settings that may
add to global knowledge in the research area.

Strengths and limitations of this study

o The proposed systematic review will provide new perspectives especially from developing
settings that may add significantly to global knowledge in the research area.

The search strategy, including the database search, duplicate screening, selection of eligible
studies, and data extraction, and assessment of methodological quality will be done with
strict adherence to PRISMA standards.

Cochrane Risk of Bias tool and The Hoy et al’s quality assessment checklist will be used for
the assessment of methodological bias while the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system will be used for the quality of evidence
assessment.

Fixed or random effect meta-analysis will be conducted based on the degree of homogeneity
the sampling frame use in the studies in the included studies. Homogeneity will be assessed
with I” statistics and I > 50% will be considered a high statistical heterogeneity

Despite the planned strict adherence to the PRISMA guide, probable interference due to
inclusion of only English language articles, combinations of the search terms and the data-
bases to be used remain a possibility.

Supporting information

S1 Checklist. PRISMA-P 2015 checklist.
(DOCX)
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