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Introduction: Patient safety is currently a central concern within healthcare systems. Medica-
tion administration represents one of the most critical stages of care delivery, in which the pre-
vention of errors is of utmost importance. The wide variety of available pharmaceuticals, extensive
medical prescriptions, and the need for precise medication administration in complex clinical en-
vironments make this process particularly susceptible to human error. It is therefore essential to
adopt strategies with the potential to reduce such safety incidents, among which the implementa-
tion of barcode scanning technology stands out.

Objectives: Evaluate the impact of medication administration through the barcode reading sys-
tem on patient safety.

Methodology: A Rapid review of the literature was conducted following the Joanna Briggs In-
stitute methodology and PRISMA guidelines, with searches performed in the EBSCOhost data-
base aggregator and the PubMed database. The descriptors were “patient safety”, “barcode
medication administration” and “medication errors”. The inclusion criteria encompassed docu-
ments in portuguese or english, with full text available, published between 2020 and 2025. Two
independent reviewers conducted screening, data extraction, and quality assessment.

Results: Of the 109 articles initially identified, five were selected for full analysis after applying
the inclusion and exclusion criteria. These studies were conducted in several European countries
(the Netherlands, Switzerland, and the United Kingdom), North America (the United States of
America) and Australia, all in hospital settings (emergency departments, inpatient units, and day
hospitals). The included studies demonstrated that the implementation of barcode medication
administration systems leads to a significant reduction in medication errors.

Conclusion: Medication administration using barcode reading is a valuable technological in-
novation, with a significant impact on patient safety. By contributing to the reduction of medica-
tion errors, optimizing the accuracy of information and providing a reliable electronic record, this

technology plays a fundamental role in preventing events that could cause harm to patients.
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Introducio: A seguranca do utente constitui, atualmente, uma preocupacio central dos sistemas
de satde. A administracdo de medicamentos representa um dos pontos criticos da presta¢io de
cuidados, onde a prevencgao de erros assume particular relevancia. A ampla diversidade de farma-
cos disponiveis, as prescri¢coes médicas extensas e a necessidade de uma administracao de medi-
cacdo rigorosa em contextos clinicos complexos, tornam este processo suscetivel a erros humanos.
Reveste-se, assim, de extrema importancia a adogio de estratégias com potencial para reduzir
estes incidentes de seguranca, destacando-se, entre elas, a implementacgio da tecnologia de leitura
de co6digo de barras.

Objetivos: Avaliar o impacto da administracido de medicacao através do sistema de leitura de
cdodigo de barras na seguranca do utente.

Metodologia: Foirealizada uma revisdo rapida da literatura, seguindo a metodologia do Joanna
Briggs Institute e as diretrizes PRISMA. A pesquisa foi efetuada no agregador de bases de dados
EBSCOhost e na base de dados PubMed. Os descritores utilizados foram “patient safety”, “bar-
code medication administration” e “medication errors”.

Os critérios de inclusdo foram definidos como documentos em portugués ou inglés, com texto
integral disponivel, publicados entre 2020 e 2025. A triagem e sele¢do dos estudos foram realiza-
das de forma independente por dois revisores.

Resultados: Dos 109 artigos inicialmente identificados, cinco foram selecionados para anélise
completa ap6s a aplicagao dos critérios de inclusao e exclusdo. Estes estudos foram realizados em
diversos paises europeus (Paises Baixos, Suica e Reino Unido), na América do Norte (Estados
Unidos da América) e na Australia, todos em contextos hospitalares (servicos de urgéncia, unida-
des de internamento e hospitais de dia).

Os estudos incluidos demonstraram que a implementagio de sistemas de administragido de medi-
camentos por c6digo de barras conduz a uma reducao significativa dos erros de medicacao.
Conclusodes: A administracdo de medicacao por meio de leitura de c6digo de barras é uma ino-
vagdo tecnoldgica valiosa, com um significativo impacto na seguranga do utente. Ao contribuir
para a reducao dos erros de medicacao, otimizac¢ao da precisao de informacao e fornecimento de
um registo eletronico confiavel, esta tecnologia desempenha um papel fundamental na prevencgio
de eventos passiveis de causar dano ao utente.

Introduction

(WHO), refers to a noxious and unintended response to a
medication occurring at doses normally used in humans and

In recent years, there has been increasing evidence rec-
ognizing the importance of patient safety in healthcare.!
Patient safety constitutes a central concern within modern
health systems, and medication administration represents
one of the critical and complex stages of care delivery where
prevention of errors is of extreme importance. The wide va-
riety of available medications, increasingly complex medi-
cal prescriptions and the need for precise and safe
administration in demanding clinical settings make this
process particularly susceptible to human error.

For conceptual clarity, and in accordance with interna-
tional patient safety frameworks, it is essential to distinguish
between related but distinct concepts frequently used in the
literature. A medication error is defined by the National Co-
ordinating Council for Medication Error Reporting and Pre-
vention as any preventable event that may cause or lead to
inappropriate medication use or patient harmz2. An adverse
drug reaction, as defined by the World Health Organization
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does not necessarily result from an error34s5. A safety inci-
dent or adverse event is defined by the WHO as an event or
circumstance that could have resulted, or did result, in un-
necessary harm to a patient, encompassing both preventable
and non-preventable occurrences2-.

The Agency for Healthcare Research and Quality (AHRQ)
published a report in July 2020 characterizing medication-
related events as the most frequent category of adverse oc-
currences in a hospital setting which demonstrated that
medication-related harms are the most frequent.2 Similarly,
a study published in 2020 in the British Journal of Anaes-
thesia, which analyzed 7072 incidents found 1970 events di-
rectly associated with medication, with the administration
phase accounting for the highest frequency of incidents
(42%) and the greatest rate of patient harm (44%).3

The World Patient Safety Day, promoted by the WHO,
adopted the motto, in 2023, "Medication Without Harm",
emphasizing the global urgency of reducing medication-



related incidents caused by errors and unsafe practices.4 This
priority is explained in the Portugal National Patient Safety
Plan (NPSP) 2021-2026, which establishes clear objectives
for preventing and managing patient safety incidents, across
the National Health Service (SNS), thereby reinforcing pa-
tient safety as undeniable healthcare priority.5 The diversity
of medications, complex prescriptions and the need for pre-
cise administration in a clinical environment make medica-
tion administration susceptible to human errors. In this
scenario, technology emerges as a valuable ally in the pursuit
of patient safety.¢ The implementation of policies and strate-
gies aimed at reducing safety incidents, including preventa-
ble ones, has been widely acknowledged as a key driver of
improvements in health outcomes.” Patient safety is an une-
quivocal commitment in healthcare, and the prevention of
errors in medication administration is an essential part of
this commitment.! Medication administration constitutes a
critical and complex component of healthcare provision that
requires maximum attention and precision from healthcare
professionals, particularly nurses.? In this context, and to ad-
dress this demand for patient safety, various technological
innovations have been developed.

Among the technological strategies developed, barcode
medication administration (BCMA) systems have gained
special prominence.9 The application of barcodes in medica-
tion administration offers the promise of reducing errors,
ensuring that the right medication is administered to the
right patient, at the right dose and time.” This technology has
the potential to mitigate risks and elevate safety standards in
healthcare institutions.? Thus, the opportunity and interest
arose to investigate the impact of using the BCMA system on
patient safety. Throughout this article, we will explore the
relevance, challenges and implications of using these sys-
tems in medication administration safety, considering the
context of the Portuguese NPSP and the crucial role played
by nurses in promoting safe and effective care.

Barcode Medication Administration System

The BCMA process begins with the clinical prescription
of the medication, preferably in digital format. The phar-
macist, upon accessing the prescription, verifies it and
transfers it to the electronic medication administration rec-
ord. In this system, all medications are dispensed in unit-
dose format and have a unique and individual barcode.

During the medication administration procedure, the
nurse must scan the barcode on the individually packaged
medication provided by the pharmacy, as well as the bar-
code on the patient's identification wristband. The patient's
data (name, date of birth, and medical record number),
along with medication data (name, dosage, pharmaceutical
form, route of administration, and time of administration),
appear on the screen of the barcode scanning device, the
Personal Digital Assistant (PDA).

In the event of any discrepancy, the system issues an alert
that appears on the PDA screen. By allowing the simultane-
ous scanning of the patient's and medication's barcodes, the
system automatically verifies whether the right medication is
being administered to the right patient, at the right time and
in the right dose. At that same moment, the administration
is automatically and instantly documented in real time. 10

This system also proves extremely useful for the safe
identification of patients with impaired consciousness, cog-
nitive deficits or those who are unable to communicate
orally and/or verbally.

The BCMA system uses a color-coded scheme to guide the
nurse during the medication administration process:

Red indicates that the medication is being administered
outside the scheduled time or is delayed; Yellow refers to
medication not yet administered, but still within the sched-
uled time window; Green indicates that the medication has
been successfully administered.

The barcode system can be integrated into the existing in-
formation technology infrastructure of the healthcare insti-
tution and allows information to be transferred to the
documentation standard in use. * The PDA is a small, light-
weight, portable device that can be easily carried. Its use
applies to the validation of different types of medications,
being a technology that offers high safety levels in medica-
tion administration.

It promotes the reduction of medication administration er-
rors, especially in terms of patient identification, drug identi-
fication, and dosage verification, while also significantly
reducing both the rate and severity of administration errors.:

When the BCMA system is combined with automated
unit-dose drug dispensing and a Computerized Physician
Order Entry (CPOE) system, it creates a closed-loop medi-
cation process, which significantly contributes to the effec-
tive reduction of medication administration errors.'3 This
system features simplified and standardized procedures,
reducing the need for the nurse to travel to the medication
preparation room, since the barcode scanning device is
portable and can accompany the nurse as they move with
the medication cart to the patient.

The use of this technology also results in a reduction in
the time needed to record medication administration, as it
allows for real-time documentation at the patient’s bedside,
and for simultaneous validation of the different medica-
tions administered.!2

The BCMA system has been widely implemented in
healthcare institutions around the world, and Portugal is
no exception.
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Methodology

Research question

Considering the national and international context, our
objective in this review is to assess the actual impact that
medication administration using a barcode scanning sys-
tem has on patient safety. Therefore, using the PICO acro-
nym, we formulated the following research question: What
is the impact of medication administration using a bar-
code system on patient safety?

The proposed rapid review will be conducted in accord-
ance with JBI methodology and reported in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'45In Table 1, we pre-
sent the breakdown of our research question.

Table 1. PICO question breakdown.

Population  Intervention Comparison Outcomes
Hospitalized  Medication Medication Occurrence
patients administration using  administration of errors
the BCMA system without the BCMA
system
Search strategy

To address the research question in this rapid review, the
following methodological steps were undertaken:
1. Apreliminary search to identify and select the most fre-
quently used MeSH terms relevant to the topic;
A comprehensive search for relevant studies;
Study selection;
Data extraction and analysis;
Presentation and discussion of findings.

vk W

The final search was conducted on Dezember 14, 2025,
using the EBSCOhost database aggregator and the PubMed
search engine. The selected MeSH terms were: “Patient
Safety”, “Barcode Medication Administration” and “Medi-
cation Errors”.

In the EBSCOhost search, to narrow down the results, it
was specified that “Barcode Medication Administration”
had to appear in the title of the article. This decision was
made due to the broad indexing of nursing and health te-
chnology journals within EBSCOhost, where preliminary
exploratory searches retrieved a high number of non-speci-
fic results when the term was searched across all fields.
Restricting the term to the title increased specificity and
ensured the inclusion of studies with a primary focus on
BCMA. On PubMed, the term “medication errors” was in-
cluded to further restrict and refine the search. Given
PubMed’s extensive biomedical scope and MeSH-based in-
dexing, the inclusion of “medication errors” allowed the
identification of studies specifically addressing patient sa-
fety outcomes related to medication administration, while
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reducing the retrieval of studies focused exclusively on dis-
pensing, prescribing or pharmaceutical logistics.

Although these differences in search strategy may have
influenced the number and type of records retrieved in each
database, they were deemed necessary to balance sensiti-
vity and specificity and to ensure alignment with the re-
view’s objective of assessing the impact of BCMA on
medication administration safety. The search terms were
combined using the Boolean operator AND, and a publica-
tion date limit from 2020 to 2025 was applied.

The complete search strategy is outlined in Table 2.

Table 2. Search strategy.

Database Fields Search Terms Filters
EBSCOhost Tl (Title) “Patient Safety AND Full text
Barcode Medication 2020-2025
Administration (TI) English /
AND Nursing Practice Portuguese
Study type: not
restricted
PubMed Title/Abstract Barcode Medication 2020-2025
+ MeSH Administration Humans
(Title/Abstract) AND English /
Medication Errors Portuguese

(MeSH Terms)

Inclusion and exclusion criteria

Considering the nature of the research question and the
objectives defined, the following inclusion criteria were ap-
plied: articles published in Portuguese or English; full-text
availability; publication date between 2020 and 2025.

The timeframe was selected based on the fact that BCMA
systems represent an emerging technology that is still in
the early stages of implementation in many healthcare set-
tings in Portugal. The five past years correspond to the pe-
riod during which this technology began to be adopted in
some national hospitals. Studies primarily focused on med-
ication prescribing or computerized physician order entry
systems, without a specific emphasis on the medication ad-
ministration process, were excluded, as they did not align
with the scope of this review.

Data extraction

Following the database searches and the removal of dupli-
cate records, two reviewers independently screened the titles
and abstracts of retrieved articles to identify those most rele-
vant to the research question. Subsequently, after full-text re-
trieval, three reviewers independently assessed the studies
against the predefined inclusion criteria, resulting in the final
selection of eligible articles. All bibliographic references were
managed using Zotero reference management software.



Levels of evidence and methodological
quality assessment

The classification of scientific evidence and the assess-
ment of the methodological quality of the selected studies
were conducted in accordance with the guidelines of the Jo-
anna Briggs Institute (JBI).16 The “Checklist for Quasi-Ex-
perimental Studies” and the “Checklist for Randomized
Controlled Trials” were used depending on the design of
each study.” The evaluation of the studies was performed
independently by two reviewers.

Results

Following the search using the constructed Boolean
phrase, a total of 109 publications were retrieved. Of these,
18 were excluded due to duplication. After screening the ti-
tles and abstracts, 82 publications were excluded for not
addressing the research question. Nine studies were
deemed eligible; however, after full-text review, four were
excluded: two for not presenting a complete study and two
for demonstrating low methodological quality. As a result,
the present review includes a total of five studies.

The study selection and inclusion process, based on the
defined inclusion and exclusion criteria, is illustrated in the
flow diagram below (Figure 1).15

c
S
B EBSCOhost Web (74)
£ PubMed (48)
S (n=122)
: J/
Records after
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(n=91)
c
S
kst
Q<
[
(%]
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Full-text articles excluded,
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% Full-text articles Incomwzgget:f(??fe-tter to
S assessed for eligibility ——> plete -
= _ the editor (n = 1)
w (n=9) .
Low level of evidence
\L (n=2)
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ks] Studies included
E] in the analysis
E (n=6)

Figure 1. PRISMA Flow Diagram of study selection.

The final review includes five studies conducted in Euro-
pean countries (The Netherlands, Switzerland, and the
United Kingdom), North America (the United States of
America) and Australia. All studies were carried out in hos-
pital settings, including emergency departments, inpatient
units and day hospitals. The studies were conducted be-
tween 2020 and 2024, with varying durations. Their key
characteristics and main findings are summarized in the ta-
bles that follow.
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Table 3. Listing and characterization of included studies.

L . Medication . .
Autors Ye_a r °.f Title Country Study design Area Administration Results administration Evidence Methodo] ogical
publication Number errors level quality
The Effect of
Implementing Bar-
Code Medication Benefit of BCMA in
Administration in an reducing medication
Owens et al. 2020 Emergency United States Comparative Emergency 1332 medication elng m Wrong dose
) P administration errors o 3 6/9
9 Department on of America study Department administrations : . (2.96%)
- and improving nurse
Medication satisfaction
Administration Errors )
and Nursing
Satisfaction
Wrong medication
Effect of barcode BCMA reduced the rate | "  3g.
technology on 2 medical- of medication P=0.010) and
Lechnology on Switzerland Quasi- ’ 5932 selection and preparation errors. e
Kung et al. 11 2021 medication preparation N surgical - wrong dosage 2 8/9
. N experimental - . dosage criteria
safety: a quasi- inpatient units Relative risk reduction errors (OR 0.12,
experimental study o P =0.004). Wrong
of 54.5% ;
patient,
BCMA allowed the
positive identification of
An evaluation of the 100% of patients. The
impact of barcode high rate of adherence
Barakat & 2020 patient and medication United Comparative 2 cirurgical 459 medication to scanning prior to Wrong formulation 3 70
Franklin 12 scanning on nursing Kingdon study ward units administrations drug administration (0.4%)
workflow at a UK makes it possible to
teaching hospital identify prescription
errors before
administration.
Effect of automated Th:ultgﬂr':::g g'lt:r:lt?;d
u.mt dose dlspensmg Uncontrolled . dispensing of unit erong y
with barcode scanning " 6 medical - . administration
Jessurun et g Netherlands prospective . 3120 medication doses with BCMA was .
P 2021 on medication ward units o : . Technique (99) 3 8/9
al. P : study administrations associated with a lower L
administration errors: o Wrong medication
likelihood )
an uncontrolled L handling (59)
of medication
before-and-after study P
administration errors.
The systematic review
included 4 studies in
non-unit-dose settings
The impact of and found weak to
barcode-assisted moderate evidence that
medication Systematic medical ward 12013 medication Barcode-Assisted Omission of
Tanetal. 18 2024 administration on Australia review administrations Medication doses, wrong 3 9110
medication 1 Administration (BCMA) | diluent and the fast
administration errors in surgical ward reduces certain administration
non-unit-dose settings categories of
Medication
Administration Errors
(MAEs).
Discussion Although barcode medication administration systems are

Medication administration constitutes a central and par-
ticularly sensitive stage of healthcare delivery and is widely
recognized as a priority domain of patient safety due to its
technical, cognitive, and organizational complexity.35
Within this context, it should be noted that studies prima-
rily addressing medication prescribing or order entry sys-
tems were outside the scope of this review, which focused
exclusively on the administration phase of the medication-
use process.

Available national data reveal a consistent increase in the
reporting of medication-related incidents in recent years,
reflecting both the persistence of risks throughout the med-
ication-use process and a growing institutional awareness
of patient safety.4 Within this context, the administration
phase emerges as one of the most vulnerable stages, as it
relies heavily on the direct interaction between nurses, pa-
tients, and clinical decision-support systems.
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already implemented in some Portuguese hospitals, the lit-
erature searches conducted for this review did not identify
any peer-reviewed studies published in Portugal during the
defined timeframe. This scarcity of national evidence justi-
fied the focus on international studies and limits the direct
extrapolation of findings to the Portuguese context.

In the absence of a BCMA system, nurses must manually
ensure that the medication, dosage, pharmaceutical form,
administration method, and timing are correct, as well as,
accurately identify the patient. This manual identification
process increases the risk of error, especially for patients
with impaired consciousness, cognitive limitations or an
inability to communicate verbally.

Several studies validated the advantages of BCMA sys-
tems in reducing medication errors and optimizing nurses
time, while also acknowledging some limitations. A
quasi-experimental study by Kung et al.'* conducted in a
Swiss hospital demonstrated a 54.5% reduction in total



medication preparation errors following BCMA imple-
mentation, including significant decreases in errors re-
lated to patient identification, medication, dosage, and
pharmaceutical form. No patient misidentification or in-
correct pharmaceutical form errors occurred during the
study, and the highest observed error rate was below
0.4%. Additionally, nurse preparation time was reduced
by 38%. However, some errors related to dose omissions,
preparation of non-prescribed medications and incorrect
dosing in unit-dose drawers persisted, partly due to hu-
man, technical or logistical factors, including lack of in-
teroperability between information systems. Jessurun et
al.3 conducted a prospective study in a Dutch hospital
showing BCMA implementation reduced medication ad-
ministration error probability from 19.5% to 15.8%, with
potentially harmful errors occurring in only 0.3%. Errors
related to omissions, non-prescribed drugs, incorrect
pharmaceutical forms and wrong doses also decreased
significantly compared with the pre-intervention period.

Barakat and Franklin'2 highlighted that BCMA no only
improves patient and medication identification but also
optimizes nurses working time. Their United Kingdom
(UK) study found that nurses using BCMA administered
more doses in similar or less time compared than those
without the system, achieving a 100% patient validation
rate via PDA. Owens et al.9 reported that the implementa-
tion of BCMA resulted in a 74.2% reduction in medication
administration and patient misidentification errors, with
nurses also expressing higher perceptions of safety and
greater satisfaction with the system. The most persistent
errors were related to partial dose administration, leading
Owens et al.9 to recommend additional packaging options
to enable more precise dosing.

Additionally, nurses may occasionally bypass BCMA pro-
cedures to simplify workflow, such as scanning incorrect pa-
tient barcodes, reducing system effectiveness. 1213 At the
mentioned institution, initial resistance, especially among
older nurses, was overcome through strong management
support and the demonstration of clear benefits. Some med-
ications (e.g., insulin pens, ointments) cannot be scanned or
partial doses cannot always be accurately recorded. Offline
contingency plans are therefore essential in the event of
power outages or cyberattacks; at the institution in question,
a 24-hour prescription history is stored for offline access.

The evidence analyzed in this rapid review indicates a gen-
eral consensus regarding the potential of BCMA systems to
mitigate medication administration errors, albeit with heter-
ogeneous results that are strongly dependent on the context
of implementation. Studies conducted across different clini-
cal settings demonstrate significant reductions in errors re-
lated to patient identification, wrong medication, incorrect
dosage, and administration of non-prescribed medications
following BCMA implementation.913 These findings are
consistent with those reported by Poland et al.,! who

emphasize the role of BCMA as an additional safety barrier
within the medication administration process, particularly
in settings characterized by high workload and organiza-
tional complexity.

However, a critical appraisal of the evidence reveals that
the benefits of BCMA are neither uniform nor absolute. Tan
et al., included in this review, is particularly relevant, as it
demonstrates that in contexts lacking unit-dose dispensing
systems, the available evidence is characterized by limited
methodological quality and inconsistent outcomes. The au-
thors report modest reductions in certain categories of er-
ror, alongside a lack of significant impact in others,
particularly errors related to timing of administration, un-
derscoring that BCMA alone is insufficient to ensure robust
and sustained gains in patient safety.!8

Several studies identify structural limitations that con-
strain the effectiveness of BCMA systems. Barakat and
Franklin demonstrate that despite clear improvements in
patient identification and traceability of medication admin-
istration, challenges persist in relation to system interoper-
ability, time management, and the adaptation of clinical
workflows.’2 Similarly, Jessurun et al. report that certain
types of errors, such as omissions or inappropriate dose ad-
justments, continue to occur after BCMA implementation,
reinforcing the notion that technology primarily addresses
mechanizable errors and has a more limited impact on er-
rors of a cognitive or organizational nature.3

The literature also highlights the recurrent and critical
phenomenon of workarounds. The study published in the
Canadian Journal of Nursing Informatics describes infor-
mal strategies adopted by nurses to circumvent technical
constraints, time pressures, or system failures, such as
scanning barcodes away from the point of care or retro-
spectively validating administrations that have already oc-
curred. Although often motivated by intentions to maintain
efficiency or continuity of care, these behaviors undermine
the safety potential of BCMA systems and point to the need
for approaches centered on safety culture and alignment
between system design and real-world clinical practice.1©
Whereas some studies reported near-complete patient val-
idation rates, workarounds such as retrospective scanning
or scanning away from the point of care were also identi-
fied.1012.13 These practices directly undermine system effec-
tiveness and may lead to an underestimation of residual
medication errors. High scanning compliance was associ-
ated with greater reductions in error rates, whereas partial
adherence attenuated safety gains.o-11.13

When analyzed within specific care contexts, the effects of
BCMA reveal additional nuances. Owens et al.9 reported sub-
stantial reductions in administration errors and increased
nurse satisfaction in an emergency department, while Gow
et al.” demonstrated significant improvements in adherence
to insulin administration timing in acute care units. These
findings suggest that BCMA may be particularly impactful in
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high-risk, time-pressured environments, provided that ade-
quate training is ensured and the system is functionally inte-
grated into care workflows.

From a methodological perspective, it is important to
acknowledge that most included studies present significant
limitations, including uncontrolled before—after designs,
lack of randomization, and susceptibility to the Hawthorne
effect, as outlined in the methodological guidance of the Jo-
anna Briggs Institute and the PRISMA 2020 recommenda-
tions.!4-16 These limitations constrain the strength of causal
inference and reinforce the need for future research em-
ploying more rigorous designs and medium- to long-term
impact evaluation.

Finally, the literature converges on the relevance of lead-
ership and organizational culture as critical success factors.
Kim et al.’9 demonstrate that perceived benefits of medica-
tion safety systems positively mediate the relationship be-
tween transformational leadership and the medication
error management climate, underscoring the strategic role
of nursing leadership in promoting adherence, incident re-
porting, and continuous improvement. This perspective
aligns with national patient safety strategies, which empha-
size “medication without harm” as a strategic priority of the
National Health Service.4:5

Overall, the analyzed evidence supports the conclusion
that Barcode Medication Administration systems consti-
tute a relevant tool for improving patient safety in medica-
tion administration,
identification and administration errors. However, their ef-
fects are context-dependent and influenced by digital ma-
turity, professional training, and organizational culture,
and they should not be regarded as a standalone solution.
BCMA must be embedded within a systemic and critical ap-
proach to medication safety, centered on care delivery, the
patient, and the nurse as a clinical decision-maker, thereby
reinforcing the quality and safety of healthcare provision.
This variability in outcomes is further reinforced by studies
examining contextual and organizational factors. Hong et
al. ¢ warn of the risk of “disappearing clinical expertise” in
highly automated environments when technology is
adopted uncritically, potentially leading to excessive sys-
tem dependence and reduced active clinical surveillance by
nurses. This tension between automation and professional
autonomy emerges as a central axis in contemporary dis-
cussions on medication safety, highlighting the need for
implementation models that value both technological sup-
port and clinical judgement.

particularly in  preventing

Conclusion

Patient safety is a core component of healthcare quality and
a shared responsibility across all stages of medication admin-
istration. Errors in this process represent a significant risk to
patient safety, and efforts should focus on implementing
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evidence-based strategies to reduce their occurrence. BCMA
systems have demonstrated potential to mitigate errors re-
lated to patient identification, incorrect dosing, and admin-
istration of unauthorized medications. By enhancing the
accuracy of information, providing reliable electronic rec-
ords, and supporting standardized administration workflows,
BCMA can contribute to safer medication practices and more
efficient nursing care. However, the effectiveness of BCMA is
context-dependent, influenced by factors such as workflow
integration, staff training, system interoperability, and organ-
izational culture. The technology alone is insufficient to en-
sure comprehensive safety improvements; it must be
integrated within a systemic approach that values clinical
judgment, supports professional autonomy, and fosters a cul-
ture of safety. Future research should focus on rigorous eval-
uations of BCMA implementation, particularly in different
healthcare contexts, to better understand its impact on pa-
tient safety and workflow efficiency. Such evidence is essen-
tial to guide informed adoption strategies and to optimize the
benefits of BCMA in diverse clinical environments.

Data supporting the results will be provided on request.
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