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Objectives: Over the last few years, hospitals have embraced automated drug dispensing technologies
aiming to streamline processes, minimise medication errors, and boost safety for patients and medical
staff alike. This review endeavours to synthesise and critically assess current evidence concerning these
technologies and their integration into clinical practice.

Methods: The research, conducted in October 2022, based on two databases, Scopus and PubMed,
searches peer-reviewed articles or reviews published in English, considering a time frame between 1995
and 2022. In addition, grey literature is considered. Four distinct comparison scenarios were delineated
for evidence evaluation. Only studies using a comparative approach to describe the safety, efficacy, and
efficiency of technologies and undergoing quality assessment (Newcastle-Ottawa Scale, IMPAQHTA
model and AACODS checklist) were incorporated. Results were synthesised with a narrative approach.

Results: After removing duplicates, 203 papers were screened, and nine observational studies were
included in the narrative synthesis. Evidence indicates that automation substantially mitigates errors
in drug administration, encompassing dosage mistakes and curtails errors in drug dispensing and
distribution. Furthermore, it economises the time healthcare professionals devote to medication
management.

Conclusions: Automated dispensing technologies bolster safety and efficiency for both patients and
healthcare staff. Yet, existing evidence chiefly pertains to either pharmacy-based or ward-based scenarios,
side-lining integrated solutions across both and results are not completely generalizable considering
the observational local approach. To truly gauge these technologies’ merits, a broad multi-dimensional
research lens is essential, furnishing insights for informed decision-making.
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Introduction

The pivotal role of medication administration in patient thera-

ication management process within the hospital milieu encapsulates
a spectrum of activities, including the prescribing, preparation, and
dispensing phases, the subsequent administration to the patients,

py is undeniable, acting as a fundamental pillar for ensuring safety
and well-being, particularly considering that a significant majority of
hospitalised patients need pharmacological intervention as part of
their healthcare regimen [1]. The multifaceted landscape of the med-

and vigilant observation of effectiveness and safety, notably poten-
tial adverse events or side effects [2]. Drug administration frequent-
ly represents the culmination of the drug management process, and
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consequently, errors in this phase could significantly compromise pa-
tient safety [3], potentially prolonging hospital stays and escalating
healthcare expenditure due to systemic inefficiencies or failures [4].
However, quantifying the impact of errors in clinical practice, includ-
ing potential harm throughout the drug management process, often
poses a challenge, primarily because some errors may not result in
harm or are relatively minor. On the other hand, some errors, while
corrected before precipitating adverse events, could nonetheless cre-
ate additional workload for healthcare professionals and organisa-
tions [5]. In many hospitals drugs are still stored in an alphabetical
order on open shelves.

This system is susceptible to errors, given the human propensity
for mistakes, particularly in high-stress or complex situations, during
communication breakdowns, or in the absence of standardisation [5-
7]. Manual dispensing often involves ward nurses and pharmacists in
tasks that could be automated, thereby enabling them to divert more
time to value-added clinical activities [8]. Additionally, the literature
suggests that many administration errors remain undetected and
previous studies indicated a possible role for automation and relat-
ed technologies in mitigating this issue [9]. The advent of automated
logistic solutions for drug management in hospital settings has gar-
nered increasing attention in recent years [10], considering these
solutions as potential instruments to rationalise processes, reduce
medication errors, and enhance patient safety [11,12]. Automated lo-
gistic solutions comprise diverse technologies and systems designed
to automate various stages of drug management, including ordering,
dispensing, and administering medications [13], due also to their
nature of information technologies [14]. Examples include comput-
erised physician order entry (CPOE), barcode medications adminis-
tration (BCMA) systems [15], pharmacy dispensing technologies [16],
and dispensing cabinets. Such automated systems could mitigate the
risk of human errors, reducing medication errors and improving pa-
tient safety [17], alleviating the workload on healthcare professionals.

Previous studies suggest that augmenting the degree of automa-
tion within one or more stages of the medication management pro-
cess could reduce error rates [3-18]. As for the efficiency profile of
automated dispensing systems, some authors have demonstrated
that these logistics systems may confer advantages to healthcare pro-
fessionals and facilities at large, potentially saving time for hospital
pharmacies, departments, and nursing staff, improving medication
management processes, and reducing the time required for medica-
tion administration [19]. Automation has been particularly lauded in
the dispensing stage, where medication errors (MEs) occur [20], and
traditional manual dispensing systems are more prone to mistakes
and inefficiencies [21]. However, a comprehensive analysis of the
supplementary benefits and advantages resulting from implementing
integrated solutions, both in the centralised pharmacies and wards,
remains limited.

Objectives

This review was undertaken to identify, summarise, and critically
assess the current state of knowledge and available evidence about
automated solutions for drug dispensing processes within hospital
settings and their integration within the broader drug management
and administration process [22]. The objective was to assess the
safety, efficacy, and efficiency of various automation scenarios with-
in hospital dispensing processes. This endeavour is expected to offer
insights into distinct and additional benefits of existing automated
solutions for hospital dispensing, thereby assisting the decision-mak-
ing process of healthcare managers and other hospital stakeholders.
Moreover, the findings of this study are anticipated to augment the
understanding of the subject matter and lay the groundwork for the
design of more comprehensive empirical investigations. These could
enhance current hospital practices in drug management and admin-
istration processes by identifying existing knowledge gaps that could
inform the implementation of such technologies.

Materials and Methods

A systematic literature review with a narrative synthesis [23] was
conducted in October 2022 to gather evidence about safety, efficacy,
and efficiency profiles concerning four scenarios.
e Scenario 1, related to the drug manual management and dis-
pensing (see also [8]).

e Scenario 2, in which centralised pharmacy automated dis-
pensing systems are implemented (described in [16]).

e Scenario 3, in which decentralized systems and dispensing
cabinets are implemented in the wards, to help drug trace-
ability and dispensing activities (defined in [24]).

e Scenario 4, in which all the technologies of Scenarios 2 and
3 are integrated into a hybrid automated system (see also

[25]).

PRISMA methodology [26] was used to conduct the systematic
review. The PICO approach (Patient/Population, Intervention, Com-
parator and Outcome) was used to define the research questions and
shape the review [27,28] was as follows.
o  Patient/population: drugs dispensed in the hospital setting
(in-patient and out-patient).

¢ Intervention: automation in the drug distribution system (in
the Pharmacy and/or in the Wards settings that are repre-
sented by Scenarios 2, 3, and 4).

¢  Comparator: the absence of automated distribution systems
(represented by Scenario 1).

e Outcome:

(i) Safety considering all the potential errors throughout the

drug management process (outpatient dispensing error rate, at
discharge dispensing error rate, labelling dispensing error rate,
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documentation dispensing error rate, medication administration
error, dosage error rate, etc...);

(ii) Efficacy referring to the ability of an automated system to
curtail the dispensing error rates;

(iii) Efficiency is related to the reduction of the drug preparation
time and drug administration time.

Search Strategy

Two separate databases, Pubmed and Scopus, were explored to
find peer-reviewed articles with a specific set of keywords present
in either the title or abstract. These keywords included: “Drug*” or
“Medicine” or “Medication”, “Centralised” or “Pharmacy Based”, “Cab-
inet” or “Ward Based”, “Automated Dispensing System” or “Robot”
or “Device” or “Machine”, and “Safety” or “Efficacy” or “Efficiency”.
In addition, also the grey literature was investigated. The selection
of these keywords followed a structured process of ideation inspired
by Osborn’s “brainstorming” model [29]. This process was conducted
by a team of eight healthcare professionals with extensive experience
in hospital settings to ensure a comprehensive and relevant search.
Then the team performed a prioritization process to determine the
most pertinent keywords to be incorporated into the search strategy.
Moreover, publications were also identified through hand-searching
and cross-referencing citations. Evidence between 1995 and 2022
was considered in the search process, ensuring a comprehensive ex-
ploration of the topic, acknowledging the historical antecedents, and
enabling a more thorough analysis of the development over time, con-
sidering also the first evidence related to the manual scenario.

Study Inclusion and Exclusion Criteria
Studies were included if they met the following criteria:

(i) Peer-reviewed journal articles, reviews and grey literature
published in English between 1995 and 2022;

(ii) They specifically assessed the safety, efficacy, and efficiency
of automated dispensing technologies within a hospital setting;
and

(iii) Comparative studies involving at least two of the four sce-
narios under evaluation.

Exclusion criteria encompassed articles in languages other than
English and publication types such as conference proceedings, book
chapter and discussion papers. Moreover, any article demonstrating
substantial flaws in its quality was also excluded. Studies solely focus-
ing on automated technologies like prescribing systems and Barcode
Medication Administration (BCMA) were not incorporated into the
narrative synthesis.

Screening And Selection Process

One author performed the initial database search, exporting ci-
tations into a reference management software (Mendeley Ltd). This

software facilitated the process of duplicate removal, which was sup-
plemented by a manual check to eliminate any overlooked redundan-
cies. A double-blind review process was subsequently conducted. The
selection process was initiated by two authors — a health economist
and a management engineer, both with expertise in the healthcare
sector. They screened the titles and abstracts of the citations and then
reviewed the full texts to identify pertinent papers. A further review
of the selected papers was conducted by two other authors, special-
ists in health technology assessment and pharmaceutical logistics,
to verify their eligibility for inclusion in the review. In the event of
discrepancies, issues were resolved through collaborative discussion
until a consensus was reached among the authors. The validated arti-
cles were then forwarded to the next stage for quality assessment and
data extraction.

Study Quality Assessment

The quality and potential risk of bias in the selected studies were
evaluated by an expert panel of eight professionals, encompassing
pharmacists, nurses, decision-makers, and other specialists such as
biomedical engineers and management engineers. Their evaluations
employed both qualitative and quantitative approaches, aiming to
meticulously assess the technologies under investigation. From a
qualitative standpoint, the Newcastle-Ottawa Scale [30] was used for
the assessment of observational studies, evaluating the three follow-
ing aspects:

(i) The selection of the study groups,
(i) The comparability of the groups and

(iii) The ascertainment of either the exposure or outcome of in-
terest for case-control or cohort studies.

On the quantitative front, the panel adopted the evaluation tool
proposed by the IMPAQHTA model [31]. This model employs a nu-
merical rating system, ranging from 1 (insufficient) to 4 (excellent), to
gauge the following aspects:

(i) Overall quality of the paper,
(ii) Generalizability of the results, and

(iii) Completeness of the findings. The grey literature was eval-
uated according to the AACODS checklist, including six different
domains: Authority, Accuracy, Coverage, Objectivity, Date and
Significance [32]. More detailed information can be found in the
Supplementary material.

Data Extraction

In line with the aim and objective of this review, a data extraction
template was created and incorporated into an Excel spreadsheet.
The extraction process was carried out by two authors, with any dis-
crepancies resolved through deliberation among the other authors
until consensus was achieved. The data extracted from each article
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included general identifying information (authors, title, publication
year, source title, affiliations, abstract, authors keywords), method-
ological aspects (study design, information about data collection and
analysis) and a range of items related to the three primary outcomes
of interest considered for the review process (safety, efficacy, efficien-
cy). The comprehensive data extraction template can be found in the
Supplementary material.

Data Synthesis and Presentation

A bibliometric network was created considering the information
regarding the papers included in the review to find the most relevant
subjects within those scientific publications, which would become the
focus of this research, helping identify possible knowledge and liter-
ature gaps. A bibliometric network consists of nodes and edges used
to determine the correlation between the words and the strength of
the connection through the edges [33]. To help create and visualise
the bibliometric network, the software VOS Viewer was used to per-
form a distance-based network, in which the distance between two
nodes indicates their correlation and the bigger the node, the bigger
the number of citations the word has [32]. Then, given the anticipat-
ed heterogeneity in methodology and resulting data [34], a narrative
synthesis supplemented by tabular representation was selected for
this review. Findings about the safety, efficacy, and efficiency profiles
were summarised for the four scenarios under examination. The
analysis only considered primary outcomes as delineated in the PICO
strategy. Where available, data reflecting statistical significance be-
tween different methods were reported. Microsoft Excel, provided by
Microsoft Corporation, served as the primary tool for data analysis
and presentation.

Results

The PRISMA flowchart of the review is reported in Figure 1. Nine
peer-reviewed publications [35-43] out of the 261 records retrieved
with the initial search, met the eligibility criteria Table 1. The evalua-
tion of the scientific evidence indicated a potentially high risk of bias,
and a low-quality literature level was observed for all three outcomes
of interest Table 2. Given the observational nature of included studies,
the results presented might not be easily replicable, and diverge in
different settings. This factor contributed to the lower scores in the
IMPAQHTA model regarding replicability Table 2. In addition, the re-
trieved biases affect the results, which could not be used as unique
evidence for the decision-making process and to perform a complete
evaluation of drug automated dispensing systems for the hospital
setting, highlighting the need to also collect further evidence such as
expert opinion and perceptions, or design further studies to cover the
knowledge gaps. Figure 2 shows the results of the defined bibliomet-
ric network, performed using keywords identified by the authors in
their papers, clearly generating three clusters of reference. The first
keywords, the ones represented with the green colour, are related to
the departmental problems, which then resulted connected with the
institutional part of centralised pharmacy. The third aspect that was
considered by the already published scientific evidence is related to
the results or outcomes. The outcomes resulted studied with a single
perspective approach, not allowing an integration between the de-
centralised and the centralised levels. Findings concerning the three
different dimensions of outcomes under analysis are described below.

Figure 1: Prisma Flow Chart

—
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Table 1: Overview of the studies included in the review.

itle uthors ear oun ublication e tu esi, nalysed Scenario overe imensions
Titl Auth Y Country | Publication Typ Study Design Analysed S i C d Di i
Effect of an automat- Manual dispensing
ed, nursing qnlt—basgd Borel, et al. 1995 France Peer—reylewed Observational and Ward-Based Efficacy and efficiency
drug-dispensing device [38] article study .
. . automated scenario
on medication errors
Implementation and eval- . . . Manual dispensing
uation of an automated Schvvarz, 1995 United Peer-rey fewed Observational and Ward-Based Efficiency
di - etal. [41] States article study .
ispensing system automated scenario
Evaluation of an Auto-
mated Drug Distribution . . . Manual dispensing
System in an Australian M;irt[ild]et 2000 Aul?;ra- Peer;f;;llzwed Obse:t‘:/lztlonal and Ward-Based Efficiency
Teaching Hospital: Part 2. ’ y automated scenario
Outcomes
.A report assessing the ) Manual dispensing
impact of an automated . United . .
. R Brinklow, . . Observational and Centralised .
dispensing system (ADS) 2006 King- Grey literature Efficacy
N - etal. [39] study Pharmacy-Based
at King’s College Hospi- dom d .
t51 NHS Trust automated scenario
An evaluation of two United Manual dispensing
automated dispensing | Franklin, et 2008 Kine- Peer-reviewed Observational and Centralised Safety, efficacy and
machines in UK hospital al. [35] do ng1 article study Pharmacy-Based efficiency
pharmacy automated scenario
Effect of automated drug . .
distributi . . . Manual dispensing
istribution systems on Cousein, et Peer-reviewed Observational
o . 2014 | France . and Ward-Based Safety
medication error rates in al. [36] article study .
o . automated scenario
a short-stay geriatric unit
A “time and motion’
e(;z_aluatlgn of autqmatgd Roman, et Austra- Peer-reviewed Observational Manual dispensing .-
ispensing machines in al. [42] 2016 lia article stud and Ward-Based Efficiency
the emergency depart- ' y automated scenario
ment
Centralised automat- . .
ed-dispensing system in a Manual dispensing
: . Berdot, et Peer-reviewed Observational and Centralised .
French teaching hospital: 2019 | France B Efficacy
. al. [37] article study Pharmacy-Based
return on investment and .
A automated scenario
quality improvement
An evaluation of auto-
mated dispensing cabi- Manual dispensing
nets and inventory robots | Fox, et al. 2021 Austra- Peer-reviewed Prospective obser- and Centralised Efficacy and efficienc
for centralised distribu- [43] lia article vational study Pharmacy-Based Y y
tion of medication in an automated scenario
Australian hospital

Table 2: Risk of bias evaluated with the Newcastle-Ottawa Scale and final synthetic result from the assessing tool suggested by the IMPAQHTA

model, considering Efficacy/Safety and Efficiency as Outcomes.

Newcastle-Ottawa Scale IMPAQHTA Model
Final Synthetic Final Synthetic | Final Synthetic | Final synthetic result
Result Result Result
Exposure/ Scenario 4
Selection | Comparability Opt Overall Scenario 1 Scenario 2 Scenario 3
utcome Pharmacy-Based
Manual (or Tradi- Pharma- Ward-Based Add + Ward-Based
tional Dispensing) | cy-Based Add Add Add
Berdot, et % % % o o o °
oLe [37] 1/4 1/2 1/4 + 2,17 2,42 N.A. N.A.
Franklin,
et al.*°§ 2/4%* 1/2* 2/4%* + 2,75% [ 2,758 3,25%° / 3,258 N.A*§ N.A*§
35]
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B(’gg S| g g 1/2¢ 3/ 4x% ++ 2,75 / 2,758 NLA* 2,83*§ N.A*§
Cousein,
etal* 3/ 4w 1/2* 3/ 4 ++ 2,67+ N.A. * 3,08+ N.A.*
[36]
Martin/ et Ered * * %0 *0, %0 *0,
alog (a0] | /4 1/2 1/4 + 2,83% / 2,83§ N.A.*°§ 2,92%°§ N.A.*§
Brinklow,
etal* N.A. N.A. N.A. N.A. 2,33+ 2,17*° N.A. * N.A*
391"
Roman, et - " «
ol § [42] 1/4 1/2 1/2 + 1,258 N.A§ 1,25§ N.A§
Brodowy, % * 5
ctals] | M4 1/2 1/2 + 1,338 N.A.§ 1,25§ N.A§
Fogx'[g]al‘ 1/2* 1/4* 1/2* + 2,178 2,508 N.A§ N.A.§

Note: *Considering Safety as an Outcome
°Considering Efficacy as an Outcome

§Considering Efficiency as an Outcome

N.A. if there is no evidence for the Scenario under assessment and so the Quality Assessment was not applicable or if the validation model could not be

applied considering the nature of the publication type

AThis study, using the AACODS checklist was validated with a positive score of 28/34 (82.35%).

errors, mgdication prodggivicy
drug distritjgifion systems
dosage gghedules econ@mics
dispapsing EUEO.I'IOTI time gudies
equigment adminif§ration
pharmacy. in‘monal. hospi
nugges worlgpad

Figure 2: Bibliometric network defined with the most correlated authors keywords.

Safety

Two of the selected studies performed a comparative analysis of
safety aspects across various scenarios Table 3 [35,36]. However, [35]
were unable to test the difference between scenarios due to the small
sample size, whereas [36] found statistically significant difference
between the results from the various scenarios only for one of the
three metrics assessed. [35] revealed that automation in the Central
Pharmacy could lead to a substantial reduction in dispensing errors

for outpatients and in labelling and documentation errors within
the Central Pharmacy, compared to traditional dispensing. However,
these differences were not calculated considering that the data were
available for less than 50% of the prescriptions assessed during the
study. On the other hand, [36] compared manual dispensing with a
ward-based automated scenario, discovering that automated sys-
tems implemented in the wards led to statistically significant im-
provements in terms of reducing Medication Administration Errors
(MAEs), dosage errors, and drug error rates (p<0.05).
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Table 3: Safety and efficacy dimension.

Scenario 1 Manual | Scenario 2 Pharmacy-Based Scenario 3 Ward-Based A O
(or Traditional Automated Drug Dispensing | Automated Drug Dispensing Fire e i ) Source
Dispensing) System System &

Safety

Dispensing error outpatient 0.9%-4.1% 0.5%-0.6% n.a n.a [35]
Dispensing error To Take o o o
Away at the discharge 0.7-2.6% 0.3%-1.8% n.a n.a [35]
Dispensing error Labelling 0.9%-1.5% 0.4%-0.6% n.a. p=ns. [35]
Documentation error 0.1%-0.01% 0.01%-0.01% n.a p =ns. [35]
Medication Administration 30.40% na. 19.90% <0.05 [36]
Error P

Dosage error 2.40% n.a. 0.50% p=0.005 [36]

Efficacy
2.90% 1.70% n.a p<0.001 [37]
1.4%-2.7% 0.6%-1% n.a. p<0.005 [35]

Dispensing error rate
16.90% na. 10.40% p=0,001 [38]
0.80% 0.26% n.a. p<0.005 [39]
Efficacy Efficiency

Four of the selected papers examined the efficacy dimension and
conducted comparisons among various scenarios Table 3. All the stud-
ies utilized the dispensing error rate as a measure of the dispensing
process efficacy. They reported that scenarios employing automat-
ed dispensing technologies, either in the Pharmacy or in the Wards,
demonstrated statistically significant lower error rates (p<0.005)
compared to the scenario involving manual dispensing. Two studies,
[35,37] compared Pharmacy-based automated systems with manual
dispensing. Their findings suggested that the implementation of auto-
mation in the Central Pharmacy resulted in a reduction of dispensing
errors — from 2.9% to 1.7% (p<0.001) and from a range of 1.4%-
2.7% to 0.6%-1% (p<0.005), respectively. Another study conducted
by [38] determined that dispensing errors significantly decreased
when automation was introduced in the Wards (comparison between
Scenario 3 and Scenario 1) (p<0.005).

Table 4: Efficiency dimension.

Six studies delved into the efficiency dimension from various
perspectives among the drug management process (Table 4). Two
studies juxtaposed the Central Pharmacy-Based automated scenario
with the manual dispensing scenario [35] reported that pharmacy au-
tomation could enhance the time allocated for picking and the total
turnaround time for discharge (p<0.01). [43] examined the efficiency
outcomes before and after implementing a central dispensing drug
system, demonstrating a reduction in the overall time for drug dis-
pensing by 15%, attributable to the introduction of automation. Four
studies contrasted the Ward-based automated scenario with tradi-
tional dispensing. [38] found that Ward-based automated systems
could reduce the time spent on administration (p=0.003). Conversely
[42], reported that ward automation could potentially increase the
average medication retrieval time, thereby negatively impacting the
efficiency dimension, considering the entire medication management
process. This phenomenon could be explained by healthcare profes-
sionals’ queuing considering that only one person could use an ADD
system at any time [42].

Scenario 1 Manual (or Scenario 2 Pharma- IR
o . . Ward-Based p-value | Source
Traditional Dispensing) cy-Based ADD ADD
Time to label (t(lime dedlca.ted by the technicians to the 43-44 sec 47-47 sec na. p=ns [35]
rug labelling activities)
Time to picking (time dedicated by a pharmacist or a
technician to physically locate and retrieve medication 19-49 sec 0-32 sec na p <001 [35]
from the inventory to fill a prescription or medication
order for a patient)
Copyright@ : Elisabetta Garagiola | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008454. 45100



http://dx.doi.org/10.26717/BJSTR.2023.53.008454

Volume 53- Issue 5

DOI: 10.26717/BJSTR.2023.53.008454

Time to assembly (time dedicated to gathering and pre- 41-42 sec 45-53 sec na s [35]
paring all of the necessary medications of a prescription) - p=n
Turnaround time for discharge (time that a patient waits A0 R 1001 -20)-
to receive medications before the discharge) 0:54:00-1:36:00 1:18:00-1:30:00 na. p <001 [35]
Turnaround time for inpatients (time that a patient waits 1:09:00-1:19:00 48:00-1:51:00 na na [35]
to receive medications during the recovery) R R i -
Pharmacist time per week (time dedicated by a pharma- 338 min/week na 183 min/ week na [40]
cist to the drug management process every week) - -
Pharmacy assistant time per week (time dedicated by
a pharmacy assistant to the drug management process 911min/week n.a. 1236 min/week na. [40]
every week)
Administration times (time between the prescription and . . _
the drug’s delivery to the patient) 34.5 +48.9 min n.a. 30.1£31.6 min | p=0.003 [38]
Acquisition of a single dose (time taken to have the drug
available for the patient from the pharmacy) 107£106 sec n.a. 48 +23 sec na. [41]
Average medication retrieval time (total time taken to
retrieve all medications during the study period, divided 30.3 £ 47.6 sec n.a. 36.0 £25.1 sec p <0.01 [42]
by the total number of medications retrieved)
Overall time for medication supply (time between the . .
prescription and the drug’s delivery to the patient from 74.25 mlnn(IBi:rll.)ZO—126.45 63.18 mlrr1n(13n6).90—97.41 na. p=0.019 [43]
the Central Pharmacy to the wards, without downtime)
Time dedicated to counting, generating, and picking . . 17.09 min (10.13-
orders from the stock without downtime 35.35 min (13-56 min) 24.61 min) na. p<0.0001 | [43]

Discussion

The present review identified nine studies that assessed safety,
efficacy, or efficiency of the four comparative scenarios, depending on
the technologies’ introduction. The evidence suggests the existence of
ADD systems’ benefits; however, none of the studies has detailed the
incremental benefits of centralised versus decentralised systems, nor
have they exhaustively explored the impact of automation on efficacy,
particularly concerning process time. In addition, other errors, such
as prescribing errors, should persist if organisations do not adopt
integrated systems, even with the introduction of an electronic pre-
scription system [44]. Additionally, specific risks and disadvantages
have been associated with using automated dispensing technologies.
As per the literature, implementing automated technologies can in-
troduce new organisational and technical risks due to alterations in
the dispensing process and the organisation of hospital tasks [45,46]
proposes that changes in the work routine following the introduction
of automated dispensing technologies can be managed by organising
regular meetings with professionals involved in the dispensing pro-
cess. This would foster knowledge sharing, heighten awareness of
automated solutions, and facilitate revising human resource plans in
the early stages of implementation. This approach could impact or-
ganisational investments related to the learning curve, an impact that
warrants further investigation.

This systematic review is a first attempt to present a comparative
analysis of various levels of automation in drug dispensing systems
within a hospital setting, synthesising existing research findings from
a broad spectrum of studies and providing a comprehensive under-
standing of the current state of knowledge on the topic. From a prac-

tical standpoint, this study indicates that ADD systems could enhance
drug dispensing processes’ safety, efficacy, and efficiency profiles in
hospitals. Consequently, these technologies provide an opportunity
for healthcare facilities to optimise their operations, reallocate re-
sources more effectively, and augment patient safety. On a theoreti-
cal level, this study elucidates the technical profile of these automat-
ed drug dispensing systems from a multi-dimensional perspective.
However, the diversity in methodologies, measures, quantitative
approaches and investigated primary outcomes poses several chal-
lenges in making direct comparisons. Another limitation concerns
the efficacy profile related to the implementation of technological
solutions. Existing literature only presents data for Scenarios 2 and
3. In contrast, efficacy data for Scenario 4 needs to be more studied,
hindering comparisons between scenarios and obscuring the incre-
mental benefits of introducing integrated drug management systems
between the Central Pharmacy and the Wards. It is also worth noting
that factors such as hospital size or the number of human resources
involved in the drug dispensing process could have influenced the re-
sults.

Finally, considering the quality assessment and the observational
and monocentric nature of the evidence, the findings may not easily be
replicable or extendable to other organisational settings. In contrast,
considering all the potential advantages and benefits for healthcare
facilities and patients, more comparable evidence of centralised, de-
centralised, and integrated systems should be produced, also guiding
the training and allocation of resources within the hospital setting.
The present review identified different literature gaps that must be
evaluated and investigated deeply. Firstly, some dimensions were not
assessed in the literature, and future research efforts could be direct-
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ed towards integrating this literature review into a multi-dimensional
assessment that not only considers safety and efficacy but also em-
braces other aspects, such as organisational, and social implications,
also involving a panel of healthcare professionals (including pharma-
cists, nurses, decision makers, IT professionals, and biomedical en-
gineers) from different countries, to enhance results’ validation and
improvement, but also the generalizability of the results. In addition,
the incremental benefits related to the integration of multiple auto-
mated systems, joining drug dispensing solutions in conjunction with
other systems (e.g., BCMA or electronic prescribing) and extending
the analyses to the entire logistics process from the central pharma-
cy to the wards, considering other drug process management phases
(e.g., drug preparation, drug labelling, documentation preparation),
must be supported by the need for more evidence-based information,
opening up avenues for future research, both from a clinical and a
managerial perspective.

In conclusion, also to support the appraisal phase and the deci-
sion-making process, future advancements and research should ex-
tend to incorporate economic considerations. This would facilitate a
more nuanced understanding of economic sustainability linked to the
deployment of automated solutions, an aspect often highlighted by
healthcare professionals as a hurdle to their broader adoption.
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