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ABSTRACT

Objectives The current systematic review (SR) was
undertaken to identify and summarise the published
literature reporting on the clinical and economic value of
automated in-hospital pharmacy services with a primary
focus on systems supporting the dispensing of medicines.
Methods Literature searches were conducted in
MEDLINE, Embase and the Cochrane Library on 17
December 2017 to identify English-language publications
investigating any automated dispensing systems (ADSs)
in the inpatient setting to include central pharmacy and
ward-based systems.

Results 4320 publications were screened by title

and abstract and 45 of 175 full publications screened
were included. Grey literature searching identified an
additional three publications. Therefore, 48 publications
relating to ADSs were eligible for inclusion. Although

a relatively large evidence base was identified as part

of the current SR, the eligible studies were inconsistent
in terms of their design and the format of reporting

of outcomes. The studies demonstrate that both
pharmacy and ward-based ADSs offer benefits over
traditional manual dispensing methods in terms of
clinical and economic outcomes. The primary benefits
following implementation of an ADS include reductions
in medication errors, medication administration time

and costs. Studies examining optimisation/inventory
management strategies/refill programmes for these
systems suggest that optimal implementation of the ADS
is required to ensure that clinical success and economic
benefits are maximised.

Conclusions The published evidence suggests positive
impacts of ADS and should encourage hospitals to invest
in automation, with a global strategy to improve the
reliability and the efficiency of the medication process.
However, one of the key findings of the current SR is the
need for further data from adequately powered studies
reporting clinically relevant outcomes which would allow
for robust, evidence-based recommendations on the
return on investment of the technologies. These studies
would probably contribute to a larger adoption of these
technologies by European hospitals.

INTRODUCTION

Medication management within a hospital envi-
ronment is a complex process usually involving
at least four stages from (1) prescribing, (2) tran-
scription and verification, (3) dispensing by nurse
to the patient and (4) administration by nurse to
the patient." Medication management is associ-
ated with a risk of errors and inefficiencies across
all stages of the process. There is considerable
variability in the estimates of medication errors

reported in the prescription (approximately
10%-39%), dispensing (approximately 11%-409%)
and administration (approximately 10.5%-38%)
stages of medication management across different
territories with multifactorial causes.”!® Healthcare
policy is therefore focused on methods to reduce
the burden of medication errors.! In recent years,
the automation of medication process services
such as ordering, dispensing, delivery and admin-
istration of medications has been promoted as an
important strategy for improving dispensary effi-
ciency, maximising storage capacity and minimising
dispensing errors.'! For example, The UK National
Health Service has undertaken a review of opera-
tional productivity and performance in acute hospi-
tals in England and has recommended a Hospital
Pharmacy Transformation Programme (HPTP).
A key part of this HPTP is to develop services by
“increasing pharmacist prescribers, e-prescribing
and administration, accurate cost coding of medi-
cines and consolidating stockholding by April
2020, so that pharmacists and clinical pharmacy
technicians spend more time on patient-facing
medicines optimisation activities”. There are initia-
tives and guidelines to improve medication safety
and automation is one of the proposed important
strategies.' 1

There are many commercially available systems
developed to automate in-hospital pharmacy
services and the most advanced systems allow
for integration of multiple technologies (such as
barcode scanning for dispensing and electronic
medical record systems) to increase patient safety
and the efficiency of healthcare professionals, and
to improve pharmacy inventory functions.'' In the
pharmacy, these systems can improve organisation
of drugs, monitoring of expiration dates and prepa-
ration of prescriptions. Automatic stock control and
replacement ordering improves efficiency, requiring
less technician time. This latter issue is important,
as up to 55% of pharmacy staff time is reported
to be spent on ‘infrastructure services’, the largest
component of which is supply chain activities which
includes the buying, making and supplying of medi-
cines. Finally, there is a reduced risk of medication
errors.'’ These automated systems may be used
both by the central hospital pharmacy (‘pharmacy
based’) and during decentralised dispensing on the
ward (‘ward-based’) (with increased efficiencies
gained through automation in both settings). On
the ward, these systems improve drug storage until
needed by the patient and simplify dispensing of
drugs by the nurse.!' This again results in a lower
risk of medication errors, improved usage of drugs,
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and a reduced requirement for nurse and pharmacist time which
can then be redeployed to patient care.'! Following the develop-
ment of technologies to automate in-hospital pharmacy services,
it is critical to evaluate their implementation in a real-world
hospital setting to ensure that the proposed benefits are in fact
apparent in daily use.

Objectives

The current systematic review (SR) was undertaken to iden-
tify and summarise the published literature on the clinical
and economic value of the automation of in-hospital phar-
macy services with a primary focus on systems supporting the
dispensing of medicines. The SR was performed in accordance
with Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'”

METHODS

Search strategy

Searches of MEDLINE In-Process, MEDLINE, Embase and the
Cochrane Library were performed via Ovid on 17 December
2017. The search strategy used to interrogate the EMBASE data-
base is provided in online supplementary table 1. Supplementary
searches of conference proceedings for the Clinical Pharmacy
Congress, World Congress on Clinical Pharmacy and Pharmacy
Practice, Medication Safety Conference, European Association
of Hospital Pharmacists, American Pharmacists Association
Congress, International Society for Pharmacoeconomics and
Outcomes Research, and British Oncology Pharmacy Associa-
tion were carried out for 2014 to 2017. Additional searches of
professional societies including the Institute for Safe Medication
Practices (ISMP), Royal Pharmaceutical Society and European
Association of Hospital Pharmacists were also conducted.

Inclusion and exclusion criteria

Search results were screened for studies of any design reporting
at least one outcome measure of interest (ie, clinical or economic)
related to ADSs. English-language publications and publications
with an abstract in English published 2009 or later were included.
The 2009 restriction was chosen because the Canadian Agency
for Drugs & Technologies in Health (CADTH) undertook an
SR (searches conducted in January 2009) to review technologies
available to reduce errors in dispensing and administration of
medications in hospitals.'® Due to the overlapping objectives of
the SRs, the current SR serves as an update to the previously
conducted SR. Full details of the eligibility criteria are provided
in table 1.

Study selection and data extraction

Citations of interest were identified by a member of the team
(authors SB or SM) and verified by an independent reviewer
(authors SB or SM), based on title and abstract. Full publications
were obtained for all citations of interest and were assessed by
one reviewer and verified by a second reviewer. Any uncertain-
ties were resolved through discussion. Data were extracted into
an Excel spreadsheet by one reviewer and checked against the
original publication by a second reviewer.

To ensure that comparable technologies were considered
within the current SR, ADS is considered an umbrella term
for technologies which automate the dispensing process and
includes automated dispensing cabinets, automated dispensing
devices and automated dispensing machines (ADMs).

Quality assessment

Included primary studies were assessed using the quality assess-
ment tool for quantitative studies of the Effective Public Health
Practice Project (EPHPP)."” The EPHPP tool is considered suit-
able for use in SR publications including studies of different
designs.

Due to the inconsistent reporting of outcomes across the
primary studies, a formal quantitative evidence synthesis of the
results was not feasible. Rather, a qualitative summary of the
results was reported.

RESULTS

A total of 4320 unique citations of potential interest were iden-
tified in the electronic searches and after the removal of 1050
duplicates, 3270 articles were screened by title and abstract. In
total, 30935 articles were excluded, and 175 articles were deemed
potentially relevant. On completion of full publications review,
45 publications were eligible for inclusion.?*** Hand searching
of conference proceedings, additional sources and reference lists
of included studies yielded an additional three eligible publica-
tions for inclusion.®*” This resulted in a total of 48 publications
which met the inclusion criteria for the SR.****” The PRISMA
flow diagram is presented in figure 1. A summary of study design
and results is provided in online supplementary table 2. The
results of the quality assessment are provided in online supple-
mentary table 3.

A total of 35 publications included in the SR reported on ADSs
with 13 publications reporting on pharmacy-based dispensing
systems>* 3337394249 515235636566 354 27 publications reported on
ward-based dispensing systems. 222527 29-3235 36 4143 4453 56-626467 5 )
additional 13 publications that investigated ADSs integrated with
other technologies were also included; five publications reported
on dispensing systems and e-prescribing systems* 2! 23 3*47 and
three publications reported on dispensing and bar-code medica-
tion administration (BCMA) systems.*® * ** The five remaining
publications reported on ADS with barcode scanning for
dispensing,*” a barcode packager,*® an electronic medical record
system,>® dispensing robots*® or barcode scanning during the
dispensing process.*”

All studies were observational in design and were
conducted across 10 countries with the majority of evidence
reported in Europe (14 studies), USA (17 studies) and Australia
(4 studies). A large proportion of the studies (n=21) did not
report the brand of technology under investigation. The most
reported ward-based ADS was Pyxis (6 studies) followed by
Omnicell (5 studies). The most reported pharmacy-based ADS
was the Rowa Vmax (5 studies) with single studies investigating
Omnicell, MedCarousel and ROBOT-Rx.

Thirty-three of the studies were prospective, although it
was challenging to ascertain the perspective if not explicitly
stated in the publication. Forty of the studies were compara-
tive, comparing pre-intervention periods with post-intervention
periods or the automated dispensing technology in parallel with
manual dispensing. All studies were conducted in the inpatient
setting and 33 studies were set either in the central hospital phar-
macy or in general hospital wards. Eleven studies were conducted
in specific high-risk hospital departments such as the emergency
department (ED)*® 343706264 o intensive care unit.’*8 °1 % The
duration of study follow-up ranged from 1week?” to at least 8
years.”” A summary of the study designs and key results of the 48
publications reporting on ADSs is provided in online supplemen-
tary appendix table 2.
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Table 1 Eligibility criteria for study inclusion in the clinical SR
Criteria Inclusion Exclusion
Population » Hospital in-patients requiring pharmacy dispensing » Primary healthcare setting
To include: » Nursing home setting
» Emergency department » Community pharmacies
» Intensive care unit
Intervention » Any ADS/bar-code medication dispensing, including pharmacy-based original pack dispensing systems, B External compounding services
repackaging systems, unit dose technology and ward-based dispensing » Diagnostic
radiopharmaceuticals
» Parenteral nutrition
medication
» Blood product administration
Outcomes Clinical: » Healthcare workers’
» Absolute medication error rate/changes in rate (prevented and not prevented) relating to dispensing perception
activities, including » Patient compliance
— Documentation errors
— Dose errors
— Errors of omission
— Drug errors
— Administration timing errors
» Adverse drug events (ADEs)/potential ADEs
» Mortality
» Economic:
» Changes in quantities of medicines used
» Changes in ward stocks of medicines
» Changes in consumption control at the cost-centre level
» Changes in wastage
» Changes in ward inventory
» Personnel costs/time saved
» Changes in over-the-counter sales
» Changes in preparation time and other dispensing operation efficiencies (including change in space
allocation)
Study design To include: » News articles
» Randomised controlled trials > Letters
»  Prospective/retrospective observational studies (including single-centre studies) » Editorials
» Audits » Reviews
» Ethnographic studies » Bulletins
» Budget impact analyses
» Cost studies
» Economic evaluations
» Health technology assessments
» Literature reviews
» Guidelines

Date of publication/territory of
interest

Restricted to publications published from 2009
No restriction on territory of interest

Language of publication

Articles published prior to 2009

English-language publications or foreign-language publications with an English abstract -

ADS, automated dispensing system; SR, systematic review.

Pharmacy-based automated dispensing systems

Thirteen studies reported the implementation of ADSs across
a range of commercial brands; McKesson’s MedCarousel
CDT** and ROBOT-Rx,** Omnicell cabinets,”* Becton Dick-
inson systems (including the Rowa Speedcase,” Rowa Vmax
models*  and an unspecified model®®), Aethon TUG pharmacy
delivery robots,*® Tosho Main Topra and Xana models,** and
Yuyama’s YS-TR-406FDS.*® Three studies did not report the
brand or manufacturer of the ADS used.’” **!

A summary of the outcomes of the pharmacy-based technol-
ogies for the 11/13 studies reporting comparative data versus
manual dispensing by type and brand is provided in online
supplementary appendix table 4. Although there were limited
clinical outcomes reported, data suggest that pharmacy-based
ADSs are effective in reducing dispensing errors; a statistically
significant reduction in dispensing incidents from 0.64% to
0.28% was reported with the ARX Rowa™; an average error
rate of 0.10% (with a maximum of rate of 0.16%) was reported
following implementation of an ADS in Sutra et al’' and an

increase in the accuracy of dispensing from 99.02% to 99.48%
post-implementation of McKesson’s MedCarousel was reported
in Temple 2010.%

The studies generally suggest improvements in economic
outcomes. In a US-based study, time-savings associated with
using an Omnicell ADS accounted for a total decrease of 35
labour hours per week resulting in cost savings of $64 300
for labour annually.?* An additional study conducted in Thai-
land reported a decrease in pharmacy technician requirements
from 132.66 to 55.38 full-time equivalents (FTEs) post-
implementation of a YS-TR-406FDS Yuyama ADM. However,
this study also reported an increase in the requirement for phar-
macists from 46.84 to 117.61 FTEs which was reported to be
driven by additional pharmacy roles related to screening and
verification for the ADM.*® A study investigating the perfor-
mance of McKesson’s MedCarousel reported a net reduction of
2.0 pharmacy technician FTEs post-automation and reorgani-
sation of the department.’? James et al reported a statistically
significant increase in workload post-automation with ARX
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Records identified through database searching
(N=4,320)

EMBASE, n=2,236; Medline, n=1,944 Cochrane,
n=71; EconLIT, n=69

c
o
=2
®
o
=
=
c
)
)

Duplicates removed
(n=1,050)
Records excluded (n=3,095)

Intervention, n=2,416
Population, n=38
Duplicate, n=238

Records screened on basis of title Review/Editorial, n=37

2 and abstract |, Linked publication, n=4

I (n=3,270) Study design, n=131

0] Non-English language, n=31
o Outpatient, n=9

[} CPOE, n=75

E-prescribing, n=11
Pre-2014 abstract, n=22
Pre 2009, n=83

Full-text articles Full-text articles excluded,
assessed for eligibility with reasons (n=130)
(n=175)

Intervention, n=9

Population, n=2

Pre-2014 abstract, n=17

No relevant outcomes reported,
n=20

Linked publication, n=6

Study design, n=12

Review, n=11

Non-English language, n=2
Citation cannot be obtained, n=3
BCMA, n=48

Additional records identified
through other sources
(n=3)

Publications (n=48)

Figure 1 PRISMA flow diagram. BCMA, bar-code medication
administration; CPOE, computerised physician order entry.

Rowa Speedcase ADS from 9.20 pre-automation to 13.17 items/
person/hour (p=0.001).%* A single study reported an increase in
the costs of inpatient prescriptions post-implementation of an
ADS (unknown brand). In this study, the authors concluded that
the increase in costs was due to the ADS not being continuously
used throughout the day and projected a decrease in unit costs
with an increase of ADS coverage from 23% to 75%.%

Ward-based automated dispensing systems

Fifteen of the ward-based studies investigated the implementa-
tion of ADSs, > 272930354433 365961626467 five stndies investigated
inventory management and optimisation techniques, **3¢ !+
and single studies evaluated an automated refill programme for
ADSs®' and the effect of adding broad-spectrum antibiotics to
an ADS.® The studies reported data for the following brands:
Medi365 vending unit (n=1),> Omnicell (n=5),% 3¢ 3¢ 57 %
Pyxis ADSs (n=6)***138 626467 4nd Cardinal ASSIST ADS logis-
tics system (n=1).*> The remaining nine studies did not report
the brand or manufacturer of the ADS used.?’ 72?3033 43 446061
A top-line summary of findings from the 20 studies providing
comparative data versus manual dispensing is provided in online
supplementary appendix table 5.

Several studies reported clinical benefits of ward-based ADSs,
including a tendency to a reduction of medication errors,”” >’
a reduction in time for treatment dispensing,” and a reduc-
tion in refill and medication errors following the implementa-
tion of inventory management and optimisation techniques for
ADSs.* 31 A single study also reported that with regard to the
manual interventions required following the implementation of
an ADS, the majority were related to incorrect ADS procedures
and handling (59.7%) rather than those related to structure and

functioning of the ADS (29.3%) or inappropriate drugs handling
and storage (11.0%).°

Where economic data were reported, data consistently
suggested that the implementation of ward-based ADS were
associated with a reduction in costs as a result of labour savings,
reduced stock and inventory costs, and reduced waste (ie, from
expired drugs).*? 3¢ 413658 A single study reported a 46% saving
of the original investment of the ADS through a decrease in
purchased stock.” Similarly, a study investigating the imple-
mentation of the Pyxis MedStation 3500 reported a reduction
in stock quantities which could correspond to a saving over an
8-month period of approximately €22 300, while the impact of
drug wastage avoidance was reported to be modest at €650.%
This study also reported that staff time savings during the
8-month study period corresponded to a saving of €4120 and
€3730 for operating room staff and hospital pharmacy staff,
respectively.

A reduction in administration time following the implemen-
tation of ward-based ADSs was consistently reported across
studies.?” 235 33 %0 A single study reported that the implemen-
tation of ADSs in an ED was associated with a statistically
significant increase in the overall mean time taken to retrieve
medications (5.7s, p<0.01), which was driven by an increase in
retrieval time for less restricted or unscheduled medications.®*

Automated dispensing systems integrated with other
technologies

In addition to the studies in the SR investigating ADSs (phar-
macy or ward-based), 13 publications examining ADSs inte-
grated with other technologies were identified, including
e-prescribing,?® 2! % 3 47 BCMA systems,?® ** *® or integrated
with other technologies such as barcode scanning for dispensing
and electronic medical record systems.*® ** *¥ 395 The data from
these studies were limited but suggested that the integration
of multiple technologies could have an additive effect, further
improving the medication process,2® 2! 23 26 28 34 40 4548 5054 1y,
studies which investigated ‘closed-loop’ systems automating the
entire medication workflow system from prescription to admin-
istration were identified.

DISCUSSION

The primary comparison of interest for the current SR is that
of ADSs versus manual dispensing approaches. Data from the
studies investigating pharmacy or ward-based ADSs consis-
tently demonstrated benefits over traditional manual dispensing
methods with regard to both clinical and economic outcomes.
The principal benefits following implementation of an ADS
included reductions in medication errors and administrations
times, and cost savings related to decreased stock, labour savings
and waste, 10 12 13 15 17-21 23-27 29-32 37 39 40 45 48-54 56-58 60 61 yy/ 1.
no formal cost-effectiveness analyses were identified, a single
study suggested that implementation of a pharmacy-based ADS
was cost-effective compared with manual dispensing if suffi-
cient prescriptions were covered by the system.>’ With regard
to the potential clinical impact of automation, the inclusion of
intravenous antibiotics in an ADS was associated with a reduced
incidence of medication errors and a subsequent 4% reduction
in patient mortality.”> However, data from studies assessing the
impact of optimisation/inventory management strategies/refill
programmes indicated that optimal implementation of an ADS

was required to achieve the maximum clinical and economic
- 1019293137
benefits,'? 1?2313
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The integration of multiple automation components across
the medication workflow (ie, e-prescribing systems and BCMA)
with ADSs provides additive benefits in the medication process
compared with the use of ADSs in isolation, 02! 23 26 2834404548 5034
While no studies were included in the SR which investigated
‘closed-loop’ systems automating the entire prescription to
administration medication workflow, data indicate that the inte-
gration of multiple automation components across the medica-
tion workflow (ie, e-prescribing systems and BCMA) with ADSs
provides additive benefits in the medication process compared
with the use of ADSs in isolation.®’ ° E-prescribing and BCMA
are two processes which have been shown to be important for
medication prescription and administration errors. For example,
an SR investigating the impact of BCMA on the frequency, type
and severity of medication administration errors reported BCMA
to be associated with a reduction in errors, but also highlighted
that the long-term (>1.5 years) effects of BCMA on error reduc-
tion were often not assessed.®” Also, there is a paucity of data for
the role of e-prescribing. An SR investigating the economic value
of e-prescribing in the hospital setting identified only three,
low-quality, poorly reported studies, highlighting the need for
further well-designed studies to be conducted.”®

The studies included in the current SR focused primarily on
the impact of technology systems on medication errors. There are
limited data associated with the patient consequences (or asso-
ciated costs) of medication errors.”” **3* A recent SR published
in 2017 summarised the economic impact of medication errors
and highlighted that considerable variability existed between the
16 studies identified in terms of financial cost, patient settings
and the reported errors.”! The true economic impact of medica-
tion errors has not been accurately estimated to date and further
studies are required to assess the economic impact of medication
errors.

It is widely acknowledged that the ED and intensive care unit
(ICU) are associated with a high risk of medication errors, and it
is intuitive that pharmacy automation would be associated with
a greater beneficial impact in these settings.”* > A total of 11
studies identified in the SR were conducted exclusively in the ED
(n=6)33"359606264 . ICU (n=5).%8 1 However, due to the
heterogeneity in study designs, it was not possible to ascertain if
pharmacy automation technologies had a greater impact in these
high-risk departments compared with general hospital wards.

The results of the current SR are largely consistent with those
from the previously conducted SRs investigating pharmacy
automation technologies.”® 7#7® In general, the SRs reported
that automated pharmacy technologies were associated with
a reduction in medication errors, dispensing time and cost
savings (primarily in high-expense units). However, a recent SR
of automated and semi-automated drug distributions systems
in hospitals reported that despite improved medication safety
with automated drug distribution systems, error types such as
prescription errors persisted.”®

One of the key findings from the current SR is a ‘call to action’
to encourage pharmacists to perform evaluations when imple-
menting automated pharmacy technologies in their hospital
and to publish these data. Ideally, these publications should be
submitted to a peer-reviewed journal (even if they take the form
of a brief communication) and we would encourage the reporting
of data in a consistent format using standardised definitions and
allowing comparisons with outcomes prior to the implementa-
tion of the technologies. Over time, this would ideally lead to the
development of a robust published evidence base for all available
technologies and assist with a qualitative (or even quantitative)
comparison of technologies and allow for firm evidence-based

recommendations on the benefits of hospital pharmacy tech-
nologies to be reported in subsequent updates to international
guidelines.

Limitations

The results of the current SR must be interpreted in light of
several potential limitations. The review was restricted to
English-language publications which may limit the global rele-
vance of the findings. A post hoc date restriction (2009) was
applied following the initial screening for the electronic data-
base searches. However, previous relevant SRs were identified
during the review which included primarily pre-2009 studies
which corroborate the findings of the current SR. The absence
of published evidence in the public domain for some commer-
cial technologies confirms that there is a lack of peer-reviewed
studies investigating these interventions. This may be due to
publication bias, whereby results not deemed to be supportive
of commercial claims are not published by manufacturers.”” The
observational design of the included studies is associated with
well-characterised bias from unknown confounders which can
impact outcome measurements.”® The lack of both consistent
study designs and reporting of comparable outcomes across
the studies also limit our ability to make robust inferences both
within and between the commercially available technologies.
Due to limited evidence relating to the patient consequences of
medication errors, it was not possible to infer the impact of a
change in the medication error rate on patient outcome.
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