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Background: Automated Drug Dispensing (ADD) systems are considered to be strategic hospital assets used to reduce errors and 
enhance economic and organizational sustainability. With regards to efficacy and safety, the literature evidence demonstrates the 
incremental benefits of centralised or decentralised systems compared to manual dispensing. Analyses about organisational and 
economic sustainability are still lacking and the present study aims to perform a Health Technology Assessment (HTA), producing 
multidimensional evidence on the use of ADD systems within hospitals.
Methods: In 2023, a comprehensive HTA draws insights from healthcare professionals across six European nations: Italy, France, 
Germany, the Netherlands, the United Kingdom, and Belgium. This appraisal juxtaposed four drug dispensing scenarios: manual 
methods, centralized ADD systems, decentralized ADD systems, and integrated solutions employing cutting-edge technologies in both 
central pharmacies and wards. The study deployed an Activity-Based Costing approach that was combined with a cost-effectiveness 
and Budget Impact Analysis to evaluate economic impacts. Qualitative questionnaires were implemented to assess ethical, legal, 
organizational, safety, and efficacy aspects.
Results: From a multidimensional perspective, healthcare professionals acknowledged ADD manifold advantages of ADD systems. 
From an organizational perspective and within a 12-month timeframe, transitioning to automation may face initial challenges that are 
attributed to potential resistance from professionals and significant investments. However, 36 months past its adoption, automation’s 
superiority over manual methods was recognized. Economically, savings burgeoned from +17.9% in UK to +26.6% in Belgian 
hospitals that adopted integrated systems in comparison to traditional manual approaches.
Conclusion: Compared to traditional methods, implementing ADD systems could improve the logistic management of drug in the hospital 
setting, thereby enhancing safety and efficacy, streamlining the healthcare professionals’ workflow, and bolstering financial stability.
Keywords: automated drug dispensing systems, HTA, economic impact, drug logistic management, efficiency

Introduction
As healthcare systems cope with ongoing challenges, medications logistics emerged as a strategic asset for hospitals. 
Medication logistics especially ensures service quality, minimizes errors, and bolsters both economic and organizational 
sustainability, especially important in this era of downsizing and limiting of healthcare personnel.1 Automated Drug 
Dispensing (ADD) systems, which are recognized as potentially enhancing medication safety as well as the medication, 
the process and the workforce efficiency,2–4 utilize digital technologies and information technologies to store, package, 
and dispense medications. They have been linked to fewer medication errors, heightened administration accuracy, and 
a more efficient pharmacy workflow,5–7 especially when paired with electronic prescribing systems.8 However, ADD 
systems can be expensive, potentially straining hospital budgets. Additionally, there’s an ongoing debate about their real- 
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world effectiveness in enhancing workflow and reducing medication errors:9 different results might be underlined if 
considering different organisational or national contexts.4

Scholarly literature that compares the various ADD systems illuminates the incremental benefits between the manual 
dispensing methods and centralised or decentralised systems.7 Primarily, studies have underscored the automation’s 
impact on effectiveness10–12 and safety,4,13 particularly concerning the lessening of medication errors and adverse drug 
events.6 However, some evidence14 identified only modest benefits from decentralized automated dispensing in dimin-
ishing medication errors, emphasizing the pressing need for more holistic research focused on cost-effectiveness and 
economic implications. Indeed, a rigorous assessment of these systems’ influence on hospital efficiency, juxtaposed with 
their effectiveness and safety, is of utmost importance. In addition, the integration of ADD systems could offer 
advantages across several organizational levels, potentially leading to significant economic benefits.

However, the merits and limitations of these technologies have only been partially explored by the academic literature 
and the evidence produced is of average quality and has only poor possibilities for the generalization of the results 
achieved. Furthermore, key stakeholders and decision-makers—such as clinicians, pharmacists, and policymakers—have 
not fully acknowledged their implications,15 revealing a considerable knowledge deficit. While there exists evidence and 
reviews affirming the safety and efficacy of ADD systems,16 a comparison of centralized and decentralized methods 
within a fully integrated medication management system is conspicuously absent. In this view, it’s imperative to adopt 
a comprehensive perspective, encompassing a wide array of factors associated with the uptake and application of such 
technologies. A thorough multi-dimensional assessment, that may highlight the economic and organizational feasibility 
of innovative drug logistics systems and touch upon the organizational, legal, equity, social, and safety consequences has 
yet to be undertaken. Specifically, there’s a need to delineate the viewpoints of all stakeholders who are typically engaged 
in the decision-making processes concerning the deployment of ADD systems. The design of specific studies that can 
overcome the actual knowledge gap concerning the real-life generalizability of ADD system safety, efficiency, and 
effectiveness,17 could provide more precise and complete information related to the impact of these technologies on 
hospital performance to effectively support the decision-making process. This approach could pave the way to increase 
the breadth and depth of technological performance, enriching quantitative data with qualitative perceptions.18

It is essential to delineate the intrinsic value of drug dispensing technologies and their prospective implications for 
healthcare institutions.19 By integrating this value into the decision-making paradigm, policymakers could appraise 
beyond mere technical dimensions, thereby gaining insights into organizational, ethical, accessibility, and societal 
concerns (breadth), with different points of views (depth).20

To generate comprehensive evidence regarding the utilization of ADD technologies within the hospital environ-
ment, this study will employ a Health Technology Assessment (HTA) multi-dimensional approach.21 It aims to offer 
pertinent insights for a broad spectrum of stakeholders, including national and regional institutions, decision-makers 
concerned with the inception of innovative technologies, end-users, and tender overseers, among others. In this 
context, considering the importance of automated solutions within the fields of healthcare operations management, 
the incorporation of comparative effectiveness research alongside HTA analysis could substantially bolster the 
adoption of these innovative technologies, paving new avenues for patient care that prioritize safety and timely 
response to healthcare demands.22

The primary aim of this research is to delineate the implications associated with the integration of ADD technologies, 
encapsulating both organizational and economic facets. This is to furnish both qualitative and quantitative data on the 
advantages of these solutions in hospitals across six European nations: Italy, Germany, the Netherlands, Belgium, the 
United Kingdom (UK), and France. Attaining such an ambitious goal, anchored in an HTA framework, is pivotal in 
addressing the policy queries here proposed:

1. “In terms of HTA’s characteristic domains, what could be the principal benefits of adopting ADD systems with 
varying degrees of integration between the Central Pharmacy and respective wards, that can also provide 
generalizability and a local adaptation of the derived results?”
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2. “How does this compare to traditional manual dispensing methods, taking into account not just the hospital’s 
perspective on economic and organizational sustainability, but also the perceptions of healthcare professionals 
actively using these systems, while addressing the lack of robust evidence in the literature?”

Materials and Methods
Study Design
A mixed method approach was defined to answer the research questions, combining both qualitative and quantitative data 
and analyses. By triangulating different data sets and evidence derived both from the literature and from real practice,23,24 

several perspectives were explored and the understanding of a such complex issues and phenomena was enhanced.
An HTA was undertaken in 2023 from a hospital-centric viewpoint as an evaluation tool to carefully define the 

potential impacts of ADD systems on different dimensions of interest (breadth). The assessment focused on comparing 
four scenarios, delineated based on the extant literature, regarding the integration of automation within hospital settings 
and the innovative technologies currently available in the market.

● Scenario 1: this scenario pertains to manual drug management and dispensing, both within the Central Pharmacy 
and the wards.5

● Scenario 2: this scenario involves the use of centralized pharmacy automated dispensing systems catering to 
inpatient needs, and occasionally, outpatient demands.25

● Scenario 3: this scenario encompasses decentralized systems that incorporate the various automated technologies, 
such as dispensing cabinets situated within wards, which are enhanced with medication traceability, thereby aiding 
nurses in their dispensing tasks.26

● Scenario 4: this scenario results from the integration of the technologies of Scenarios 2 and 3, culminating in 
a integrated automated system.27

Given the multifaceted and interdisciplinary essence of HTA, the aforementioned Scenarios underwent evaluation from 
multiple perspectives, as recommended by the AdHopHTA Model:28 i) technological use, ii) safety, iii) efficacy and 
effectiveness, iv) economic and financial impact, v) organizational dimension, and vi) strategic and political aspects. The 
assessment leverages on a mixed method approach, and, in adherence also to the principle of research elements 
triangulation,29 the methodology applied in this study encompassed a systematic literature review (to determine efficacy, 
safety and efficiency parameters), qualitative methods (integrating healthcare professionals’ perception, gathered via 
a dedicated questionnaire) and the employment of health economics’ instruments. The latter discerns the economic and 
organizational sustainability of ADD systems, with data inputs garnered from the relevant literature.3,4,13

Ethical approval for the study was obtained by the Carlo Cattaneo – LIUC University Ethical Committee (protocol 
number #R05-23, dated February 24th, 2023).

Qualitative Questionnaire
A convenience sample30 was considered for the analysis. Preliminary desk research was conducted to identify the 
characteristics of the reference hospitals and to find an adequate sample of potential healthcare professionals to be 
involved in the study. The invitations were sent via email, trying to have more than one professional per hospital invited 
to join the qualitative study, aiming at avoiding the common method bias.31 The inclusion criteria in the selection of 
healthcare professionals were: i) working in hospitals of different dimensions (small, medium and large), ii) various 
professional profile (pharmacists, decision makers, nurses and biomedical technicians/engineers), iii) professional work-
ing in at least one of six European countries (Italy, Germany, France, Netherlands, UK and Belgium).

Healthcare professionals were invited to participate in this study between March 2023 and July 2023.
The panel of expert healthcare professionals was convened to gather insights and perceptions that would shape 

a qualitative understanding of the potential impacts of automated solutions.
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Utilizing validated qualitative questionnaires, various HTA domains were probed. These questionnaires incorporated 
items derived from the EUnetHTA Core Model concerns,32 extensively used in the literature.33 Further tailored 
integrations and modifications were made to suit the distinct nature of the automated technologies under examination. 
The primary items employed to appraise each dimension were many:

a. Safety: evaluated based on i) adverse events or harms due to dispensing errors; ii) management of expired drugs 
and iii) general patient’s safety.

b. Efficacy: probed concerning i) medication administration errors; ii) outpatients dispensing errors and iii) dispen-
sing errors if combined with additional technologies, such as electronic prescribing.

c. Equity aspect: examined factors such as i) patients’ clinical pathway efficiency (measured as the reduction in 
follow-ups or in the clinical pathway timing) and ii) general accessibility to healthcare services.

d. Social and ethical impact: assessed benefits related to i) perceived quality of life and satisfaction; ii) trust between 
clinicians/nurses and patients.

e. Legal impact: included considerations of i) adherence to local policies and European/National regulations; ii) legal 
controversies in the drug dispensing processes; iii) theft of drugs and other materials from hospital stocks.

f. Organisational impact: covered aspects like i) additional people; ii) training courses; iii) learning time and impact 
on professionals’ workflow; iv) overall drug purchasing time; v) stock and inventory management; vi) impact of 
different wards’ connection; vii) impact on the relationship between healthcare workers; viii) impact on healthcare 
professionals’ organisational well-being and satisfaction, considering both the short-term (12 months) and long- 
term (36 months) time horizon.

Respondents were asked to provide comparative feedback on the aforementioned scenarios, using an evaluative scale that 
spanned from −3 (detrimental impact) to +3 (beneficial impact).34 The questionnaire used for this purpose is appended as 
Supplementary Material.

Beyond capturing qualitative perspectives, the questionnaire was engineered to collect quantitative data, particularly 
concerning organizational and economic variables. Metrics like hospital size, bed count, allocated resources (both 
technical and human) for the Central Pharmacy and wards, volume of drug packages processed, expired drugs, logistic 
activity durations, and manual dispensing times were recorded.

To uphold data privacy and confidentiality, participants were entrusted with self-completing the questionnaire using 
the Lime Survey platform, which is able to guarantee the anonymity of the respondents. Before completing the survey, 
participants were asked to consent to data processing, study adherence and participation: a written informed consent was 
collected before the compilation of the survey. Participants who wanted to proceed filling the survey, should subscribe it. 
They were also provided information about data management, processing methods and the research objective. Gathered 
data was catalogued into a standardized MS Excel format and was later merged to create a consolidated database in MS 
Excel. Subsequent analysis employed descriptive statistics via SPSS Version 27.0, probing statistically significant 
deviations (p-value < 0.05) across scenarios, countries, and professional capacities using the ANOVA test to verify 
generalizability and robustness of the results.

Economic and Organizational Analysis
To examine the economic dimension of this study, three distinct health economics methodologies were applied,35–37 all 
centred on the perspective of the hospital within a 12-month time frame.

Activity-Based Costing Analysis (ABC)
An Activity-Based Costing analysis (ABC) was performed32 to determine the total cost of logistics processes for drugs 
management within the six countries. The analysis incorporated different cost drivers: i) time that healthcare professionals 
dedicate to pharmaceutical logistics activities; ii) waste related to expired drugs; iii) administration errors; iv) stock-outs 
occurring in the drug management.
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The analyses were based on some initial assumptions: i. the costs related to drug management and delivery within the 
hospital facilities were included; ii. procurement costs and inbound logistics costs, for which any changes among the 
different Scenarios did not occur, were considered as fixed costs; iii. costs related to the acquisition and implementation 
of automated dispensing systems for the Central Pharmacy, the wards or both, were considered as the initial investments.

The allocation basis considered was the number of inpatients being treated by a medium-size hospital (with the initial 
hypothesis of a hospital’s bed saturation rate equal to 85%), in the European landscape.

The hourly labour costs required to analyse healthcare professionals’ costs related to the drug management process 
for the six countries involved in the study, were obtained by reviewing the respective National Collective Labour 
Agreements in place in 202338 and by stratifying the healthcare professionals, as based on their professional roles 
(pharmacists, nurses, and technicians) (Table 1). The healthcare professionals involved in logistics activities who were 
considered for the economic analysis were technicians and pharmacists for the activities performed in the Central 
Pharmacy and nurses for drug management activities in the wards.

Expired drugs and related economic evaluation, useful to determine the waste costs, were estimated based on the 
surplus medications data declared by the experts involved in the qualitative data retrieval. The occurrence rate related to 
expired drugs (0.50% for the manual dispensing Scenario and 0.30% for the Scenario 2, 3 and 4) was derived from data 
collected and reported by the King’s College Hospital.10

Table 2 presents the calculations used to perform the ABC for each cost driver, both for the Central Pharmacy and the 
wards, to derive the total cost of drug management, associated with each Scenario. Then, to define the process costs, the 
total costs were divided by the number of inpatients.

Cost-Effectiveness Analysis (CEA)
Subsequent to determining the process costs, a Cost-Effectiveness Analysis (CEA) was executed.36 This aimed to discern 
which Scenario of the four under assessment would offer the best trade-off between incurred process costs and efficacy 
realized for each country included in the study, particularly with regards to the potential of ADD technologies to mitigate 
dispensing errors both within the Central Pharmacy and in the wards, assuming that a threshold value could not be 
defined as a reference for all the six countries, which would vary according to the size of the hospital and the healthcare 
services provided.

Dispensing error rates were sourced searching in the literature10–12 (Table 3), identifying two different rates to 
guarantee the adaptability to the specific practices in each country: one pertinent to the UK context10 and another 
characterised by an high level of robustness,16 which was applicable to the remaining five European countries.11,12

The UK-specific rate was adopted due to the presence of a nationally focused study and considering that the English 
context represents differential characteristics in terms of the adoption and implementation of automated solutions in 
comparison with the other European countries.10 Furthermore, feedback from participating healthcare professionals 
indicated a steeper learning curve associated with automation in the UK when juxtaposed with the other European 
nations.

Table 1 Hourly Labour Costs for All the European 
Countries

Nurse Pharmacist Technician

Italy € 15.00 € 37.00 € 14.00

Belgium € 36.00 € 55.00 € 30.00

France € 16.25 € 26.25 € 12.50

Netherlands € 17.00 € 39.00 € 15.00

Germany € 28.00 € 31.50 € 24.50

United Kingdom £41.00 £63.00 £35.00
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These dispensing error rates were subsequently applied to the volume of packages managed in each national context. 
This volume was deduced from the average values provided by the respective participating hospitals for each nation.

Consequently, the CEA, in terms of Cost-Effectiveness Value, was derived by computing the ratio between the 
process costs, as elucidated by the ABC analysis, and the aforementioned effectiveness rates adjusted by the volume of 
packages managed.

Budget Impact Analysis (BIA)
A BIA35,39 was developed to assess the hospitals’ financial sustainability and viability associated with the introduction of 
automated dispensing technologies. The primary objective was to estimate and project the economic impact related to the 
adoption and diffusion of new technologies into a healthcare system constrained by limited resources.

The BIA spanned a 36-month time horizon and was predicated on a representative medium-sized hospital encom-
passing 1209 beds, a Central Pharmacy, and an array of six departments.

Table 3 Dispensing Errors Rates, derived from the Literature

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Dispensing errors rates in the ward

United Kingdom 4.66%10,12 4.66%10,12 1.63%10,12 1.63%10,12

Other European countries 16.90%11 16.90%11 10.40%11 10.40%11

Dispensing errors rates in the central Pharmacy

United Kingdom 0.80%10 0.26%10 0.80%10 0.26%10

Other European countries 7.83%11,12 7.06%11,12 5.54%11,12 4.77%11,12

Table 2 Activity-Based Costing Analysis’ Calculations

Costs driver Calculations Data sources

Time dedicated to 
pharmaceutical activities (Central 
Pharmacy)

total FTE in the Central Pharmacy * % time dedicated to logistic 
activities * worked hours/FTE * €/hours

Data collection - National 
Collective Labour 

Agreements

Time dedicated to 
pharmaceutical activities (wards)

total FTE in the wards * % time dedicated to logistic activities * worked 

hours/FTE * €/hours

Data collection - National 

Collective Labour 

Agreements

Waste related to expired drugs in 
the Central Pharmacy

# moved packages in the Central Pharmacy/day * €/expired drug * % 
expired drugs * 365

Data collection10

Waste related to expired drugs in 
the wards

# moved packages in the wards/day * €/expired drug * % expired drugs 
* 365

Data collection10

Administration errors in the 
Central Pharmacy

€/error * # moved packages in the Central Pharmacy/day * % errors/ 
moved packages in the Central Pharmacy * 365

Data collection

Administration errors in the 
wards

€/error * # moved packages in the wards/day * % errors/moved 
packages in the wards * 365

Data collection

Stock-outs in the Central 
Pharmacy

# moved packages in the Central Pharmacy/day * €/stock-out * % 
stock-out * 365/number of drug administration per day per patient

Data collection36

Stock-outs in the wards # moved packages in the wards/day * €/stock-out * % stock-out * 365/ 
number of drug administration per day per patient

Data collection36
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The BIA design was dependent on the following information:

i. The number of medications packages managed per day by the Central Pharmacy and the wards, being equal to 
1864 and 169 per wards, respectively. This was ascertained from the aggregate data collected.

ii. The economic evaluation related to the drug management process, both in the Central Pharmacy and in the wards 
(as calculated at the point i) of the economic evaluation, related to the ABC analysis, carried out per Country of 
reference).

iii. The analysis also included the initial investment that must be covered by hospitals to install automated drug 
management systems, sourcing this expenditure from the mean market valuation of extant technologies.

iv. A total technological replacement rate was defined considering the possibility to shift completely from one 
Scenario to another.

The BIA analysis did not include the economic valorisation of the potential healthcare professionals’ labour hours 
released from logistics activities and reallocated to other activities. This aspect was valorised only as an organisational 
advantage for the healthcare facilities, as explained in the following methodological paragraph.

Organisational Impact
The aforementioned hypotheses were also implemented to perform the organisational analysis, aimed at quantifying the 
healthcare professionals time saving, segmented by their specific roles (technicians, pharmacists, and nurses) and 
respective national affiliations.

Quantitative data, collected during the questionnaire administration, were used to estimate key variable required for 
the organizational analysis, such as the dispensing times (evaluating minimum and maximum values, observed by 
professionals for the baseline scenario, also to conduct a scenario analysis) essential to perform the drug’s dispensing. 
This analysis aimed at identifying the potential efficiencies attainable upon embracing automated modalities.

For each country, the average volumes of drugs handled in one year declared, were used as the basis of allocation to 
determine the time savings derived from the implementation of ADD systems.

Scenario Analysis
A scenario analysis was carried out (adopting a comparative approach between the four different degrees of automation) 
observing the different results in case of various hospital size and specific beds saturation rates.

The three scenarios related to the hospital size consider a small size (584 drug packages moved per day in the central 
pharmacy and 53 drug packages moved every day in each ward), a medium size (1864 drug packages moved per day in 
the central pharmacy and 169 drug packages moved every day in each ward) and a large size (2336 drug packages moved 
per day in the central pharmacy and 212 drug packages moved every day in each ward) hospital.

The stratification of the results concerning the hospital’s bed saturation rate was analysed to assess potential economic 
variations, starting with a hospital’s bed saturation rate equal to 85% and then setting the range of this parameter from 
80% to 99%.

Results
The Sample of the Healthcare Professionals
Of the 200 healthcare professionals invited to the study, a total of 129 respondents across six countries (Belgium, France, 
Germany, Italy, the Netherlands, and the UK) answered all the questions, yielding a response rate of 65%, which is 
considered acceptable according to the literature.40 The respondent professionals were firstly classified according to their 
nationality: 19.4% Belgian, 15.5% French, 32.6% Italian, 12.4% German, 16.3% English and 3.9% Dutch.

Respondents were analysed depending on their current use of automation (59.7% automation users and 40.3% potential 
automation users) and their professional role (35.6% pharmacists, 31.0% nurses, 19.4% other professionals, ie, biomedical 
engineers and IT specialists - and 14.0% decision makers).
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Defining the Perceptions of the Healthcare Professionals
Table 4 depicts the healthcare professionals’ perceptions, comparing the four investigated scenarios.

Respondents reported that Scenario 4 allowed them to achieve better performance in terms of safety. Specifically, this 
scenario was associated with a marked decrease in adverse events resulting from dispensing errors or the management of 
expired drugs (+2.17 and +2.15 for the Scenario 4 versus −1.67 and −1.47 for the Scenario 1, p-value = 0.324 and 
p-value < 0.001). When analyzed on a country-specific basis, French and Dutch biomedical engineers and IT specialists 
provided the highest evaluations for the value of automation in terms of patient safety (respectively, +2.00 and +2.33, for 
the Scenario 4, p-value < 0.05). Conversely, Italian and Belgian professionals exhibited a more pronounced interest in the 
impact associated with the management of expired medications.

Table 4 Results for the Qualitative Domains, on a Scale Between −3 and +3 [Mean]

Scenario 
1

Scenario 
2

Scenario 
3

Scenario 
4

p-value

Safety [Mean]

Impact of technology on adverse events or harms due to dispensing errors −1.67 1.23 1.36 2.17 0.324

Impact of the technology on adverse events or harms due to management of expired 
drugs

−1.47 1.53 1.64 2.15 < 0.001

Impact of the technology on general patient’s safety −1.31 1.20 1.58 2.22 < 0.001

Total −1.48 1.32 1.52 2.2 < 0.05

Efficacy [Mean]

Impact of the technology on medication administration errors −1.14 0.95 1.57 1.89 < 0.001

Impact of the technology on outpatients dispensing errors −1.17 1.24 1.42 1.86 < 0.001

Impact on dispensing errors if combined with additional technologies as electronic 
prescribing and/or BCMA

−0.41 1.65 1.86 2.34 < 0.001

Total −0.91 1.28 1.62 2.03 < 0.05

Equity Impact & Social and Ethical Impact [Mean]

Impact of technology on patients’ clinical pathway efficiency (reduction in follow-ups, 
or in clinical pathway timing)

−0.71 0.79 1.07 1.43 < 0.001

Impact of the technology on general accessibility to healthcare services (factors 
influencing the facility to access to care for the patients)

−0,39 0.57 0.61 0.89 < 0.001

Impact of the technology on the patient’s perceived quality of life and on the patient’s 
satisfaction

−0.35 0.88 1.03 1.28 < 0.001

Impact of the technology on the trust between clinicians/nurses and patients −0.17 0.88 1.07 1.25 < 0.001

Total −0.40 0.78 0.94 1.21 < 0.05

Legal impact [Mean]

Existence of specific legal requirements/laws or scientific recommendations/ 
guidelines that should be respected at national or European level

−0.71 1.28 1.28 1.78 < 0.05

Technology impact on legal controversies ore disputes or claims in the drug 
dispensing process

−1.07 1.00 1.46 1.92 < 0.05

Technology impact on drugs thefts from hospital stocks −1.88 1.52 2.12 2.37 < 0.05

Total −1.22 1.27 1.62 2.02 < 0.05

(Continued)
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Data reveal that participants perceive that the integration of automated solutions and electronic prescribing 
(Scenario 4) could positively impact the effectiveness dimension with a statistically significant difference among 
Scenarios (−0.41, +1.65, +1.86, +2.34, respectively for Scenario 1, 2, 3 and 4, with a p-value < 0.001, comparing all 
the Scenarios). Among the surveyed groups, decision makers were the ones that most recognised the value of automated 
solutions (Scenarios 2, 3 and 4) in augmenting efficacy. Respondents from Germany and Italy, in particular, allocated 
superior ratings to the potential of automated technologies (Scenarios 2.3 and 4) to reduce dose error occurrence and 

Table 4 (Continued). 

Scenario 
1

Scenario 
2

Scenario 
3

Scenario 
4

p-value

Organisational impact (12 months) [Mean]

Need for additional staff −0.61 0.04 0.05 0.14 < 0.05 

Need for additional training courses and additional hospital meetings needed to 
promote the proper use of the technology

−0.24 −0.73 −0.88 −0.82 < 0.05

Learning time and curve −0.04 −0.45 −0.54 −0.67 0.100

Technology impact on the healthcare professionals’ workflow −0.68 0.40 0.50 0.76 < 0.05

Impact of the technology on time of the overall drug dispensing process (from the 
purchase order to the request from wards to the administration to patient)

−0.98 0.68 0.85 1.12 < 0.05

Impact of the technology on facilitating connectivity/connection between wards and 
between Central Pharmacy and wards

−0.41 0.61 0.86 1.18 0.500

Impact of the technology on the relationship between healthcare workers −0.23 0.52 0.69 0.84 < 0.05

Impact of the technology on storage capacity, drugs allocation criteria, inventory 
management and stock out

−1.32 1.47 1.64 1.82 < 0.05

Impact of the technology on healthcare professionals’ organizational well-being and 
healthcare professionals’ satisfaction

−0.45 0.65 0.66 0.83 < 0.05

Total −0.55 0.36 0.43 0.58 < 0.05

Organisational impact (36 months) [Mean]

Need for additional staff −0.55 0.79 0.89 1.09 < 0.05 

Need for additional training courses and additional hospital meetings needed to 
promote the proper use of the technology

−0.22 0.13 0.22 0.28 0.03 

Learning time and curve 0.19 0.43 0.39 0.40 0.700 

Technology impact on the healthcare professionals’ workflow −0.59 1.35 1.39 1.69 < 0.001

Impact of the technology on time of the overall drug dispensing process (from the 
purchase order to the request from wards to the administration to patient)

−0.86 1.16 1.43 1.72 < 0.001 

Impact of the technology on facilitating connectivity/connection between wards and 
between Central Pharmacy and wards

−0.38 0.96 1.30 1.67 < 0.05

Impact of the technology on the relationship between healthcare workers −0.18 1.12 1.30 1.51 < 0.05 

Impact of the technology on storage capacity, drugs allocation criteria, inventory 
management and stock out

−0.83 1.90 1.96 2.14 < 0.05 

Impact of the technology on healthcare professionals’ organizational well-being and 
healthcare professionals’ satisfaction

−0.51 1.48 1.61 1.91 < 0.001

Total −0.44 1.04 1.17 1.38 < 0.05
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MAE (Mean Absolute Error) compared to other countries (respectively +1.64 and +1.66 for Germany and Italy, +1.28 for 
Belgium, +0.87 for Netherlands, +1.36 for France, +1.23 for the UK, p-value < 0.05).

Considering the social aspects, automated solutions were seen to significantly bolster the quality of the patient journey 
(+0.67, +0.90, +1.37, respectively for Scenario 2, 3 and 4, p-value < 0.001). This was attributed to a reduction in error 
rates and an augmented trust between patients and healthcare professionals (+0.81, +0.95, +1.27, respectively for 
Scenario 2, 3 and 4, p-value < 0.001). Moreover, there was a consensus that automation has the potential to streamline 
the patient’s clinical pathway by curtailing inefficiencies and redundant follow-ups.

Differently from the other professional groups, nurses did not recognise the value of automation in terms of equity, 
social and ethical impact. Furthermore, English IT specialists recognised the value of automation in enhancing the 
patients’ clinical pathway (+2.50, for the Scenario 4) and in terms of trust between healthcare professionals and patients 
(+3.00, for the Scenario 4). Dutch biomedical engineers gave positive high score (+2.67, for the Scenario 4) to the impact 
of automation on the patient’s perceived quality of life (related to a different dispensing error risk occurrence) and on the 
patient’s satisfaction.

Considering the legal domain, respondents recognised the importance of automation in reducing thefts from hospital 
stock, especially in the wards (−1.88, +1.52, +2.12, +2.37, respectively for Scenario 1, 2, 3 and 4, p-value < 0.05). 
Respondents reported that automated technologies could also be useful to identify responsibilities in case of legal 
controversies in the drug dispensing process, especially from the decision makers perspectives (−1.07, +1.00, +1.46, 
+1.92, with a p-value < 0.05, respectively for Scenario 1, 2, 3 and 4). This aspect was valued by all the European decision 
makers involved in the study.

All the organisational aspects investigated with the HTA questionnaire presented statistically significant differences 
among scenarios (p-value < 0.05). Overall perceptions reported by respondents from the different countries reveal that 
automation could help hospitals improving the stock management processes, free up storage capacity and set up and 
implement drug allocation criteria (−1.32, +1.47, +1.64, +1.82, respectively for Scenario 1, 2, 3 and 4, p-value < 0.05). 
Participants also gave good scores to the potential of automated solutions, whether implemented with either a centralized 
or decentralized approach, to facilitate the connection between wards (+0.55, +0.86, +1.21, respectively for Scenarios 2, 
3 and 4) and improve the collaboration between different healthcare professionals (+0.42, +0.57, +0.76, respectively for 
Scenarios 2, 3 and 4). When considering all three possibilities (centralised, decentralised and integrated approach), for 
France, Belgium, the Netherlands, and United Kingdom, the impact of automation was deemed to be better by users 
compared to non-users. German respondents appreciated the positive impact in terms of relationship between healthcare 
workers (+1.56, for the Scenario 4) and in terms of connection among wards, and between Central Pharmacy and wards 
(+1.63, for the Scenario 4), giving higher scores in comparison with the ones attributed to the healthcare professionals 
from other countries.

Economic Evaluation
The integration of automated technologies within both the Central Pharmacy and wards (as depicted in Scenario 4) may 
result in reduced process costs relative to alternative scenarios. This cost-effectiveness can be attributed to a decline in 
errors, a diminished count of expired drugs, and more efficient utilization of human resources. As delineated in Table 5, 
automated logistical solutions can yield considerable cost savings in drug administration and management, evidencing 
a cost reduction of over 37% when contrasting Scenario 4 with Scenario 1.

Human resource-associated expenditures witnessed a 30% improvement across all participating countries. This 
financial amelioration was primarily driven by the reduced number of healthcare professionals engaged in the drug 
management process following the introduction of automated dispensing systems.

Varying the parameter related to the bed saturation rate, the results are comparable among the six analysed countries, 
showing an average percentage variation equal to 19%, taking into consideration the process’s economic valorisation for 
Scenario 4. Considering the different sizes of a hospital, the Table below (Table 6) represents the variations occurring in 
the economic evaluation of the dispensing activities and process. For Scenario 4, increasing the hospital’s dimensions, 
there emerges an increase in the cost per in-patient, with a variation between +11.72% (for the English hospitals) and 
+33.09% (for the French ones).
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Table 7 illustrates that the synergy of automated technologies within both the Central Pharmacy and wards (as 
presented in Scenario 4) emerges as the most advantageous solution for hospitals from a cost-effectiveness standpoint. 
Indeed, Scenario 4 has the potential to enhance the entire medication management process by delivering superior 
outcomes, particularly in the reduction of drug administration error rates.

Over a three-year span, the integration of automated technologies in both the Central Pharmacy and wards (as 
indicated in Scenario 4) consistently yielded the most significant savings across all countries annually. This not only 
ensures but also buttresses the financial equilibrium of healthcare institutions that opt for the implementation of 
automated drug dispensing systems.

As elucidated in Table 8, the automation of drug management could culminate in total savings ranging from 
€259,757.39 (within the French context) to €588,253.17 (in the framework of the Belgian healthcare facilities).

Even considering the initial investment in the analysis, the assessment underscored the economic and financial 
benefits leaning towards the innovative solutions, epitomizing a significant cost reduction. By juxtaposing the cumulative 

Table 6 Results from the Scenario 4’s ABC Analysis, Comparing a Small, a Medium and a Large Hospital

Scenario 4 (Currencies)

Small Size 
Hospital

Medium Size 
Hospital

Large Size 
Hospital

Delta % (Large And Small  
Hospital’s Size)

Italy 3.16 € 3.85 € 4.10 € 29.75%

Belgium 7.61 € 8.50 € 8.83 € 16.03%

France 4.08 € 5.07 € 5.43 € 33.09%

Netherlands 2.39 € 2.88 € 3.06 € 28.03%

Germany 5.33 € 6.09 € 6.37 € 19.51%

United Kingdom £ 11.43 £ 12.41 £ 12.77 11.72%

Table 5 Results from the ABC Analysis, Comparing All the Scenarios for All the Six Countries

Scenario 1 
(Currencies)

Scenario 2 (Currencies and % 
comparing with Scenario 1)

Scenario 3 (Currencies and % 
comparing with Scenario 1)

Scenario 4 (Currencies and % 
comparing with Scenario 1)

Italy 6.13 € 4.27 € 5.71 € 3.85 €

30.3% 6.9% 37.2%

Belgium 13.02 € 9.32 € 12.20 € 8.50 €

28.4% 6.3% 34.7%

France 8.09 € 5.54 € 7.62 € 5.07 €

31.5% 5.8% 37.3%

Netherlands 4.57 € 3.20 € 4.25 € 2.88 €

30.0% 7.0% 37.0%

Germany 9.32 € 6.52 € 8.88 € 6.09 €

30.0% 4.7% 34.7%

United 
Kingdom

18.76 £ 13.60 £ 17.57 £ 12.41 £

27.5% 6.3% 33.8%
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savings over the three-year span and analysing the total savings for each scenario, Table 9 reports the proportional range 
of savings.

The following table (Table 10) reports the total savings achieved for each country, comparing Scenario 4 and Scenario 1, 
with a reference time horizon of three years, and the percentage variations resulting from the sensitivity analysis. By 

Table 8 Savings for Each Year, Comparing Scenario 4 with the Scenario 1, and the Total 
Savings

Economic Savings 
(Scenario 4 vs Scenario 1)

Year 1 Year 2 Year 3 Total Savings

Italy 111,311.44 € 111,905.94 € 110,085.08 € 333,302.46 €

Belgium 195,125.14 € 197,257.54 € 195,870.50 € 588,253.17 €

France 86,379.99 € 87,384.71 € 85,992.68 € 259,757.39 €

Netherlands 118,753.15 € 115,920.00 € 110,510.49 € 345,183.64 €

Germany 128,222.37 € 129,883.24 € 128,805.99 € 386,911.60 €

United Kingdom £ 177,733.24 £ 175,869.21 £ 170,972.17 £ 522,949.51

Table 9 Results from the Budget Impact Analysis, Comparing the Total Savings 
Obtained in the Three-Years’ Time Horizon in All the Scenarios with the Scenario 1 (%)

Scenario 2 Versus 
Scenario 1

Scenario 3 Versus 
Scenario 1

Scenario 4 Versus 
Scenario 1

Italy 7.6% 17.2% 24.7%

Belgium 9.7% 16.9% 26.6%

France 7.9% 14.6% 22.4%

Netherlands 7.5% 17.4% 24.9%

Germany 10.4% 12.4% 22.8%

United Kingdom 1.2% 16.7% 17.9%

Table 7 Results from the Cost-Effectiveness Analysis (CEA), Comparing All the Scenarios [Currencies from Table 5 /Dispensing 
Errors’ Rates Derived from the Literature and Adjusted Considering the Total Number of Packages Moved]

Currencies from Table 5 / Dispensing Errors Derived From The Literature 
And Declined In The National Contexts Of Reference Considering The 
Number Of Packages Moved

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Italy 6.65 4.59 6.04 4.04

Belgium 14.12 10.03 12.91 8.92

France 8.78 5.96 8.06 5.32

Netherlands 4.96 3.44 4.50 3.02

Germany 10.11 7.01 9.41 6.39

United Kingdom 20.06 14.54 18.03 12.74
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increasing the hospital’s size, significant economic savings could be reached in the three years after the implementation of 
automated solutions, with the most important results in France (+85.2%) and Italy (+58.3%).

Organizational Evaluation
From an organizational perspective, Table 11 presents the annual cumulative hours required to execute all the activities 
within the drug management process, broken down by the specific country.

Table 10 Total Savings Reached in Three Years, Comparing Scenario 4 with the Scenario 1, Resulting from the Sensitivity 
Analysis

Total Savings  
(Small hospital)

Total Savings 
(Medium hospital)

Total Savings 
(Large hospital)

Delta % Total Savings 
(Large vs small hospitals)

Italy 233,778.433 € 333,302.46 € 370,051.93 € +58.3%

Belgium 488,177.303 € 588,253.17 € 625,206.42 € +28.1%

France 160,146.093 € 259,757.39 € 296,539.08 € +85.2%

Netherlands 247,739.423 € 345,183.64 € 381,165.14 € +53.9%

Germany 286,879.145 € 386,911.60 € 423,848.81 € +47.7%

United Kingdom £ 428,872.306 £ 522,949.51 559,913.07 € +30.6%

Table 11 Organisational Analysis, Presenting the Total Hours per Year Dedicated to Pharmaceutical Logistics Activities and the 
Savings Occurring in Each Scenario in Comparison with the Scenario 1

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Italy

min max min max min max min max

Total hours per year 21,392 88,049 18,427 75,411 18,473 76,375 15,508 63,737

Hours’ savings in comparison with the Scenario 1 – – −2965 −12,638 −2919 −11,674 −5883 −24,312

Germany

min max min max min max min max

Total hours per year 30,888 127,137 26,607 108,888 26,674 110,280 22,393 92,032

Hours’ savings in comparison with the Scenario 1 – – −4281 −18,248 −4214 −16,857 −8,495 −35,105

France

min max min max min max min max

Total hours per year 23,953 98,592 20,633 84,441 20,685 85,519 17,365 71,368

Hours’ savings in comparison with the Scenario 1 – – −3320 −14,151 −3268 −13,072 −6588 −27,223

UK

min max min max min max min max

Total hours per year 20,233 83,282 17,429 71,329 17,473 72,240 14,669 60,286

Hours’ savings in comparison with the Scenario 1 – – −2804 −11,954 −2761 −11,042 −5565 −22,996

(Continued)
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Under Scenario 4, the integration of automated systems in both the Central Pharmacy and wards culminates in the 
most pronounced reduction in hours that healthcare professionals allocate to drug dispensing activities. Belgian hospitals 
stand to realize the maximum of these savings, with a potential reduction of 33,435 hours annually.

Discussion
Summary of Key Findings and Interpretation
The HTA approach has been proven instrumental in evaluating diverse aspects related to the use of automated dispensing 
technologies, including economic, organisational, legal, equity, and social impacts.41 This study bridges a pivotal 
knowledge void and fosters a heightened consciousness around automated solutions and the related multidimensional 
impacts, considering that previous evidence was shown to be mostly related only to the safety profile of electronic 
prescription system42 and alert systems integrated within the pharmacy information.43

To overcome the traditional one-dimensional approach used by previous authors for the evaluation of computerised 
and automated solutions,44 the proposed integration of economic and organizational empirical evidence and the collection 
of healthcare professionals’ perceptions enrich available knowledge around the complex decision-making processes and 
the need to adapt the results considering different local perspectives and priorities. This multifaceted approach transcends 
traditional national-centric paradigms,13,45 and shows itself to be suitable as required by the new EU HTA regulation, 
particularly focusing on the non-clinical domains, and the related need for adaptation within the local contexts.46 

Consequently, it facilitates a holistic evaluation of the inherent merits and potential pitfalls of automated dispensing 
solutions, shifting the lens beyond mere clinical advantages and outcomes.47

This study corroborated previous evidence suggesting that the adoption of automated technologies within the hospital 
setting could significantly bolster drug management performance,48,49 fulfilling high-volume prescriptions safely and 
efficiently. Findings show that potential and actual benefits resulting from the implementation of innovative logistics 
technologies were acknowledged across the three scenarios featuring automated solutions in all examined domains.

From an economic perspective, Scenario 4 demonstrated the most substantial savings over a 36-month period: this 
also mirrors the effectiveness perception in line with the findings presented by some authors.50 Beyond the cost analysis 
of the drug management process, the derived cost-effectiveness values for all examined Scenarios provide decision- 
makers with a framework to discern interventions offering optimal value for investment. Despite the benefits highlighted 
in existing literature4,51 suggests that changes in the work routine following the introduction of ADD technologies could 
be managed by organising regular meetings with the professionals involved in the drug management and dispensing 
process. This sentiment resonated in our findings, where professionals underscored the necessity of systematic meetings 
and training sessions, amounting to a peak of 14 hours in the Belgian context. Such routine institutional dialogues were 
deemed pivotal across all national contexts surveyed, with a particularly high frequency noted among UK healthcare 

Table 11 (Continued). 

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Belgium

min max min max min max min max

Total hours per year 29,419 121,090 25,342 103,710 25,405 105,035 21,328 87,654

Hours’ savings in comparison with the Scenario 1 – – −4077 −17,380 −4014 −16,055 −8091 −33,435

Netherlands

min max min max min max min max

Total hours per year 23,176 95,395 19,964 81,703 20,014 82,747 16,802 69,055

Hours’ savings in comparison with the Scenario 1 – – −3212 −13,692 −3162 −12,648 −6374 −26,341
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professionals. These meetings serve as conduits to disseminate insights, amplify cognizance of automated solutions, and 
recalibrate human resources strategies during the early phases of deployment.51

Shifting the focus to the perceptions of healthcare professionals, Scenario 4 registered the highest value across all 
evaluated dimensions, spanning safety (+2.2), efficacy (+2.3) and legal aspects (+2.02). Furthermore, the findings 
revealed a wide range of viewpoints due to the use of a panel of experts with different professional backgrounds. For 
instance, executive-level personnel and hospital administrators directed their attention differently as compared to end- 
users like technicians or pharmacists. The former cohort was primarily concerned with deciphering implementation costs 
and required investments, placing premium emphasis on both the economic impact and organizational implications 
linked to the embrace of automated solutions. Conversely, the latter group exhibited greater interest in the nuanced 
technical performance of the dispensing automation within the ambit of hospital logistical operations.

Study Contributions
Many are the possible contributions of this study, spanning both theoretical constructs and practical applications, 
especially from management and organizational standpoints. Academically, the findings underscore the pressing neces-
sity for robust effectiveness data across the diverse technologies and scenarios examined, as well as the availability of 
evidence being useful to understand the level of local adaptation and the variability of the results according to the 
territorial contexts of reference, and the hospitals dimensions. Practically, they elucidate for practitioners and hospital 
managers the rationale behind the adoption of specific technologies and the subsequent evolution of drug management 
paradigms, in the light of specific contextual factors or local peculiarities. Moreover, these insights could guide the 
delineation of judicious investment strategies within the hospital and clinical practice settings, tailored for the deploy-
ment of ADD systems in both centralized and decentralized scenarios.

Of significant note is the emphasis on healthcare professionals’ perceptions. These perceptions can pave the way for 
discerning the factors that might either facilitate or hinder the seamless adoption and utilization of ADD systems. 
A qualitative examination of ADD systems can shed light on the lived experiences and viewpoints of healthcare services 
providers. Such understanding is invaluable, as it not only informs strategies that optimize technology utilization and 
enhance patient safety and outcomes but also offers insights into the professional landscape. Additionally, a deeper 
comprehension of professionals’ perceptions could empower hospital executives and leadership to craft optimal training 
modules and continuous support mechanisms during the transformative phase of technology adoption.

The principal strength of this study is anchored in its utilization of real-world data drawn from hospitals across six 
different European countries, complemented by the engagement of a panel of healthcare professionals. Such an approach 
ensures that the derived results are pertinent and generalizable across the participating European nations, spanning 
qualitative assessment as well as economic and organizational evaluations, thus overcoming the evidence gaps present in 
the extant literature.

Limitations
The methodologies employed to bolster economic and organizational sustainability are adaptable to other hospitals 
embracing similar technologies. One merely needs to adjust the input parameters—such as the number of beds, 
technicians, pharmacists, and moved packages—to resonate with the specific contextual data on hand. This fact could 
represent a limitation of the study. Another limitation could be the sample size: in certain countries, the more restricted 
respondent pool might have nuanced the outcomes. In addition, a more balanced sample between the different healthcare 
professional roles should be encouraged. Additionally, the study overlooked the delineation of drivers that might amplify 
the propensity to employ automated dispensing solutions. Therefore, a deeper dive into the organizational repercussions 
of automation within the hospital environment is warranted, especially considering the technological acceptability from 
the vantage point of end users. Exploring external factors, such as nationality or professional background, might 
illuminate their influence on automation acceptability and the ensuing intention to use.

Moreover, another limitation of the study could be mentioned in the sensitivity analysis. As previously described, 
only a scenario analysis was performed, varying the results only considering the characteristics of the hospitals in the 
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countries involved; in particular, the number of beds of the healthcare facilities and the bed saturation rates were used to 
define the robustness of the results achieved.

Conclusions
This study pioneers an effort to quantify the comprehensive implications associated with the deployment of automated 
drug dispensing systems in the hospital environment, transcending the traditional boundaries of safety and efficacy 
discussions. The evaluated technologies have showcased potential in enhancing workflow efficiency, curtailing health-
care expenditures, reducing manual tasks, and optimizing resources allocation.

Nonetheless, the analysis also underscored several challenges, chief among them being the imperative for robust staff 
training. Additionally, the initial outlay and subsequent maintenance costs of these systems must be judiciously balanced 
against their projected long-term benefits and potential cost savings. In this context, the delineated HTA approach, 
underpinned by the integration of literature evidence and insights drawn from healthcare professionals via qualitative 
methods, can significantly inform decisions related to the adoption of automated drug dispensing technologies across 
various organizational levels.
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