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ABSTRACT

Supply chain digitalisation equipment’s raise concerns for hospital decision-makers, especially
regarding the cost-efficiency ratio, usually evaluated through health technologies assessments
(HTA) at a national level or by return on investment (ROI) calculations by the hospital finance
department. Unfortunately, none of the two methods identifies organisational impacts, nor
hidden gains and costs, especially those that are related to the internal reallocation of
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resources as shows the example of automated dispensing systems (ADS) in the central
pharmacy of a French hospital with a posteriori analysis from the hospital perspective. The
introduction of the ADS caused some hidden costs or gains, which do not generate any
financial flow and which are therefore not valued. When they are valued, as we do in this
study by including them in the ROI calculation, the results change dramatically: the profitability
of the investment goes from negative to positive. Given the importance of hidden gains and
costs related to organisational impacts, they should be included in evaluations.

Introduction

Audits of large French hospitals have revealed an
underperformance of purchasing and supply chain,
specifically for medical supplies which represent
more than 40% of a hospital's operating budget
(Rakovska and Stratieva 2018). This comes from the
critical status of medical supplies in care delivery and
the behaviour of all supply chain stakeholders who, in
order to prevent inventory shortages, tend to over-
stock. Overcosts and losses are major (Landry,
Beaulieu, and Roy 2016) and therefore there is great
potential for improvement through supply chain man-
agement (SCM) practices (Nabelsi and Gagnon 2017;
Ageron, Benzidia, and Bourlakis 2018). The internal
supply chain of hospitals remains the weakest link in
hospitals (Landry and Philippe 2004) and the health
sector is lagging behind industry as it has not been
able to reap the full benefits of SCM due to their slow
adoption (McKone-Sweet, Hamilton, and Willis 2005;
Toba, Tomasini, and Helio Yang 2008).

This poor performance led hospitals to look for solu-
tions to better manage orders and inventories using the
Two-Bin Kanban system (also called empty-full or no-
count) or automated dispensing systems (ADS). These
dispensing systems raise many questions at the level of
health professionals and managers regarding clinical
effectiveness, safety, and also costs and economic eva-
luations, although Health Technologies Assessments
(HTA) are already performed at the national level. If the

evaluation of the first two dimensions is generally well
mastered, the economic one is more problematic.
Indeed, ADS, like other medical devices, suffer from
a lack of evaluation of their organisational conse-
quences and in particular of their effects on human
resources (HR). As the financial resources of hospitals
are shrinking, these uncertainties are slowing the adop-
tion of this automated equipment, which is a key ele-
ment in the digitalisation of the drug supply chain.
While drug prescriptions and administration are now
most often recorded in computerised patient records,
ADS is the missing link in the computerisation of the
internal medicine distribution chain. This article aims at
demonstrating to what extent taking into account orga-
nisational impacts (and more particularly HR impacts)
can significantly affect the outcome of economic eva-
luations and the decision to invest in the intra-hospital
supply chain.

Firstly, we remind what the HTA are, how they value
automated equipment, and what the intrinsic limits of
these assessments are, amongst which is organisational
impacts analysis. Secondly, we describe the implemen-
tation of two ADS in a French hospital group. Then, we
present the results of the study. We highlight three main
impacts on the organisation: the physical, the material
and the HR impact. Finally, the discussion focuses on the
limits of the ROI financial approach and of the HTA
economical approach regarding organisational impacts.
This ADS case shines a light on the importance to inte-
grate internal data specific to the hospital in the
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evaluation, as each situation has its uniqueness.
Moreover, integrating hidden costs and benefits would
be beneficial for hospital decision-makers, so that they
objectivise the opportunity to deploy this type of equip-
ment and digitise the supply chain.

Literature review
HTAs and their evaluation of ADS

Equipment such as the ADS are generally evaluated
like health technologies using the HTA methods.
Although they are logistics equipment, they deliver
medicines or medical devices that impact both the
security of the medication circuit and the patient
security, be it directly (for example, with a robot pre-
paring nominative single doses) or indirectly (with
central automated management of medicines). They
are often categorised as ‘health technologies’ and are
therefore evaluated as such.

HTAs were developed in the 70s and the 80s and
have gained an increased recognition since then
(Banta 2009; Antioch et al. 2017). They have become
a standard policy tool for informing decision-makers
who regulate the entry and use of pharmaceuticals,
medical devices, and other technologies within health
systems (for example, through reimbursement and pri-
cing (Kristensen et al. 2019)). Most Western countries
have put in place institutions in charge of HTA (such as
NICE in the UK, HAS in France, CADTH in Canada,
DACEHTA in Denmark, IQWiG in Germany, etc.), as
well as HTA best practices guides.

The best practices are compiled in a guide which is
recognised as an international reference in terms of
HTA methodologies: the Core Model Version 3.0,
issued 25 January 2016 (EUnetHTA Joint Action 2,
Work Package 8. HTA Core Model ® Version 3.0". 2016)
by an international experts’ network. The key HTA
domains are described through the following
aspects: 1) health problem and current use of technol-
ogy, 2) description and technical characteristics of
technology, 3) safety, 4) clinical effectiveness, 5) costs
and economic evaluation, 6) ethical analysis, 7) orga-
nisational aspects, 8) patients and social aspects and 9)
legal aspects. It must however be stated that early
works in the field, as well as today’s researches, tend
to focus on efficacy, safety, and cost-effectiveness
(Banta 2009; Antioch et al. 2017).

The application of HTA methods to ADS highlights
three main results. First, the effectiveness of ADS in
reducing dispensing errors is not as clear-cut as it
might be expected. According to numerous studies
(Lynette et al. 2013; Beard and Smith 2013; Keers
et al. 2014) as well as systematic reviews carried out
by the Canadian and Australian HTA bodies, the results
appear to have ‘low’ to ‘significant’ effects (CADTH
2010; Lehnbom et al. 2013), in particular because the

studies’ methodologies are not comparable, or
because the studied equipment are different or non-
differentiated. Nevertheless, it appears that globally
ADS do contribute to some extent, directly or indir-
ectly, to securing the dispensing process.

Second, with regard to ADS profitability, the con-
clusions are also not clear-cut despite a number of
profitability studies that have been carried out (Riser,
Lisby, and Jan 2017), whether they be economic
impact studies (CADTH 2010; Beard and Smith 2013;
Tsao et al. 2014; Berdot et al. 2016) or calculations of
return on investment (ROI) (Glowa and Weber 2009;
Bonnabry and Olivia 2020).

Finally, the literature also includes numerous stu-
dies which mention other impacts of ADS, such as
dispensing duration (Fitzpatrick et al. 2005; Franklin
et al. 2008; Lynette et al. 2013), changes in HR usage
(Noparatayaporn et al. 2017), stock management
(Temple and Ludwig 2010; Beard and Smith 2013;
Lehnbom et al. 2013), etc.

HTA'’s limitations

Overall, the ADS evaluation results range from
reserved to favourable. However, these studies are
not very useful for local decision-makers such as hos-
pital directors and pharmacy managers. Even if HTA
has been adopted to provide answers to health-care
decision-makers with respect to improving the quality
and efficiency of care delivery in a context of limited
budgets (Sa’aid and Stewart 2011; Gagnon 2014) and
to improve the rationality of the decision-making pro-
cess, at a local level, actual difficulties to implement
HTA are pointed out (Ehlers et al. 2006; Martelli et al.
2013; Gagnon et al. 2014; Radaelli et al. 2014; Martelli
et al. 2015):

e Hospitals do not always have the available
resources and competences to properly conduct
the evaluations;

e They do not necessarily have the right govern-
ance model;

e They may lack the methodological level expected
to conduct studies on the key HTA domains.

The second limitation is well identified in the litera-
ture. Difficulties stem from the fact that HTA evaluation
results cannot be easily used for decision-making at
the local level (Barasa et al. 2015; Martelli et al. 2015).
Today, a consensus seems to form on the use of multi-
criteria decision analysis (MCDA) based on multi-
attribute value theory (Poulin et al. 2013; Radaelli
et al. 2014; Angelis and Kanavos 2017; Antioch et al.
2017; Lasalvia et al. 2019) to help decision-making. This
was initiated by the NICE during the 2010 s’ (Antioch
et al. 2017). As a matter of fact, the complexity resides
in that health-care organisations are often expected to



pursue a number of different goals (quality of treat-
ment, economic efficiency, flexibility of activities,
development of knowledge, efficient management,
political legitimacy, etc.). It is therefore especially diffi-
cult for a local hospital decision-maker to make
a decision based on a national or international HTA
analysis, as robust as it may be. This was clearly under-
lined by Kristensen et al. (2019):

HTA, encompassing evidence synthesis, may be viewed
as informing evidence-based decision-making - two
related but distinct concepts. The process of rigorous
review and synthesis of scientific evidence focuses on
assessing the relative benefits, harms, and costs of
healthcare technologies using sound analytic judg-
ments. Evidence-based decision-making, in most
cases, explicitly or implicitly incorporates other consid-
erations (e.g. affordability, ethical issues, feasibility, and
acceptability) that may require mechanisms of contex-
tualization of assessment results, such as deliberative
processes, to support them.

The MCDA method that was developed with the crea-
tion of multi-variable Mini-HTA seems to be a relevant
tool at the local decision-making level (Sampietro-
Colom et al. 2012). It could furthermore reconcile the
hospital procurement department with the HTA which
analysis methods are sometimes divergent (Callea
et al. 2017; Miller et al. 2019).

The third limitation deals with the transposability of
HTA results:

e Firstly, the study design of HTA is commonly
based on the paradigm of the environment and
the technology’s stability. This is often not the
case (Douma et al. 2007). It seems indeed neces-
sary to take into account the technology
dynamics; attention should be paid to the oper-
ationalisation of the phases of development,
implementation and integration (for example,
the ‘learning curve’ in HTAs).

e Moreover, as mentioned earlier, HTAs are his-
torically focused on three domains (efficacy,
safety, and cost-effectiveness). Yet, the imple-
mentation of a technology is often dependent
on the operators in place, and more broadly,
on the available resources and competences, as
the resource-based view theory underlines
(Barney 1991, 2001). Those are not integrated
into the HTA. Furthermore, there are important
differences amongst the hospitals within the
health system. These differences affect the
prioritisation of a technology’s attributes. This
could result in different conclusions with
regard to the use of this technology in each
hospital (Mitchell et al. 2010).

e Drawing on that, HTAs do not take into account
organisational and economic impacts of
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innovations (Drummond, Griffin, and Tarricone
2009; Craig et al. 2015; Facey et al. 2015;
Tarricone, Torbica, and Drummond 2017a). This
aspect of evaluation appears in the best practices
of Core Model version 3, but it is not used by the
HTA bodies. They are all aware of that and they
have made this a priority objective for the future
(Tarricone, Torbica, and Drummond 2017b;
Tarricone et al. 2017). HAS especially integrated it
in its 2019-2024 work program (Haute Autorité de
Santé 2018).

Taking these limitations into account, hospital direc-
tors and pharmacy managers in charge of pharmacy
automation reduce their HTA to the strictly financial
dimension by calculating an ROl. This conveys the
advantage of identifying all the direct and indirect
costs of this equipment. It integrates the investment
cost of the ADS, but also indirect costs such as
additional equipment or maintenance, as well as
the savings which are made on medicines’ stocks
and staff. However, this approach does not provide
them with a global vision of the multiple impacts of
automation, both in its upstream and downstream
phase. In particular, it does not take into account
the complex transformation of the organisation of
services (specifically the pharmacy and health-care
services) because the financial method to calculate
an ROl is to use cash flow - the actual amount of
cash moving in and out of an organisation over
a period of time.

These issues are highlighted in the study we con-
ducted on the implementation of two ADS robots in
the central pharmacy of a large non-university hospital
in France.

Methods
Design and setting

This study is taking place in one of the largest non-
university hospitals in France. With a capacity of 2,500
beds and room for 300 day-patients, 70,000 patients
and 130,000 emergencies were treated in 2016,
the year before the conduct of the study. The hospital
is the product of a nine-establishments merger
between medical institutions in a fixed geographical
radius, which included seven short-stay care (medicine,
surgery, obstetrics) institutions for a population of over
400,000 inhabitants. The hospital disposes of two cen-
tralised pharmacies divided into five satellite pharma-
cies corresponding to the different hospital sites. The
study is carried out on the largest of these entities,
which manages nearly 1,500 medications and employs
the equivalent of 47 full-time employees.



4 (&) C MATHYETAL.

Intervention

The study was carried out a posteriori in June 2017, 6
months after the installation of two global dispensing
robots.

Data collection

The study focused on the dispensing phase, from the
care unit order to the sealing of the dispensing boxes
before they are sent to the wards. Particular attention
was given to measuring the changes in processes and
costs before and after the implementation of the
robots. Hence, two categories of data were collected
for this study: data describing the dispensing system of
medicines and data related to the ADS implementation
costs.

The modelling of the dispensing process before and
after implementation of the ADS was central to under-
standing and identifying organisational and financial
impacts. We used process mapping method to con-
duct a two-hour group interview with representatives
of the different professions involved in the distribution
process: pharmacists, pharmacy assistants and health-
care executives from the pharmacy, as well as nurses,
the storekeeper, the purchase order manager and the
system information manager. In order to take into
account the specific organisation of each medical spe-
ciality, three nurses, respectively, belonging to
a medical department, a surgical department and
a psychiatric department, were present. The interview
was conducted on a voluntary basis.

Semi-structured individual interviews with 27 profes-
sionals from departments involved in the implementa-
tion or affected by the robot and also from the ADS
supplier were also conducted to complete and docu-
ment the process (See Table 1 for details): pharmacy
department, hospitalisation wards, logistics depart-
ment, information systems department, management
control department, administrative and financial depart-
ment, and hospital maintenance department. Interviews
lasted between 30 minutes and 90 minutes.

Table 1. List of interviewees and breakdown by domain.

The interview guide dealt with two main topics: the
course of the project and the routine operation of the
robot. Concerning the project, the role of the intervie-
wee as well as the time spent during the different
stages of the project was described. Difficulties
encountered and solutions found were also discussed.
Finally, the resources used and cost data were
requested. Regarding the operation of the robot, the
interview addressed its impact on four dimensions:
work organisation (role distribution, increase or
decrease of the duration of certain tasks and processes,
training needs, etc.); the architecture of the depart-
ment's premises; the materials used (trolleys, etc.)
and the pharmacy activities carried out (creation of
new activities of clinical pharmacy in medical and sur-
gical departments).

Finally, the global opinion on the added-value or
disadvantages brought by the robot from the point of
view of the pharmacy department, the clinical depart-
ments, the patients and the hospital was requested.

Although there was no exhaustive account of the
time spent by the various employees who contributed
to the project management process, an estimate was
provided by the project managers and subsequently
validated by the concerned individuals. The adminis-
trative, technical and pharmaceutical teams had also
documented the ADS implementation process by
quantifying the time allocated to project management
and implementation-related activities. These elements
were supplemented by the collection of a large
amount of on-site data: pharmacy and establishment
activity statistics, technical manuals for equipment,
installation plans, personnel worksheets, project man-
agement reports, management analyses from account-
ing and management control.

The time spent by pharmacy assistants on care unit
dispensing was measured at three points in time, each
lasting 1 week: prior to, 2 and 6 months after the ADS
implementation. Data were collected on preparation
time for wards allocation renewal, excluding preparation
of urgent requests, which are of a more random nature.
The analysis also distinguished dispensing time from time

Pharmacy and clinical services

Administrative and support services

ADS Robot manufacturer

Pharmacist — project manager
Pharmacist- co-project manager
Pharmacist — Head of Division

Head nurse of the pharmacy service

Pharmacist — Quality Manager

Hospital Managing Director

Secretary-General

Strategic Accounts & Business
Development Director
Director, Regulatory Affairs & Health

Economics

Director of Controlling International Marketing Director
dispensing

Administrative and Financial Technician

Director
Head of Controlling

Technician in charge of hospital staff

training
Pharmacist Director of Billing
Pharmacy technicians (2) Technical Engineering Manager
Pharmacy Storekeeper (2) Buyer
Nursing staff: — 2 general practice nurses — 1 psychiatric nurse — 1 Analyst in the information systems
outpatient surgical nurse department




lost due to interruption (handling of other tasks, robot
breakdown), as well as from the time needed for the final
validation of the unit medication orders.

The pharmacy staff conducted a study on the num-
ber of dispensing errors by care unit orders, before and
after implementation of the ADS. In this study, the
errors of dispensing were monitored every day during
the week of the study, at three time periods:
December 2016, February and June 2017. It involved
comparing several wards’ department orders with the
actual content of the dispensing box prepared by the
assistants. The measured values do not necessarily
represent common practices because of the
Hawthorne effect. However, this bias has no impact
on the time series analysis, since the data collection
protocol was the same over the three observation
periods.

Another study conducted in the pharmacy quanti-
fied the number of medicines dispensed, the dispen-
sing time and the number of dispensing errors. Care
units were also asked to return unused medication 1
month before and after implementation to assess
whether the robot had had an impact on reducing
returns and thus better met services' expectations.

Costs data were provided by the financial depart-
ment of the hospital. The costs of human resources
(time spent, and FTE saved) used in the study is the
average cost weighted by job position. It was thus
calculated by the financial department.

The ADS is depreciated over a period of 15 years, in
accordance with standard accounting practice, like the
other equipment related to the ADS, with the excep-
tion of small equipment for which the depreciation is
calculated over a 10-year period. Therefore, the pre-
sent value of the estimated future cash flow has been
determined using the French 15-year bond interest
rate as of February 2017.

Results

The study identified three main impacts on the orga-
nisation, which are related to physical, material (the
medicines) and HR. Each of these categories includes
changes in the work structure and organisation that
result in both operating costs and savings.

Impacts on physical resources

In order to prepare for the installation of the ADS, the
hospital arranged for construction works to be carried
out, a large part of which (air conditioning, painting,
changing the windows, etc.) satisfied the need to bring
the old facilities up to the current standards. These
works were not due to the specific installation of the
ADS. Only the electrical works were directly related to
that, as the installation of the ADS required a specific

SUPPLY CHAIN FORUM: AN INTERNATIONAL JOURNAL . 5

electrical system, which represented 14% of the total
installation cost.

The hospital acquired various additional items of
equipment related to the installation of the ADS. In
particular, it invested in additional shelves for the sto-
rage of medical products that could not be loaded into
the ADS, in carts to ease the handling of the dispensing
boxes and in blank cardboard boxes used to return
medications into the robot stock.

Finally, the maintenance costs of the ADS and of the
IT interface with the pharmacy software have also been
included into the estimate of financial impacts.

The installation of this ADS and therefore the reor-
ganisation of the stock has freed substantial floor sur-
face in the pharmacy. The resulting 78.95 square
metres were used to instal two new refrigerated sto-
rage rooms. It may therefore be considered that the
hospital made savings relative to the newly available
surface following the ADS installation.

Impacts on efficiency and learning curve: the
evolution of dispensing errors and stocks value

The results (Table 2) show that the rate of ‘non-
compliant’ order lines has progressively diminished
over the months to stabilise at 0.4% in June 2017
(with  the ADS), as compared to 1.7% in
December 2016 (before the ADS). With regards to the
number of care units concerned, the rate of ‘non-
compliant’ units amounted to 0.2% in June 2017, as
compared to 0.6% in December 2016. This evolution
clearly underlines the notion of learning curve, which is
unfortunately poorly taken into account in HTA
(Drummond, Griffin, and Tarricone 2009; Tarricone,
Tarricone et al. 2017).

The introduction of the robot forced us to adjust stocks
and allocations. A step of validation of the orders in
relation to the allocations has been added which allows
a better control and more quality (verbatim from an
interviewee Pharmatcist).

Nevertheless, quantitative errors remain. Human inter-
vention in the manual picking process (required for
products which are stored outside the ADS) and in the
dispensing of unit doses for specific medications (only
part of medication box dispensed by the ADS is allo-
cated to the order and any remaining medication is put
back in the ADS stock) explain these quantitative errors.

The most time-consuming task since the robot introduc-
tion is to enter on computer the opened medicine
packages returning from the services. You have to unpack
them before repacking them with white (generic)
packages; you then have to enter the information (expiry
date, batch number, etc...) in the computer system to edit
the right label so that the stock is correct and finally
reintegrate this package in the robot. We have to think
about favouring complete packages, otherwise we spend
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Table 2. Number of dispensing errors in preparing the ward'’s requests, before and after robot implementation.

Lines Units
Non compli- Non compli-
Compliant (Nb, ant (Nb, Compliant (Nb,  ant (Nb,
Period of data collection Dispensing lines checked (Nb) ratio) ratio) Dispensing units checked (Nb) ratio) ratio)
Dec, 2016 1,609 1,581 983% 28 1.7% 50,818 50,512 99.4% 306 0.6%
Feb, 2017 1,496 1,483 99.1% 13 0.9% 48,734 48353 99.2% 381 0.8%
June, 2017 1,747 1,740 99.6% 7 0.4% 47,2306 47,230 99.8% 76 0.2%

too much time on it. (verbatim from a Pharmacy
technician)

Finally, the fewer returns we receive from the services,
the better the stocks are managed; we should ask them
to return only exceptional drugs: those that are not in
their weekly supply and that they will not have the
opportunity to use; we should train the care units on
this subject again. (verbatim from a Pharmacist project
manager)

After the introduction of the ADS, a decrease in the
stock value of €61,000 between 2016 and 2017 (annual
basis) was observed. Considering that hospital activ-
ities increased by 2.91% during that period, the gain in
the stock value may be estimated at €176,000 i.e.
a 4.3% reduction, when the effect of the variation in
activity is balanced out (all else being equal).

Considering the value of the returned medications
from the care units (observed over 4 months and extra-
polated over a one-year period) and discounting the
growth of pharmacy activity, this study shows
a reduction in returns of more than €18,000, i.e. a 2.6%
reduction following the ADS implementation. Therefore,
this tends to confirm the existence of a better manage-
ment of global drugs allocations to the wards.

Impacts on HR and competencies: the hospital
staff

To take the analysis one step further, we have identi-
fied the impacts of the two ADS on HR, during the
preparation and implementation and the operation
of the new automated process.

In order to prepare for the installation of the ADS,
the hospital staff organised meetings and involved
employees. A total of 1,090 working hours were dedi-
cated to preparing for the installation of the ADS,
including 144 hours (13%) of multidisciplinary meet-
ings, and 946 hours (87%) in the pharmacy department
alone where most of the time was spent loading the
medications into the ADS.

The ADS implementation required the creation of
an IT interface to connect the robot with the pharmacy
medication management software and to allow for the
exchange of information. The IT department was lar-
gely involved in the preparation and implementation
of the robot in order to ensure that the new stock
management and dispensing system would be

functional from the start. This took an estimated
413 hours, essentially for the configuration, qualifica-
tion and deployment of the new versions of the phar-
maceutical software, the department web order
modules and the financial software.

The hospital also organised a number of training
and information sessions on the ADS and on its usage.
Additionally, a total of 105 hours of training were
provided by the robots’ supplier.

The effects of automation of the process on working
hours must also be taken into account. Looking into
the activity of every pharmacy assistant involved in
central pharmacy dispensing activities, a 28% time-
saving was discovered (Table 3).

Note: the increase of 122% of validation time is due
to the introduction of an additional validation step,
improving the dispensing efficiency and quality.
However, this step was easily integrated by the team
as this difference was absorbed by June.

This represents the equivalent of 1.25 FTE assistants:
Although there has been no reduction in the number
of pharmacy employees, the time freed up through the
ADS has made it possible to absorb an increase in
activities and to perform other tasks aiming at improv-
ing the quality management and safety of the drug-
dispensing system.

The robot has allowed us to rethink the organisation of the
service and to improve other things as well. For example,
now we have access to the data on the PC and it is easier
to make a second validation of the order (on quantities
this time). (verbatim form a Pharmacist project manager)

The management of expired products is made easier:
you can request a forced removal of expired products.
The robot blocks the dispensing of medicines that will
expire within 30 days. (verbatim from a Pharmacy
technician)

Discussion

The objective of this case study was not to realise an
HTA, as this type of analysis is already available in the
literature. The aim was to allow the hospital director to
identify the organisational and financial impacts of this
equipment and to help him decide whether it would
be worth deploying at a larger scale. As noted by
(Batson et al. 2020), there is no robust body of
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Before
implementation

After implementation

Average time

Average time

Discrepancy Feb 17/ Average time Discrepancy June 17/

Dec 16 (min) Feb 17 (min) Dec 16 (%) June 17 (min) Dec 16 (%)
Dispensing time 259.8 146.8 —43% 2525 —3%
Software validation time 328 76.4 133% 39.2 20%
Interruption time 51.6 21.2 -59% 35.6 -31%
TOTAL time 344.2 2444 -29% 327.3 —5%
Numbre of lines 456.6 479 5% 600.2 31%
Total time per line 0.75 0.51 -32% 0.55 —28%
of which dispening time per line 0.57 0.31 —46% 0.42 —26%
of which validation time per line 0.07 0.16 122% 0.07 -9%
of which dispening and validation 0.64 0.47 -27% 0.49 —24%

time per line

literature to support evidence-based recommenda-
tions regarding the clinical or economic benefits
of ADS.

There are different ways of assessing the impact of
an investment, depending on whether one considers
the income and expenses actually recorded in the
accounts or whether one considers the cash flow gen-
erated or the financial structure of the establishment
(balance sheet). In this case, the first calculation gen-
erally performed is that of cash flow, which also allows
ROI to be calculated. It should be remembered that
according to international financial standards, ROl only
includes external (i.e. ‘observed’) economic flows,
whereas several studies mention ROl but use meth-
odologies that do not correspond to this definition
(Glowa and Weber 2009; Berdot et al. 2016; Bonnabry
and Olivia 2020). Calculations made in these studies
also include internal economic flows, which are nor-
mally not taken into account in a traditional ROI (these
flows should be normally outside of the scope of
a standard ROI calculation). In other words, the internal
flows are hidden in a standard financial ROI calculation.
The term ‘hidden’ refers both to what does not appear
in the input-output black box (Martinet and Savall
1978) and to the allocation (or reallocation) of internal
organisation resources (such as job shifts or time spent
on staff training).

In this case, the hidden costs (and profits) mainly
relate to the use of HR. The automation of certain tasks
impacts pharmacy processes and preparation time sig-
nificantly (almost 30% reduction in the case study).
However, these benefits are not achieved through
staff reductions, but through redeployment of employ-
ees to new positions as it is reported in other studies
(Berdot et al. 2019; Bonnabry and Olivia 2020). The
hospital chose to keep its staff because of the growth
of its structure and activities. It also aimed at improving
the quality processes of the pharmacy and at imple-
menting other dispensing system (secured cabinets).
Nevertheless, it achieved savings, because otherwise it
would have had to recruit additional staff to support
these activities. Thus, depending on the workload
saturation, two scenarios are possible. In some

hospitals, the shortage of staff results in an overload
of work; the productivity gains are then directly
absorbed into the activity and simply reduce the over-
load. In other hospitals, these gains give the opportu-
nity to invest in new missions or to launch new
projects.

Still, these benefits, which do not generate
‘observed’ financial flows, could be taken into account,
if the objective is to reflect the reality of the impacts of
this kind of equipment, regardless the hospitals’ poli-
tical and organisational choices in terms of redeploy-
ment or redundancies. In the same logic, but with an
opposite effect, the preparatory phase prior to the ADS
deployment certainly contains hidden costs due to the
many hours that were devoted by the establishment’s
teams in the pharmacy and other departments for its
implementation (meeting, training, updating the soft-
ware, etc.) or in the following years. These hours
undoubtedly constitute a hidden cost insofar as these
staff members are employees of the establishment;
there was therefore no observed difference in financial
flows. We were also able to observe an increase in time
spent (thus a hidden cost) by the invoicing service due
to the duplication of medication orders to the same
suppliers (one for the robot stock and one for the
external stock to secure the right medicine allocation
during the implementation of the robot). In addition,
identifying this organisational impact and valuing it
(estimated at €25,000) allowed the hospital to improve
its organisation and thus to optimise its profits.

With the installation of the robot, we have duplicated
the entire control circuit: on the one hand there is what
happens with the “robot” stock and on the other hand
what happens with the “outside the robot’ stock. Thus,
for the same supplier, there are 2 orders, 2 invoices, 2
settlements and 2 treasuries. Moreover, the invoicing
department is  overwhelmed. (verbatim  from
a Pharmatcist project manager)

Based on these two alternative methodologies (stan-
dard ROI versus ROI including hidden gains and cost),
the results obtained in terms of economic impact
change radically. Table 4 summarises not only the
positive and negative cash flow observed but also the
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Table 4. Description and valuation of impacts depending on the calculation method.

Impact identified

Cash flow including hidden costs and
Cash flow gains, all else being equal
(in Euros over a 15 years period)

Preparatory phase

Pharmacy Subcontracting of lectricity adaptation works, mandatory for robots —30.041 —-30.041
infrastructure installation
Hospital staff hours dedicated to construction and repair works, related to - -2.157
ADS implementation
Subcontracting for dismantling the old equipment —6.000 —6.000
ADS supplier fees for its support during the implementation -2.304 -2.304
IT Purchase of software licence for robots and internal information system —13.968 —13.968
interface
Hospital staff hours dedicated to implementing the IT interface - -18.763
HR for project Hospital staff hours spent in interdisciplinary project preparation meetings - -5.416
preparatory phase Hospital pharmacy staff hours dedicated to the update of the pharmacy - —4.39%4
procedures and booklet
Hospital pharmacy staff hours dedicated to moving the stock, loading the - -24.979
ADS and testing it
Staff training Hospital staff hours dedicated to training for ADS usage - —-3.897
Robot and equipements
ADS and Purchase of ADS and belt conveyor —-186.915 —-186.915
maintenance Purchase of prolog (automatic loader) —27.000 —27.000
Subscription for annual software maintenance performed by the ADS —19.440 -19.440
supplier
Hospital pharmacy staff hours dedicated to the annual software update - —5.565
Subscription for technical maintenanceperformed by the ADS supplier —-96.000 —-96.000
Additional equipment Purchase of additional storage equipment —4.264 —4.264
Implementation and operation phase
Small consumable Purchase of blank boxes for medecines —38.023 —38.023
products Purchase of small office consumable -8.132 -8.132
Stocks Stocks variation 61.000 175.568
Storage space gain in the hospital pharmacy - 80.526
HR Reduction in hospital pharmacy staff hours dedicated to dispensing - 708.750
Increase of hospital staff hours dedicated to billing - —24.290
TOTAL —371.087 443.296
Break-even point over 15 years
4 years

alternative method including hidden costs that are
usually not considered from an ROI perspective.

Notes: The scope chosen for estimating the cost
associated to each impact corresponds to the specific
ADS implementation in this specific hospital.

The cash flow calculation shows a total cost of
€-371,000 observed over the 15-year amortisation period
of the ADS. Nevertheless, when hidden costs and benefits

are considered, the hospital would realise savings esti-
mated to €443,296 over the 15-year depreciation period,
with an ROI observed in the fourth year (Figure 1).

The Net Present Value (NPV) of this investment at
a discount rate of 1.48% equals €387,853, with the
same time span.

These results show that taking into account certain
costs or benefits that do not appear in the calculation

Figure 1 - Results comparison of ROI and alternative cash flow calculations methods
over the 15-year amortisation period

€ 500 000.00
€400 000.00
€ 300 000.00
€ 200 000.00
€100 000.00
€0.00 F +

-€100 000.00 1mee?” 3
<€ 200 000.00
-€ 300 000.00
~€.400 000.00
~€ 500 000.00
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Years

= Total cash flow,including hidden costs and gains, all else being equal (alternative)

Figure 1. Results comparison of ROl and alternative cash flow calculation methods over the 15-year amortisation period. (Figure

from the authors).



of standard ROl can profoundly change decision-
making. However, there are two limitations that could
be amended by further work.

First of all, the amortisation period and discount rate
used in the NPV calculation are subject to debate, as in
all NPV calculations. Each hospital itself determines the
amortisation period it considers to be fair, while remain-
ing consistent with financial standards. However, prac-
tices vary widely. A 15-year period was chosen by the
hospital in this study, but other publications use 8-year
periods (Berdot et al. 2019; Bonnabry and Olivia 2020).
A shorter period may seem judicious (Berdot et al. 2019)
because of technological and regulatory changes that
can lead to premature obsolescence of the system. This
work could therefore be supplemented by a sensitivity
analysis on the amortisation period and the interest rate.
Finally, organisational impacts have not been identified
in a systematic way because there is no unanimously
recognised frame of reference (Ciani et al. 2015; Fuchs
et al. 2016), aside from a few attempts that are poorly
methodologically supported (Roussel et al. 2016). The
list of elements to be taken into account in the calcula-
tion of hidden costs could probably be extended to
include other items: adverse drug events (Orlikowski
2000; Bonnabry and Olivia 2020), reduced salary costs
because of task transfer, but also more intangible effects
such as user satisfaction, working atmosphere, or absen-
teeism. Added-value of robotisation as risk-mitigation
strategy in time of epidemics such as COVID-19 could
even be considered, since ADS require less manpower
to operate therefore guaranteeing operations even if
some of the staff is on sick leave, in quarantine or
reallocated to other tasks. These effects are a source of
hospital efficiency that today goes largely unnoticed
and raise the challenge of defining the relevant scope
of analysis. Therefore, it seems necessary, as the HTA
bodies underline it, to develop a systematic screening
method based on a recognised corpus. This subject is
currently being explored by HTA bodies and research-
ers. When further developed, it might benefit to the
evaluations and position-taking of local decision-
makers and thus contribute to improve evidence-
based decision-making in the healthcare supply chain.

Conclusion

This research highlights the importance of evaluation in
making the decision to invest in equipment similar to
ADS. Be it through the HTA methods or through the
financial calculation of an ROI, organisational impacts
(and in this case, the impact on HR) are not or only
partially quantified. Technology causes organisational
modifications for which hidden costs or benefits might
exist without even being identified nor taken into
account.

Therefore, this raises the question of which metho-
dology should be chosen when considering the
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particular relationship that links technology with orga-
nisations. Indeed, as shown by the work of the socio-
technical school of thought in the 1950s (Emery and
Trist 1960) and subsequent research on the Actor-
Network theory (Akrich 1987; Callon 1986) as well as
the structuration theory (Orlikowski 2000), the effects
of the introduction of a new technology are condi-
tioned by the social and organisational system in
which it is embedded. In other words, technology
development is in itself a social process influenced by
the organisations generating it (DACEHTA 2008). The
actual uses and effects of the machines very often
differ from the expected uses. They depend on the
adoption and on the appropriation processes specific
to each structure (Bentahar and Benzidia 2019).
Logistics practices are therefore impacted as they
often take the form of an amalgamation of resources
(human, technological, procedural) (Landry, Beaulieu,
and Roy 2016) and constitute organisational routines.
It is even more true in hospitals because the health-
care sector seems to be rather idiosyncratic when
implementing logistics best practices (Guimaraes
et al. 2013).

Of course, health-care decision-makers ask for one
unique organisational model which could capture
‘everything’. However, the organisational analysis
which can be used independently of organisations
and problems, and give the overall picture, does not
exist. Organisational analyses cannot be introduced
like recipes. They must go beyond the strict clinical
and economical approach and be adapted to the indi-
vidual cases and problems (DACEHTA 2008).

In this case study, the cost is contingent to the
existing internal organisation of each establishment
and in particular to the choices that were made when
allocating or reallocating the personnel to certain
activities. This choice itself depends on the strategical
and clinical project of the hospital, its quality and
security objectives, on the one hand, and its observed
and aimed productivity levels, on the other hand. This
result can be of great interest in a labour-intensive
industry like health-care industry, where the automa-
tion potential of logistic activities is high.

Unlike national HTA bodies, hospital-based HTA eva-
luations may integrate local data into their guidelines
and reports. Local data can not only fill gaps in the
published evidence, but it can also improve the gener-
alisability of evidence to the local setting (Mitchell et al.
2010). Should the solution come from health economists
or from supply chain managers? In any case, it seems
necessary to more systematically and more explicitly
identify and value the gains (and costs) hidden by real-
locating internal resources as also suggested by Batson
et al. (2020). This would increase the speed of the trans-
formation of logistics practices and the performance
achieved in hospitals where a lot has to be done to
explore and understand the value of digitalisation and
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its impact on the organisation of flows, quality of service,
working conditions, and skills acquisition and develop-
ment for stakeholders (Ageron et al. 2019). In any case,
we hope that this article will contribute to advancing the
reflexions around investments in hospitals’ supply chain,
be them in ADS or other digital equipment.
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