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Abstract

Objective: To compare the costs and benefits of an automated-drug dispensing cabinet (ADC) ver-

sus traditional floor stock storage (TFSS).

Design: A quasi-experimental multicenter study conducted during 2015.

Setting: A teaching hospital (814 beds) equipped with 43 ADCs and a not-for-profit teaching hos-

pital (643 beds) equipped with 38 TFSS systems, in Paris, France.

Participants: All the wards of the two hospitals were included in the study.

Intervention(s): ADC versus TFSS.

Main Outcome Measure(s): A composite outcome composed of cost and benefits.

Results: The total cost with payback period was substantially higher for the ADCs (574 006€ for 41

ADCs) than TFSS (190 305€ for 30 TFSS systems). The mean number of costly drugs and units

were significantly higher for ADCs (P < 0.001). There was no significant difference in the mean

number of overall drugs and units. There were significantly fewer urgent global deliveries with

ADCs than TFSS units. Nurses’ satisfaction with ADCs was high and the prevalence of medication

process errors related to ADCs was low. No event due to storage errors was reported for ADCs

and nine events were reported for TFSS units. On the contrary, informatic-related events increased

with the use of ADCs, as expected.

Conclusions: Overall, ADCs are well-established in wards and are particularly appreciated by

nurses. A significant difference in the initial investment cost was confirmed, but it must be

adjusted over time. This difference is offset in the long-term by gains in preparation time and few-

er medication process errors, securing the medication process.
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Introduction

Automated-drug dispensing cabinets (ADC) have been used since
the 1980s in North America, but their introduction in France is
more recent, dating to the late 1990s. In Canada, 36% of hospitals
responding to a survey in 2010 were equipped with ADCs and this
rate increased to 50% in 2014 [1]. Pedersen et al. estimated that
97% of responding hospitals in the USA were equipped with ADCs
in 2014 [2], compared with 58% in 2002 [3]. The floor stock man-
agement and rationalization induced by ADCs is important for
North American countries where the system of unit billing to the
patient is available. In France, the organization of drug dispensing
in hospitals is still heterogeneous in terms of equipment (dispensing
robot in pharmacy, ADCs, floor stock storage) and stock manage-
ment (global and unit-dose dispensing, with urgent global deliveries
for specific needs). A report by the French hospitalization and care
organization directorate (DGOS) in 2009 found that only 2% of
French hospitals (any type of healthcare institute) had deployed one
or more ADCs [4]. The total number of ADCs in French healthcare
institutes represented 0.3% of the total number of pharmacy storage
systems. This low rate can be explained by the high unit cost of
ADCs, without evaluation of the return on investment and limited
manufacturers and products available in France.

Numerous studies have been carried out to measure the impact
of ADCs on the medication process in clinical wards [5–8]. Most
evaluated the impact following implementation in a single hospital.
They showed a potential positive impact on the medication process
by reducing medication errors at every step of the process, from fill-
ing, picking and preparation to administration. Ray et al. reported a
32% decrease in refill errors [9]. Administration errors also
decreased from 53% to 39% with the use of ADCs [5, 6]. A rando-
mized, controlled study showed a significant decrease in the preva-
lence of medication errors (18.6% with traditional floor stock
storage (TFSS) and 13.5% with ADCs, P < 0.05) [7]. However,
studies focusing on the economic impact of ADCs are few or out-
dated [10–12]. In a recent economic analysis in France, Chapuis
et al. [10] found that the implementation of ADCs was financially
profitable, with a positive payback period of 5 years.

The European Georges-Pompidou Hospital has progressively
invested in ADCs since its opening in 2000 to optimize and secure
the medication process. The benefits of these cabinets in the phar-
macy and clinical wards merit evaluation, given their cost. The
objective of this study was to compare the cost and benefits of dis-
pensing systems in two hospital settings, one with ADCs and the
other with TFSS.

Methods

Population and setting

This study was conducted in two French hospitals. The first, the
European Georges-Pompidou Hospital (HEGP), is an 814-bed
teaching hospital in Paris, France. HEGP has 43 ADCs (OmniRx;
Omnicell, Mountain View, CA, USA). The ADCs were implemented
from 2000 to 2014. In each ward, all drugs are stored in the ADCs,
and nowhere else. Drugs are stored in a random order. The cabinets
are locked, and the nurses have access through passwords or finger-
print identification. They have access to all drugs, narcotics
included. After selecting the patient name, nurses select the drug pre-
scribed from the global list. The prescription software is not yet
interfaced with the ADC software. The ADC software records the

time, the identity of the nurse, the patient’s name and the drugs
removed. The ADC compartments are refilled weekly by pharmacy
technicians and the quantities of drugs determined using the inter-
faced pharmacy information system to assess the need.

The second hospital is the Paris Saint-Joseph hospital (HPSJ), a
643-bed not-for-profit teaching hospital located in Paris, France.
Drugs are stored in 38 TFSS systems from Herman Miller®, which
have been in use since 1990. These open floor stock systems consist
of one or two cabinets. Storage is in alphabetical order, with a sep-
aration between oral and injectable drugs. Narcotic drugs are mana-
ged outside the system in locked cabinets. The TFSS units are refilled
weekly by pharmacy technicians, as for the ADCs.

Both hospitals are equipped with a patient information system
integrating an electronic health record and a computerized physician
order entry system (DxCare®, Medasys). The pharmacy software
used is Pharma® (Computer Engineering). Global deliveries using
Pharma® are scheduled for weekly refilling in both hospitals. This
refilling normally satisfies urgent needs. However, it is sometime
necessary to complete the stock with punctual urgent global
deliveries.

Study design

We conducted a quasi-experimental multicenter study from January
to December 2015.

Inclusion criteria

All the wards of the two hospitals were included in the study,
including those with an average length of stay above 24 h, emer-
gency departments and intensive care units.

Outcomes

The main outcome was a composite outcome composed of cost and
benefits calculated for the study period (Table 1). The cost criteria
were derived from Chapuis et al. [10] and consisted of (1) the cost
of storage, (2) the cost of the immobilized drug stock and (3) the
cost to employer of pharmacy technicians. The benefits criteria con-
sisted of (1) the number and quantity of each drug in the storage,
(2) the number of refillings and drug lines reloaded, (3) the cumula-
tive refiling time, (4) nurses’ satisfaction and (5) medication process
errors declared during the study period.

Statistical analysis

Data are expressed as the mean and standard deviation (SD) for
quantitative variables and as the number and associated percentage
for qualitative variables. Group comparisons were performed using
the Wilcoxon test for quantitative variables and the Student test for
qualitative variables. Data were analyzed with R software version
3.3.0. Satisfaction was compared with the Chi-square test and exact
Fisher test using BioStatgv (http://marne.u707.jussieu.fr/biostatgv/).

Results

For this study, 23 wards in HEGP (41 ADCs) and 21 in HPSJ (30
TFSS systems) were included. The total number of hospitalizations
was similar for both hospitals (33 351 for HEGP vs. 37 070 for
HPSJ). The average length of stay was 10.2 days (min: 2.7—max:
18, mean of 30 beds/ward) in HEGP and 4.6 days (min: 1.1—max:
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8.9, mean of 26 beds/ward) in HPSJ. The mean age of the patients
was 61 years for both hospitals.

Cost

We evaluated the costs during the study period, integrating the ini-
tial costs of investment with the payback period and those following
the payback period (Table 2). The mean cost with and following the

payback period for one storage was significantly different between
the two systems (P < 0.001).For the ADCs, the investment costs
were 21 840€ for simple ADCs and 24 340€ for double ADCs, with
software, license and annual maintenance costs. The cost of immobi-
lized drug stock was 194 805€ for 2015. For TFSS, the investment
costs were 3500€ and 7000€ for one and two cabinets, respectively.
There were no associated software or license costs. The maintenance
costs could not be evaluated. The cost of immobilized drug stock

Table 1 Description and measurement of the cost and benefits criteria

Criteria Description/measurement

Cost criteria
(1) Cost of storage Included investment costs, the cost of purchasing software and licenses and annual maintenance costs

For both storage systems (ADCs or TFSS), the manufacturers estimated an amortization period of 5 years, with a
repartition of the total investment costs (storage, software, and licenses between the pharmacy department and
the ADC computer system) over this period. Thus, during the first 5 years, the cost of storage took into
account 20% of the investment costs and the cost of annual maintenance (as storage deployment was
continuous). We also evaluated the case after this payback period, in which only annual maintenance costs
were considered to calculate the storage costs.

(2) Cost of immobilized drug stocks Cost of immobilized drug stocks for 1 year (2015)
The cost of immobilized drug stocks was estimated by floor stock inventories.

(3) Cost of pharmacy technicians Cost of pharmacy technicians for 1 year (2015)
The cost of pharmacy technicians on medication-related work activities was calculated, considering an annual

cost to employer of 42 000€ per technician.
Benefits criteria
(1) Number and quantity of each

drug in storage
Number of drugs and unit doses
Number of costly drugs and unit doses
For each system, the mean number of drugs and unit doses for costly drugs (more than 20€ per unit) and all

drugs (costly and not costly) were calculated.
(2) Number of refillings and drugs

lines reloaded
Number of global deliveries and urgent global deliveries
Mean number of drug lines per global delivery
The number of refillings was calculated by summing the number of global deliveries and urgent global deliveries.

The mean number of drug lines per global delivery was also calculated based on all deliveries.
(3) Cumulative time for refilling Cumulative time for refilling

The cumulative time for refilling was calculated by multiplying the total number of reloaded lines and the mean
time for one reloaded line. The time for refilling one reloaded line was determined simultaneously by a
pharmacy technician (self-measurement) and a pharmacist (CB). The average of the two times was used. All
stages of refilling (scanning, management, preparation, storage and walks to the ward) were timed to obtain
an average time per line.

(4) Nurses’ satisfaction Nurses’ satisfaction
The nurses’ satisfaction was evaluated through a self-administered questionnaire derived from a validated

questionnaire developed by Palm et al. [19, 20]. Four dimensions were estimated (compatibility of the system,
usefulness, ease of use and user satisfaction) for the ADC and TFSS systems. A three-point Likert scale was
used: satisfied, unsatisfied and not satisfied or unsatisfied

(5) Medication process errors
declared in 2015

Medication process errors
Medication process errors were analyzed using the medication process errors registry available in each hospital,

in which every healthcare professional can declare any medication process errors. All events related to the
medication process declared during the studied period were evaluated.

Table 2 Costs for 41 ADCs and 30 TFSS systems

ADCs (N = 41) TFSS (N = 30)

Investment costs with payback period 192 888€ 37 100€
Software and license costs with payback period 2400€
Annual maintenance costs 28 933€ NE*
Cost of immobilized drug stocks 194 805€ 52 405€
Annual cost to employer of pharmacy technicians 154 980€ 100 800€
Cost with payback period 574 006€ 190 305€
Cost following the payback period 378 718€ 153 205€
Total for one storage (following the payback period) 9237€ 5106€

*NE: Not evaluated.
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was 52 405€. The mean cost of immobilized drug stock for one stor-
age was significantly lower than the same cost for ADCs (P <
0.001). Finally, the total cost, with payback period, was 574 006€
for ADCs and 190,305€ for TFSS systems. Following the payback
period, the total cost for one storage system was 9237€ for ADCs
and 5106€ for TFSS.

Benefits

There was no significant difference in the mean number of drugs
(P = 0.79) or drug units (P = 0.07) stored in the systems (Table 3).
The mean number of costly drugs and units were significantly higher
for ADCs (P < 0.001). The mean number of global deliveries for
ADCs was significantly higher than that for TFSS (99 vs. 72, P <
0.001). There were significantly fewer urgent global deliveries with
the ADCs than with TFSS. The number of urgent global deliveries
represented 70% of the total requests (global deliveries and urgent
global deliveries) for ADCs and 90% for TFSS.

Thirty self-measurements were collected at HEGP and 13 at
HPSJ. The average time per refilling line obtained was 1.65min for
ADCs and 1.60min for TFSS. Based on the 2 days of observation
performed by the observer (CB), the times were 1.66min for ADCs
and 1.67min for TFSS. There was no difference between the two sys-
tems. The total annual times for dispensing are presented in Table 3.

Fourteen of 23 (61%) wards answered the user satisfaction ques-
tionnaire at HEGP and 14 of 21 (67%) at HPSJ. Fifty-six question-
naires from HEGP and 25 from HPSJ were collected. Four nurses in
HPSJ had experience with both storage systems and 75% preferred
ADCs. In some wards, several nurses and nurse managers partici-
pated. Satisfaction rates are presented in Table 4. Overall, user satis-
faction was significantly higher with ADCs than TFSS (89% vs.
56%, P < 0.001). Despite the perception of comparative compatibil-
ity of both storage systems (P = 0.06), there were significant differ-
ences for the ease of use (P < 0.001) and usefulness dimensions (P <
0.001), with better perception of the ADC system.

During the study period, 75 medication process errors related to
a ‘drug event: medication error process/dysfunction’ were reported
at HEGP. Among these, 12 were related to ADCs (16%). At HPSJ,
there were 40 errors related to TFSS among 99 events reported
(40%). Four types of medication process errors were identified: stor-
age refill management, informatics problems, administration errors
and other types of events (Fig. 1). Storage refill management events
were reported five times more often for TFSS than for ADCs. There
were seven events reported at HEGP (six due to treatment supply
failure and one due to an expired drug present in the ADC). At

HPSJ, there were 19 events due to treatment supply failure, one to
the presence of an expired drug, four linked to the lack of drug stor-
age by pharmacy technicians, nine to storage of the wrong drug and
six to delivery of the wrong drug. There were four events related to
informatics problems, such as the lack of a nurse password or an
error in the password to enter the ADC. Finally, there was one event
reported at HEGP which generated a wrong administration error
due to confusing one drug with another. The other event at HPSJ
concerned a problem with refrigerator temperature.

Discussion

The total cost, with payback period, was 574,006€ for 41 ADCs
and 190,305€ for 30 TFSS systems. The mean number of costly
drugs and units were significantly higher for ADCs (P < 0.001).
However, there was no significant difference in the mean number of
stored drugs or units. There were significantly fewer urgent global
deliveries with ADCs than TFSS. The total annual time for deliveries
was 115 h for ADCs and 164 h for TFSS. Nurses’ satisfaction with
ADCs was high and the prevalence of medication process errors
related to ADCs lower than that for TFSS. No medication process
error due to storage errors was reported for ADCs, whereas nine
were reported for TFSS. On the contrary, informatics-related events
increased with the use of ADCs, as expected.

Some of our results are consistent with those found in the litera-
ture [13]. The use of ADCs at Robert Ballanger Hospital Center
(France) resulted in fewer urgent global deliveries with a 75%
decrease of demands during daytime care and 50% during night-time
care [14]. Chapuis et al. reported a 43–57% decrease in treatment
failures in the two wards equipped with ADCs [15]. User satisfaction
with the use of ADCs has been evaluated in several studies [16].

Table 3 Number, refilling and time of refilling for one storage system

Type of storage ADCs TFSS P-value

Mean (SD) Mean (SD)

Number and quantity
Mean number of drugs 228 (86) 233 (64) 0.79
Mean number of costly drugs 3.5 (3.1) 1.4 (1.8) <0.001

Refilling
Mean number of global deliveries (refilling) 99 (38) 72 (23) <0.001
Mean number of lines in global deliveries 3174 (1576) 4038 (1930) <0.001
Mean number of urgent global deliveries 226 (88) 677 (364) <0.001

Time of refilling
Cumulative time for global deliveries 96 h 108 h
Cumulative time for urgent global deliveries 19 h 56 h
Total annual time for deliveries 115 h 164 h

Table 4 Perception of drug storage (ADCs or TFSS) for the four

dimensions of the user questionnaire—percent of satisfaction

ADCs TFSS P-value
N = 56 N = 25

Compatibility* 93% 76% 0.06
Usefulness* 98% 64% <0.001
Ease of use* 98% 66% <0.001
User satisfaction** 89% 56% <0.001

Statistical analyses were performed using the exact Fisher test (*) or Chi-
square test (**).
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In France, 78% of nurses have been reported to be satisfied or very
satisfied with the daily use of ADCs [14]. They appreciated the fact
that the ADCs indicated the equivalents between brand name drugs
and their generic term on the ADC screen and redirected them to the
correct reference available in the system.

Our findings on reported medication process errors related to
the storage system are consistent with the literature. Studies showed
a decrease in the number of drug errors with ADCs, both in the
refilling [9] and administration steps [5, 6]. In addition, three times
fewer events due to treatment supply failures have been reported
with ADCs. This observation is consistent with the higher number
of urgent deliveries in HPSJ due to treatment failure.

In contrast, some of our results differ from those of the litera-
ture. Savings in the cost of immobilized drug stocks have been
observed after implementing ADCs. These savings ranged from 29
to 56% [10, 17, 18]. At HEGP, costly drugs were stored in the
ADC, probably explaining this difference. The traceability and
accuracy afforded by informatics has allowed the drugs stored in
ADCs to be tracked, facilitating the storage of costly drugs and
blood-derived drugs requiring patient traceability. Indeed, narcotics
and blood-derived drugs were only stored in ADCs. Unlike in our
study, several studies have reported an increase in the time of phar-
macy technicians dedicated to ADC management [10, 13, 18]. Some
functions of ADCs allow better management and optimization of
stocks. Urgent global deliveries were three times higher with TFSS
when refilling drug stocks. This shows that the refilling planning is
not adapted to a ward’s needs and results in functional disorganiza-
tion, even when a similar process is used by the two hospitals. The
automation of the scanning step during the refilling process avoided
a visit to the ward by pharmacy technicians and removed the need
of transcriptions. Hospital stock visibility is especially appreciated
during supply shortages, and the ADC itself avoided drug over-
storage due to finite physical space allocated for a given drug. The
risk of informatics failure should not be ignored. An override mode
must be made available. Team training is essential for optimal use of
ADCs, but it is more elaborate than that for TFSS.

This is the first study to compare traditional storage and ADCs
with a quasi-experimental design. Most studies have used a ‘before-
after’ design to evaluate the implementation of ADCs within one or
more wards. Our study has some limitations. The time-saving for

nurses was not evaluated, but was predictable. Studies show a
reduction in nurses’ time spent on acquisition of a single narcotic
dose and drug inventory, allowing more time spent with patients
[13]. There were two times fewer pharmacy technician self-
measurements returned from HPSJ than HEGP. This difference can
be explained by the less frequent presence of the pharmacist at
HPSJ. More self-measurements and, more importantly, more obser-
vations would have made the results for refilling time even more
robust. The medication process error reporting system is based on
declarative reports. Underestimation of the prevalence of events is
known for both storage systems. It would have been informative to
directly observe users to evaluate medication errors using the two
systems. Finally, it would have been informative to assess the loss of
drug due to professional and personal consumption.

Overall, ADCs are well-established in wards and particularly
appreciated by nurses. A significant difference in the initial invest-
ment cost was confirmed, which is offset in the long-term by gains
in preparation time and fewer medication process errors, securing
the medication process. The time of pharmacy technicians and
nurses can be saved by minimizing urgent global deliveries and con-
trolling their frequency, and functional disorganization may be
avoided. The time saved can be used for ADCs maintenance by
pharmacy technicians and patient care by nurses.
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