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ABSTRACT

Aim This work aimed to evaluate the impact of
automated dispensing cabinets on the dispensing error
rate, the number of interruptions, and pillbox preparation
times.

Methods A prospective observational study was
conducted across 16 wards in two departments (internal
medicine and surgery) of a large teaching hospital. The
study compared eight wards using automated dispensing
cabinets (ADCs) and eight using a traditional ward

stock (TWS) method. A disguised observation technique
was used to compare occurrences of dispensing errors
and interruptions and pillbox preparation times. The
proportion of errors was calculated by dividing the
number of doses with one or more errors by the total
number of opportunities for error. Wards participating

in the "More time for patients’ project—a Lean
Management approach—were compared with those not
participating. The potential severity of intercepted errors
was assessed.

Results Our observations recorded 2924 opportunities
for error in the preparation of 570 pillboxes by 132
nurses. We measured a significantly lower overall error
rate (1.0% vs 5.0%, p=0.0001), significantly fewer
interruptions per hour (3.2 vs 5.7, p=0.008), and a
significantly faster mean preparation time per drug (32
svs 40 s, p=0.0017) among ADC wards than among
TWS wards, respectively. We observed a significantly
lower overall error rate (1.4% vs 4.4%, p=0.0268) and a
non-significantly lower number of interruptions per hour
(3.8 vs 5.1, p=0.0802) among wards participating in the
‘More time for patients’ project.

Conclusions A high dispensing-error rate was
observed among wards using TWS methods. Wards
using ADCs connected to computerised physician order
entry and installed in a dedicated room had fewer
dispensing errors and interruptions and their nurses
prepared pillboxes faster. Wards participating in a Lean
Management project had lower error rates than wards
not using this approach.

INTRODUCTION
Improving the safety of the medication process is
a constant objective; numerous technologies and
other actions have been suggested to address the
issue. Theoretically, this should be done using two
complementary means: first, reducing the occur-
rence of errors; and second, identifying and inter-
cepting errors that have already occurred before the
drug is administered to the patient.

Dispensing medication is a complex process with
the potential to lead to many medication errors. A

1,2

review by Aldhwaihi et al' concluded that dispensing
error rates detected using a prospective observation
method were between 0.79% and 33.5% (median rate
3.35%). These dispensing error rates varied according
to the countries where the studies were conducted, the
dispensing systems and research methodologies used,
and the classifications of dispensing error types. The
review reported that the most common error types
were dispensing the wrong medicine, the wrong drug
strength, and the wrong dosage form.

Automated dispensing cabinets (ADCs) first
appeared in hospitals in the late 1980s.? These comput-
erised drug storage devices are located on wards to
position drugs as close to patients as possible. ADCs
are designed to improve the efficiency of drug logistics,
safety and the traceability of treatment preparation.’ *
The literature reveals many evaluations of the param-
eters surrounding the introduction of ADCs in health-
care facilities, such as deviations from the expected
time of administration,” ¢ medication omissions,”
staff workloads,® cost-effectiveness,” * and the reduc-
tion of potentially preventable adverse events.'” !
Opverall, these publications have confirmed how ADCs
benefit and improve drug dispensing processes. In
2016, Francois et al'* conducted a simulation study
suggesting that fewer dispensing errors occurred when
using ADCs and computerised physician order entry
(CPOE) than when using traditional ward stock (TWS)
methods (0.71% vs 4.13%, p<0.001), and that pillbox
preparation times with ADCs were almost identical
but slightly longer (33 s vs 31 s per drug). However,
only a few small-scale studies of a single ward or a low
number of wards have demonstrated the impact of
ADCs on medication errors,” ' and a large confir-
matory study is currently missing.

The present study’s main objective was to compare
dispensing error rates and types among wards using
ADCs or TWS methods. Its secondary objectives were
to compare the frequencies, types and management
of the interruptions occurring during dispensing and
the time taken to prepare pillboxes. We also sought
to compare the medication errors and interruptions
on wards participating in a Lean Management project
aiming to re-engineer care processes with those on
non-participating wards.

METHODS

Setting

Geneva University Hospitals is a large, 1800 bed
teaching hospital in Switzerland, spread over 10
hospital sites. The first ADCs (Pyxis MedStation,
BD) were installed in 2014. In March 2017, a new
hospital building was opened, and all 17 wards were
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equipped with ADCs. In 2018, the ADCs were connected to our
in-house CPOE system, PRESCO. Consequently, all electronic
prescriptions are immediately available in ADCs and the nurses
just have to select the patient and the prescribed drugs on the
screen to start dispensing. In the wards with TWS, nurses print
prescriptions and use this paper tool to dispense drugs manually.

In 2020, 63 further wards were equipped with ADCs, but
TWS methods still existed on the wards located in an older
building. In 2018, the ‘More time for patients’ project was rolled
out across our hospital’s clinical units. This aimed to distribute
activities better and introduce Lean Management methods to
re-engineer ward organisation.

Study design and data collection

This prospective direct observational study was conducted on 16
wards and required 36 days of observations. The study included
two observation and data collection periods (July—August 2019
and February—-May 2020). A single pharmacist (M]) observed
both groups of eight wards (the ADC and TWC groups, each
made up of four general internal medicine and four surgery
wards), with observations occurring on weekdays during the
hours of pillbox preparation so as to cover the different times of
the day equitably. Each ward was observed on 2 non-consecutive
days. The study used a disguised observation technique, and
the observer stayed well away from the nurse to lessen the
Hawthorne effect.'”” Each observation collected the following
information: whether the ward was participating in the ‘More
time for patients’ project; the nurse’s employment status
(hospital employee <3 months, hospital employee >3 months,
substitute, student or agency nurse); the nurse’s experience in
the department (<3 months, >3 months); the nurse’s experience
with an ADC (<3 months, >3 months); and the nurse’s time on
shift before the observation (<6 hours, >6hours). The observa-
tion began when a nurse began preparing pillboxes. A pillbox is
composed of four compartments corresponding to the time of
day of each medication (morning, noon, evening, night). In the
TWC groups, the pillboxes are made once a day for 24 hours,
whereas in the ADC groups the pillboxes are made just before
each administration time. That is to say, the nurse prepares the
medication for the morning, noon, evening and night time.
The nurse can only take medication from the ADC for the next
4 hours. The observer noted the time taken to prepare pillboxes
and any interruptions. A picture of each pillbox was taken, and
the content was compared with the prescription information in
the patient’s treatment schedule in their electronic health record.
The observer planned to intervene directly in cases involving a
medication error with potentially harmful consequences.

Description of ADCs and TWS methods

ADCs are located in dedicated medication preparation rooms.
Only one nurse at a time can retrieve medication from an ADC.
First, they must identify themselves using biometric verification.
The process of obtaining drugs consists of selecting the patient
and then their prescribed drugs as displayed on the computer
station screen thanks to an interface with the CPOE. Once
the medication has been selected, the ADC opens a drawer
containing it. Most drugs are stored in locked pockets (‘cubies’)
containing a single drug in order to limit the risk of wrong-drug
errors.

TWS methods are simply shelves on which medication
is stored; nurses have free access to the medication stored in
their office. Treatments are prepared directly from a computer
display of the prescription or a printed list of the treatment to be

dispensed. Several nurses can prepare pillboxes at the same time.
On weekdays, a pharmacy technician replenishes both types of
ward stocks daily.

Lean Management: the ‘More time for patients’ project
Since 2018, the ‘More time for patients’ project was progres-
sively implemented in the medical services of our institution.
This project aims at a better distribution of activities and is based
on three objectives:
» Simplify the processes
» Include the patient in discussions about his or her care
» Improve the communication between caregiver and patient.
On all wards participating in this project, with and without
ADCs, an order of passage has been established for periods of
high activity so that nurses do not have to queue at pharmacy
cabinets to prepare pillboxes. Consequently only one nurse
prepares the medications while the others are occupied with
other activities. This avoids having several nurses preparing the
pillboxes at the same time and contributes to greater concen-
tration and efficiency. At the time of our study, this project was
implemented in 6/8 wards of the ADC group and 5/8 wards of
the TWS group.

Data analysis

Error was defined as a deviation between the medication in the
pillbox and the patient’s prescription.' The percentage of errors
was determined using Allan and Barker’s method"’: [(number of
doses identified with one or more errors)/(total number of error
opportunities) X 100]. The literature defines the total number
of error opportunities as the total number of doses prepared plus
the doses prescribed but omitted. The types of error were drug
omission, wrong active ingredient, wrong dosage, wrong galenic
form, wrong dosage, and mistimed drug administration. The
definition of mistimed drug administration is the presence of the
drug in the wrong time slot (eg, the drug is in the evening time
slot instead of the noon time slot).

Interruption was defined as ‘an identifiable external event,
the occurrence of which is unpredictable and which interferes
with cognitive attention in the context of a specific task’.?’ Inter-
ruptions were systematically noted and analysed according to
their frequencies, types (noise, answering the phone, a colleague
talking, a colleague talking and making noise, complete interrup-
tion) and the nurse’s interruption management mode (multi-task,
change task, momentary inattention or distraction, interruption
of activity, non-optimal execution of activity).?!

Statistical analysis

Based on the results of our previous simulation study,'? estimated
error rates were 0.5% using the ADC connected to the CPOE
and 4% using a TWS method. This suggested that we would
require 300 observations from each group to ensure a statisti-
cally significant result with a 5% risk and 80% study power. We
considered p<0.05 as significant. All comparisons between the
different groups were made using the non-parametric Mann-
Whitney test.

RESULTS

Descriptive data

The present study involved 132 nurses, and 2924 opportunities
for error were observed (1676 in the ADC group and 1248 in
the TWS group). Descriptive data are provided in table 1. Mean
(SD) preparation times were 32 (23) s/drug for the ADC group
and 40 (29) s/drug for the TWS group (p=0.0017).
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Table 1  General characteristics of wards using automated
dispensing cabinets and traditional ward stock methods

ADC group TWS group

Opportunities for error

n=1676

54% (n=906)
46% (n=770)

n=1248
44% (n=548)
56% (n=700)

Total number of opportunities for error
» General internal medicine department

» Surgery department

Pill dispenser
Number of pillbox preparations observed n=364 n=206
Mean number of opportunities for error/pillbox n=4.6 n=6.1
Wards participating in the ‘More time for patients’ project
General internal medicine department n=4 n=3
Surgery department n=2 n=2
Wards not participating in the ‘More time for patients’ project
General internal medicine department n=0 n=1
Surgery department n=2 n=2
Nurses' employment status
Number of nurses observed n=77 n=55
Hospital employee for <3 months 0% (n=0) 2% (n=1)
Hospital employee for >3 months 77% (n=59) 73% (n=40)
Substitute nurse 1% (n=1) 7% (n=4)
Student nurse 4% (n=3) 5% (n=3)
Agency nurse 18% (n=14) 13% (n=7)

Experience on the ward

<3 months 29% (n=22) 20% (n=11)

>3 months 71% (n=55) 80% (n=44)
Experience with the ADC

<3 months 16% (n=12)

>3 months 84% (n=65)

Nurse’s hours worked at the time of observation

<6hours 99% (n=76) 100% (n=55)
>6hours 1% (n=1) 0% (n=0)
Distribution of hours of observation:
8am n=30.9% n=17.6%
12 noon n=17.9% n=17.6%
6pm n=20.8% n=21.6%
8pm n=18.3% n=21.6%
10pm n=12.2% n=21.6%

ADC, automated dispensing cabinet; TWS, traditional ward stock.

Impact of ADCs on medication errors

The observer detected 17 errors in the ADC group and 63 in the
TWS group. The overall error rate was significantly lower in the
ADC group than in the TWS group (1.0% vs 5.0%, p=0.0001)

Wrong active ingredient .092'08%

0%
B 0.06%

0.24%
Wrong dosage '0.18%

. L. " 2.24%
Mistimed drug administration 0.12%

2.50%

Drug omission 0.65%

mTWS mADC

Wrong galenic form

Figure 1  Types of errors and their percentages of total opportunities for
errors using automated dispensing cabinets (ADC) or traditional ward stock
(TWS) methods.

94%
85%
15%
6%
- ]
>3 months < 3 months

m ADC experience M Error and ADC experience

Figure 2 Dispensing errors and experience with automated dispensing
cabinets (ADC).

(figure 1). No differences were observed between general
internal medicine and surgery wards.

The most common error in both groups was drug omission.
There were fewer omissions and errors in drug administration
times in the ADC group than in the TWS group (0.7% vs 2.5%,
and 0.1% vs 2.2%, respectively).

The vast majority (94%) of errors made using ADCs were
by nurses with <3 months of experience with this technology,
whereas those nurses represented only 15% of the observations
(figure 2).

Impact of ADCs on interruption

The observer noted 47 interruptions affecting the ADC group
and 80 affecting the TWS group. The number of interruptions
per hour was significantly lower for the ADC group than for the
TWS group (3.2 vs 5.7, p=0.0008).

Interruptions noted as a ‘colleague speaking’ and ‘complete
interruption’ were the most common types for both groups
(figure 3). The most common interruption management modes
used by both groups were ‘no interruption of activity’, ‘inter-
ruption of activity’ and ‘momentary inattention or distraction’.
An analysis of the results showed that when errors did occur,
none (out of 47) were related to interruptions in the ADC group,
whereas four (out of 80) were linked to interruptions in the TWS
group (figure 4).

Complete interruption -8 1

Answer the phone H 5
Colleagues who talk and make noise 01
Noise l01

Oral addition of a drug

oo

W TWS (n = 80 interruptions) W ADC (n= 48 interruptions)

Figure 3  Number of each type of interruption affecting the automated
dispensing cabinets (ADC) group and the traditional ward stock (TWS)
method group.
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No interruption r 30
Momentary inattention/distraction m 2
Interruption of activity t 18
Change task r 8
Multi-task & 5
Non-optimal execution of activity E 2

M TWS (n = 80 interruptions) M ADC (n = 48 interruptions)

Figure 4 Numbers and types of interruption management modes used
with automated dispensing cabinets (ADC) and traditional ward stock
(TWS) methods.

The ‘More time for patients’ project

This Lean Management approach had already been implemented
on six wards (out of eight) in the ADC group and five wards (out
of eight) in the TWS group. We also found a statistically signif-
icant lower total percentage of errors in wards participating in
the ‘More time for patients’ project than in those not partici-
pating (1.4% vs 4.4%, p=0.0268). A cumulative effect of ADC
and Lean management was suggested (TWS +no Lean: 6.4% of
errors; TWS +Lean: 3.7%; ADC+no Lean: 1.5%; ADC+Lean:
0.99%), even if the power of the study did not allow statistical
differences to be reached.

In addition, the overall trend seemed to suggest fewer inter-
ruptions on wards implementing the ‘More time for patients’
project than on wards not doing so (3.8 vs 5.1 interruptions
per hour, respectively). However, this result was not statistically
significant (p=0.0802).

DISCUSSION

Wards with ADCs showed significantly lower error rates, signifi-
cantly less frequent interruptions and significantly shorter
pillbox preparation times. Our study also showed the positive
effects of the ‘More time for patients’ project, a Lean Manage-
ment approach, on error rates and interruptions; however, our
study’s power did not enable us to show a statistically significant
result for interruptions (p=0.0802).

Our direct observation methodology has been described in the
majority of similar publications.” *™*® The major advantages are
that they include unselected nurses followed under usual condi-
tions and collect data corresponding to real life. The inconve-
niences are that the presence of the observer might influence
the behaviour and that information is collected over a short
period and only provide a picture of the situation at the time of
observation.

Our study succeeded in assessing the impact of ADCs on 16
wards, whereas other studies had only been conducted on one
or two wards.” *™'® The overall error rate on our wards with
ADCs connected to the CPOE was 80% lower than those using
TWS methods, which was mostly in accordance with the litera-
ture and our previous simulation study.'? Indeed, the literature
shows a great deal of variability in error rates, ranging from
0.33%" to 229%.'® This could be explained by the presence
or absence of a CPOE interface, the method of expressing
the overall error rate (the percentage of detailed opportuni-
ties for error; the percentage of total opportunities for error;
errors per patient per day), the types of wards studied (general

internal medicine, surgery, intensive care, emergency, geri-
atrics, paediatrics), and the data collection methods (direct
observation, retrospective analysis of records). To be able to
compare our results with those of other studies, we expressed
error rates according to the method developed by Allan and
Barker.!? Errors resulting from dose omissions and mistimed
drug administration were shown to be markedly lower when
using ADCs. Drug omission errors were the most common type
of error in both groups, which might be explained by stock-out
situations and the complexity of reading printed treatment
schedules. Errors in the timing of drug administration were
lower because a patient’s medication in an ADC can only be
withdrawn following a single treatment schedule. The relation-
ship revealed between nurses’ lack of experience with ADCs
and the occurrence of errors has given us a warning, and we
will reinforce initial training on ADCs with new nurses. Our
results pointed to very low error rates with ADCs once nurses
are sufficiently experienced with them.

However, it is well known that dispensing errors can some-
times have a negative impact on patients. The very much lower
rates of dispensing errors on wards operating ADCs will neces-
sarily reduce the risks to patients.

The significantly lower numbers of interruptions in the ADC
group than in the TWS group have a dual explanation. First, ADCs
are all located in closed rooms dedicated to medication storage and
preparation, whereas TWS methods take place in rooms adjacent
to nursing offices, and only one nurse at a time can remove medica-
tion from the ADC. As interruptions are a root cause of errors, they
should be prevented®* by improving room ergonomics and work
organisation, identifying and neutralising sources of interruptions,
clearly identifying employees who should not be interrupted, and
having strategies in place for safely recommencing interrupted tasks.
Many studies have investigated the prevention of interruptions,” ¢
Most interventions to reduce interruptions eventually fail because
they are cumbersome to implement (headphones/tabards) and are
inflexible to the realities of clinical practice (zero tolerance) because
some interruptions are legitimate and unavoidable. These studies
conclude that finally the reorganisation of work and prioritisation
are the determining factors to reduce interruptions. The ADCs,
because of their location in a room dedicated to the preparation of
medicines and their mode of operation (faster and easier to locate
medicines), facilitate the reduction of interruptions.

In our simulation study,'? pillbox preparation times were almost
identical in the ADC and TWS groups, whereas in the present study,
they were significantly lower in the ADC group (p=0.0017). This
was an interesting result as ADCs are intuitively considered to slow
down the dispensing process. However, once nurses become familiar
with using an ADC, they can complete dispensing tasks very rapidly.
Room ergonomics, fewer interruptions, the prescription interface,
blister packs being already out of their boxes, and storage in indi-
vidual pockets containing the right medication are all contributing
factors to a high-speed process.

To enhance ward organisation further, the wards participating
in the ‘More time for patients’ project have implemented a Lean
Management approach. Among many issues, this has optimised
the organisation of drug dispensing. An order of passage has
been set up for nurses who must prepare pillboxes, and thus
they no longer waste time queuing for access to the cabinet.
This is a very important organisational issue, as queuing is a
frequently mentioned drawback of ADCs. The ability to prepare
treatments in a quiet environment, without feeling the pressure
of colleagues waiting for their turn, is probably a contributing
factor to a safer dispensing process. Indeed, the improvements in
medication errors may not be solely related to the ADCs and our
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results suggest a cumulative effect with the Lean Management
approach.

This study has some limitations. First, the disguised obser-
vation method can still influence nurses’ behaviour, even if the
literature tends to confirm that this impact is limited."* Second,
several definitions of overall error rate and other methodologies
exist in the literature, making comparisons with these studies
difficult. We decided on the most frequently used definition,
and our method enabled the prospective direct measurement of
errors, which probably better reflects reality than a retrospec-
tive chart analysis. Finally, drug administration itself was not
directly observed; consequently, occurrences of administration
error could not be formally confirmed and nor could their real
consequences for patients.

Conclusion

A high dispensing-error rate was observed on wards using TWS
methods. The use of ADCs connected to CPOE and installed in
a dedicated room was effective in providing a significantly lower
overall error rate, significantly fewer interruptions and signifi-
cantly faster pillbox preparation. Using a Lean Management
approach also contributed to wards having significantly lower
overall error rates.

The automation of stock management has great advantages in
terms of patient safety, efficiency and drug traceability. However,
to be optimal, ADCs must be installed in rooms dedicated to
drug management, preferably with an interface linked to the
institution’s CPOE. Furthermore, it is essential that nurses learn
about how dispensing is organised and that they are adequately
trained.

What this paper adds

What is already known on this subject?

= Dispensing medication is a complex process with the
potential to lead to many medication errors.

= Automated dispensing cabinets (ADC) improve drug
dispensing processes.

= This study compares dispensing error rates and types among
wards using ADC or traditional ward stock (TWS) methods.

What does this study add?

= A high dispensing-error rate was observed on wards using
TWS methods.

= The use of ADC is effective in providing a significantly lower
dispensing-error rate.
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