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Abstract. Missed medication doses can affect patient safety in hospitals. The use of
automated dispensing cabinets (ADC) in clinical areas may reduce the occurrence
of medications being unavailable at the time of need by alerting pharmacy to
replenish stock. However, workarounds in ADC use can affect this capability. We
studied nurses’ use of an ADC in a paediatric intensive care unit with ~54 hours of
observation, semi-structure interviews (19 nurses; 4 pharmacy/management staff)
and review of reported incidents. We found running out of medication a recurrent
problem despite the ADC. Contributing factors affecting data entry in the ADC, and
therefore replenishment alerts to pharmacy, included: the organisation of medication
activities in the ward, nurses’ information needs, patients’ medication needs, and
ADC design. Running out of medications was a ‘tragedy of the commons’. Effective
solutions may require going beyond user training and directives for accurate data
entry, to work process redesign.
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1. Introduction

Missed medication doses can affect the safety of hospital inpatients [1]. One reason for
missed doses is medication being unavailable on the ward at the time of need [1-3].
Introducing automated dispensing cabinets (ADCs) in clinical areas can contribute to
fewer missed medication doses [4, 5] through a seemingly simple mechanism: clinicians
(usually nurses) removing a medication from the ADC enter data about the amount
removed; the ADC automatically calculates the remaining level of stock and alerts the
hospital pharmacy when a set threshold is reached; pharmacy can then replenish ward
stock (‘imprest”) in the ADC before the stock runs out. However, use of the ADC in a
manner that was not as designers intended (e.g. workarounds), may affect this
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mechanism and ADC’s contributions to improving stock management and timely
medication administration [6, 7]. This paper reports qualitative findings from a study of
an ADC in a paediatric intensive care unit (PICU) with a focus on understanding the
contextual reasons for workarounds or patterns of use that may lead to the ward running
out of stock at the time of patient need. We then reflect on the implications for how to
address such workarounds.

2. Methods

The study took place in the PICU of a children’s hospital in Sydney (NSW, Australia).
The 25-bed unit provides care to 1400 children a year. At any one time, each patient was
assisted by at least two nurses — a nurse always at bedside, and a nurse assisting with
retrieving necessary supplies, such as medications stored in the medication room. The
hospital implemented an ADC (Omnicell — www.omnicell.com.au) in the PICU to store
and dispense medications. The ADC replaced a medication cupboard and fridge located
close to the nursing station.

Data collection took place approximately three months post ADC implementation.
Qualitative data were collected with observations, semi-structured interviews, analysis
of hospital documents, and analysis of hospital patient safety incidents reports.

Observations took place in the medication room, as nurses and pharmacy staff
carried out medication activities, including interactions with the ADC. We distributed
the hours of observations across different shifts to cover different nurses and pharmacists.
We carried out ~54 hours of observations over 14 days (between 6 June — 24 July 2019).
We also observed three, one-to-one ADC ‘super user’ training sessions with nurses.

We conducted semi-structured interviews with 19 PICU nurses. All nurses present
on the ward, during two two-hour ‘drop-in’ interview sessions we held, were invited to
participate. We also sought the views of pharmacy staff, implementation team and
hospital management. Sampling of participants was purposive, targeting specific roles
responsible for managing imprest medications. Interviews were carried out with
pharmacy ADC back-office staff, the ADC trainer, the clinical program director and the
deputy director of pharmacy.

We carried out a retrospective review of patient safety incidents voluntarily reported
through the hospital incident reporting system. In total, 171 incidents were reported in
PICU in relation to medication during the study period (January — June 2019).

A thematic analysis was carried out of observation field notes and interview
transcripts with the assistance of qualitative data analysis software (Nvivo). Themes were
generated from the data in relation to the aims of the study and to capture significant
aspects of the context. We also carried out a qualitative analysis of all the incidents in
the dataset to triangulate data from observations and interviews. While we used an
inductive approach for the identification of themes across our analysis, we also sought
explanations by drawing on a range of theories. ‘Running out of medication’ emerged as
a recurrent theme, which we explained by drawing on the theory of the commons [8].

The project received ethical approval from the Hospitals Research Ethics Committee
(Ref. 2018/ETHO00716). Incident data were de-identified prior to analysis. Observation
sessions and interviews were anonymised at the point of data collection. With consent,
interviews were audio-recorded and transcribed, or concurrent field notes were taken.
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3. Results
3.1. Running Out of Medication: A Recurring Problem

The ADC enabled the hospital pharmacy to remotely monitor the level of imprest
medications available in the cabinet, so that stock could be replenished before it ran out.
This should have prevented medications not being available in PICU at a time of need.
Instead, we found that running out of medication was a recurrent problem experienced
in PICU, especially for oral liquid medications (in bottles) kept in the ADC fridge.
Throughout our interviews with the nurses we were repeatedly told about this issue, in
one case also reported as an incident:

... like clonidine, we always run out of clonidine ... (id23)

Incident report id109: Nil naloxone in ADC, when called pharmacy they told us to use
ADC. Double checked ADC nil stock yet pharmacy had said they had not been alerted
like they should when stock low/out stock by the ADC system.

The experience of ‘running out of medication’ came as a surprise to nurses as it
contradicted the ADC interface, which showed the medication being available. Nurses
reported looking around the ward to see if the medication missing from the ADC was in
use with other patients. This process was time consuming and did not necessarily resolve
in nurses finding the medication.

3.2. The Problem of Data Entry and Underlying Contributing Factors

Nurses were told to ‘tell the ADC’ the quantity of each medication they removed or
returned to the ADC, for the ADC ‘to know’ the current level of stock. We found that
for a variety of reasons accurate data entry of quantities was challenging for nurses. Some
medications were used frequently; patients were small children and the doses were often
micro-doses; for some medications the dose was not known until it was given; nurses
would prepare the dose at the bedside; PICU bays accommodated up to four patients and
nurses — each caring for a different patient - shared the space and some of the facilities.
When a nurse went to the medication room to take a medication for the patient, the nurse
did not have to know the exact dose needed — only that there was sufficient volume (or
sufficient medication) in the bottle for the dose to be prepared at the bedside. While the
nurse walked to the medication room, other nurses asked them to get a medication for
their patients — for this too, the requesting nurses did not need to communicate the exact
dose. Back at the bedside with the medication while the nurse prepared the dose for their
patient, other nurses also asked to use the medication for their patients. Thus, when a
nurse entered into the ADC the exact dose (if known), this may not have been the quantity
actually used from that bottle, as other nurses may have used it too. In order to enter the
data about the dose in the ADC, nurses sometimes checked the patient electronic
medication record on the computer in the medication room. However, this was often
found to be too slow for their needs — by the time you login and check, it takes a couple
of minutes’ (id13) and was only usually done for controlled medications.

When nurses realised that stock levels of a medication in the ADC were not accurate,
updating the amounts was not straightforward. For fridge items we were told the ADC
did not provide ‘a bin level’ to update — ‘when you get out a fridge item there’s no — you
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can’t say, ooh, zero left, so I took the last bottle. You can’t do that’ (id16). Thus, updating
stock levels seemed to require a laborious process of returning the bottle of medication
under a patient name and then removing it again under another patient name - just to
correct the quantity — then returning it again, possibly multiple times for all the patients
that bottle had been used for.

.... And I put two mls for my patients and then someone goes, ‘oh, have you got
clonidine, excellent, great; can I just have that before you go back?’ And then you
forget, oh, hang on, then [...] [I have to] return it for me, take it out for that person, try
to remember their dose and how many mls that is, and then return it for that person
while I'm there. So it becomes laborious [...] to do it properly.... (idl3)

An additional reason for data about use of liquids not being accurate was also
syringes’ ‘dead space’ (unaccounted space around the needle — ~0.2ml liquid extra to the
intended dose). As a pharmacist explained, while nurses may enter in the ADC ‘the small
dose you need’, volume may be lost ‘when you draw it with the syringe’ (field notes,
id0708). This small loss accumulates across doses from each bottle over what has been
documented in the ADC.

3.3. Not One Person in Charge of ADC ‘Housekeeping’

After the ADC implementation, pharmacists relied on ADC reports to monitor imprest
levels from a distance. They tidied up ADC medication drawers when restocking. Among
nurses there appeared to be some confusion about who should be responsible for cleaning
the fridge of unnecessary items and checking accuracy of stock levels. It was up to
anyone removing/returning medications to pay attention to the stock and take the
initiative, but unless nurse were seeking a patient’s medication, ‘you wouldn’t even go’
to the ADC.

..If you’re not wanting to remove anything you wouldn’t even go [to the ADC] (id17

3.4. Blaming Nurses’ Lack of Compliance

We sensed among the implementation team a perception that the problem of running out
of medications lay with nurses’ unwillingness to comply with data entry rules. Similarly,
nurses blamed themselves for the problem. They told us that nurses ‘don’t put what
they’re taking properly’ (id7). As a result, the solution was sought in training and
repeated calls for compliance - ‘we have to [...] reiterate the importance of writing the
right things down’ (1d3). However, these interventions did not seem to address the issues.

4. Discussion and Conclusion

PICU nurses reported an ongoing struggle with keeping accurate accounts of medications
in the ADC, resulting in running out of stock. While the directive of completing accurate
data entry in the ADC was frequently reinforced, nurses reported they were often unable
to comply, or their data entry efforts were insufficient. This problem was especially
apparent with medication kept in the fridge.
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We propose that nurses encountered with medications in the ADC fridge the
‘tragedy of the commons’ [8] similarly to farmers of common pastures finding their
resources depleted by the accumulation of individual use. The physical ‘common’ of the
medication bottles in the fridge had a corresponding ‘common’ in the digital counts
recorded in the ADC — the ADC fridge was therefore both a physical and a digital
common. Accurate or inaccurate counts depended on the accumulation of individual
(data entry) transactions, in parallel to an accumulation of individual (physical)
transactions with medications in the ADC fridge (i.e. never remove or return a
medication without also ‘telling’ the ADC, contributing to collective digital counts). The
expression ‘digital common’ usually refers to repositories of informational resources,
such as wikis or open-source software [9]. The Internet itself has been considered a
commons [10] and the challenges of its development akin to the tragedies of the
commons. While the latter are purely digital, the automated dispensing cabinet we
studied reflected also a ‘physical reality’ of medication stock.

Unless work processes are changed (e.g. all doses are prepared in the medication
room), training and calls for compliance are likely to have only limited effect in resolving
ADC issues of this kind. Instead, it is necessary to understand nurses’ information needs,
clinical needs of their patients, and context-specific medication work practices, as these
contribute to data entry issues and therefore ‘tragedies of the commons’ with the ADC.
Nominating a person per shift responsible for keeping an eye on the commons may, for
example, be a more effective solution to the problem of running out of medications than
telling nurses to do what they cannot do.
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