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Purpose: The shortage of nursing staff as well as the slow progress in the German health care system’s digitalisation has gained much
attention due to COVID-19. Patient-specific medication management using the unit-dose dispensing system (UDDS) has the potential
for a lasting and positive influence on both digitalisation and the relief of nursing staff.

Methods: Nursing staff UDDS-acceptance was determined via a validated online survey. For the evaluation of stock keeping on the
wards, the delivery quantities were determined for a comparative period before and after the introduction of the UDDS. The time
required for on-ward medication-related processes on ward before and after the introduction of UDDS was recorded based on a survey
form and the nursing relief in full-time equivalent (FTE) was calculated using the data obtained.

Results: We show that nurses appreciate the UDDS and confirm a significant reduction in drug stocks on the wards. The UDDS
reduces the time needed to dispense medications from 4.52 + 0.35 min to 1.67 + 0.15 min/day/patient. In relation to the entire
medication process, this corresponds to a reduction of 50% per day and per patient. Based on 40,000 patients/year and a supply of
1,125 beds with unit-dose blisters, 7.36 FTE nursing staff can be relieved per year. In contrast, 6.5 FTE in the hospital pharmacy are
required for supplying the hospitals.

Conclusion: UDDS is well accepted by nurses, reduces stock levels on ward, and fulfils criteria as a nursing-relief measure.
Keywords: unit dose drug distribution systems, medication therapy management, nursing staff

Introduction

The patient-specific unit-dose dispensing system (UDDS) offers the possibility to dispense solid-oral-drugs such as capsules
and tablets in hospital pharmacies. This system leads to fewer medication errors when dispensing oral drugs and improves
patients’ safety.' ™ As part of the closed-loop medication management (CLMM), the UDDS has been receiving increased
attention. Such a CLMM is characterised by computerised physician order entry (CPOE), prescription validation by clinical
pharmacists (CP), as well as patient-orientated logistics, and electronic documentation of administration.”

Based on the CPOE, patient-orientated logistics can be processed by the UDDS in a hospital pharmacy, which also
provides the basis for medication reconciliation by the CPs. For medication reconciliation, duplicate prescriptions, over/under
dosing, as well as interactions and contraindications must be taken into account.® The implemented clinical decision support
system (CDSS) serves as a support for the CP. The interface between the electronic patient record and the CPOE makes it
possible to link up not only allergies but also current and previous diagnoses as well as blood parameters. It is already known
that patients with renal insufficiency have a high risk of experiencing adverse drug reactions.” Patient transfers from outpatient
to inpatient, and vice versa, especially harbours risks for drug-related problems.®® For improved patient safety, it is therefore
essential to significantly reduce drug-related problems and prescription errors. Such errors may lead to longer hospital stays
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and readmissions, especially for multi-morbid patients.'® This results in additional costs for health care systems.'' ' Previous
studies have already highlighted the importance of the role of a CP for this purpose.”'* ¢ Including a CP in evaluating
prescriptions significantly reduces prescription errors and drug-related problems, thus increasing patient safety.'®

As a quality-assured centralised instrument, the UDDS relieves the nursing staff and reduces the stock on the
wards.'”'® The administration and electronic documentation of drugs by the nursing staff on the ward completes the
newly established medication cycle.'” By implementing the CLMM, errors in dispensing and administration of drugs are
greatly decreased by scanning the UDDS blisters directly at the patient’s bedside." This concrete example of use shows
that continuously digitalised and then automated processes can enhance safety and efficiency.

Although the first UDDS was established in Germany in 1993, 30 years on, less than 10% of all hospital pharmacies
use the system of patient-specific blistering routinely for their inpatients.”® In other words, only 6% of inpatient beds are
currently supplied by UDDS.?® After consultation with the company Baxter B.V., the market leader in this sector in
Europe (according to their own statement), there is a hesitancy not only in Germany but also on a European level.
Despite the frequently proven increase in quality through improvement of drug safety, and the economic potential of
a reduction in stock kept on the wards and the relief of nursing staff through an automated setting process, the question of
full economic efficiency is not finally answered."'® The above-mentioned positive effects face high investment costs,
reconstruction measures, the adaptation of new processes into daily structures of physicians, nurses, and CP, not to
mention the increased need for pharmaceutical staff.'=!

In order to minimise the economic burden and counteract the lack of skilled nursing staff, it is possible in Germany to
refinance nursing relief measures at 4%, according to § 5 of the Pflegebudgetverhandlung (care budget negotiation). Initial
pilot projects show that UDDS can relieve the burden on nurses, which means that legislative refinancing is possible.'”-'®%%24
Among other things, this is so far only an evaluation and subjective survey of a pilot ward, as well as preliminary results of
a data collection.?*** The results are therefore not reliable. There is a corresponding lack of representative economic studies
not only for the purpose of refinancing UDDS, but also for showing the correlation between full-time equivalent (FTE) nurses
and FTE pharmaceutical staff in international use.

In 2020, the CP started to roll out the CPOE with an integrated CDSS in the Helios Klinikum Erfurt (HK-EF)
teaching hospital. The UDDS was introduced concurrently. This process took eleven months for 43 wards. HK-EF is part
of a hospital trust and supplies three other hospitals. CPOE/CDSS and UDDS were also introduced in these hospitals in
2022 (Supplementary Figure 1). As a result, the hospital network has been completely rearranged to accommodate the
new form of care. By supplying about 1,700 beds with UDDS, the pharmacy of HK-EF is one of the five largest UDSS
pharmacies in Germany.?® The following data were collected in the setting of the teaching hospital, HK-EF.

For the first time, the study conditions allowed data to be collected in a single hospital setting. This included nurses’
opinions towards the introduction of UDDS and its impact on their daily nursing practice, as well as time spent on
medication-related processes. The purpose of our data is to demonstrate how the UDDS affects the time allocation of
nursing staff in medication-related processes. This should lead to an economic analysis, which will consider the impact
on the refinancing of such a project at the national level, as well as the correlation between nurses on the ward and newly
employed pharmaceutical staff worldwide.

Materials and Methods

Acceptance and Satisfaction of Nurses with UDDS
Four weeks after the introduction of UDDS on the wards at HK-EF, the acceptance and satisfaction of the nurses were
determined anonymously by questionnaire via an online survey (LimeSurvey®, Supplementary Table 1). The evaluation

is represented as relative frequency [%] using a bipolar Likert scale. The data collection took place between July and
October 2021. The results were analysed in Microsoft Office Excel®™ 2016.

Evaluation of Supply Volume on Ward
For the evaluation of the supply volume on ward, reports from the CGM AMOR A3 inventory management programme
by AESCUDATA were analysed for HK-EF. For this purpose, the delivered quantity of three drugs was compared before
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UDDS (second quarter 2019) and after UDDS (second quarter 2022) implementation. So-called “fast movers” were
selected for this purpose: metamizole 500 mg, metformin 1,000 mg, and metoprolol 47.5 mg.>> These drugs were
available at all times of the evaluation in classic blister packs and in bulk for the UDDS. The data were tested for normal
distribution using the Kolmogorov—Smirnov test. If a normal distribution was present (metformin, metoprolol), statistical
analysis was performed using a two-tailed #-test. For non-normally distributed data (metamizole), the Wilcoxon test was
used. The data were visualised in GraphPad PRISM 9.5.0 using a box-whisker plot (5-95 percentiles).

Temporal Evaluation of Medication-Related Processes without and with UDDS
For the quantitative survey of time spent on medication-related processes, a standardised survey form from the University
Hospital Cologne was used as a template for Helios Kliniken GmbH (Supplementary Figure 2).>* The nurses completed

it independently over 10-14 days, depending on weekends or holidays when the questionnaire was not collected. The
term t, corresponds to the classic medication process on the ward two weeks before the UDDS introduction. Four weeks
after the UDDS introduction is defined as t;. Six months after the UDDS introduction corresponds to t,.

The medication process on the ward consists of six essential steps (Supplementary Figure 3). UDDS care variably

influences the individual sub-processes variably. Based on the time recording on the wards, it should be determined
whether a time saving can be achieved and which sub-processes are particularly influenced by changing the form of care.

The data were transferred to Microsoft Office Excel® 2016, and the median = SEM was calculated as minutes in
decimal numbers. For each row, the individual processes were corrected with the number of patients and summarised on
a daily basis to obtain the time spent per patient per day. The Kolmogorov—Smirnov test was used to test for a normal
distribution. Statistical analysis was performed using the Mann—Whitney U-test in GraphPad PRISM 9.5.0. The results
were presented as median + SEM in a bar chart.

Calculation of the Relieved Full-Time Equivalent Nurses

The results of the time recording (see “Temporal Evaluation of Medication-Related Processes without and with UDDS” and
Table 1) serve as basis for the calculation of relieved FTE nurses. The time saved by UDDS was multiplied by cases/year and
number of care days. This value was charged to the number of beds and hours of a FTE nurse. HK-EF accounting data for the
years 2019 and 2022 were used for cases/year and care days.

Results
Acceptance and Satisfaction of Nurses with UDDS
The introduction of UDDS care represents a complex changeover in the daily work of nurses. In order to identify
challenges and counteract them, the nursing staff was asked about their satisfaction with the new form of care.

The response rate cannot be calculated because the survey was placed on the counter of the ward and was accessible
multiple times. In total, 86 nurses participated (65% female, 35% male). Of the respondents, 87% stated that providing

Table | Representation of the Time Spent for Sub-Processes in Minutes

to [min] t; [min] t; [min] Ato-t; [min] Ato-t; [min]
Ordering drugs 141 £0.15 | 071008 | 069009 | 0.697# 0.71 ek
Sorting in 094+030 | 074+0.18 | 086006 | 0.20% 0.08
Dispensing 4524035 | 1,88+0.17 | 1.67+0.15 | 2.64"#* 2.85 ek
Control 153+030 | 1.50+0.16 | 1.00+0.16 | 0.03 0.53 **
Total 839 £055 | 483+027 |422+023 | 356" 4,17 sowix

Notes: Spent times per medication process on ward with time gaps between to/t| and to/t,. *= significant change between to and
t, (¥ = 0.0001; **p = 0.005) using Mann-Whitney U-test; # = significant change between to and t, (**p = 0.0001; *p = 0.05)
using Mann—Whitney U-test.
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medicines is an essential part of their job description. Against this outcome, it should be emphasised that the clear
majority (73%) do not fear a loss of competence due to the UDDS.

Delivery times by the pharmacy are reviewed positively and are well integrated into the daily routine of the ward
(Figure 1; 61%). In contrast, only 23% of the nursing staff experienced the new form of supply as a form of time relief. In
this context, 44% of the nurses consider the medication changes that occur during the day tolerable. To achieve this goal,
the production times of the blisters were adapted to the ward rounds. The nursing staff confirms the assumption that the
stock of solid oral drugs on the wards was reduced by the UDDS (Figure 1, 71% agreement).

Evaluation of Supply Volume on Ward
A clear improvement and immediately recognisable positive effect of introducing the UDDS is the decrease in the
quantity of solid drugs delivered to the wards (Figure 1). The subjective assessment was examined through an economic
analysis of ward consumption both before and after UDDS implementation. The second quarter of 2019 and 2022 were
selected in order to be able to exclude the supply bottlenecks caused by COVID-19 and additional effects such as ward
closures or staff shortages as much as possible.

A significant reduction in the supply volume of all three drugs could be seen on the wards in the second quarter of
2022; this can be attributed to the introduction of UDDS (Figure 2).

Temporal Evaluation of Medication-Related Processes without and with UDDS
Both the dispensing of oral medication by nurses and the control of the dispensed drugs in accordance with the principle
of dual control are considered key processes in activities related to drugs (Figure 1).

Fifteen wards of the HK-EF teaching hospital participated in the survey; this corresponds to 35% of wards supplied
with the UDDS blisters. As a result, we had 301 analysable days (Supplementary Table 2).

Before the implementation of the UDDS, there was a mean total time of 8.39 + 0.55 min spent per patient per day for

the entire medication process. At t;, four weeks after the introduction of the UDDS, the mean time per patient decreased
significantly by 3.56 minutes to 4.83 £ 0.27 min (p < 0.05). After six months (t,), we suggest a further reduction in time
due to the longer period of experience. The total time decreased by only another 0.61 min to 4.22 + 0.23 min per patient
per day (Figure 3). The sub-processes are shown in Table 1.

Satisfaction with UDDS care from the nursing perspective

dispensing drugs = essential part |

fears of loss of competence

[ ]
UDDS = time relief _ | |
[ |
I

times of delivery fit in daily life

rework due to drug changes = tolerable -

stock on ward = reduced . -

r T T T T T T T T 1

-100% -80% -60% -40% -20% 0% 20% 40% 60%  80% 100%

Oagree rather M agree completely [ agree ratherless M do not agree at all

Figure | Satisfaction with UDDS from the perspective of the nursing staff. The results are presented in percentages with the following scale levels: dark red: do not agree at
all, light red: agree rather less, light blue: agree rather, dark blue: agree completely; UDDS = Unit-dose dispensing system.

1140 "= Journal of Multidisciplinary Healthcare 2024:17

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=450203.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove Herrmann et al

A Metoprolol 47.5 mg B Metformin 1,000 mg C  Metamizole 500 mg
1000 800 10000 N
-E %k %k %k %k _E I %k % %k k -g 5000 o
g 80 g 600 3
= = =
S 600 T c S 6000 .
= =1 =
o © 400 o
- o e 4000
E 400 % E
= 200 o
S 200 S ® 2000
- 1
0 T | 0 0 -+ i
2019 2022 2019 2022 2019 2022

Figure 2 Stock-keeping on ward of the drugs by tablet count. Second quarter 2019 (white) versus second quarter 2022 (green) shows a significant reduction in immediate
ward demand for the drugs metoprolol 47.5 mg tablets (A), metformin [,000 mg tablets (B) and metamizole 500 mg tablets (C) (****p = 0.0001; paired t-test for
metoprolol and metformin, Wilcoxon test for metamizole). The results are shown as a box-whisker plot (5-95 percentiles).

As expected, there was a significant time reduction for the entire medication process: the UDDS reduced the time

spent by nurses on the ward by 4.17 min, which corresponds to a 50% decrease (p < 0.001).

Calculation of the Relieved Full-Time Equivalent Nurses
Using the determined time saving of 4.17 min/patient/day (Figure 3), we calculated how many FTE nurses can be
relieved per year by UDDS care in HK-EF. Patient numbers from 2019 (50,000 cases) and 2022 (40,000 cases) were used

Total
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T
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2
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Figure 3 Representation of the mean time spent per patient per day on the ward. Before the introduction of the UDDS (t,, white), four weeks after introduction of the UDDS (t, light
green) and from six months after introduction of the UDDS (t, green). Total time spent on medication-related processes (median + SEM).*¥**¥Sjgnificant change between t; and t,
(***¥p = 0.0001) using Mann-Whitney U-test **=significant change between to and t, (**""p = 0.0001) using Mann-Whitney U-test; min = minutes.
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Table 2 Presentation of the Key Data Required for the Calculation of Relieved FTE Nurses for HK-EF Taking Gross and Net Working
Time into Account

HK-EF gross working time HK-EF net working time
Time reduction 4.17 min per patient per day 4.17 min per patient per day
Cases 2019: 50,000 cases per year 2022: 40,000 cases per year 2019: 50,000 cases per year 2022: 40,000 cases per year
Care days per case 5.96 5.96
UDDS-supplied beds 1,125 1,125
Hours/year FTE 2,002 hours (38.5 hours/week) 1,573.11 hours (38.5 hours/week)
Relief FTE 2019: 9.20 FTE 2022: 7.36 FTE 2019: 11.70 FTE 2022: 9.36 FTE

Notes: The number of care days and cases per year excludes psychiatric wards, which are included in the number of beds with UDDS care. Since no care days were
recorded in 2019 for accounting reasons, the calculation is based on the care days of 2022. UDDS = unit-dose dispensing system; HK-EF = Helios Klinikum Erfurt; FTE = full-
time equivalent.

Abbreviations: UDDS, unit-dose dispensing system; CLMM, closed-loop medication management; CPOE, computerised physician order entry; CP, clinical pharmacist;
CDSS, clinical decision support system; FTE, full-time equivalent; HK-EF, Helios Klinikum Erfurt; PTA, pharmaceutical technical assistants.

for the calculation (Table 2). Because of the effects of COVID-19, the patient numbers in 2022 is lower than in 2019.%
The care days per case are 5.96 days, and 1,125 beds are supplied with the UDDS (Table 2).

Looking at the figures of the teaching hospital (Table 2), a relief of 7.36 FTE nurses can be achieved for 2022 and
a relief of 9.20 FTE for 2019. In contrast, 8.5 FTE are employed in the pharmacy to supply the entire cluster. The
calculated relief of FTE nurses corresponds to the gross figure without taking paid leave and sick leave into account. If
leave days (30 days/year = 231 hours) and sick leave (25.7 days/year = 197.89 hours)*’ are considered, the net working
time is 1,573.11 hours/year. The number of relieved nurses therefore increases to 9.36 FTE (2022) and 11.70 FTE (2019).

Discussion
The purpose of this paper is to show that the introduction of the UDDS is accompanied by changes in the daily nursing
routine but can bring advantages for the nurses, the patients, and from an economic point of view.

The survey on the acceptance of the nurses with regard to the introduction of UDDS (Figure 1) reveals that dispensing
drugs is perceived as an essential part of their profession, which FrieB confirms.”® The 6-R rule is consistently followed
by the nursing staff in the context of medication-related processes and plays a major role in their daily routine.?’ This rule
states that the right drug is administered to the right patient in the right dosage and at the right time in the right form, and
that the drug administration is documented in the right way.*” Although UDDS interferes with the professional profile of
the nursing staff, since drugs are blistered individually in the hospital pharmacy, the interviewees do not fear a loss of
competence. This is based on the demarcation of responsibility, which clearly defines the UDDS as a support for the
nursing staff, and additionally, as a quality-assuring and self-quality-assured measure. Therefore, the nursing staff sees
UDDS as support rather than as competition, as they hold the increase in drug safety in high regard.

Kleinjung showed in 2015 that stockpiling on wards could be reduced. He confirms, on the one hand, the perception of the
nursing staff (Figure 1) and, on the other hand, the results of the significant reduction of solid oral drugs on the wards (Figure 2).
The decrease in quantity of medicines leads to reduced discards due to expiry and lower storage costs. Regarding medicines with
supplementary remuneration (ZE, Zusatzentgelt) and medicines that are classified as reimbursable, in addition to new examina-
tion and treatment methods (NUB, neue Untersuchungs- und Behandlungsmethoden) in Germany, this is an advantage. Patient-
specific billing is necessary for these drugs due to their high price. Because of the patient-specific blistering, the billing
automatically takes place on a patient-specific basis, and the drug package remains centrally in the pharmacy.

From the nursing point of view, the UDDS is not a time relief (Figure 1). This stands in contrast to the results of the time
recording, which already shows a direct positive effect after four weeks. With the new introduction of UDDS on the wards, the
medication-related process steps are impaired, and a new routine must be established. The step of dispensing oral drugs is
immediately significantly reduced, whereas the control time for medication does not change after four weeks of being supplied
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with the UDDS blisters. By developing new routines, confidence has increased and the control process has decreased. The
discrepancy between the results can be explained, inter alia, by the fact that trust in the new form of care must first be
developed.*® On a pilot ward in the Convent Hospital Linz, a time saving of 62% is shown for the processes of dispensing and
controlling dispensed drugs.>® These two essential steps were reduced by 56% in our study. The difference in outcomes from
Linz results from interviewing the pilot ward, so no comparability is possible over a longer period.

The results published so far by the University Hospital of Cologne include the steps of ordering, sorting, dispensing
oral drugs, checking those drugs, and other processes related to medicines.?* Following the survey from the University
Hospital Cologne, only clearly assignable processes were recorded in the cluster; other processes related to medicines
were not considered. Taking into account only these process steps from the results of the University Hospital Cologne,
a time reduction of approx. 46%, or 3.87 min per patient per day, is shown there.?* Correspondingly, the results are
comparable. It should be noted that the data in the cluster were collected on the same wards before and after the
introduction of the UDDS, so this was the only relevant variable at the time. In contrast, the data from the University
Hospital of Cologne was generated in cooperation with various hospitals and wards. The preliminary results do not show
the required personnel demand in the hospital pharmacy for the supply of the UDDS. Nevertheless, it should be noted
that the recorded times at the HK-EF teaching hospital might be biased due to interruptions during the process.

With reference to the results for the hospital trust, this yields a saving of 11 FTE nurses (70,000 patients/year, 1,700 beds,
5.49 care days and a net working time of 1,573.11 hours/year). The outcomes demonstrate that the relief of nursing staff
through UDDS supply is a scalable effect: the more patients are supplied, the more nursing staff are relieved in the medication-
related process. This effectively leaves more time for patient care. Nevertheless, the UDDS also requires staff in the pharmacy.
On the one hand, CP for medication reconciliation, and on the other hand, pharmaceutical technical assistants (PTA) for
producing the ready-to-use forms. This results in a personnel expenditure of 6.5 FTE for the coverage of the HK-EF and
8.5 FTE for the care of the hospital trust (3.5 CP, 5 PTA). With a focus on German regulations, a care-relieving measure can be
clearly shown. From an international point of view, it is obvious that in our hospital trust, a relief of at least 11 FTE nurses can
be achieved. Nevertheless, there are costs for the procurement of materials (eg, unit-dose machines, storage space, and
consumables) and conversion of the premises. Therefore, further studies are necessary for the economic assessment of the
purchase of unit-dose machines, consumables, technical support, and other details.

It should be noted that in our study, the time recording was based on personal assessments by the nursing staff rather
than being carried out using a stopwatch. The processes of dispensing and controlling were also affected by digitalisation.
Before the introduction of UDDS, the steps were clearly defined, but this was not standardised following the introduction
of the UDDS, especially in the beginning. Some wards included not only the medication dispensed by the nurses under
the control step but also the control of all unit-dose blister packs. The pharmacy staff had already checked these blisters
for completeness and errors, resulting in duplicated work in this case. Additionally, in some cases, the documentation in
the CPOE was also considered part of the setting process.

In terms of drug safety alone, UDDS care is considered a quality-assuring and self-quality-assured measure through
automation and process optimisation.>>* In addition, patient-specific blistering is a further step towards CLMM. The informa-
tion to close the loop is available, but the providers still have to find appropriate technical solutions to ensure both the blisters and
the patient’s wristband can be scanned, and so that patient safety is also increased in accordance with the 6-R rule.

Conclusion

Drug and patient safety, as well as the opportunity to refinance UDDS and the shortage of nursing staff, represent incentives for
an introduction across Germany for this form of care. Furthermore, internationally, the UDDS will be a key resource in
hospitals to increase patient care and safety. However, additional analysis of the cost-effectiveness ratio would be useful.
Improving the closure of the CLMM, particularly with regard to medication scanning and patient wristband verification,
would also improve patient safety not only for solid medicines but also for cytostatics. Our study shows that, when used
efficiently, the UDDS can influence several medication-related processes on the ward in a resource-efficient way.
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