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Abstract: Digital Medication Review Tools (DMRTs) are increasingly important in pharmacy practice.
To ensure that young pharmacists are sufficiently competent to perform medication reviews after
graduation, the introduction of DMRTs teaching in academic education is necessary. The aim
of our study was to demonstrate the effect of DMRTs use on pharmacy students” performance
when conducting a medication review (MR) in a randomized controlled pre-post design. Forty-one
pharmacy students were asked to complete a MR within 60 min, followed by a 10-min consultation
with (intervention group) and without a DMRT (control group). The MR performance was subdivided
into four categories: communication skills, subjective and objective patient data, assessment, and plan.
Performance was assessed using objective structured clinical examinations (OSCEs) and analytical
checklists. With the use of DMRTs, the overall performance was improved by 17.0% compared to the
control group (p < 0.01). Improvement through DMRTs was seen in the subcategories “Assessment”
and “Plan”. Furthermore, pharmacy students liked using DMRTs and felt more confident overall.
Our study results demonstrate that DMRTs improve the performance of MRs, hence DMRTs should
become an integral part of pharmacy curriculum. Consequently, digitally enabled pharmacists using
DMRTs will be better prepared for their professional careers in pharmacy practice.

Keywords: digital health; digital tool; medication review; pharmacy education; medication safety;
pharmaceutical services; eHealth

1. Introduction

In recent years, there has been a steady and dynamic change in the professional image
of pharmacists in Germany, which has evolved from exclusively being a distributor of
pharmaceuticals to becoming a key health care professional, with various consultation
services in primary care [1,2]. Since 2022, the “On-Site Pharmacy Strengthening Act” allows
pharmacists to offer selected “pharmaceutical care services to patients”, reimbursed by
health insurances [1,3,4]. One core element of these services is the extended medication
counseling for patients with polymedication [4] with >five systematic long-term medi-
cations/inhalants. The service includes pharmacists performing a brown-bag review [5]
and a subsequent medication review, which can be provided and reimbursed once every
12 months [6]. If at least three acting medications/inhalants have been substituted, the
service can also be reimbursed before the end of the 12-month period [6]. Pharmacists
can independently initiate a medication analysis, without consulting a physician, if the
above-mentioned legal criteria are met and if the patient has agreed to the service. The
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new pharmaceutical services profoundly increase pharmacists’ responsibility in primary
health care, offering an in-depth medication service, outside the typical realm addressed
by general practitioners. With this approach, the German health care system provides
a foundation for enhanced medication safety, systematically integrating pharmacists as
specialists to oversee complex medication regimens. Pharmacies in Germany have an
estimated amount of one billion patient contacts per year and serve three million patients
daily, therefore making use of pharmacists’ competencies and services is indispensable [7].

As Remelli et al. have demonstrated in their systematic review, almost two out of
three type 2 diabetes mellitus (T2DM) patients are affected by polypharmacy [8]. Bauer
et al. reported that T2DM patients in Germany are prescribed an average of 8.4 drugs [9].
Therefore, one important patient group that could benefit from medication counseling are
T2DM patients. Pharmaceutical services in T2DM patients provided by pharmacists have
already been shown to have benefits not only for patients, but also for health care systems
by reducing the avoidable costs of T2DM [10-12].

A new trend of digital health and progressive digitalization has been steadily observed
in German community pharmacies in recent years, with the aim of facilitating pharmacists’
daily work. For example, there are drug interaction alert software programs that inform
pharmacists of potential drug interactions when drugs are being dispensed [13]. Digital
competencies are being integrated into the practice of other pharmaceutical services, such
as medication review tools, designed to assist pharmacists with performing medication
reviews [14]. Studies have already demonstrated that performing medication review
with similar tools identified more drug-related problems than without the use of such
tools [15,16].

The rising popularity of digital health tools in everyday practice has led to numerous
considerations to introduce the topic of digital health into the curriculum of health care
professional students [17-23]. Since the use of digital health tools has been increasingly
established among pharmacists for several years, there are already initial approaches or
demands to implement digital health topics in the pharmacy curriculum in countries
outside of Germany, especially in the United States and Canada [24-29]. To keep pace with
recent digital healthcare developments and to prepare pharmacy students for the digital
pharmaceutical care services, the Institute of Clinical Pharmacy and Pharmacotherapy
Heinrich Heine University Duesseldorf introduced an elective practical course in mHealth
and diabetes and digital health seminar. Additionally, its aim is to support a new generation
of “digitally enabled pharmacists” [23].

The current study was designed to find out whether students can perform better
by using a digital medication review tool compared to conducting medication reviews
without such a tool. We decided to use the tool “MediCheck Education” (version 4.1.6).
“MediCheck” is a well known commercial tool for German pharmacies, which is created to
support medication review [30]. Furthermore, we also wanted to investigate the acceptance
of digital tools among students in pharmacy education.

2. Materials and Methods
2.1. Participants and Study Design

The approval for this study was granted by the Ethics Committee of the Faculty of
Medicine, Heinrich Heine University Duesseldorf. (Study number: “2022-1942-andere
Forschung erstvotierend”). A total of 45 pharmacy students who were in their eighth and
final semester at Heinrich Heine University Duesseldorf were considered for participation
in the study. The study was conducted from May until June 2022 in the summer semester
as a part of the clinical pharmacy course. Students were informed face-to-face by a clinical
pharmacy lecturer during a seminar about the opportunity to participate in the study and
were provided with a participation information sheet and a consent form, including a data
protection statement. The inclusion criteria for the study were: signed informed consent
form for participation in the study and signed data protection statement. Four students
have already engaged with the medication review tool during a two-week internship
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prior to their eighth semester, thus they were excluded from the study. Voluntariness
to participate in the study was emphasized and participation was not a requirement for
passing the course. In order to preserve the confidentiality of personal data, participants
were pseudonymized with study codes. Participants were randomly assigned to the
intervention or control group. The overall study design is illustrated in Figure 1.

Procedure Instruments used
Day 1 Briefing and recruitment for study [ Informed consent ]
form

Randomization of participants into

Day3 intervention and control group Microsoft Excel

Day
Intervention Control
group (n=21) group (n=20)
Day8&9 First OSCE Analytical checklist
=
[ Day 15 } MediCheck Education” training
B =
Day21&22 Second OSCE Analytical checklist

Intervention Control Standardized
uestionnaire

group: group:
Same condition as
" ﬁrs:;g:gi e Sar’.ne f:ondition as
“MediCheck in first OSCE
Education”

Figure 1. Study procedure and time-schedule. OSCE = objective structured clinical examination.

2.2. Procedure of First and Second OSCE

Performance of the participants in reviewing patient’s medication was assessed
through first and second OSCEs. OSCE stands for “Objective Structured Clinical Ex-
amination” and is a modern verbal-practical examination method that has already been
researched at the Institute of Clinical Pharmacy and is used as an innovative teaching and
examination method [31-34]. OSCEs include about 20 stations, where one to two aspects of
competence are tested per station. The present study, however, includes only one OSCE
station, which deals with the conduct of a medication review. For reasons of linguistic com-
prehensibility, the term “OSCE” is used in the following instead of “single-station OSCE”.

In the first OSCE, the intervention and control group used the same analysis methods
and did not use supportive digital medication review tools (DMRT). The participants
received the respective case description, subjective and objective data of the patient, the
patient’s medication schedule, and a form in which the participants could record their
results. For research purposes, each participant was provided with a computer. Participants
had access to a personal computer and were thus able to retrieve, for example, summaries
of product characteristics of drugs and treatment guidelines. For both groups, the use of
any DMRT was not allowed in the first OSCE. Each participant had exactly one hour to
complete the medication review.

After the predetermined 60 min, participants were led to a room where they talked to
an acting physician about the patient’s medication. In a role play scenario, physicians were
played by two faculty members and an eighth semester student who did not participate
in the study, whereas the study participants took on the role of the pharmacists. This
conversation was documented and scored by a third person party, the OSCE examiner,
using a standardized OSCE checklist. The OSCE examiners were all three clinical phar-
macy faculty members and pharmacists qualified to rate the role play performance. The
participants performed the OSCEs in a time-shifted manner (15-min time slots) to prevent
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possible exchange between the students, in the case that patient cases were the same. In
addition, new patient cases were added for medication review after the first half of the day,
throughout each day performing OSCE.

The student participants played the role of the pharmacists who informed the role-play
physician about drug-related problems, drug interactions, and other errors regarding the
patient’s medication. The physician-pharmacist consultation was limited to 10 min.

During the second OSCE, the procedure was identical; in terms of resources, the
intervention and control groups differed. While the control group received the same
equipment as in the first OSCE, the intervention group also used the DMRT “MediCheck
Education” (by “pharma4u GmbH”, Eschborn, Germany) [30]. Both groups similarly had
60 min for the medication review and 10 min for the interview with the acting physician.
To obtain the most objective assessment possible through the analytic checklist, the same
examiner was always selected for each participant for the first and second OSCE. The
study had a “blinded design”, and the student participants were not informed whether
they belonged to the intervention group (working with “MediCheck Education”) or the
control group (without “MediCheck Education”) until the beginning of the second OSCE.
Throughout the study, neither the role-play physicians, nor the OSCE examiners, knew
which participant belonged to intervention or control group. Prior to the OSCEs, both
groups of role-play physicians and OSCE examiners were instructed on their respective
tasks in order to be familiar with the procedure.

2.3. Patient Cases

For the first and second OSCE, four realistic patient cases were developed. It was
considered that the cases were solvable within one hour. Three faculty members partici-
pated in the generation of the total of eight patient cases (SL, EO, and AD). To generate
realistic patient cases, the anonymized patient cases from the EMDIA case series were used
and modified accordingly [35]. The patient cases created were multimorbid elderly pa-
tients, all with T2DM. Other frequently occurring comorbidities were hypertension (1 = 7)
and dyslipidemia (n = 5). Overall, patients had a minimum of four and a maximum of
six concomitant diseases, with some differences in diagnosis and medications. However,
the patient cases were all kept at the same difficulty level. Moreover, it was ensured that
for each patient case an equal number of participants from the control and intervention
groups were allocated. In addition to eight OSCE patient cases, two further cases were
designed for the “MediCheck Education” training. Each patient case is displayed in detail
in Appendix A.

2.4. Software Tool “MediCheck Education”

“MediCheck” is a commercial web-based tool that can assist pharmacists in conducting
medication reviews. Any web browser can be used to access the website, which requires
a login. After logging in, an entry screen appears, which is divided into five categories
and must be filled in with patient details for the medication review. The first category is
called “Patient”, where the basic patient details, such as the patient’s age, height, and body
weight are entered. The second category is called “Medication”. Here, all prescription and
non-prescription medicines are recorded, including details of the package size, dosage,
dosage regimen, dosage form, time of intake, and indication of the medicine. In the third
category, problems and symptoms reported by the patient can be indicated. In the fourth
category, all available laboratory and vital parameters of the patient are entered, such
as cholesterol or blood sugar values from the last blood test. The fifth and last category
includes the indication of diagnosed diseases or existing allergies of the patient. Once all
five categories have been completed, the medication can be analysed. For the analysis,
“MediCheck” uses an extensive database that contains, for example, different guidelines
or product information on all medicines approved in Germany. This means, for instance,
that an adjustment of the dose of metformin can be recommended in the case of existing
renal insufficiency. The system checks for numerous parameters, such as drug-drug
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interactions, drug—disease interactions, contraindications, wrong dosages, and also the
divisibility of tablets. After the analysis, all detected problems are listed and categorised in
four risk categories with different colours. When listing all detected problems, the program
lists sources and reasons as to why a problem was detected and additionally suggests
corresponding alternatives. “MediCheck Education” and “MediCheck” do not differ in
their functions; “MediCheck Education” is, however, merely used for training purposes.

2.5. “MediCheck Education” Training

Between the first and second OSCE, participants received training in DMRT “MediCheck
Education”. Both control group and intervention group participants received this training
simultaneously. By training both groups equally and at the same time, it was not revealed to
participants whether they were in the intervention group or control group until the second
OSCE appointment. The training lasted 2.5 h and was conducted online. Participants regis-
tered for the medication review tool without having to provide any personal information,
as pseudonymized unlock codes were provided by the company. The pseudonymized
activation codes ensured compliance with data protection requirements. After registration
and login, participants were shown the user interface and general application options by an
institute employee responsible for the entire study. The participants were then presented
two fictitious patient cases for which they had to perform a medication review. For the
processing of the patient cases, 45 min were calculated in each case. After the patient
cases were reviewed, the results were discussed among all participants, as well as how
“MediCheck Education” can be included in the medication review.

2.6. Measurement Instruments
2.6.1. Analytical Checklist for OSCE

Participants’ performance was assessed through an analytic checklist. The checklists
were individualized to each patient’s case, resulting in a total of eight different checklists.
The same faculty members who created the patient cases (SL, EO, and AD) also created the
respective checklists. The checklist always had the same structure, which was classified
into four subcategories, namely, “Communication Skills”, “Patient data (subjective and
objective)”, “Assessment”, and “Plan”. Due to the uniform structure of the checklist, it
was easier for the OSCE examiners to adapt to a quick overview regarding the checklist.
In addition to measuring the overall performance between groups, dividing the checklist
into categories made it possible to conduct a subcategory analysis and thus to have a
deeper insight for which areas the DMRT could be especially supportive. Each element
was weighted equally. If an element was mentioned by the participant during the OSCE,
the participant received one point. For each element, there was also a space for the OSCE
examiners to take notes for any special occurrences or ambiguities. Since the patient cases
were different, the checklists had different maximum scores. The checklist with the most
items contained 29 points, whereas the checklist with the fewest contained 21. To create
comparability between the different checklists, performance was measured as percentage.
Since the checklists had different maximum scores, the subcategories were also scored
differently, depending on the patient case. The subcategories “Communication Skills” and
“Patient Data (subjective and objective)” had four points each for each patient case, whereas
“Assessment” and “Plan” had different scores, depending on the patient case, and the
measuring of performance was based on percentages, as well. The corresponding checklists
for the patient cases are attached in Appendix A.

2.6.2. Self-Assessment and Satisfaction Questionnaire

After the second OSCE, both the intervention and control groups were asked to
complete a questionnaire with three questions about participants’ demographic data, such
as age, seX, and previous professional experience in community pharmacies, as well as
eight statements that the participants should rate. Regarding age, the option was given to

o

select the age ranges “23 years or younger”, “24-30 years”, and “30 years or older”. For



Healthcare 2023, 11, 1968

6 of 47

the sake of data protection, we decided against the disclosure of the exact age. For sex,
there was a choice between “male”, “female”, and “diverse”. The options for answering
the question of previous professional experience in pharmacies were “yes” and “no”. The
eight statements were related to the participants’ self-assessment regarding the process
of the OSCEs (6 statements) and the use of digital tools (2 statements) in teaching clinical
pharmacy. The rating was carried out by a five-point Likert scale (1 = “Strongly agree”,
2 = "Agree” 3 = “Neither agree nor disagree”, 4 = “Disagree”, 5 = “Strongly disagree”). The
statistical analysis of the statements was displayed by a forest plot. The eight statements
are shown in Table 1.

Table 1. The eight statements of the participants’ questionnaire.

Statement 1 “I feel generally competent to perform a medication review”

“I feel more confident conducting the medication review today than I did

tatement 2 : cati iew i i
Statemen during the medication review in the first OSCE”

Statement 3 “The time provided for the medication review was sufficient for me”

“The documentation provided for the medication review was sufficient for
Statement 4 me (subjective and objective patient data, medication schedule, PC for
research purposes, medication review tool if used)”

Statement 5 “I feel generally competent to have a face-to-face meeting with a physician”

“I feel more confident in today’s face-to-face meeting than I did in the

Statement 6 face-to-face meeting in the last OSCE”

“The use of digital tools such as “MediCheck Education” is a useful addition

Statement 7 .. .,
for a medication review

“The use of digital tools such as “MediCheck Education” is a useful addition

Statement 8 to teaching in clinical pharmacy”

2.7. Data Protection, Analysis, and Statistical Methods

All data collected by means of questionnaires and checklists were pseudonymized
through the use of a code not indicating the names of the participants. During data analysis,
a coding list existed that linked the names of the participants to the codes. The coding
list was accessible only to the study director and project staff of the “Institute of Clinical
Pharmacy and Pharmacotherapy at Heinrich Heine University”, Duesseldorf, and was
destroyed after completion of the data analysis. After the destruction of the coding list, the
data are available in anonymized form so that it is no longer possible to draw conclusions
about individual participants.

Randomization of participants into the intervention and control groups was performed
using the “RAND function” by “Microsoft Excel” (version 2019). “Microsoft Excel” was
used for data collection, and “RStudio” was used for data analysis.

A two-sided Mann-Whitney test was performed for the first OSCE for the comparison
of performance between the intervention and control groups before using DMRT. For
the second OSCE, a one-sided Mann-Whitney test was performed for the comparison of
performance between the intervention and control groups after the use of the DMRT. To
examine improvement in performance between the first and second OSCE within each
group, a one-sided Wilcoxon signed-rank test was performed for the intervention group.
Based on the hypothesis that the control group would not improve on the second OSCE,
we performed a two-sided Wilcoxon signed-rank test on the control group. A significance
level of o = 0.05 was considered in all statistical tests.

The same statistical methods used for the overall data analysis were also employed
for the respective subcategories. The aim was to be able to make a more precise statement
about the field in which the performance of the participants changed if the performance
changed between the first and second OSCE.

The questionnaire was analysed using the following method: After the demographic
data was collected, it was analysed in percentage terms and presented in a table, divided
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into control and intervention group, representing demographic characteristics. The num-
bers from the Likert-scale for each of the eight statements of the questionnaire were analysed
by calculating the arithmetic mean and the 95% confidence interval (CI). All means and
95% ClIs were displayed in a forest plot. Consensus on a statement was reached when the
95% Cl interval did not intersect the vertical line depicting “3” in the forest plot.

3. Results
3.1. Participants Characteristics

The response rate for recruitment was 100%, and all 41 eligible final-semester students
signed the informed consent form and privacy policy agreement and were randomized
into intervention and control group. Four students who did not participate in the study
were scheduled to assist with the study. All 41 recruited participants attended all study
appointments, including OSCEs before and after training with “MediCheck Education”.
Randomization resulted in a group size of 21 participants for the intervention group and
20 participants for the control group. Table 2 describes demographic characteristics for
control and intervention groups. Both the intervention and control group show very
similar characteristics in terms of age, gender, and the number of those who had a previous
professional experience in a community pharmacy.

Table 2. The demographic characteristics of the study participants.

Intervention Group Control Group
(n=21) (n =20)
n (%) n (%)
Age range
23 years or younger 13 (62) 10 (50)
24-30 years old 5 (24) 7 (35)
30 years or older 3(14) 3(15)
Gender
Female 16 (76) 14 (70)
Male 5(24) 6 (30)
Previous professional experience
(community pharmacy)
Yes 5(24) 5(25)
No 16 (76) 15 (75)

3.2. Analytical Checklist—OSCE
3.2.1. The Result of the Overall Performance

The performance assessment was conducted with an analytical checklist during both
OSCEs. The performance scores are listed in Table 3. There was no significant difference
(p = 0.784) between the intervention and control group at the first OSCE. After practicing
with the DMRT “MediCheck Education” and using the tool in the second OSCE by the
intervention group, the intervention group (52.1%) showed significantly better (p < 0.01)
overall performance than the control group (35.1%). While the intervention group improved
significantly (p < 0.05) in the second OSCE compared to the first OSCE, the control group
deteriorated in the second OSCE when compared with the first OSCE (p < 0.05), as shown
in Figure 2.
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p=0.784 p<0.01

80 —

60/

Performance [%]
I
o

20

p<0.05

0 L ——
p<0.05

First OSCE control First OSCE intervention ~ Second OSCE control Second OSCE intervention
Study group

Figure 2. Overall performance in the first and second OSCE measured by an analytic checklist.
Horizontal line = median; (*) = outlier.

Table 3. Performance scores of the control and intervention groups in the first and second OSCE.

Intervention Group Control Group
(n=21) (n =20)
Score in % Score in %
First OSCE
Mean (SD) 45.0 (18.1) 43.4 (15.8)
Median (MAD) 40.7 (16.5) 41.1(17.7)
Second OSCE
Mean (SD) 52.1(13.4) 35.1(19.7)
Median (MAD) 52.2(12.1) 35.3 (21.9)

OSCE = objective structured clinical examination; SD = standard deviation, MAD = mean absolute deviation.

In our study, in addition to the overall performance of the groups, we evaluated the
progress in the performance of medication reviews between the first and second OSCE.
While significant progress regarding the performance could be observed in the intervention
group, where the participants improved by a mean of 7.1% and a median of 8.9%, a
negative performance development could be observed in the control group. The control
group showed a deterioration of 8.4% in the mean and 5.6% in the median. Figure 3 shows
the performance development of the participants in reviewing the patient’s medication
between the first and the second OSCE.
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p<0.01

20

Performance development [%]
o

-20

Control Intervention
Study group
Figure 3. Performance development for the control and the intervention groups between the first and
the second OSCE. Performance development was generated by subtracting participants’ performance
on the second OSCE with their performance on the first OSCE. Horizontal line = median.

3.2.2. Subcategory Analysis

The performance of the participants’” medication review was recorded through an
analytical checklist during the OSCEs. The checklist was divided into four categories.
(1st “Communication Skills”, 2nd “Patient Data (subjective and objective)”, 3rd “Assess-
ment” and 4th “Plan”). It was assessed in which areas the performance of the participants
has improved through “MediCheck Education”. Table 4 shows the performance scores of
the respective subcategories.

Table 4. Performance scores of the first and second OSCE in four subcategories.

Intervention Group Control Group

(n=21) (n =20)
Mean (SD) Mean (SD)
Score in % Score in %
Communication Skills
First OSCE 52.4 (22.2) 57.5(28.2)
Second OSCE 57.1(25.2) 47.5(29.1)
Patient data
First OSCE 50.0 (22.3) 52.5(21.3)
Second OSCE 47.6 (20.8) 38.8 (26.3)
Assessment
First OSCE 45.2 (19.5) 41.9 (21.7)
Second OSCE 58.4 (18.0) 36.3 (22.8)
Plan
First OSCE 33.2(26.3) 27.1(22.9)
Second OSCE 40.6 (20.0) 20.9 (22.5)

OSCE = Objective Structured Clinical Examination; SD = standard deviation.
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In the first OSCE, the control group and the intervention group did not differ signifi-
cantly (e.g., p = 0.448 in the subcategory “Assessment” and p = 0.430 in the subcategory
“Plan”) from each other in any of the subcategories. In the second OSCE, there was no
significant difference in performance between the intervention and control groups in the
categories of “Communication Skills” (p = 0.126) and “Patient Data (subjective and ob-
jective)” (p = 0.156). However, there were differences in performance in the categories
“Assessment” and “Plan”, where the intervention group performed significantly (p < 0.01)
better than the control group in the second OSCE.

In the “Assessment”, which deals with the identification of drug-related problems,
such as dosing errors or drug interactions, the intervention group performed significantly
better than the control group in the second OSCE. The category “Plan” focuses on solutions
to problems that were either known and recorded in the category “Patient Data (subjective
and objective)” or uncovered in the “Assessment”, such as incorrect dosing or occurring
drug-related problems. The difference between the intervention and the control group in the
first and second OSCE is shown graphically in Figure 4 for the subcategory “Assessment”
and in Figure 5 for the subcategory “Plan”.

p=0.448 p<0.01

n
o

Performance [%]

25

p=0178

p<0.01

J

First OSCE control First OSCE intervention = Second OSCE control Second OSCE intervention

Study group

Figure 4. Performance of the first and second OSCE in the subcategory “Assessment”. Horizontal
line = median; (*) = outlier.
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Performance [%)]

100

75

50

25

p=0.112

p=0.298

p<0.01
p=0.430 L !

First OSCE control First OSCE intervention = Second OSCE control Second OSCE intervention

Study group

Figure 5. Performance of the first and second OSCE in the subcategory “Plan”. Horizontal
line = median; (*) = outlier.

3.3. Self-Assessment and Satisfaction Questionnaire

Participants received questionnaires to provide statements about their self-assessment
of performance during OSCEs and the use of digital tools in clinical pharmacy, as defined
in Table 1. The analysis of the questionnaires was conducted using a forest plot, as shown
in Figure 6. The statements were rated using a five-point Likert scale ranging from one
(“strongly agree”) to five points (“strongly disagree”). Consensus on a statement was
reached when the 95% confidence interval did not intersect the vertical line depicting “3”
in the forest plot.

For half of the statements (statement number 1, 4, 7, and 8), there is consensus in both
the intervention group and the control group. In particular, statements 7 and 8, which
dealt with the use and meaningfulness of digital tools in general and their introduction into
teaching, there was a strong agreement and support for implementation and establishment
of digital tools to support medication reviews in teaching.

Regarding statements 2, 3, 5, and 6, the intervention group reached consensus, whereas
the control group showed a similar tendency, but no consensus. Especially, the time aspect
was rated very much as sufficient by the intervention group, and not by the control group.
Statements 5 and 6, dealing with self-confidence during the conversation with the physician,
showed that the intervention group felt more confident than the control group.
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Statement 1

Statement 2

Statement 3

Statement 4

group

> Control group
* Intervention group

Statement 5

Statement 6

Statement 7

Statement 8

Agreement 1 2 3 4 5  Disagreement

Figure 6. Display of the results of the questionnaire in a forest plot. The box represents the arithmetic
mean. The horizontal lines to the left and right of the box indicate the 95% confidence interval.
Consensus on a statement is reached when the confidence interval does not intersect the vertical
line on 3 of the X-axis of the forest plot. While consensus was reached on all statements for the
intervention group, no consensus was reached on statements 2, 3, 5, and 6 for the control group.

4. Discussion

In our randomized controlled trial, we found that pharmacy students using a DMRT
performed better on medication review than students not using a digital tool. The perfor-
mance of the DMRT-group was significantly better than the performance of the non-DMRT-
group. The use of DMRTs helped pharmacy students with performing assessment, as well
as creating the action plan for patients, whereas communication and collection of subjective
and objective patient data performed equally with and without the digital support tool.
In addition, the DMRT group’s satisfaction regarding the performance of the medication
review, as well as the confidence to interact with the role play physician, were significantly
greater than in the non-DMRT-group.

To our knowledge, there are no studies investigating the performance of pharmacy
students using DMRTs yet. However, some non-randomized studies with practising
pharmacists are available and support our findings [27,28]. Curtain et al. demonstrated that
pharmacists using medication review software for their medication review identified more
drug-related problems than pharmacists without supporting software [15]. Verdoorn et al.
investigated the impact of a clinical decision support system (CDSS) in a medication
review [16]. In this study, a pre- to post-analysis of clinical medication review using a CDSS
showed that the number of DRP identified increased. Both studies were retrospective. Our
prospective RCT study design provides high quality evidence that DMRT use results in
better outcomes of medication reviews.

By further examining the subcategories of the medication review process, we were able
to identify the categories where DMRT was most useful. Especially in the areas of assessing
the medication prescribed and creating effective and safe medication plans, a digital
assistant program proves to be a useful tool within the medication review process. This is
in line with results from Curtain et al., emphasizing that software may help pharmacists in
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making good decisions and detecting important drug-related problems [36]. On the other
hand, categories, such as communication skills and collection of all relevant subjective and
objective patient data, were not affected by the digital tool. This is not surprising and can
be expected, since DMRTs were not designed for these “soft skills”.

In this study, DMRT was able to give pharmacy students more satisfaction and self-
confidence. A major difference was the time required to complete the DMRT. The par-
ticipants had one hour to solve each patient case; in contrast to the control group, the
intervention group tended to agree that the time allotted was sufficient. In the studies by
Levivien et al., Skalafouris et al., and Verdoorn et al., dealing with the use of digital tools
in medication review, all emphasized the time-consuming factor that plays an important
role in a medication review [16,37,38]. Verdoorn et al. even recommended to analyse the
time aspect during a medication review in future studies. The different results between
the DMRT-group and the non-DMRT-group, regarding the time aspect, could indicate that
medication review is more efficient when using digital tools. However, it should be noted
that this finding is based on a survey questionnaire, and the time for medication review
was limited. Whether the intervention group carried out the medication review in a more
time-efficient way was not analysed.

Our study may have some limitations. Firstly, the DMRT software reaches its limits
when it comes to product characteristics of drugs or the implementation of current guide-
lines. As a result, digital tools cannot only create correct, but also incorrect correlations
between drugs or suggest therapy recommendations that are no longer state of the art.
Therefore, the use of digital tools in medication review is only warranted for pharmacists
with clinical training and pharmacotherapy knowledge. Hence, our students received
DMRT training (“MediCheck Education” training) and were trained to prioritize and solve
drug-related problems.

Secondly, the assessment of a participant’s performance was performed by an OSCE
examiner. The OSCE examiner, however, could have some degree of subjectivity in the
assessment and could have biased the results. These biases were addressed by strictly
following the analytical checklists, as well as a uniform training for of all study staff evalu-
ating the performance of the participants and grading the analytical checklist. Furthermore,
the same examiner was always assigned to each participant in the first and second OSCE to
prevent examiner-dependent variation in scoring. Moreover, care was taken to ensure that
the individual items were clearly defined in the analytic checklist so that there was little
room for interpretation by the examiners to assess performance.

Regarding the simulation of the physician role, the pharmacy faculty members and
a student were also uniformly trained by the study author, and rehearsals of role plays
were conducted. During those rehearsals, questions that arose were clarified, and clear
guidelines were given in terms of communication. Again, before the first OSCE began,
we discussed possible scenarios with participating role play physicians and analysed all
patient cases in detail so that the interview would be as authentic as possible. Moreover,
during the conversation with the study participants, the physicians in the role play were
provided with documents, such as patient’s medication schedule and other fictitious data.

Our checklists were established in a two-step approach. First, two faculty members
(AD and SS) tested the checklists on four pharmacy students as part of an internship in a
small pilot study. These four students were not included in the later study. In this pilot study,
the two faculty members investigated potential strengths and weaknesses of the checklists.
Afterwards, the checklists were discussed with two other faculty members (EO and SL)
who already had experience in creating OSCE checklists from previous studies [31-33], and
the checklists were further optimised. Nevertheless, an assessment of the validity of our
checklist by an external expert panel would have further strengthened our method.

When we analysed our results, we noticed that the non-DMRT-group performed worse
in the review of patient’s medication in the second OSCE than in the first OSCE, which we
had not anticipated before. While the DMRT-group, using the “MediCheck Education”,
performed better and fulfilled more criteria on the analytical checklists, the analysis of our
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data showed that the non-DMRT-group deteriorated significantly. We suspect two causes
that might be responsible for this observation: the first cause could be that participants in
the non-DMRT-group were no longer as motivated in the second OSCE as they were in the
first OSCE. Unlike participants of the DMRT-group, non-DMRT-group participants were
not allowed to work with new methods to analyse patients’ medication. Another reason
could be that the level of difficulty of the patient cases in the second OSCE was higher than
in the first. The faculty members made sure that patient cases were approximately similar
in terms of the number of diseases, as well as drugs, in order to generate patient cases of
the same level of difficulty. Nevertheless, there is a possibility that the participants found
the patient cases as a total more difficult in the second OSCE. Despite that, we ensured
that approximately equal numbers of participants from the DMRT and non-DMRT groups
were allocated to each patient case. However, in the event that the second case was deemed
more difficult for the students to solve, it would make an even more positive statement in
favour of using DMRT in medication review.

5. Conclusions

To the best of our knowledge, this is the first study to investigate the use of digital tools
to support medication review in pharmacy students. Our study was able to demonstrate
that pharmacy students do not only perform better in medication reviews when using
“MediCheck Education”, but also feel more self-confident in the process. In addition, we
could observe that students welcomed digital assistance and expressed their satisfaction
with the introduction of digital tools in clinical pharmacy education.

In our study, we observe that the use of digital tools requires training and clini-
cal reasoning skills. DMRTs work best when they are assissted by trained medication
experts—pharmacists—who are able to prioritize drug-related problems and provide cor-
rect recommendations in medication reviews.

Therefore, it is mandatory to introduce digital tools in teaching early, in a continuous
effort to adapt pharmacy education to real-life pharmacy practice. The pharmacy curricu-
lum at German universities does not require students to work in hospitals or pharmacies
with real scenarios and real patients. Thus, an introduction of a course on the use of digital
tools is even more important, so that, after graduation, students have at least acquired
a theoretical knowledge in their daily work and have applied such tools on the basis of
patient cases. However, further studies with larger sample size are needed to underline the
establishment of digital tools in pharmacy teaching.
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Appendix A

& hhu,

KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Subjective and objective patient data

Patient 1
Name: Patient One
Date of birth: 01 March 1957
Sex: male
Weight: 1.86m
Height: 90 kg

Information from the patient

non-smoker; In the past, stomach pain due to the antibiotic and the painkiller, which had to
be taken for a short time; was prescribed by the dentist due to an infection in the mouth and
throat; currently no longer taking the antibiotic and the painkiller; complains of vertigo and
cold sweat which occur regularly

Laboratory and vital parameter

Blood pressure: 158/91 mmHg
Heart rate: 78 bpm

LDL-c: 110 mg/dI
HbA1lc: 7.4 %

Last blood glucose measurement: 200 mg/dl

Diagnosed diseases
Hypertension
Diabetes mellitus type 2

Hypothyroidism

Figure A1. Subjective and objective patient data—Patient 1 in the first OSCE.
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Medication
schedule
Patient 1
| A | —| 1Dosage mor | noonl eve | night - - f & :
gent Product name Dosage|;m e Unit Time of intake Indication

Long-term medication

Metformin hydrochloride L’EZ:?AF;MIN 850-1A 850 mg | Tabl 0 (1[0 |piece On empty stomach Diabetes mellitus type 2
Metoprolol succinate 247E E%EEXAL suce 47.5 mg | RetTabl 0| % | 0 |piece with meal Hypertension
Glibenclamide f_lglglsl'éCLAMID ABZ 1.75 mg | Tabl 0| 1] 0 |piece On empty stomach Diabetes mellitus Typ 2
Levothyroxine sodium | L-THYROXIN HENNING 100 | 0.1 mg | Tabl 0] 0| 0 |piece On empty stomach Hypothyriodism
Omeprazole OMEPRAZOL ABZ 40MG 40 mg |Kaps 0] 0] 0 [piece with meal Reflux

Ibuprofen IBU 600-1A PHARMA | 600 mg|Tabl 1|10 |pece |withmeal 'r’;‘li;";‘fa;'r:’m;

Short-term medication

Amoxicillin

AMOXICILLIN ABZ 1000MG | 1000 mg ‘Tabl

[T oo

Dental abscess

Figure A2. Medication schedule—Patient 1 in the first OSCE.
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KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Subjective and objective patient data

Patient 2
Name: Patient Two
Date of birth: 01 January 1956
Sex: male
Height: 1.76 m
Weight: 93 kg

Information from the patient

hhu,

Non-smoker; According to own statements a little "forgetful” when taking medication;
Frequent muscle soreness, muscle spasms and musculoskeletal pain even though physical
activity is "kept to a minimum"; has been suffering from annoying onychomycosis for a long

time

Laboratory and vital parameter

Blood pressure: 130/80 mmHg
Heart rate: 69 bpm

GFR: 99 ml/min
LDL-c: 72 mg/dl
HbAlc: 89%

Diagnosed diseases:
Obesity

Hypertension

Diabetes mellitus type 2
Onychomycosis

Insomnia

Figure A3. Subjective and objective patient data—Patient 2 in the first OSCE.
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Medication
schedule
Patient 2

Agent Product name |Dosage ?o?:ge i | == "igh‘| Unit |Time of intake Indication
Long-term medication

Suagipin o |JaNuMET SomGresoMG | 28 ¢ | Tabl 10|10 |piece Diabetes mellitus type 2
Candesartan CANDESARTAN-ABZ 16MG | 16 mg|Tabl 11| 1] 0 |piece Hypertension
Amitriptyline AMITRIPTYLIN-CT 25MG 25 mg | Tabl 0|0 1] 0 [piece Insomnia
Simvastatin SIMVASTATIN ABZ 40MG | 40 mg | Tabl 1/0]o0|o0 |piece Hypercholesterolemia
Short-term medication

Itraconazole IlTOROAN(ljg NAZOL ABZ 100 mg |Kaps 1 (0] 0| 0 [piece Onychomycosis
Ciclopirox Efég&gHZGEGEN 80 mg |[NAW 1{o0]jo0f|oO Onychomycosis
Omeprazole OMEPRAZOL ABZ 40MG 40 mg |Kaps 10| 1](0 [piece On empty stomach Reflux

Figure A4. Medication schedule—Patient 2 in the first OSCE.
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KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Subjective and objective patient data

Patient 3
Name: Patient Three
Date of birth: 1January 1953
Sex: female
Height: 1.64m
Weight: 76 kg

Information from the patient

hhu,

Non-smoker; has been struggling with dry mouth a lot lately, even though she drinks

enough. She feels dizzy during the day

Laboratory and vital parameter

Blood pressure: 137/81 mmHg
Heart rate: 69 bpm

GFR: 58 ml/min
LDL-c: 70 mg/dl
HbAlc: 71%

Diagnosed diseases:
Diabetes mellitus type 2
Hypertension
Osteoporosis

Chronic kidney disease

Figure A5. Subjective and objective patient data—Patient 3 in the first OSCE.
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Medication
schedule
Patient 3

|Agent |Product name |Dosage posage | mar | noon eve night|Unit |Time of intake Indication
Long-term medication
Ramipril RAMIPRIL ABZ 5MG 5 mg|Tabl 10| 1] 0 [piece Hypertension
Calciumcarbonate CALCIUM 1000MG HEXAL | 2500 mg |EffervTabl| 1 [ 0 | O | O |piece On empty stomach Osteoporosis
Doxazosin DOXAZOSIN ABZ 4MG 4mg(RetTabl [ 1 [ 0| 0| O |piece Hypertension
Alendronic acid :ki’:‘g;_&'ﬁ,ﬁg%" 70 mg | Tabl once a week piece On empty stomach Osteoporosis
Metformin hydrochloride l\P/I:/IIE?IIiMlN 850-1A 850 mg | Tabl 1 (1] 1]0 [piece Diabetes mellitus type 2
Vitamin D3 DEKRISTOL 1000 L.E. {1000 .U | Tabl 1]0|0] o0 |piece On empty stomach Osteoporosis

Figure A6. Medication schedule—Patient 3 in the first OSCE.
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KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Patient 4
Name: Patient Four
Date of birth: 01 January 1956
Sex: male
Weight: 1.73m
Height: 90 kg

Information from the patient

hhu,

Subjective and objective patient data

Non-smoker; since the prescription of insulin; patient has complained of rapid weight gain;
Has been having difficult respiratory problems and dizziness on and off lately. According to
the patient, he also has sweaty hands more often due to the weight gain; FEV (1) has always

been good, but recently more often less than 60%.

Laboratory and vital parameter
Blood pressure:

Heart rate:

LDL-c:

HbAlc:

FEV (1):

Fasting blood glucose value (last time measured):

Diagnosed diseases
Diabetes mellitus type 2
Bronchial asthma
Vitamin D deficiency

Migraine

124/75 mmHg
65 bpm

100 mg/dl

6.6 %

58 %

54 mg/dl

Figure A7. Subjective and objective patient data—Patient 4 in the first OSCE.
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Medication
schedule
Patient 4
|Agent |Product name |Dosage posage | mor | noon| eve "ig"'| Unit |Time of intake Indication
Long-term medication
Metformin hydrochloride ;/I:X;(li)/&MIN 1000-1A 1000 mg | Tabl 110 | 1 | 0 |piece Diabetes mellitus type 2
Vitamin D3 DEKRISTOL 20000 LE. | 20mg|Kaps |seenextiine piece Vitamin D-deficiency
once a week

Insulin glargine IE?I\?JSI?E%\?/%ILINJEKTIO... 300 E.|Amp 0]0]20(0 |IU Diabetes mellitus type 2
gﬁffpr;;?:ts:ne gi%;)Pl\:l-iEA?l\??N- 0.05 mg | Spray 0]0] 1[0 |spray Bronchial asthma
Metoprolol tartrate mS?APAT\‘?\ILOL 100 100 mg [Tabl % 0|%| 0 |piece Migraine
Short-term medication
Salbutamol zﬁ#?ggﬁy&i_ 0.1 mg|Spray 11| 1|0 |spray Bronchial asthma
Sumatriptan succinate ?gg’l@gRIPTAN ABZ 140 mg|Tabl 110]| 0] 0 |piece Migraine

Figure A8. Medication schedule—Patient 4 in the first OSCE.
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KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Name:

Date of birth:
Sex:

Height:

Weight:

hhu,

Subjective and objective patient data
Patient 5

Patient Five

01 January 1961
male

1.78 m

87 kg

Information from the patient

Non-smoker; Migraine is often associated with nausea and vomiting, so in addition to aspirin
migraine and sumatriptan, domperidone has recently been prescribed; few days ago, he
suffered another migraine attack, with new symptoms such as dizziness, rapid heart rate and

syncope.

Suffering from urticaria lately, but cause still unknown. Appointment with dermatologist is in
two months. Until the appointment, the GP has prescribed something for the hives. GP
prescribed something "great that works against both the hives and the difficulty in falling

asleep".

Laboratory and vital parameter

Blood pressure:

134/77 mmHg

Heart rate: 72 bpm
GFR: 99 ml/min
LDL-c: 139 mg/dl
Total cholesterol value: 250 mg/dl
HbAlc: 82%

Diagnosed diseases:

Diabetes mellitus type 2

Migraine

Hypercholesterolemia

Urticaria

Figure A9. Subjective and objective patient data—Patient 5 in the second OSCE.
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Medication
schedule
Patient 5

|Agent |Product name |Dosage ?;:fge i | = I1ight|Unit |Time of intake Indication
Long-term medication
Metformin hydrochloride l\P/I:/IIESIIiMlN 1000-1A 1000 mg | Tabl 10| 1] 0 [piece Diabetes mellitus type 2
Dapagliflozin FORXIGA 5MG 5 mg [Tabl 1|10]| 0] 0 [piece Diabetes mellitus type 2
Simvastatin SIMVA BASICS 10MG 10 mg |Tabl 10|00 |piece Hypercholesterolemia
Medication if required
Domperidone DOMPERIDON ABZ 10MG 10 mg [Tabl 1 (0] 0] 0 |piece Migraine with vertigo
Acetylsalicylic acid  |ASPIRIN MIGRANE 500 mg |EffervTabl| 2 | 0 [ O [ O |piece On empty stomach Migraine
Sumatriptan succinate igg"@éRlP—rAN ABZ 140 mg [Tabl 1 (0] 0|0 [piece On empty stomach Migraine
Short-time medication
Hydroxyzine ATARAX 25MG | 25 mg|TabI | 1 | 0 | 1 | 0 |piece | Insomnia, Urticaria

dihydrochloride

Figure A10. Medication schedule—Patient 5 in the second OSCE.
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& hhu,

KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Subjective and objective patient data

Patient 6
Name: Patient Six
Date of birth: 01 January 1960
Sex: male
Height: 1.72m
Weight: 86 kg

Information from the patient

Smoker. Measurements of low blood glucose levels with the blood glucose measuring device
have been observed for quite some time now. He is very desperate: Some time ago he had
severe pain. The GP therefore prescribed painkillers. The pain has gone, but new symptoms
have appeared. Increased heart rate, (inner) restlessness, dry mouth, increased sweating
and insomnia. In addition, spasms and tremor of the hands. He suspects an allergy to the
prescribed painkiller.

Laboratory and vital parameter

Blood pressure: 168/94 mmHg
Heart rate: 95 bpm

GFR: 98 ml/min
HbAlc: 87%

Fasting blood glucose value 47 mg/dl

Diagnosed diseases:

Obesity Unipolar depression
Hypertension Chronic pain
Diabetes mellitus type 2

Hypercholesterolemia

Figure A11. Subjective and objective patient data—Patient 6 in the second OSCE.
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Medication
schedule
Patient 6
D i K R Rk .
|Agent |Product name |Dosage fot::‘ge ing | "2°"] aing "'ght| Unit |T|me of intake Indication
Long-time medication
Metformin hydrochloride I;,’l:‘;;aiMIN 1000-1A 1000 mg | Tabl 10| 1] 0 |piece Diabetes mellitus type 2
Tilidine hydrochloride | TILIDIN 50/4 RETARD-1A 50 mg . Chronic pain/
Naloxone hydrochloride | PHARMA 4 mg RetTabl | 1] 0] 1] 0 Jpiece Back pain
Ramipril RAMIPRIL ABZ 5MG 5 mg|Tabl 1 (0] 0] 0 [piece Hypertension
Simvastatin SIMVA BASICS 20MG 20 mg | Tabl 10|00 |piece Hypercholesterolemia
Spironolactone g;L;{gNOLACTON ACCORD | 55 mg | Tabl 1 (0] 0| 0 [piece Hypertension
) FLUOXETIN 20-1A . Unipolar

Fluoxetine PHARMA 20 mg|Tabl 1]0([0][ 0 |piece depression
Glibenclamide S_LSISIENCLAWD ABZ 3.5 mg|Tabl 10| 0] 0 |piece Diabetes mellitus type 2

Figure A12. Medication schedule—Patient 6 in the second OSCE.
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KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Name:

Date of birth:
Sex:

Height:

Weight:

hhu,

Subjective and objective patient data
Patient 7

Patient Seven
01 January 1955
male

1.82m

101 kg

Information from the patient

Non-smoker; Has been complaining of muscle pain and swollen ankles for some time, but
these have not been swelling as much as before; Recently, he has to go to the toilet more
often, especially at night. His dry cough is not getting any better either, although the allergy
period should be over.

Laboratory and vital parameter

Blood pressure: 132/80 mmHg
Heart rate: 76

GFR: 111 ml/min
LDL-c: 122 mg/dl
HDL-c: 40mg/dl
HbAlc: 9.2%

Fasting blood glucose value: 155 mg/dI

Diagnosed diseases:

Obesity

Hypertension

Coronary artery disease

Hypercholesterolemia

Diabetes mellitus type 2

Figure A13. Subjective and objective patient data—Patient 7 in the second OSCE.
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Medication
schedule
Patient 7
[3} i . X . . .

|Agent |Product name |Dosage foreagS  [mer | noon) eve "'gh‘|Un|t |T|me of intake Indication
Long-term medication
Metformin hydrochloride I};/I:Z;?AF;MW >00-14 500 mg | Tabl 1 (0] 1] 0 |piece with meal Diabetes mellitus type 2
Acetlysalicylic acid ~ |ASS 100-1A PHARMATAH | 100 mg [Tabl 1]10| 0[O0 |piece with meal Coronary artery disease
Clopidogrel %I\OAEDOGREL HEUMANN 75 mg [Tabl 1|10]| 0] 0 [piece Coronary artery disease
Metoprolol succinate XEZ?PSF;,?GL OLSUCCINAT 475mg|RetTabl | 1 | 0 [ O [ O |piece with meal Coronary artery disease
Ramipril RAMILICH 2.5MG 2.5 mg|Tabl 10| 0[O0 |piece Hypertension
Hydrochlorothiazide |HCT-RATIOPHARM 25MG 25 mg [Tabl 00| 1[0 [piece with meal Ankle oedema
i DAFIROSMG/160MG | °27™%|7abl | 1| 0 | 0 |0 |piece Hypertension
Atorvastatin ATORVASTATIN ABZ 20MG | 20 mg | Tabl 0|0 1]0 |piece Hypercholesterolemia

Figure A14. Medication schedule—Patient 7 in the second OSCE.
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& hhu,

KLINISCHE PHARMAZIE &
PHARMAKOTHERAPIE

Subjective and objective patient data
Patient 8

Name: Patient Eight
Geburtsdatum: 01 January 1948
Sex: female

Height: 1.65m

Weight: 73 kg

Information from the patient

Non-smoker; Patient had a fall a few months ago. She did not suffer any fractures, but has
been in severe pain since then. Recently, haematomas have also been occurring more
frequently

Laboratory and vital parameter

Blood pressure: 138/83 mmHg

Heart rate: 65

GER: 52 ml/min
INR: 34

HbA1c: 6.9%
Fasting blood glucose value 98 me/dl
Diagnosed diseases:

Diabetes mellitus type 2 Unipolar depression
Supraventricular tachycardia Chronic pain
Hypertension Stroke

Chronic kidney disease

Figure A15. Subjective and objective patient data—Patient 8 in the second OSCE.
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Medication
schedule
Patient 8
D i f a A A A
Agent Product name Dosage|o-29¢ | mor |noon| eve | might| |y Time of intake Indication
form g g
Long-term medication
Metformin hydrochloride ;’I:Z;S&MIN 1000-1A 1000 mg | Tabl 1 (1] 1] 0 |piece with meal Diabetes mellitus type 2
Apixaban ELIQUIS 5MG 5 mg|[Tabl 10| 1] 0 [piece Stroke
. . Unipolar
Escitalopram ESCITALOPRAM ABZ 10MG | 10 mg | Tabl 1|10]| 0[O0 |piece depression
beta-Acetyldigoxin |NOVODIGAL 0.2MG 0.2 mg|Tabl 10|00 |piece Tachyarrhythmia absoluta
. METOPROLOLSUCCINAT . supraventricular
Metoprolol succinate |47 sma 47.5mg|RetTabl | 1 | 0 [ 0 | O |piece tachycardia
Atorvastatin ATORVASTATIN ABZ 20MG | 20 mg|Tabl 0|0 1] 0 |piece Stroke prophylaxis
Candesartan gﬁgggmg&%’:’l(; 8 mg | Tabl 1|10]| 0] 0 [piece Hypertension
Short-term medication
Metamizole [‘Emg{rgﬁ:—;ggwe | 500 mg |Tab| | 1 | 1 | 1 | 0 |piece | chronic pain

Figure A16. Medication schedule—Patient 8 in the second OSCE.
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Checklist First-OSCE Patient 1
Participant (pseudonym):

Pharmaceutical consultation Crite | Criterion | Notes
rion | not met
met

Communication Skills

Welcome and introduction of the pharmacist
Presentation of the patient for whom the medication
review was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (T2DM, hypertension,
hypothyroidism)

... including already prescribed medication (metformin,
metoprolol, glibenclamide, levothyroxine, omeprazole;
discontinued drugs: amoxicillin and ibuprofen)

... as well as complaints of the patient which have been
communicated to the pharmacist (vertigo, cold sweating)
... asks the physician for additional patient information
(e.g., HDL-C value, GFR, thyroid hormone levels)
Assessment — The pharmacist ...

Diabetes mellitus type 2

... determines that the HbAlc-level is located in the
therapeutically acceptable range with 7.4%

... determines that the fasting glucose value is (too) high
... determines that the T2DM therapy not in line with
guidelines

... determines that the symptoms such as dizziness and
cold sweat possibly due to hypoglycaemia

... determines that a possible cause of hypoglycaemiais
the combination of glibenclamide and metformin
Hypertension

... hotes that the present blood pressure value (158/91) is
to be classified in the range of hypertension grade 1
..determines that the hypertension therapy not in line
with guidelines (beta-blockers not first-line)

... explains that metoprolol masks most symptoms of
hypoglycaemia; beta-blocker is not preferred in diabetes
patients

...asks why metoprolol was prescribed as a blood
pressure lowering drug

Hypothyroidism

... has no objections with levothyroxine therapy | |
Other aspects

... asks the physician whether omeprazole prescription is
still necessary because ibuprofen and amoxicillin have
already been discontinued again

... determines that the LDL level is too high for diabetics

Figure A17. Cont.
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Checklist First-OSCE Patient 1
Participant (pseudonym):

Plan — The pharmacist recommends...

Diabetes mellitus type 2

... hot to continue prescribing glibenclamide

...a change in therapy according to the guideline:
Metformin + SGLT2-inhibitors or GLP-1 agonists
Hypertension

... to discontinue metoprolol gradually

.. a change of therapy according to guideline:
Initial therapy dual combination

... ACE or AT1 inhibitor + calcium channel blocker
or diuretic

Omeprazole

... that omeprazole can be gradually discontinued | | \
LDL-level

... a statin therapy due to elevated LDL level | | ‘
Communication Skills — The pharmacist ...

... asks for any remaining questions from the
physician

... thanks the physician for the conversation and
ends the conversation

Figure A17. Corresponding OSCE checklist for Patient 1 in the first OSCE.
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Checklist First-OSCE Patient 2
Participant (pseudonym):

Pharmaceutical consultation Criterion | Criterion | Notes
met not met

Communication Skills

Welcome and introduction of the pharmacist
Presentation of the patient for whom the medication
review was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (T2DM, hypertension,
hypercholesterolemia, onychomycosis, reflux disease,
insomnia)

... including already prescribed medication (metformin,
sitagliptin, candesartan, itraconazole, ciclopirox,
omeprazole, amitriptyline, simvastatin)

... as well as complaints of the patient which have been
communicated to the pharmacist (muscle spasm and
musculoskeletal pain)

... asks the physician for additional patient information
(e.g., total cholesterol value, HDL-c value, triglycerides
value, Fasting glucose value)

Assessment — The pharmacist ...

Diabetes mellitus type 2

... determines that the HbAlc-level is not located in the
therapeutically acceptable range with 8.9%

... identifies the reason for a high HbAlc-level by a
possible low adherence of the patient

Onychomycosis

... mentions that Onychomycosis may be related to
poorly controlled diabetes.

Hypertension

... notes that the blood pressure of 130/80 mmHg is
within the target range according to the guideline (130 -
140 mmHg systolic)

... notes that the candesartan dosage is too high (32 mg
maximum dose).

Interactions

... identifies an absolute contraindication to simvastatin
and itraconazole

... explains that Itraconazole is a (potent) CYP inhibitor
... explains that there may be increased risks of
myopathy/myalgia/rhabdomyolysis

... identifies that the musculoskeletal pain and muscle
spasms have as their cause the interaction

Other aspects

... explains that amitriptyline is on the PRISCUS list and is
not suitable for elderly patients

...explains that omeprazole is overdosed

... explains that the medication schedule recommends
taking the simvastatin in the morning

Figure A18. Cont.



Healthcare 2023, 11, 1968 34 of 47

Checklist First-OSCE Patient 2
Participant (pseudonym):

Plan — The pharmacist...

Diabetes mellitus type 2

... proposes to conduct an educational talk with the
patient himself in order to improve the patient'’s
adherence.

... recommends replacement of sitagliptin with a GLP-1
agonists (preferred) or 3-drug therapy of metformin,
sitagliptin and GLP-1 agonist (due to obesity).

... recommends consulting a podiatrist/diabetologist as
the Onychomycosis may be related to poorly controlled
diabetes.

Hypertension

... recommends reducing the dose to a maximum of 32
mg candesartan per day

... recommends ACE- or AT1-inhibitor + calcium channel
blocker or diuretic for the treatment of hypertension if
monotherapy is not sufficient

Interactions

... advises discontinuation of itraconazole | | |
Other aspects

...recommends replacing the amitriptyline with another
drug that is not on the PRISCUS list (zolpidem,
zopiclone, melatonin, mirtazapine)

... recommends limiting the dose of omeprazole to a
maximum of 40 mg per day

...recommends changing the intake of simvastatin from
morning to evening

Communication Skills — The pharmacist ...

... asks for any remaining questions from the physician
... thanks the physician for the conversation and ends
the conversation

Figure A18. Corresponding OSCE checklist for Patient 2 in the first OSCE.
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Checklist First-OSCE Patient 3
Participant (pseudonym):

Pharmaceutical consultation Criterion | Criterion | Notes
met not met

Communication Skills

Welcome and introduction of the pharmacist
Presentation of the patient for whom the
medication review was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (T2DM,
hypertension, chronic kidney disease,
osteoporosis)

... including already prescribed medication
(metformin, ramipril, calcium, alendronic acid,
vitamin D3, doxazosin)

... as well as complaints of the patient which
have been communicated to the pharmacist
(dry mouth, vertigo)

... asks the physician for additional patient
information (e.g., HDL-C value, Fasting glucose
value, total cholesterol value)

Assessment — The pharmacist ...

Chronic kidney disease

... identifies mild to moderate renal
insufficiency in the patient

... explains that dose adjustments must be
considered accordingly for many medicines
Diabetes mellitus type 2

... states that the HbA1lc value (7.1%) is
basically well adjusted

... states that in mild to moderate renal
insufficiency, the maximum dose of
metformin is 2000 mg/day.

... hotes that in this case metformin is
overdosed (3x850mg daily) due to renal
insufficiency

Hypertension

... determines that the blood pressure values
are not within the target range

... states that the maximum daily dose of
ramipril for a GFR of 30 — 60ml/min is 5 mg.

... notes that Ramipril is overdosed at
2x5mg/day due to renal insufficiency

... states that doxazosin for the treatment of
hypertension is not first-line therapy

PRISCUS drugs

... identifies doxazosin as a PRISCUS drug I
Other aspects

... explains that the complaints of dry mouth
and vertigo are a common DRP of doxazosin.

Figure A19. Cont.
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Checklist First-OSCE Patient 3
Participant (pseudonym):

Plan — The pharmacist...

Diabetes mellitus type 2

... recommends dose adjustment of metformin to
a maximum of 2g/day

...recommends an optional additional therapy
with SGLT2 inhibitor (e.g., liraglutide) if diabetes
is not adequately controlled with metformin.
Hypertension

... recommends adjusting the dose of ramipril to
a maximum of 5mg/day

... recommends to a change in therapy according
to the guideline: Initial therapy Dual combination
...recommends besides ACE- or AT1- inhibitors
an additional therapy with calcium channel
blockers (or diuretics but only under special
caution)

...recommends a discontinuation of doxazosin
because of the DRP that occur.

Osteoporosis

... recommends to monitor calcium levels more
closely due to calcium intake and vitamin D3
supplementation to avoid hypercalcaemia.
Communication Skills — The pharmacist ...

... asks for any remaining questions from the
physician

...thanks the physician for the conversation and
ends the conversation

Figure A19. Corresponding OSCE checklist for Patient 3 in the first OSCE.
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Checklist First-OSCE Patient 4
Participant (pseudonym):

Pharmaceutical consultation Criterion | Criterion | Notes
met not met

Communication Skills

Welcome and introduction of the pharmacist
Presentation of the patient for whom the
medication review was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (obesity,
T2DM, bronchial asthma, vitamin D deficiency,
chronic migraine)

... including already prescribed medication
(metformin, insulin glargine, beclometasone,
salbutamol, vitamin D3, metoprolol,
sumatriptan)

... as well as complaints of the patient which
have been communicated to the pharmacist
(low FEV (1), dyspnea, vertigo, cold sweating,
low blood sugar level, weight gain)

... asks the physician for additional patient
information (e.g., total cholesterol values,
GFR)

Assessment — The pharmacist ...

Diabetes mellitus type 2

... states that the HbA1c value of 6.6 is
basically well adjusted

... asks whether therapy with SGLT2 inhibitor
or GLP-1 agonist was considered before
insulin was prescribed, or explains that SGLT2
inhibitors and GLP1 analogues are agents of
choice alongside metformin therapy

... explains that the available fasting blood
glucose value is quite low

... identified that the cause of the symptoms
(cold sweating, vertigo) could be
hypoglycaemia

... states that metoprolol for migraine
prophylaxis can mask further symptoms of
hypoglycaemia

Bronchial asthma

... determines that the FEV (1) has declined

... states that metoprolol is contraindicated in
bronchial asthma

... finds out that the metoprolol could be a
possible cause of the worsening of the asthma
LDL-C-value

... hotes that LDL levels are elevated according
to the guideline for diabetics

Figure A20. Cont.
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Checklist First-OSCE Patient 4
Participant (pseudonym):

Plan — The pharmacist recommends...

Diabetes mellitus type 2

... reducing the dose of insulin therapy and
monitoring blood glucose levels more closely in
the near future, or recommends an alternative
therapy with metformin + SGLT2 inhibitor or
GLP-1 agonist

Migraine prophylaxis

... gradually discontinuing metoprolol

... alternative medication (flunarizine, valproate,
topiramate) for migraine prophylaxis.
LDL-C-value

... starting statin therapy due to elevated LDL
levels

Communication Skills — The pharmacist ...

... asks for any remaining questions from the
physician

... thanks the physician for the conversation and
ends the conversation

Figure A20. Corresponding OSCE checklist for Patient 4 in the first OSCE.
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Checklist Second-OSCE Patient 5
Participant (pseudonym):

Pharmaceutical consultation Criterion | Criterion | Notes
met not met

Communication Skills

Welcome and introduction of the pharmacist
Presentation of the patient for whom the
medication review was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (T2DM,
hypercholesterolemia, migraine, urticaria)

... including already prescribed medication
(metformin, dapagliflozin, domperidone,
simvastatin, acetylsalicylic acid, hydroxyzine,
sumatriptan)

... as well as complaints of the patient which
have been communicated to the pharmacist
(vertigo, syncope, nausea, tachycardia)

... asks the physician for additional patient
information (e.g., HDL-c-value, total
cholesterol value, fasting glucose value)
Assessment — The pharmacist ...

Diabetes mellitus type 2

... says that the HbAlc of 8.2% is within the
target range, but could be improved

... identifies the underdosing of dapagliflozin
Hypercholesterolemia

... determines that the LDL levels for the
diabetes patient are too high with 139 mg/dl
...says that simvastatin is dosed too low

Drug related problems

... identifies that vertigo, syncope and nausea
can be symptoms as a result of interactions
... explains that there is an absolute
contraindication between domperidone and
hydroxyzine

... explains that the interaction may lead to an
increased risk of ventricular tachycardia and
possibly torsade de pointes

Migraine

... explains that domperidone is to be taken
fasting and not independently of the meal, as
described on the medication plan

Figure A21. Cont.
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Checklist Second-OSCE Patient 5
Participant (pseudonym):

Plan — The pharmacist recommends...

Diabetes mellitus type 2

...an increase in the dose of metformin to

1000 mg 3 times a day

... an increase in the dose of dapagliflozin to

10 mg daily

Hypercholesterolemia

... an increase in the simvastatin dose to 20 —
40 mg

... that simvastatin must be taken in the evening
rather than in the morning

Drug related problem

... a replacement of the antihistamine as
described in the guideline (levocetirizine or
desloratadine as first-line therapy).

Other aspects

... a change of the indication instruction from
domperidone to fasting in the medication plan.
... another agent for the patient in case of sleep
disorders, if necessary (e.g., zopiclone, zaleplon,
herbal preparations, melatonin).
Communication Skills — The pharmacist ...

... asks for any remaining questions from the
physician

...thanks the physician for the conversation and
ends the conversation

Figure A21. Corresponding OSCE checklist for Patient 5 in the second OSCE.
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Checklist Second-OSCE Patient 6
Participant (pseudonym):

Pharmaceutical consultation Criterion Criterion Notizen
met not met

Communication Skills

Welcome and introduction of the pharmacist

Presentation of the patient for whom the medication review
was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (T2DM, hypertension, chronic
pain, unipolar depression, hypercholesterolemia, obesity)

... as well as complaints of the patient which have been
communicated to the pharmacist (metformin, glibenclamide,
tilidine, ramipril, simvastatin, spironolactone, fluoxetine)

... as well as complaints of the patient which have been
communicated to the pharmacist (restlessness, tachycardia,
tremor, sweating, dry mouth, insomnia, spasms, low blood
sugar levels)

... asks the physician for additional patient information

(e.g., LDL-c values, total cholesterol value)

Assessment — The pharmacist ...

Diabetes mellitus type 2

... says that the HbAlc of 8.7% is above the therapeutic target
range

... explains that the cause of the resulting hypoglycaemias may
be the glibenclamide

... justifies that the guideline refers to an increased risk of
hypoglycaemia with a combination of metformin +
glibenclamide compared to metformin+placebo.

... explains that the existing diabetes therapy is not in line with
guidelines

Hypercholesterolemia

... states that the LDL levels are too high for the diabetic
patient

Drug related problems

... identified that tachycardia, restlessness, tremor, sweating,
dry mouth, insomnia and muscle spasms can be symptoms of
DRP

... explains that there is a potentially serious drug interaction
between fluoxetine and tilidine.

... explains that interaction between fluoxetine and tilidine
can lead to serotonin syndrome and these signs are given in
the patient

Hypertension

... explains that spironolactone should only be given as an
add-on or reserve agent in the guideline.

... states that there is a potentially serious drug interaction
between ramipril and spironolactone.

... explains that there is an increased risk of hyperkalaemia
with the combined intake of ramipril and spironolactone.

Figure A22. Cont.
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Checklist Second-OSCE Patient 6
Participant (pseudonym):

Plan — The pharmacist...

Diabetes mellitus type 2

... recommends an SGLT2 inhibitor or a GLP-1 agonist instead
of glibenclamide in addition to metformin for the treatment of
T2DM

Hypercholesterolemia

... recommends that simvastatin should be taken in the
evening rather than in the morning

... recommends to increase the simvastatin dose or switching
to a higher potency statin (atorvastatin or rosuvastatin).
Interaction between fluoxetine and tilidine

... recommends changing the antidepressant to one that does
not interfere with serotonergic metabolism (e.g., mirtazapine)
or advises more careful monitoring of the patient because
symptoms of serotonin syndrome have been noticed.

... questions whether the tilidine is still necessary for the pain
and recommends discontinuing the tilidine if necessary.

... explains that the interaction can be expected to continue
for a few days after discontinuation (half-life of fluoxetine:

3 -7 days)

Hypertension

... recommends antihypertensive therapy according to
guideline with ACE- or AT1-inhibitor + calcium channel blocker
or diuretics (only under special caution).

Communication Skills — The pharmacist ...

... asks for any remaining questions from the physician

... thanks the physician for the conversation and ends the
conversation

Figure A22. Corresponding OSCE checklist for Patient 6 in the second OSCE.
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Checklist Second-OSCE Patient 7
Participant (pseudonym):

Pharmaceutical consultation Criterion | Criterion | Notes
met not met

Communication Skills

Welcome and introduction of the pharmacist
Presentation of the patient for whom the medication
review was performed

Patient data - subjective and objective — The pharmacist...
gets an overview of the situation ...

... including the disease pattern (T2DM, obesity, coronary
artery disease, hypertension, hypercholesterolemia)

... including already prescribed medication (metformin,
acetylsalicylic acid, clopidogrel, atorvastatin, metoprolol,
amlodipine, ramipril, hydrochlorothiazide, valsartan)

... as well as complaints of the patient which have been
communicated to the pharmacist (muscle pain, frequent
need to urinate, need to urinate at night, dry cough,
swelling of the ankles)

... asks the physician for additional patient information
(e.g., GFR, triglyceride value, total cholesterol value)
Assessment — The pharmacist ...

Diabetes mellitus type 2

... says that the HbA1lc of 9.2% is not in the target range
according to the guidelines

... hotes that the fasting glucose value is quite elevated
... determines that diabetes therapy is not in line with
guidelines

Hypertension

... hotes that blood pressure is well adjusted at 132/80
mmHg

... recognizes that the cause of the cough is probably the
ramipril

... recognizes that the cause of the ankle oedema is
probably the amlodipine

... recognizes that the cause of the nocturnal urge to
urinate is probably the hydrochlorothiazide

... identifies a potential prescribing cascade, as the
hydrochlorothiazide was prescribed due to the adverse
drug reaction of the amlodipine

... recognises that two different renin-angiotensin-
aldosterone inhibitors have been prescribed
Hypercholesterolemia

... recognizes that the patient's LDL level of 122 mg/dl is
too high for diabetics

... mentions that the patient has muscle pain and that the
atorvastatin could be a possible cause.

Coronary artery disease

... recognizes that both ASA and clopidogrel were
prescribed as antiplatelet agents

Figure A23. Cont.
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Checklist Second-OSCE Patient 7
Participant (pseudonym):

Plan — The pharmacist recommends...

Diabetes mellitus type 2

... either increasing the metformin dose up to 3000mg/day
or advises metformin therapy with either an SGLT2
inhibitor or GLP1 agonist.

Hypertension

... discontinuation of amlodipine as it may be the possible
cause of the ankle oedema

... discontinuation of ramipril due to concomitant
medication with valsartan

... discontinuation of ramipril, as cough is a common
adverse event with ramipril and is less common with
valsartan

... changing the hydrochlorothiazide intake from evening to
morning in the medication schedule in order to reduce the
urge to urinate at night

... discontinuation of hydrochlorothiazide in the medium
term, as the ankle oedema is unlikely to recur after
discontinuation of amlodipine.

Hypercholesterolemia

... switching to rosuvastatin, another high-intensity statin,
as atorvastatin is probably not well tolerated

Coronary artery disease

...comments that dual antiplatelet therapy is only useful in
certain cases (after elective stent implantation) and that
therapy with a single antiplatelet agent is usually sufficient
enough

Communication Skills — The pharmacist ...

... asks for any remaining questions from the physician
..thanks the physician for the conversation and ends the
conversation

Figure A23. Corresponding OSCE checklist for Patient 7 in the second OSCE.
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Checklist Second-OSCE Patient 8
Participant (pseudonym):

Pharmaceutical consultation Criterion | Criterion | Notes
met not met

Communication Skills

Welcome and introduction of the pharmacist

Presentation of the patient for whom the medication review was
performed

Patient data - subjective and objective — The pharmacist...

gets an overview of the situation ...

... including the disease pattern (T2DM, supraventricular
tachycardia, chronic kidney disease, hypertension, unipolar
depression, stroke, chronic pain)

... including already prescribed medication (metformin, metoprolol,
metamizole, apixaban, escitalopram, digoxin, atorvastatin,
candesartan)

... as well as complaints of the patient which have been
communicated to the pharmacist (haematomas, severe pain)

... asks the physician for additional patient information

(e.g., LDL-c value, total cholesterol value)

Assessment — The pharmacist ...

Chronic kidney disease

... identifies mild to moderate renal insufficiency in the patient

... explains that dose adjustments need to be considered accordingly
for many medicines

Diabetes mellitus type 2

... says that the HbAlc value (6.9%) is basically well adjusted

... states that in mild to moderate renal insufficiency, the maximum
dose of metformin is 2000 mg/day

... hotes that in this case metformin is overdosed (3x1000mg daily)
due to renal insufficiency.

Hypertension

... determines that the blood pressure values are within the target
range

Supraventricular tachycardia

... identifies digoxin as PRISCUS drug

... notes that the digoxin at 0.2 mg daily exceeds the maximum daily
dose

Drug interaction

... identifies a potentially serious drug interaction between apixaban
and escitalopram

... explains that the interaction of apixaban and escitalopram can
lead to serious bleeding complications

... identifies that the cause of the bruises could be an increased
bleeding tendency

... identifies a potentially serious drug interaction between
atorvastatin and digoxin

... explains that the consequence of the interaction of digoxin and
atorvastatin may be an increased digoxin plasma concentration.

Figure A24. Cont.
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Checklist Second-OSCE Patient 8
Participant (pseudonym):

Plan — The pharmacist recommends...

Diabetes mellitus type 2

... a dose adjustment of metformin to a maximum of 2000mg/day

... optional additional therapy with SGLT2 inhibitor or GLP-1 agonist if
diabetes is not adequately controlled with metformin alone.

Supraventricular tachycardia

... a dose adjustment of digoxin due to renal insufficiency or to a
change of therapy to digitoxin

Drug interactions

... another antidepressant that does not interact with apixaban (e.g.,
mirtazapine, bupropion)

Communication Skills — The pharmacist ...

...asks for any remaining questions from the physician

..thanks the physician for the conversation and ends the conversation

Figure A24. Corresponding OSCE checklist for Patient 8 in the second OSCE.
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