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Methods

This research study included patients =18 years capable of self-administering medication
and was performed in a Danish cardiology unit. Patients self-administered their own
medication during hospitalization in the intervention group, whereas nurses dispensed
and administered the medication in the control group. Patients were allocated between
groups by randomization. The costs of SAM were analyzed from a hospital perspective
and included costs for medication, materials, and nursing time. The consequences included
the proportion of dispensing errors, patients’ perceptions regarding medication, patient
satisfaction, deviations in the medication list at follow-up, the number of readmissions and
general practitioner (GP) contacts within 30 days after discharge.

Results

The total cost per patient was 49.9€ in the intervention group compared to 52.6€ in the
control group (p = 0.09). The cost difference between groups was not significant. The
proportion of dispensing errors was significantly lower in the intervention group compared
to the control group. In addition the research study found changes in the perceptions
regarding medication, increased satisfaction, and fewer patients with deviations in the
medication list at follow-up. For readmissions and GP contacts within 30 days no significant

differences between groups were found.

Conclusion

SAM cost less or equal to medication dispensing and administration by nurse. SAM had
positive impacts on patient outcomes. Therefore, SAM may be cost-effective.

Introduction

When patients are admitted to Danish hospitals,
healthcare professionals mostly take over responsi-
bility for their medication. However, healthcare sys-
tems are moving towards incorporating more patient
involvement since patients increasingly expect to be
able to influence the course of their treatment.!-?

Patient involvement means that patients and
healthcare professionals work in collaboration.?
Self-management support is a central component
of patient involvement, aiming to improve
patients’ knowledge, skills, and confidence in
managing their health conditions.! To support
self-management, healthcare professionals must
encourage patients to actively participate in their
treatment as much as they want and can.!

Patient information and “self-administration of
medication” (SAM) during hospitalization are
key elements in self-management support.
Previous research on SAM has shown patient
advantages such as independence, increased

knowledge, empowerment, and a sense of control
and higher medication safety.*°

Increased medication safety and adherence to
prescribed treatment can potentially lead to bet-
ter health and, consequently, to a reduced need
for healthcare. On the other hand, the risk of
errors, such as a too high/low medication dose
and nonadherence, could negatively affect health.>
Such medication errors may increase hospitaliza-
tion length, healthcare costs, and mortality.1©

Apart from safety issues and the possible effects on
health and derived healthcare use, concerns about
resource requirements for the intervention (e.g.
additional time and staffing) is a barrier to the suc-
cessful implementation of patient involvement.?

In a busy working day, healthcare professionals
have many different, and maybe competing, tasks
to perform. Hence, supporting patients in self-
management may not be their first priority.
However, healthcare professionals may also be
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relieved when patients are self-managing during
hospitalization.!!

As healthcare resources are scarce, health eco-
nomic evaluation is important in choosing the
best, safest, and most economically advantageous
way to manage medication at a hospital. Hence,
economic evaluations of patient involvement ini-
tiatives may help inform current concerns about
the scarcity of healthcare resources and the need
to maximize health improvements.!>12

SAM is a complex intervention, involving changes
in working procedures, procedure coordination, and
concerted effort of multiple parties (e.g. patients,
nurses, and doctors). Complex interventions often
have a variety of outcomes that cannot be easily con-
verted to monetary terms or reported in one health
measure. Therefore, a cost—consequence analysis
(CCA) is recommended when evaluating such an
intervention’s health economic impact.l> A CCA
shows the total cost (T'C) of implementing an inter-
vention as well as its consequences and allows the
reader to form their own opinion of the interven-
tion’s relevance and importance in the context of
their decision-making.!3

To the best of the authors’ knowledge, no previ-
ous studies have made a full health economic
evaluation of the costs and consequences of intro-
ducing SAM during hospitalization.

Therefore, the objective of this study was to eval-
uate the costs and consequences of introducing
SAM during hospitalization as compared with
nurse-led medication dispensing and administra-
tion from a hospital perspective.

Methods

The study is reported according to the Consoli-
dated Health Economic Evaluation Reporting
Standards (CHEERS) statement. 14

Trial design and study setting

The economic evaluation used data from a prag-
matic randomized controlled trial (RCT) of the
consequences of introducing SAM compared
with nurse-led medication dispensing and admin-
istration.’> The RCT was performed at the
Medical Department (Cardiology Unit, 28 beds)
of Randers Regional Hospital in Denmark from
August 2017 to September 2018.

In Denmark, every citizen has free, tax-funded
access to the healthcare system!® and medication
is usually provided by the hospital during hospi-
talization. It is, however, permitted to ask patients
to bring and use their own medication during
hospitalization. Prescribed medication in the pri-
mary healthcare sector is largely also paid for by
public funds (regional authorities and municipali-
ties). Co-payment varies with type of medicine,
annual medicine consumption and social condi-
tions with a maximum co-payment of 560€ per
year.l7

Resource use and cost data for a CCA were col-
lected alongside the RCT.

Participants

Patients were eligible for inclusion if they were
capable of SAM, if they self-administered their
medication at home, if they received at least one
medication suitable for self-administration, if
they spoke Danish, and if they were =18years
old. SAM capability was assessed by nurses.!>

Patients were consecutively recruited from
Monday to Thursday. Written informed consent
was obtained on inclusion.

Intervention

The medication brought by patients to the hospi-
tal was assessed by a nurse regarding the quantity
(amount) and quality (e.g. expiry data)!® and was
compared with prescriptions in the electronic
Medication Administration Record (eMAR),
which also links to prescriptions in the primary
sector. A doctor was consulted in case of any
uncertainties. Any missing prescribed medication
or any newly prescribed medication was provided
by the hospital. Medication was provided as a
whole package if available as small blister pack-
ages (<20 pieces), as a blister card if only availa-
ble in large blister packages, or as loose tablets in
a container. Medication to be used at the hospital
was placed in a green bag, whereas medication
not in use was placed in a red bag. Medication
was stored in the patient’s wardrobe. The key was
kept by the patient. Self-administration was doc-
umented in the eMAR.

A nurse instructed the patient in the use of the
medication and provided written information
about new medication as well as an updated
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medication list. The patient was informed about
any medication changes, and the patient’s SAM
capability was reviewed by a nurse at least once
daily.

Patients self-administered their medication dur-
ing hospitalization [except medication not suita-
ble for self~administration (once-only prescriptions;
medication stored in the refrigerator, except insu-
lin; injections and infusions, such as diuretics or
antibiotics; and variable high-dose digoxin and
inhalations taken through nebulization)]. At dis-
charge, the patients were provided with an
updated medication list; however, they were
already informed and instructed about their med-
ication through SAM.

Control group

Hospital-provided medication during hospitaliza-
tion was dispensed and administered by a nurse at
each prescribed time point. First, the medication
was dispensed in the medicine room, with every
dispensing of a medication being documented in
the eMAR. Second, the nurse walked from the
medicine room to the patient’s room to deliver the
filled medicine cup to the patients (administra-
tion). Patients could self-administer inhalation
and nonstocked medication brought to the hospi-
tal. At discharge, the patients were provided with
an updated medication list and were primarily
informed and instructed about their medication at
that time point. Medication for 1-3 days was dis-
pensed by a nurse if the patient was unable to go
to a community pharmacy right after discharge.

Sampling
Patients for the RCT were recruited from August
2017 to September 2018.

The sample size for the RCT was determined
based on the primary outcome (error proportion)
and was calculated to be the observation of 1020
opportunities for error (OEs) in each group (based
on pilot measurements), corresponding to approx-
imately 150 patients in each of the study groups.
The randomization was performed by the Hospital
Pharmacy’s Department of Quality Assurance.!’

A time study was, due to resource constraints,
performed in a subsample of patients from April
2018 to June 2018. At that point, the intervention

had been running for some time and was expected
to be routine work reflecting resource use if SAM
was to be implemented and scaled up.

The calculation of the time study’s sample size
was based on the means and standard deviations
(SD) of the pilot time measurements of the “SAM
start-up” and “Administration” processes, with a
statistical significance level of 5% and a 25% dif-
ference considered appropriate. The sample size
was calculated to be at least 16 time measure-
ments for each time cost category in each group.

CCA
The TC of implementing the intervention in rela-
tion to its consequences was presented in the CCA.

Costs

A cost analysis was performed from a hospital
perspective using a short-term incremental cost-
ing approach. The analysis of the processes within
the intervention (unpublished) found that the
costs related to medication, materials, and nurs-
ing time spent on different tasks would change.
The intervention was assumed to have no influ-
ence on the overhead costs, including hospital
administration, cleaning, and rent. The costs of
planning, developing, and implementing the
intervention were not part of the cost analysis.

Micro-costing level was used. The measurement
of the use of medication and materials was per-
formed throughout the patients’ hospitalization
by reviewing the eMAR prescriptions and by
observing the nurses. Only medication suitable
for self~-administration was included. The nursing
time spent dispensing medication was measured
using stopwatches when the dispensing process
was observed in the control group. The nursing
time spent on medication administration in the
control group, the SAM start-up in the interven-
tion group, and the discharge preparation in both
groups were measured in the time study. The
measurements of the time spent on administra-
tion and the SAM start-up were performed by the
principal investigator using stopwatches, whereas
the time used for discharge preparation was self-
reported by the nurses. The number of dispensed
doses, administrations (medication rounds), and
self-administered medications were registered by
reviewing the eMAR prescriptions.
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The valuation of the identified cost items was per-
formed by multiplying the quantity and the unit
cost. The unit costs for each medication and mate-
rial were registered once under the assumption that
it would not change throughout the study period.

The mean hourly labor costs for the Cardiology
Unit nurses were obtained from the hospital per-
sonnel system and were in line with a similar
Danish study?* multiplied by 1.3 to adjust for
breaks, meetings, and days off.

Table 1 describes how the identified costs were
valued and calculated from the measurements.

Consequences

Patient outcomes were explored in the RCT.15
The applied methods are presented in brief terms
here.

In addition, information on the patients’ derived
consumption of healthcare resources [general
practitioner (GP) contacts and readmissions
within 30 days after discharge] was obtained.

Patient outcomes

Dispensing errors. The primary outcome was
the dispensing error proportion observed through
modified disguised observation!%21-23 of the
patients in the intervention group and the nurses
in the control group.

Dispensing errors were defined as “the dispensing
of a dose of medication that deviates from the
prescription, from hospital guidelines, or written
procedures”!> and were categorized into clinical
and procedural errors. A clinical error happened
when the patient did not receive the medication
as prescribed in the eMAR.20:24 A procedural
error happened when the nurse deviated from the
written procedures or guidelines.20:2425 An OE
was defined as any dose dispensed plus any dose
prescribed but omitted.2!:24 The error proportion
was calculated by dividing the number of dispens-
ing errors by the number of OEs observed and
multiplying with 100%.15

Perceptions regarding medication. The patients’
perceptions regarding medication were explored
upon their study inclusion and through a tel-
ephone call two weeks after discharge. A Danish

version?¢ of the original Beliefs about Medicines
Questionnaire (BMQ)27-2° was used. The BMQ
consists of 18 items divided into 4 factors (Neces-
sity, Concerns, Overuse, Harm) scored on a
5-point Likert scale (1=Strongly disagree to
5=Strongly agree). The total factor scores range
from 5 to 25 for “necessity” and “concerns” and
from 4 to 20 for “overuse” and “harm.”?7 Scores
were calculated for each patient and as mean
scores for the groups at each time point and as
the change over time.!>

Patient satisfaction. The patients were con-
tacted by telephone 2weeks after discharge and
were asked about their satisfaction with the way
they received medication during hospitalization; a
5-point Likert scale was used (1 =Very unsatisfac-
tory to 5 =Very satisfactory).1>

Deviations in medication list at follow-up.
During the telephone interviews, patients were
asked to report their medication list at the day of
the interview. Deviations from the medication list
in the discharge letter that were not confirmed by
the patient’s GP or the hospital were registered.!>
The number of patients with deviations and the
mean number of deviations per patient were cal-
culated for each study group.

Healthcare sector outcomes

Readmissions and GP contacts. Information
on the number of readmissions and GP contacts
within 30 days from discharge was obtained from
the Central Denmark Region registries for each
patient. It was not possible to gain information
on the reason for contacting the GP or the read-
missions; thus, the total numbers were obtained.
Transfer to another hospital on the day of dis-
charge from the Cardiology Unit was not consid-
ered a readmission. Contacts with more than one
hospital on the same date were considered one
readmission.

Data analysis.

The continuous outcomes were compared using
Student’s z-test or Wilcoxon—Mann—Whitney test.
The binary outcomes were compared using a chi-
squared test or Fisher’s exact test.

The time measurements were analyzed using lin-
ear regression analyses to explore the associations
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Table 1. Cost items.

Identified costs

Measurements

Valuation

cSAMstart-up

Costs for nursing time
used on starting SAM

cnewmet:licatinn

Costs for providing new
medication

Cusualmedication

Costs for providing patient’s
usual medication
C

materials

Costs for materials (plastic bags,
medicine cups, dosage boxes)

cdispensing

Costs for nursing time used on
dispensing of medication (only
medication suitable for self-
administration)

C

administration

Costs for nursing time used on
administration of medication
(delivering the filled medicine
cup)

cdischarge

Costs for nursing time used on
discharge preparation

One SAM start-up per patient in
the intervention group

The number of doses was
obtained from the eMAR

The number of doses was
obtained from the eMAR

The number of pieces provided
was obtained by observing the
start of the intervention and from
the eMAR

The number of dispensed doses
was obtained from the eMAR

The number of administrations
was obtained from the eMAR

One discharge per patient

Nursing time estimated in the
time study” was multiplied with
the mean nurse labor cost for
each patient in the intervention

group

Hospital Pharmacy prices 2018

Hospital Pharmacy prices 2018

Central Denmark Region prices
2018

Nursing time on dispensing” was
multiplied with the mean nurse
labor cost for each patient

Nursing time estimated in the
time study” was multiplied with
the mean nurse labor cost for
each patient

Nursing time estimated in the
time study” was multiplied with
the mean nurse labor cost for
every patient in the respective
groups

eMAR, electronic Medication Administration Record; SAM, self-administration of medication.
“Nursing time used on dispensing was measured when the dispensing process was observed in the control group. Nursing
time on SAM start-up, medication administration, and preparation of discharge was measured in a time study from April

2018 to June 2018. See Appendix 1.

The TC was calculated for each alternative from the following equations:

Controlgroup = newmedication +

interventiongroup =CSAMslart-up +

The incremental costs were calculated as the difference between the TCi,rvention group

usualmedication v

ST
newmedication

materials + dispensing + administration +

Cusuatmedicalion w materials v

dispensing +

discharge

administration < discharge

and the TCConlrol group.
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between the number of medications, the dispens-
ings, and the administrations (Appendix 1). As
time use was not measured for all the patients,
dispensings, and administrations, the estimated
associations were used to predict total use of
nurse time for each patient, based on the number
of medications, dispensings, and administrations.

Confidence intervals (CIs) of the cost items except
Clischarge Were calculated by bootstrapping with
1000 replications. The CIs for C e Were cal-
culated from the CIs of the time measurements.

Finally, we translated our findings into estimated
annual costs and consequences to provide the
findings in a format that would better match the
types of decisions and considerations undertaken
by decision-makers. The number of patients capa-
ble of self-administration per year was estimated
from the patient flow in the RCT.15 A total of 632
of the 1666 assessed patients were capable of self-
administration. A total of 19% (68/354) of the
invited patients declined to self-administer. We
assume that 19% of the remaining 278 patients
would also decline to participate (53 patients). Of
the 1666 assessed patients, this yields 511 SAM
candidates (31%). The Cardiology Unit has an
annual intake of approximately 2000 patients; we
therefore reasonably assume that 620 patients
annually are SAM candidates (31%).

We used this number to estimate the annual costs
and consequences if the intervention were imple-
mented on a routine basis in the Cardiology Unit.

Cost-effectiveness planes for the annual incre-
mental costs and effects were generated by boot-
strapping the datasets with 1000 replications and
extrapolating to annual numbers.

Sensitivity analyses of the TCs were performed as
one-way (univariate) analyses using bootstrapped
CIs as the minimum and maximum values of
each cost item, holding others constant.12:30

In addition, sensitivity was assessed in scenario
analyses with changes in basic intervention
assumptions.!230 The first scenario analysis
assumed that every patient in the intervention
group brought and used their usual medication
during hospitalization, which removed the cost for
providing typical medication. This assumption was
chosen as SAM originally builds upon the idea that

patients bring and use their usual medication at a
hospital. The second scenario analysis assumed
that only nursing time cost items were relevant to
include in the TC. This assumption attempted to
shift the analysis from a hospital to a healthcare
perspective, where medication and material costs
are assumed to compensate across healthcare sub-
sectors. The third scenario analysis assumed
nurse’s mean hourly labor cost on a national level3!
instead of the local level. This assumption was cho-
sen as many nurses in the Cardiology Unit
(Randers) are young and newly educated.

The incremental cost calculated in each sensitiv-
ity analysis was compared with the incremental
cost in the base case (the RCT). A tornado dia-
gram was used to demonstrate the results.

Stata® v.15 (StataCorp, 4905 Lakeway Drive,
TX, USA) was used for the analysis of statistics.

Ethics

The intervention included no biomedical inter-
vention; according to Danish legislation, the
Central Denmark Committee of Health Research
Ethics waived the need for approval. The study
procedures followed the ethical standards of the
Helsinki Declaration.32

The study was registered in ClinicalTrials.gov
[ClinicalTrials.gov identifier: NCT03541421]
and the Danish Data Protection Agency (1-16-02-
106-17).

Results

A total of =250 patients were recruited, with 125
in each study group. Three patients from the inter-
vention group withdrew due to a decline in their
SAM capability. One patient withdrew due to
refusal to be in the control group. A total of n="7
patients were discharged earlier than expected
and were not observed. For the analysis, =119
patients (1033 OEs) remained in the intervention
group, and n#=120 patients (1028 OEs) remained
in the control group.

Baseline data

The baseline characteristics of the patients were
similar with no statistically significant differences
between groups.!® In the intervention group, 71%
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were men, with a mean age of 62.8years (95% CI:
60.6—65.0) and a median length of stay of 3.1 days
(IQR: 2.4). They received a mean of 4.5 medica-
tions per patient at admission (95% CI: 3.7-5.2),
and 18% brought all their usual medication to the
hospital. In the control group, 63% were men,
with a mean age of 65.5years (95% CI: 63.4—67.7)
and a median length of stay of 3.0 days (IQR: 2.0).
They received a mean of 5.1 medications per
patient at admission (95% CI: 4.4-5.8), and 22%
brought all their usual medication to the hospital.

There was no statistically significant difference in
the BMQ scores between the groups at the time
of inclusion.!5

Costs

The unit costs and nursing time spent on the
SAM start-up, dispensing, administration, and
discharge preparation processes are presented in
Table 2.

The time measurements analysis for the SAM
start-up revealed that the time spent was deter-
mined by a fixed component that would apply to
every patient (start-up costs) and a variable com-
ponent depending on the number of medications.
Thus, irrespective of the number of medications,
the nurse would spend an average of 6.4min on
the start-up process and, in addition, they would
spend an average of 2.6 min per medication (pro-
viding medication, printing medication informa-
tion, and instructing the patient; Appendix 1). The
time spent on medication dispensing depended on
the number of dispensed medications, whereas the
time spent on medication administration depended
on the number of administrations (medication
rounds) during the day (Appendix 1). The time
spent on preparation for discharge did not depend
on the number of medications; thus, a mean time
per patient was used (one discharge per patient);
see Appendix 1.

The costs per patient and per year for the inter-
vention and control groups are presented in
Table 3.

In the intervention group, we found an average
TC per patient of 49.9€ as compared with 52.6€
in the control group. The incremental cost was
—2.7€ in favor of the intervention. The difference
between the alternatives was not statistically sig-
nificant (p=0.09).

In the intervention group, new medication was
provided by the hospital as whole packages/blister
packages, resulting in a larger cost
(C =12.6€) than for the control group
(Chewmedication=10.6€) (Table 3). When looking at
the costs related to nursing time, we found that it
was time-consuming to start SAM in the inter-
vention group (Cgapisareup=13-6€); however, the
nurses saved time on dispensing, administration,
and also on discharge preparation since the
patients were already informed about their medi-
cation (Table 3). In fact, nursing time accounted
for the largest part of the TCs in both groups.

newmedication

When looking at the estimated annual TC, we
found a TC of 30,923€ in the intervention group
and 32,609€ in the control group. Therefore, the
incremental annual cost was —1686€ in favor of the
SAM-intervention (i.e. a saving, as the TC for SAM
is slightly lower than the TC for usual practice).

Consequences

The consequences of the alternatives are pre-
sented in Table 4 as patient and healthcare sector
outcomes.

Patient outcomes. A statistically significant differ-
ence in the total number of dispensing errors was
observed (p=0.02), with 100 errors out of the 1033
OEs in the intervention group and 132 errors out
of 1028 OEs in the control group (Table 4). When
dividing these into clinical and procedural errors, a
statistically significant difference was observed in
the number of clinical errors (p=0.01) but not in
the number of procedural errors (p=0.35).

The patients in the intervention group were more
satisfied (p=0.00) with the way they received
medication during hospitalization (Table 4).

When comparing the BMQ change over time
between the groups, we observed a statistically sig-
nificant difference in relation to the factors “con-
cerns” (p=0.05) and “harm” (»p<<0.01), with
lower values in the intervention group (Table 4).

There were statistically significantly fewer patients
(p=0.02) with deviations in the medication list at
follow-up in the intervention group as compared
with the control group. In addition, the mean
number of deviations per patient was statisti-
cally significantly different between the groups
(»p=0.02) (Table 4).
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Table 2. Time measurements and unit cost estimates.

Alternatives

Intervention group

Control group

Time (minutes)  Unit costs (2018€)  Time (minutes)  Unit costs (2018€)
SAM start-up by nurse
Fixed component (start- 6.40 398 Not relevant
up cost per patient]
Variable component 2.60 1.60
(cost per self-
administered
medication)
Medication
Differs from medication to medication
Unit costs for specific medications were obtained from hospital pharmacy prices
Materials
Plastic bag (green/red) 0.13 Not relevant
per piece
Medicine cup per piece 0.01 0.01
Dosage box per piece 0.57 0.57
Dispensing by nurse
Cost per medication 0.55 0.34 0.55 0.34
dispensed
Administration by nurse
Cost per administration 1.30 0.80 1.30 0.80
Discharge preparation
Cost per discharge 27.55 16.99 37.03 22.83
Nurses involved (including 30% to cover days off work, meetings, breaks)
Labor cost per hour 36.98 36.98

SAM, self-administration of medication.

Nursing time in relation to SAM start-up consists of a fixed time and a variable time depending on the number of self-
administered medications. Other time measurements are presented and used as means. See Appendix 1.

Healthcare sector outcomes. In the intervention
group, there were 25 readmissions within 30 days
after discharge (0.21 readmissions per patient) as
compared to 27 readmissions in the control group
(0.23 readmissions per patient, p=0.84;Table 4).

In the intervention group, there were 243 GP con-
tacts within 30 days after discharge (2.04 per patient)
as compared with 303 GP contacts in the control

group (2.53 per patient). The difference between
the groups was not statistically significant at the 5%
level, though it was close (p=0.07) (Table 4).

Comparing costs and consequences. To convey to
decision-makers the implications of introducing
SAM as a routine practice corresponding to an
estimated annual number of 620 patients, we
extrapolated the costs and consequences. The
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Table 3. Costs per patient and annual incremental cost of SAM (Intervention) and usual practice (Control]

(2018€).
Costs per patient (2018€) Estimated annual
change (n=620)
Intervention Control Incremental Incremental cost
group (1) group (C) cost (1-C) (1-C)
cnewmedica!ion 12.6 10.6 +20 +1247
Mean, 95% ClI 10.0; 15.2 7.4;13.8 -2.1; +6.2 ~1330; +3825
Cusualmedication 3.7 3.5 +0.2 +144
Mean, 95% CI 2.4;5.0 1.4;5.6 -2.3; +2.7 ~1400; +1689
cmaterials 0.7 0.2 +0.4 +267
Mean, 95% ClI 0.6;0.7 0.2;0.3 +0.4; +0.5 +223; +312
Cispensing 0.9 9.2 -8.3 -5165
Mean, 95%ClI 0.6; 1.1 7.4;11.0 -10.2; -6.5 -6311; -4018
Cadministration 1.4 6.2 -4.9 -3018
Mean, 95%CI 0.9;1.8 5.2;7.3 -6.0; -3.74 -3727; -2308
Coamstart-up 13.6 0.0 +13.6 +8458
Mean, 95%CI 12.7;14.5 0.0; 0.0 +12.8; +14.5 +7913; +9003
Caischarge 17.0 22.8 -5.8 -3621
Mean, 95%CI 12.3; 21.7 15.9; 29.7 -14.4;2.7 -8898; +1656
Total Cost 49.9 52.6 -2.7 -1686
Mean, 95%CI 46.6;53.2 46.6;58.6 -9.5; +4.1 -5893; +2521

Notes: Confidence intervals (Cls] of the cost items except Cyischarge Were calculated by bootstrapping with 1000 replications.
The Cls for Cyischarge Were calculated from bootstrapped Cls of the time-measurements (1000 replications). The costs for
medication only included medicine suitable for self-administration. The calculations were based on exact values and
presented as rounded numbers.

A “+” means a difference in favor of the control group (dispensing and administration by nurse).

A “-" means a difference in favor of the intervention (self-administration).

Table 4. Consequences per alternative.

Consequences per group or per patient Estimated annual
change (n=620)

Intervention Control Incremental Incremental effect
group (1) group (C) effect (1-C) (1-C)

Consequences: Patient outcomes

Dispensing errors, total numbers per group

Dispensing errors, -32.6 -498"
n/OEs 100/1033 132/1028

(%) (9.7) (12.8)

95% CI 7.9-11.6 10.9-15.0

Clinical errors, -21.2 -3247
n/OEs 25/1033 46/1028

(%) (2.4) (4.5)

95% CI 1.6-3.6 3.3-5.9

Procedural errors, -11.4 -174"
n/OEs 75/1033 86/1028

[Continued)
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Table 4. (Continued)

Consequences per group or per patient

Estimated annual
change (n=620)

Intervention Control Incremental Incremental effect

group (1) group (C) effect (1-C) (1-C)
(%) (7.3) (8.4)
95% Cl 5.8-9.0 6.7-10.2
Patients with dispensing errors -26.7 -138
n/Patients 41/119 68/120
(%) 34.5 56.7
Patient satisfaction, total numbers per group
Highly satisfied
n/Patients 99/114 55/110 +42.0 4229
(%) 86.8 50.0
Satisfied
n/Patients 13/114 38/110 -26.9 -149
(%) 11.4 34.5
Neutral or unsatisfied
n/Patients 2/114 17/110 -15.1 -81
(%) 1.8 15.5
Perception regarding medication (change in patient mean factor scores over time)
Necessity +0.30 +0.40 -0.10 Not relevant
Concern -0.67 +0.28 -0.95
Overuse -0.38 -0.29 -0.09
Harm -0.60 +0.17 -0.77

Deviations in medication list at follow-up per group and per patient

Patients with deviations

n/Patients
(%)

Mean number
95% ClI

10/114 22/110 -12.8
8.8 20.0

0.13 0.29 -0.16
0.05-0.22 0.16-0.42

Consequences - Healthcare sector outcomes

Readmissions within 30 days after discharge per patient

Mean number
95% ClI

GP contacts within 30days after discharge per patient

Mean number
95% ClI

0.21 0.23 -0.02
0.11-0.31 0.12-0.33
2.04 2.53 -0.49
1.69-2.39 2.14-2.91

-70

-99

-12

-304

Source: The effectiveness data stem from the RCT'® and Central Denmark Region registries.
Notes: “In the RCT a mean of 25.44 OEs per patient was registered during study inclusion. This yields 15,773 OEs in total
per year (n=620). The expected number of dispensing errors per year was calculated from error proportions and this
annual number of OEs; that is, dispensing errors in total=15,773 OEs X 0.0968=1527 errors in the intervention group
compared with 15,773 OEs X 0.1284=2025 errors in the control group.

The difference between alternatives is calculated per year by multiplying the incremental effect per patient by n=620 patients.

A “=" means a difference in favor of the intervention [i.e. self-administration); although, for patient satisfactiona “+"
means a difference in favor of the intervention.
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Cost-Effectiveness Planes
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Figure 1. Cost-effectiveness planes for avoided dispensing errors and avoided GP contacts.
Note: The datasets were bootstrapped with 1000 replications. These were extrapolated to annual numbers and the
incremental costs and effects were plotted in two-way scatter plots. The “X” illustrates the base case with the annual

numbers from Table 4.

overall positive effect in annual terms can be seen
in Table 4. To further illustrate the relationship
between the incremental costs and consequences
and the uncertainty, we generated cost-effective-
ness planes. Figure 1 presents the cost-effective-
ness planes for avoided dispensing errors and
avoided GP contacts.

In both cost-effectiveness planes, the dots are
widespread; however, the majority of cases are in
quadrant IV, where the intervention is cost-effec-
tive with lower costs and better outcomes as com-
pared with the control group.

Sensitivity analysis

A total of 17 sensitivity analyses were performed,
of which 14 were one-way (univariate) analyses of
the cost items, and three were analyses with
changes in assumptions.

The incremental cost for each analysis was in
favor of the intervention with more or less sav-
ings; however, the numbers were small, and only
a few euros apart from one another (see Figure 2
and Appendix 2). For example, using the

minimum and maximum values of the SAM start-
up CIs made the TC vary by only =0.9€ com-
pared with the base case.

The largest saving (—6.4€) was seen when assum-
ing that all patients bring and use their own medi-
cation during hospitalization.

By only looking at the nursing time, the incre-
mental savings increased as well (from —2.7€ to
—5.4€). Further, the variation in the nursing time
used in discharge preparation resulted in large
variation in the incremental cost.

Discussion

In the cost analysis, on average, a lower TC was
found in the intervention than in the control
group; however, the difference between the alter-
natives were not statistically significant (p=0.09).
In the intervention group, the costs for providing
new medication and materials were higher than
in the control group. Although it was time-con-
suming to start the self~administration process in
the intervention group, the nurses saved time on
dispensing, administration, and discharge
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A Additional |savings -Fewer savings $

CHANGE IN ASSUMPTIONS:

All bring usual medication

- MIN

Only nursing time included
National average unit labor cost

UNIVARIATE ANALYSIS:

Cdischarge
Cdispensing

C SAMstart
Cusualmedication
Cadministation
Cnewmedication
Cmaterials

- MAX

-7

6 5 -4 -3 2 -1 0

Incremental cost per patient (2018 €); Base case -2,7 €

Figure 2. Tornado-diagram of results from the sensitivity analyses.
Note: Change in assumptions: three analyses with changes in the assumptions:
(i) assuming that every SAM patient brings and uses their own medication during hospitalization;

(i) assuming that only nursing time was relevant; and

(iii) assuming an average hourly labor cost on the national level (31).
Univariate analysis: bootstrapped Cls were used as minimum and maximum values of each cost item holding others constant.
Values to the left show additional savings when compared with the base case whereas values to the right show cases with

lower savings.

preparation since the patients were already
informed about their medication. The sensitivity
analyses showed either no difference in the TCs
between the groups or more or less savings in
favor of the intervention; however, the numbers
were small, with only a few euros difference
between the groups. From a hospital perspective,
the largest saving is possible when the SAM
patients bring and use their usual medication
during hospitalization. This is not surprising
because costs are shifted to the primary health-
care sector and to patients. The increased finan-
cial burden on patients depends on the extent of
co-payment applying to the particular medica-
tion and patient, but at the individual patient
level it is small (Table 3). Disregarding the ques-
tion of who pays for the medication it is relevant
to note that overall, nurses save time when intro-
ducing SAM and supporting patients in self-
management. This saved time can be used on
other tasks in the ward. Even if patients do not
bring their own medication this would be an

advantage. This is, of course, also worth consid-
ering from the hospital perspective.

With regard to the consequences, fewer dispens-
ing errors were found in the intervention group
than in the control group. Patients instructed in
medication self-administration had fewer con-
cerns about their medication at follow-up and
found medication to be less harmful in general.
Patients from the intervention group were more
satisfied with the medication management at the
hospital, and fewer had deviations in the medica-
tion list at follow-up than the control group.
There were no differences between the groups in
relation to readmissions within 30 days after dis-
charge. Fewer GP contacts within 30days after
discharge were found in the intervention group;
however, the difference between the alternatives
fell short of reaching statistical significance at the
5% level (p=0.07).

To the best of the authors’ knowledge, no previ-
ous studies have made a full health economic
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evaluation of the costs and consequences of intro-
ducing SAM at hospitals, which makes it impos-
sible to compare our results with those of others.

A recent non-randomized study from Denmark
presents the results from a cost analysis of intro-
ducing one-stop dispensing, where patients self-
administer their own medication when assessed
as ready to do so. The study found no statistically
significant difference in medication costs. Nursing
time was studied in relation to dispensing, admin-
istration, and self-administration start-up. Time
consumption was reduced by 12min per patient
per hospitalization in the self-administering
group.!! In the present study, a cost difference
(nursing time items) of 5.3€ was found, which
corresponds to a reduction of 9 min per patient in
the self-administering group.

Few studies have compared incremental costs
with incremental effects such as avoided medica-
tion errors. Decision-makers may have to con-
sider and choose between different medication
approaches that are primarily intended to reduce
medication errors (and thereby improve quality of
care). In such cases, it is considered relevant to
use avoided medication errors as a denominator.

Vermeulen er al. found an incremental cost-effec-
tiveness ratio of +3.54€ per avoided medication
error when comparing computerized physician
order entry with a paper-based prescription sys-
tem.?*> Riser er al. found an incremental cost-
effectiveness ratio of +2.01€ per avoided
administration error when comparing an auto-
mated medication system with nurse-led medica-
tion dispensing and administration.?* In the
present study, the intervention was not more
costly than usual practice, and the intervention
group had better effects compared to those in the
control group (e.g. fewer errors, changed percep-
tions about medication indicating better medica-
tion adherence, higher satisfaction, fewer
deviations in the medication list at discharge).

The errors’ clinical consequences were not inves-
tigated. The patients did not receive the medica-
tion as prescribed when a clinical error happened;
thus, these were the most important errors to
avoid.20:2¢ Medication errors may be costly to the
healthcare system, as some increase medication
costs and length of stay in the hospital and result
in additional hospitalizations.?> Hence, SAM may
introduce additional healthcare savings due to the

reduced number of dispensing errors. Further
studies on the errors’ clinical consequences and
economic impacts are recommended (e.g. a
model-based analysis could be considered).

Strengths and limitations
The study has some strengths and limitations that
merit further discussion.

In this RCT, we used micro-costing for the cost
analysis to obtain as precise results as possible.
The unit costs for the medication and materials
were measured once under the assumption that
they would not change throughout the study
period and to avoid disturbance of the results
unrelated to the intervention. We acknowledge
the risk of information bias as prices may change
over time; however, the bias was nondifferential.

The time spent on discharge preparation was self-
reported by the nurses, whereas the time spent on
dispensing, administration, and SAM start-up was
measured by the principal investigator using stop-
watches. This difference in the data-collection
method may have introduced an inaccuracy; how-
ever, this was similar for both groups. More atten-
tion to this is recommended in future studies.

In the time study (administration, SAM start-up,
discharge), we used a sample size of 16 measure-
ments per group for each nursing task. The sam-
ple size calculation was based on the feasibility
and pilot study, with only a few measurements of
time used on dispensing, administration, and
SAM start-up but with no pilot measurements on
the time used on discharge preparation. It is pos-
sible that the number of measurements was too
small to display a significant difference.

When a patient in the intervention group had not
brought a medication, or when a new medication
was prescribed, the hospital provided the medica-
tion. In most cases, the medication was provided
as blister cards or as loose tablets in a container.
However, in #=16 patients, the medication was
provided as a large blister package, making the cost
larger than necessary. The mean cost for providing
medication in the intervention group was therefore
slightly larger than it should have ideally been.

The concept of SAM builds upon the assumption
that patients bring and use their own medication
while in the hospital. Far from every patient
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brought and used own medication and the cost of
providing the usual medication was larger than it
should have ideally been. The sensitivity analysis
confirmed additional savings when the SAM
patients brought and used their usual medication.

During the study period, several nurses were
replaced; hence, only few nurses became highly
experienced with SAM, and inexperienced nurses
may have missed some of the intervention tasks.
This may be a limitation; however, it reflects the
circumstances in a typical hospital ward.

Patients were recruited from Monday to Thursday
at a cardiological unit. There may be more or fewer
patients eligible for SAM in other types of wards
and on weekends. In addition, the patients had low
comorbidity levels and we cannot generalize our
results to patients with more comorbidity. SAM
capability must be assessed from time to time.

Conclusion

SAM seems to cost less although the cost difference
was small and not statistically significant. As SAM
had a positive effect on patient outcomes, the
results indicate that SAM may be cost-effective.
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