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Medication and Treatment Adherence
Following Hospital Discharge

A Study of an Intervention Aimed at Reducing Risk Associated With Medication Change
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Marcus Schuchmann, Niko Zantl, Susanne Schiek, Thilo Bertsche

SUMMARY

Background: Patients’ drug regimens often need to be changed when they pass
from one care sector to another, but these changes sometimes pose a safety
risk. To avoid such risks, a new inter-sector transition concept was developed
incorporating discharge medication plans and counseling modules for the
patients themselves and the doctors receiving them into their care.

Methods: A prospective interventional trial was carried out in two internal
medicine wards of a general hospital. After data acquisition from the control
group, the transition concept was developed and evaluated in an independent
intervention group. The discharge medication plan and the first post-discharge
prescription were compared to identify patients who had at least one medica-
tion change that increased the post-discharge risk of either failure to achieve
the therapeutic goal (category A, first endpoint) or of patient’s lack of treatment
adherence (category B). Gaps in care after discharge were also analyzed.

Results: 200 consecutive patients were enrolled in the trial. In the intention-
to-treat analysis, the percentage of patients with potentially jeopardizing
medication changes in category A declined from 54% (54/100) in the control
group to 15% (15/100) in the intervention group. (p<0.001). For medication
changes in category B, there was a corresponding decline from 53% (53/100)
10 7% (7/100) (p < 0.001). Gaps in care were seen in 28% (28/100) of control
patients and 18% (18/100) of patients in the intervention group (p = 0.031).

Conclusion: The likelihood of a potentially jeopardizing medication change
upon hospital discharge can be markedly reduced with the aid of a modular
transition concept. Gaps in care can be closed in this way as well.
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Imost all patients have their medications changed

during a hospital stay (1). After discharge, further
medication changes may result from necessary adjust-
ments to treatment or new diagnoses. However, there is
also a risk that patients are affected by unintended
medication changes occurring after discharge, poten-
tially leading to adverse drug events and hospital re-
admission (2-4). Sending out discharge summaries
with complete information about the discharge medi-
cations at an early point and advising patients on their
discharge medications are among the key preventive
strategies to optimize the safety of drug therapy at the
interface between hospital and outpatient care (5-9).
However, such measures have not been widely adopted
as yet in Germany.

The aim of this study was to develop and evaluate a
modular transition concept (“Konstanz model*) with
discharge medication plans for the physicians provid-
ing ongoing care as well as the patients plus structured
discharge counseling in a model region of a tertiary
care hospital.

Methods

Definitions

In eBox 1, definitions of the terms “potentially
jeopardizing medication changes”, “first post-discharge
prescription®, “care gap®, and “high-risk medications*
are provided. In eBox 2, examples of potentially jeop-
ardizing medication changes are given.

Study design

We conducted a prospective intervention study. Starting
from November 2013, consecutive patients were in-
cluded in the control group on working days over a
period of 12 weeks. Based on the insights from the con-
trol group, the modules of the transition concept were
then developed over a period of 15 months and imple-
mented on the pilot wards. Subsequently, consecutive
patients were included in the intervention group over a
further 12-week period, using the same procedure as
with the control group. Patients already included in the
control group were not re-recruited for the intervention
group. Researchers who conducted the study had no
influence on the inclusion of patients at a specific point
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in time (control or intervention phase). Control group
patients received the standard medical and nursing care
on hospital admission and discharge. The standard care
included a physician-obtained medication history on
admission and a physician-led discharge discussion as
well as handing out the preliminary discharge summary
and enough medications until the next working day to
the patient, as it is legally required or specified in rel-
evant checklists (10, 11). For intervention group pa-
tients, a transition concept with four modules was used:
® Module 1: a discharge medication plan for the re-
ferring physician providing ongoing care (eFigure)

® Module 2: a patient discharge medication plan

® Module 3: discharge counseling

® Module 4: specific medication information cards

on defined high-risk medications.

The modules and the criteria for their use were de-
fined in advance by an interdisciplinary expert panel
composed of physicians and clinical pharmacists (Fig-
ure 1). Prior to the start of the study, an information
event was held to educate the primary care physicians
in the region about module 1 (discharge medication
plans for referring physicians). The sole purpose of this
event was to provide information to the community-
based practitioners, covering the structure and the mail-
ing of the medication plan; it was not intended to be a
training event or an intervention.

Study setting and study population

Following the positive opinions of the ethics commit-
tees of the University of Leipzig and the State Medical
Chamber of Baden—Wiirttemberg (Stuttgart) (209/13 ff
and 213/107 ff), the study was conducted in 2 medical
departments (46 inpatient beds) in a tertiary care hospi-
tal. The inclusion criteria were met by all patients >18
years and fit to give their informed consent who were
discharged home and had at least one medication on
their discharge medication plan. Patients discharged to
a nursing home, to another department or another hos-
pital, and patients where family members or nursing
services were solely responsible for the provision of
medications after discharge were excluded from this
study. All patients gave their written informed consent
prior to participating in this study.

Primary and secondary outcomes

The primary outcome was the proportion of patients
with at least one potentially jeopardizing category A
medication change (potential threat to the thera-
peutic goal). The secondary outcomes were the pro-
portion of patients with at least one potentially jeop-
ardizing category B medication change (potential
threat to treatment adherence by the patient) and the
proportion of patients with a gap in care after hospi-
tal discharge.

Data collection methods

Medication changes were identified by means of a
structured comparison of the discharge medications
with the first post-discharge prescription. To deter-

mine the first post-discharge prescription, participat-
ing patients received written instructions at the time of
discharge that they should—over a period of 4
weeks—keep copies of all filled prescriptions, medi-
cation lists or medication packages prescribed during
this period. During a structured patient interview at
week 4 after hospital discharge, the clinical pharma-
cist recorded the first post-discharge prescription
based on the collected documents and medication
packages.

To identify any gap in care, the discharge date
documented in the hospital information system was
compared with the date of the filling of the first post-
discharge prescription at a pharmacy. This was deter-
mined using prescriptions copies and information pro-
vided by the patient during the interview. The exact
time spent on discharge counseling in the intervention
group was documented by the clinical pharmacist pro-
viding this service. Sociodemographic data as well as
pre-hospital and inpatient medications were extracted
from the hospital’s patient health records. Diagnoses
and information about the course of the treatment
were obtained from the discharge summary, while in-
formation about the patient’s educational level and
employment status was collected during the inter-
view.

Sample size calculation and statistical analysis

Based on the results of a pilot study, we assumed that in
50% of patients at least one potentially jeopardizing
category A medication change (primary outcome) can
be expected. For the intervention concept, an absolute
risk reduction of at least 20% was regarded as a clini-
cally relevant outcome. Assuming this risk constel-
lation, we arrived at a sample size of at least 93 patients
per group, given an independent control group and
intervention group, using a two-sided chi square test
with a significance level of a = 0.05 and a power of
1 — B =0.80 for the primary outcome.

The results are reported as medians with first and
third quartile (Q25/Q75) or as percentages. If not
stated otherwise, the results of the intention-to-treat
(ITT) analysis are presented. Missing values were fil-
led in based on the assumption of a worst-case scen-
ario. Here, it was assumed for all patients with miss-
ing values in the control group that no medication
changes and care gaps occurred. For intervention
group patients with missing values, it was assumed
that they were affected by medication changes and
care gaps. Risk reductions are reported as absolute
risk reductions (ARR). Differences between the
groups were analyzed using the Mann—Whitney U test
for non-normally distributed data and the chi-square
test for proportional values (nominal, dichotomous
data). A significance level of a =0.05 was assumed.
Backed by multiple statistical tests used for endpoint
evaluation, the interpretation of the result was based
on a Bonferroni-adjusted significance level of
a‘=0.0038. Statistical calculations were performed
using SPSS (Statistical Package for the Social
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| Hospital admission |

{

| Recording the pre-hospital medications using the electronic admission tool in the HIS *' |

!

| Automatic change to products on the hospital’s medication list, using the algorithm acc. to Walk et al. (28) |

!

| Recording of the discharge medications using the electronic discharge tool in the HIS *' |

'

v

Patient is planned to
receive medications
after discharge *2

The discharge medications include at least 5 drugs or
at least 1 medication change compared with the pre-
hospital medications. *?

Oral anticoagulants,
amiodarone or cardiac
glycosides are included
in the dischar%e medi-

cations. *>*3

‘

Module 1:

Discharge medication Module 2:

Patient discharge

plan for physician pro- medication list

viding ongoing care

The medication list
(eFigure) is faxed from
the HIS to the referring

physician (typical!y
family physician). ** In

addition, the list is
inserted into the

discharge summary. medications)

A clinical pharmacist creates a patient discharge medica-
tion list based on module 1. This also includes indications
and methods of administration.

Then a clinical pharmacist provides and explains this

list to the patient during the discharge medication

discussion. Key topics include:

— Changes between pre-hospital medications and
discharge medications (new, changed, stopped

— The need for a timely family physician visit.

]

Module 4:

Module 3: Medication information

Structured discharge
counseling

cards on defined high-
risk medications

The specifically designed
medication information
cards include informa-
tion about application,
indication and the most
common side effects.

Discharge from hospital

Process and modules of the transition concept as well as criteria for their use (gray); several modules (1-4) can be used in a

single patient.

*T'HIS = hospital information system; admission and discharge tools were programmed by the hospital’s IT department in SAP/i.s.h.med.
*2The criteria (gray) for the use of the modules were set prior to the start of the study by an expert panel of clinical pharmacists and

physicians.

*3 Oral anticoagulants = phenprocoumon, dabigatran, rivaroxaban, apixaban; cardiac glycosides = beta-acetyldigoxin, digoxin, digitoxin
** Faxed only to verified provided fax numbers after written authorization by the recipient

Science, Version 20, IBM, USA) and Microsoft Excel
(Microsoft Corporation, Version 2010, USA).

Resuilts

Patient population and medical care structure

Of the altogether 779 patients treated in the partici-
pating departments during the recruitment period of
this study, 269 met the inclusion criteria. Of these, 200
patients consented to participating in the study (ITT
population). During the intervention phase, for 99
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patients a discharge medication plan was sent to the
referring physician providing ongoing care (Module 1
in Figure 1); in one patient, the physician providing
ongoing care was not known. The modules 2 and 3
were used in 92 patients, while module 4 was used in
30 patients. The first post-discharge prescription was
documented in 96 patients of the control group and 98
patients of the intervention group during the interview,
based on copies of prescriptions (control: 37; interven-
tion: 32), medication lists (control: 71; intervention:
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Patient characteristics of the intention-to-treat (ITT) population (continued in the eTable)
T owoigmp | neweniongon | puake |
Patients in total, N (%) 100 100
Median age in years (Q25/Q75) 72 (62/81) 73 (60/80) 0.634
Men, n (%) 50 (50) 46 (46) 0571
School-leaving qualification, n (%)
- Without school-leaving qualification 7(7) 5(5) 0.522
- “Hauptschule* (general secondary school) 40 (40) 44 (44) 0.567
- “Realschule” (intermediate secondary school) 33(33) 33(33) 1.000
- “Gymnasium” (university preparatory high school) 20 (20) 18 (18) 0.718
Vocational qualification, n (%)
- No vocational qualification 15 (15) 11 (11) 0.400
— Vocational training/apprenticeship 72 (72) 73 (73) 0.874
— University studies 13 (13) 16 (16) 0.547
Employment status, n (%)
- Employed 27 (27) 27 (27) 1.000
— Retired 72 (72) 71 (72) 0.876
- Unemployed 1(1) 2(2) 0.561
Duration of hospital stay in days, median 7 (4/13) 7 (4/10) 0.409
(Q25/Q75)
Discharging pilot department, n (%)*
Medical Department | 60 (60) 57 (57) 0.667
Medical Department Il 40 (40) 43 (40) 0.667
Most frequent admission diagnoses
according to DRG Major Diagnostic Categories, n (%)
Diseases and disorders...
...of the circulatory system 23 (23) 22 (22) 0.866
...of the respiratory system 17 (17) 27 (27) 0.088
...of the digestive system 9(9) 11 (12) 0.637
...of the nervous system 9(9) 6 (6) 0.421
...of metabolism 5(5) 10 (10) 0.179
Number of discharge medications of all study patients 737 672
Patients with at least one high-risk medication on 56 (56) 54 (54) 0.776
their discharge medication plan, n (%)

* Specialties within the Medical Department I: gastroenterology, oncology, nephrology; specialties within the Medical Department II: pulmonology, cardiology;

Q, quantile

72) and medication packages (control: 47, intervention:
42). The date of filling the first post-discharge prescrip-
tion could be obtained and documented in 60 patients
of the control group and 67 of the intervention group
(per-protocol population; p = 0.390) (eFigure). No sig-
nificant differences in patient characteristics were
found between the control group and the intervention
group (Table 1, eTable).

Fifty family physicians were responsible for the
control group and 60 for the intervention group,
while 31 were responsible for both the control group
and the intervention group. The same two chief

physicians, the same 5 senior physicians as well as
14 registrars (changing due to rotations required by
the residency program) were responsible for the re-
cruited patients. The median time spent on structured
discharge counseling (module 3) was 7 minutes
per patient in the intervention group (quantile
[Q]25/Q75: 5/7 minutes).

Potentially jeopardizing medication change after hospital
discharge

At least one medication change occurred in 84 of 100
patients of the control group and 43 of 100 patients of
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Proportion of patients with a gap in care after discharge from hospital and median duration of the care gap
(intention-to-treat population)
Patients in total, N 100 100
— Patients with a gap in care, n (%) 28(28) 18 (18) 0.031
— Duration of care gap in days, median (Q25/Q75) 27 1(13) 0.013
Patients with new or—regarding active ingredient—changed 36 29 0.512
high-risk medications among discharge medications, N
— Patients with a gap in care, n (%) 17 (47) 8(26) 0.054
— Duration of care gap in days, median (Q25/Q75) 2 (2/6) 1(1/2) 0.039
Q, quantile
the intervention group (p<0.001). The proportion of Discussion

patients with at least one potentially jeopardizing
category A medication change (primary outcome) was
39 percentage points (Please note: This does not mean a
reduction of 39 percent, but a reduction by 39 percent-
age points. See also the following percentages) lower
than in the control group (control: 54/100 [54%] versus
intervention: 15/100 [15%]; p<0.001). In 9 patients of
the control group (9%), a high-risk medication was af-
fected by a category A medication change (antibiotic
[N =4], cardiac glycoside [N =2], opioid analgesic
[N = 2], oral anticoagulant [N = 1]), but in no patient of
the intervention group (p =0.001). The proportion of
patients with at least one potentially jeopardizing cat-
egory B medication change (secondary outcome) was
reduced by 46 percentage points (control: 53/100
[53%] versus intervention: 7/100 [7%]; p<0.001) (Fig-
ure 2). In 4 patients of the control group (4%), a high-
risk medication was affected by a category B medi-
cation change (antibiotic [N =2], opioid analgesic
[N = 1], oral anticoagulant [N = 1]), but in no patient of
the intervention group (p = 0.058).

Gap in care after hospital discharge

Altogether in 79 of 100 patients of the control group
and 72 of 100 patients of the intervention group, at least
one new medication or medication with changed active
ingredient was recommended compared with the pre-
hospital medications (p = 0.250). The proportion of pa-
tients with a gap in care was by 10 percentage points
lower in the intervention group compared with the con-
trol group (control: 28/100 [28%] versus intervention:
18/100 [18%], p=0.031). The discharge medications
of 36 of the 100 patients of the control group and of 29
of the 100 (29%) patients of the intervention group in-
cluded new high-risk medications or high-risk medi-
cations with a changed active ingredient compared with
the pre-hospital medications (p = 0.512). Among these
patients, the proportion of individuals with a gap in
care was reduced by 21 percentage points (control:
17/36 [47%] versus intervention: 8/29 [26%],
p = 0.054) (Table 2).
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In our study, at least every second patient receiving
standard care had a change in medication which could
have jeopardized the therapeutic goal of drug therapy
after discharge (category A). In addition, almost one
third of the patients in need of a new prescription after
discharge experienced a gap in care. The modular tran-
sition concept proofed to be an effective preventive
strategy, as it reduced the proportion of patients with
potentially jeopardizing medication changes by 39 per-
centage points and that of patients with care gaps by
10 percentage points.

The success of the modular transition concept may
be explained by the following factors: First, when the
model project was developed, priority was given to
strengthening the cross-sectoral ~communication
between the hospital and the community-based refer-
ring physicians. Thus, a long-standing request of the
primary-care physician community to receive a dis-
charge medication plan at an early point in time, which
has already been described in numerous studies, was
addressed with this model (8, 12). Second, our study
builds on the insights derived from earlier projects
which revealed that medication lists and patient in-
formation sessions helped to prevent adverse drug
events (5-7). By integrating these two strategies in our
modular transition concept, we achieved that especially
category A medication changes, which have the poten-
tial to jeopardize the therapeutic goal, occurred less fre-
quently. Furthermore, as the result of the intervention,
no more medication changes involving high-risk medi-
cations associated with a significant threat to patient
safety were observed (13, 14). In addition, components
of medication reconciliation, which has already been
successfully implemented in other countries, were
included in our model (15-17). For example, full data
on both pre-hospital and the discharge medications
were entered in a structured way into the hospital
information system, using dedicated hospital admission
and discharge software tools. The discharge medi-
cations were selected based on the pre-hospital medi-
cations. By taking this approach, it was ensured that in
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At least one medication change

At least one medication change
in the following categories:

A
Medication changes potentially jeopardizing the
therapeutic goal

Al
Non-continuation of a medication

recommended in the discharge summary 10%
2 e
Prescription of a medication against a clear :l *
recommendation in the discharge summary \_|
3%

A3
Change in active ingredient, potency and/or

method of administration against a clear 9% —|
recommendation in the discharge summary
. . . . P B
Medication changes potentially jeopardizing the 7%

patient’s treatment adherence

B1

First post-discharge prescription contains a
medication not listed in the discharge summary,
but with a reasonable indication

B2
Change to a pharmaceutically
equivalent medication

\2%

% —

Y 7 S

.
— I

43% —— :l*

[ Control group (n = 100)
Intervention group (n = 100)

e

e

0 10 20 30

T T T T T T
40 50 60 70 80 90

Proportion of patients (%)

1
100

Proportion of patients of the intention-to-treat population with at least one medication change in the categories A or B, or the subcategories A1, A2, A3, B1, and B2;

*p < 0.001 (statistically significant)

the case of medicines with a therapeutically equivalent
effect, e.g. statins, the medications prescribed prior to
the hospital stay were included in the discharge
medication plan, instead of the drugs listed in the hos-
pital. This process optimization helped to achieve that
medication changes potentially leading to reduced
treatment adherence (category B) only affected 7% of
the patients in the intervention group. Even though
these medication changes could primarily be consider-
ed acceptable from a therapeutic perspective, they may
lead to medication-related problems after discharge, es-
pecially when there is a lack of patient information or
little health-related knowledge (18, 19).

In addition, the implemented transition concept
reduced the proportions of patients with a gap in care
after discharge by 10 percentage points. In case high-
risk medications were among the discharge medi-
cations, a reduction by 21 percentage points was

observed. Despite improvements achieved with our
concept, 18% of patients in the intervention group still
experienced a gap in care, even though the need to im-
mediately see their primary care physicians had clearly
been pointed out to them during discharge counseling.
This shows that many patients after having been
discharged from hospital do not visit their referring
physician in a timely manner. Other approaches are
required to ensure the continuity of care with regard to
drug therapy after hospital discharge. Here, the German
E-Health Act and the introduction of a discharge pre-
scription represent important steps towards a nation-
wide implementation (20, 21).

We developed our transition concept with the sole
aim to prevent potentially jeopardizing medication
changes. As evidenced by previous studies, such medi-
cation changes can serve as important indicators for the
quality of care at interfaces, as they are directly related
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to both adverse drug events and hospital readmissions
(14, 22). It was not within the scope of this study to
evaluate any necessary and planned medication
changes after discharge.

This modular transition concept is notable in that
each of the modules can be tailored to the needs of indi-
vidual patients, using criteria defined by an expert
panel. Thus, these modules are of particular clinical
relevance to patient safety (14, 23). Consequently, the
“Konstanz model“ does not only significantly reduce
the risk of potentially jeopardizing medication changes
and care gaps, but represents an efficient solution
which can be applied to other hospitals and regions as
well.

Furthermore, future studies should include close
multi-professional management of patients after dis-
charge to ensure that a long-term effect is achieved. For
example, a recent study showed that patients with
coronary heart disease who after discharge from hos-
pital underwent an intensive multi-professional reha-
bilitation program had a lower mortality rate compared
with patients who did not participate in such a program
(24). Lastly, new insights into drug therapy safety
should increasingly be taken into consideration when
medications are prescribed at care interfaces and
solutions should be devolved based on cross-sectoral
approaches (25).

Limitations

This study was not a randomized controlled trial. More-
over, there was a 15-month interval between the control
phase and the intervention phase during which the in-
tervention strategies were developed and implemented.
Despite similar patient and medical care structures and
the fact that, in the opinion of the study-supporting
expert panel, organizational changes during the two
phases of the study could largely be excluded, it cannot
be ruled out that during this interval other changes had
an impact on the outcome. This monocentric study was
performed in two internal medicine departments of a
tertiary care hospital. Thus, it needs to be established
whether the study results can be applied to other depart-
ments. The first post-discharge prescription was deter-
mined based on patient-collected copies of prescrip-
tions, medication lists and medication packages, as well
as information obtained during the interview at week 4
after discharge from hospital. Consequently, there is a
potential for recall bias which needs to be taken into
account in the interpretation of the results. However,
with no change in methodology, its potential impact on
the control group and the intervention group can be
expected to be similar.

Finally, the definitions of medication changes and
care gaps used in this study vary to some extent from
those used in other studies (14, 26, 27), potentially
limiting comparability. The categorization of medi-
cation changes is based on an expert decision. Neces-
sary, planned medication changes, adverse drug events
and factors potentially influencing treatment outcome
were not investigated in this study.
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® More than half of all patients were affected by potential-
ly jeopardizing medication changes which may put the
therapeutic goal of a pharmacotherapy after discharge
from hospital at risk.

® Gaps in care occurred in almost one third of patients
who required either new or different medications com-
pared with the pre-hospital list.

® The modules of the “Konstanz model* comprised of a
discharge medication plan sent early to the referring
physician, a patient discharge medication plan, a
structured discharge medication discussion, as well as
medication information cards on high-risk medications.

@ With this modular transition concept, the proportion of
patients affected by potentially jeopardizing medication
changes was reduced by 39 percentage points (absolu-
te risk reduction).

® After implementation of the modular transition concept,
18% of patients were affected by gaps in care.
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eBOX 1

Definitions of (ﬁpten'_[iallyjerar_dizing) medication changes,
care gaps and high-risk medications

® Medication change and first post-discharge prescription
Medication changes were determined between the discharge medications and the first medications prescribed by a
community-based physician (first post-discharge prescription). A medication change was defined as any
— discontinued,
- newly prescribed, or
— with regard to active ingredient, potency or method of administration—changed medication.
Over-the-counter medications and nutritional supplements were not included in the analysis.

® Potentially jeopardizing medication changes

Medication changes which fell under the pre-defined categories A or B were considered as potentially jeopardizing. These
were defined by an expert panel consisting of three clinicians (professional experience: 11 to 22 years) and four clinical
pharmacists (professional experience: 5 to 35 years) as follows:

Category A: Medication changes potentially jeopardizing the therapeutic goal
These include medication changes in the subcategories A1-A3 :
Al Non-continuation of a medication which is recommended in the discharge summary and indicated for the documented
diagnosis
A2 Prescription of a medication despite a clear recommendation in the discharge summary against it
A3 Change in active ingredient, potency and/or method of administration despite a clear recommendation in the discharge
summary against it

Category B: Medication changes potentially jeopardizing the patient’s treatment adherence
These include medication changes in the subcategories B1 and B2:
B1 First post-discharge prescription contains a medication not listed in the discharge summary, but which is reasonably
indicated for the documented diagnosis
B2 Change to a pharmaceutically equivalent medication “with pharmacologically comparable active ingredients or thera-
peutically comparable effect” (section 115¢ sentence 1, German Social Insurance Code (SGB) V), for example change
from atorvastatin to pravastatin or from losartan to valsartan
Examples of medication changes are listed in eBox 2.

® Gapin care

Agap in care was deemed to have occurred if the administration of at least one medicine of the discharge medication plan
which would have been indicated based on the patient's diagnoses was not continued after the hospital stay so that a
pharmacotherapy gap arose. It could not be excluded that patients had medicines of the discharge medication plan, which they
already received before their hospital stay, available at home. Therefore, only those patients were analyzed for care gaps
whose discharge medication plans included at least one new medication or medication with changed active ingredient so that a
new prescription of this medication was definitely required.

® High-risk medications

According to Saedder et al. (13), the following active substances and active substance groups with a particularly high potential
for adverse drug events were defined as high-risk medications: methotrexate, theophylline, oral potassium, amiodarone, cardi-
ac glycosides, oral and transdermal opioid analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs), oral anticoagulants and
oral anti-infectives.
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eBOX 2

Examples of and notes to medication changes in the categories A and B between discharge
medications and the first post-discharge prescription (gray)*

A Medication changes potentially jeopardizing the therapeutic goal

Al Non-continuation of a medication which is recommended in the discharge summary and indicated for the patient’s diagnosis
Pre-hospital: -
Inpatient: Cefpodoxime (200 mg) 1-0-1 (started at day of discharge)
Discharge summary: Cefpodoxime (200 mg) 1-0-1 for additional 5 days
(Diagnosis in the discharge summary: acute urinary tract infection)
Post-discharge prescription: —
Note: The antibiotic treatment started at the day of discharge is not continued even though it is still required, potentially jeopardizing the
therapeutic goal (resolution of the urinary tract infection).

A2 Prescription of a medication against a clear recommendation in the discharge summary

Pre-hospital: Candesartan (16 mg) 1-0-0

Inpatient: Candesartan (16 mg) 1-0-0 + HCT (25 mg) 1-0-0

Discharge summary: Candesartan (16 mg) 1-0-0 + HCT (25 mg) 1-0-0
(Notes in the discharge summary: “Due to a marked deterioration in heart failure, we intensified the pharmacotherapy.
Please continue treatment in this intensity.”)

Post-discharge prescription: Candesartan (16 mg) 1-0-0

Note: The recommended intended intensification of treatment is not continued after discharge from hospital, potentially jeopardizing the

therapeutic goal (intensification of heart failure treatment).

A3 Change in active ingredient, potency and/or method of administration against a clear recommendation in the discharge summary
Pre-hospital: -
Inpatient: Xarelto (15 mg) 1-0-1 (start one day before discharge)
Discharge summary: Xarelto (15 mg) 1-0-1 for 3 weeks, then 20 mg 1-0-0
(Diagnosis in the discharge summary: pulmonary embolism)
Post-discharge prescription: Xarelto (20 mg) 1-0-0
Note: The anticoagulation treatment is not continued using the dosage recommended for pulmonary embolism. Instead of continuing the treatment with
15 mg 1-0-1, immediately 20 mg 1-0-0 is prescribed for further treatment. This may jeopardize the therapeutic goal (treatment of pulmonary embolism).

B Medication changes potentially jeopardizing the patient’s treatment adherence

B1 First post-discharge prescription contains a medication not listed in the discharge summary, but which is clearly indicated for a
documented diagnosis
Pre-hospital: Berodual inhaler 2 puffs, as required
Inpatient: Inhalation of Atrovent and salbutamol three times daily, according to regimen followed in the hospital
Discharge summary: — (Information about previous illnesses in the discharge summary: Chronic obstructive pulmonary disease [COPD])
Post-discharge prescription: Berodual inhaler 2 puffs, as required
Note: Treatment with the Berodual inhaler, which was used as a rescue medication before the hospital stay, is not required during the inpatient
stay because during this time the patient receives temporary inhalation treatment with Atrovent and salbutamol. On compilation of the discharge
medication plan, it is forgotten to include Berodual again which is indicated for the treatment of COPD. The referring doctor starts the patient
again on Berodual which is indicated. The incomplete information in the discharge summary can jeopardize the patient's treatment adherence
because it is not clear for the patient whether or not Berodual was discontinued with intention.

B2 Change to a pharmaceutically equivalent medication “with pharmacologically comparable active ingredients or therapeutically
comparable effect” (section 115¢ sentence 1, German Social Insurance Code (SGB) V [11])
Pre-hospital: Atorvastatin (10 mg) 0-0-1
Inpatient: Simvastatin (20 mg) 0-0-1
Discharge summary: Simvastatin (20 mg) 0-0-1
Post-discharge prescription: Atorvastatin (10 mg) 0-0-1
Note: During the inpatient stay, the patient is switched to a statin which is included in the hospital's medication list (simvastatin). On compilation
of the discharge medications, the hospital-listed statin is included and it is missed to switch the patient back to the initially taken statin (atorva-
statin). After discharge, the patient's family doctor prescribes again atorvastatin which the patient originally has taken. Because it is missed to
switch the patient back to the originally taken statin at the time the discharge medication plan is compiled, the patient's treatment adherence can
be jeopardized, since it is not clear to the patient that simvastatin, which is recommended in the discharge summary, is a pharmaceutically
equivalent medication to the originally taken atorvastatin.
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Data sources: pre-hospital medication: electronic admission entry in the hospital information system; inpatient medication: last documented medication in handwritten patient chart; discharge medication: discharge summary; first post-discharge prescription:

medication prescribed immediately after discharge by the referring physician (based on copies of prescriptions, medication packages, medication lists, and patients interviews
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| Screened patients (N = 779) |

Excluded (n = 579):
— Inclusion criteria not met (n = 510)
— Not fit to give consent (n = 148) *'
- Discharged to a nursing home/medication provided
by nursing services/family members (n = 147)
- Transfer (n = 117)
— No discharge medications (n = 98)
— Refused to participate (n = 69)

Participating patients
(intention-to-treat population)

(n = 200)

Control group (n = 100)

| | Intervention group (n = 100)

!

'

Patients who would have met the criteria for the
use of the modules: *

— Module 1 (n = 100)

- Module 2 (n = 99)

— Module 3 (n = 99)

- Module 4 (n = 22)

Intervention received:
- Module 1 (n = 99)
- referring physician not known (n = 1)
- Module 2 (n = 92)
— Module 3 (n = 92)
— Module 4 (n = 30)

Drop out (n = 4)
— Deceased (n = 2) <
- Unable to contact (n = 2)

Drop out (n = 2)
— Deceased (n = 2)

Post-discharge prescription documented (n = 96)
— Copies of prescriptions (n = 37)

— Medications list (n = 71)

— Medication packages (n = 47)

Post-discharge prescription documented (n = 98)
— Copies of prescriptions (n = 32)

— Medications list (n = 72)

— Medication packages (n = 42)

- No new medication or medication
with changed active ingredient
compared with the pre-hospital <
medications (n = 20)

— Date of first post-discharge
prescription not known (n = 16)

- No new medication or medication
with changed active ingredient
compared with the pre-hospital
medications (n = 27)

— Date of first post-discharge
prescription not known (n = 4)

Analyzed with regard to gap in care (n = 60)
(per-protocol population)

Analyzed with regard to gap in care (n = 67)
(per-protocol population)

CONSORT flow chart

*"The group of patients not fit to give their informed consent also includes patients with diagnosed dementia.
*2The number of patients who would theoretically have met the criteria for the use of modules 1 to 4 (see Figure 1) is provided here.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2016; 113: 749-56 | Supplementary material



MEDICINE

eTABLE

Patient characteristics - continued (intention-to-treat population)
—
Patients in total, N (%)
Most common active ingredients in the
discharge medication, n (%)
- Pantoprazole 49 (49%) 44 (44%)
— Calcium/Vitamin D 37 (37%) 28 (28%)
- Simvastatin 28 (28%) 15 (15%)
— Aspirin 100 mg 27 (27%) 26 (26%)
- Metoprolol 25 (25%) 15 (15%)
- Bisoprolol 25 (25%) 18 (18%)
- Furosemide 22 (22%) 9 (9%)
- Torasemide 21 (21%) 24 (24%)
- Insulins 18 (18%) 19 (19%)
— Amlodipine 18 (18%) 18 (18%)
Patients for whom modules would have
been used (control group) or were used
(intervention group), n (%)
— Module 1 100 (100%) 99 (99%) 0.316
— Module 2 99 (99%) 92 (92%) 0.017
— Module 3 99 (99%) 92 (92%) 0.017
— Module 4 22 (22%) 30 (30%) 0.197
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