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ARTICLE INFO ABSTRACT
Keywords: Introduction: Transitional care programs (i.e. interventions delivered both in hospital and in primary care), could
Adverse drug events increase continuity and consequently quality of care. However, limited studies on the effect of these programs on

Hospital discharge

Adverse Drug Events (ADEs) post-discharge are available. Therefore, the aim of this study was to investigate the
Medication reconciliation

effect of a transitional pharmaceutical care program on the occurrence of ADEs 4 weeks post-discharge.
Methods: A multicentre prospective before-after study was performed in a general teaching hospital, a university
hospital and 49 community pharmacies. The transitional pharmaceutical care program consisted of: teach-back
to the patient at discharge, a pharmaceutical discharge letter, a home visit by a community pharmacist and a
clinical medication review by both the community and the clinical pharmacist, on top of usual care. Usual care
consisted of medication reconciliation at admission and discharge by pharmacy teams. The primary outcome was
the proportion of patients who reported at least 1 ADE 4 weeks post-discharge. Multivariable logistic regression
was used to adjust for potential confounders.

Resuits: In total, 369 patients were included (control: n = 195, intervention: n = 174). The proportion of patients
with at least 1 ADE did not statistically significant differ between the intervention and control group (general
teaching hospital: 59% vs. 67%, ORagj 0.70 [95% CI 0.38-1.311], university hospital: 63% vs 50%, OR ,4; 1.76
[95% CI 0.75-4.13]).

Conclusion: The transitional pharmaceutical care program did not decrease the proportion of patients with ADEs
after discharge. ADEs after discharge were common and more than 50% of patients reported at least 1 ADE. A
process evaluation is needed to gain insight into how a transitional pharmaceutical care program could diminish

those ADEs.
Introduction and 69% of these are deemed preventable.® Several circumstances may
contribute to the occurrence of ADEs after discharge. Firstly, changes in
Between 17 and 51% of patients experience Adverse Drug Events medication regimens made during hospital stay are not always clear to
(ADEs) within 30 days after hospital discharge." ADEs are any injuries the patient.”” Whereas during hospital stay patients have little control
resulting from medication use, including physical harm, mental harm or over their medication management, after discharge patients regain full
loss of function.” ADEs are responsible for 21% of hospital readmissions responsibility. Secondly, primary healthcare providers are not always

* Corresponding author.

E-mail addresses: e.uitvlugt@olvg.nl (E.B. Uitvlugt), s.en-nasery@amsterdamumec.nl (S.E.-n.-d. Heer), b.vandenbemt@maartenskliniek.nl (B.J.F. van den Bemt),
pm.bet@amsterdamumec.nl (P.M. Bet), f.sombogaard@amsterdamumec.nl (F. Sombogaard), jg.hugtenburg@amsterdamumec.nl (J.G. Hugtenburg), m.l.a.van.den.
bemt@umcg.nl (P.M.L.A. van den Bemt), f.karapinar@olvg.nl (F. Karapinar-Carkit).

1 both authors contributed equally to this study.

https://doi.org/10.1016/j.sapharm.2021.05.009

Received 11 September 2020; Received in revised form 13 May 2021; Accepted 16 May 2021
Available online 21 May 2021

1551-7411/© 2021 Published by Elsevier Inc.


mailto:e.uitvlugt@olvg.nl
mailto:s.en-nasery@amsterdamumc.nl
mailto:b.vandenbemt@maartenskliniek.nl
mailto:pm.bet@amsterdamumc.nl
mailto:f.sombogaard@amsterdamumc.nl
mailto:jg.hugtenburg@amsterdamumc.nl
mailto:m.l.a.van.den.bemt@umcg.nl
mailto:m.l.a.van.den.bemt@umcg.nl
mailto:f.karapinar@olvg.nl
www.sciencedirect.com/science/journal/15517411
https://www.elsevier.com/locate/rsap
https://doi.org/10.1016/j.sapharm.2021.05.009
https://doi.org/10.1016/j.sapharm.2021.05.009
https://doi.org/10.1016/j.sapharm.2021.05.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sapharm.2021.05.009&domain=pdf

E.B. Uitvlugt et al.

informed on patient’s hospitalization and the medication changes that
have been made.® This could result in discontinuity of care and diffi-
culties with monitoring the patient’s actual medication regimen. Finally,
because the length of stay in hospitals is decreasing, ADEs often reveal
after discharge hampering recognition and adequate ADE management.”
The period immediately after discharge could be a stressful period for
patients as they have to recover mentally and physically from the hos-
pital admission, which may increase the risk of ADEs.>°

In order to improve medication safety at transitions of care, several
interventions to support continuity of care have been developed and
implemented.'® Those interventions, including medication reconcilia-
tion, clinical medication review (CMR), patient education and coun-
seling at discharge, are often implemented in just 1 setting, either in
primary care or in-hospital. Studies on their effects report moderate and
conflicting results.'''* However, transitional pharmaceutical care
programs delivered both in the hospital and primary care setting, show
promising effects.'® The recent systematic review of Daliri et al. shows
that transitional care interventions reduce overall hospital readmission
rates within 30 days of hospital discharge.'® This reduction is probably
due to a reduction in ADEs, as medication-related interventions will
especially affect ADEs. However, studies exploring the effect of multi-
component pharmaceutical transitional care programs on ADEs
post-discharge are rare.'”"'° Therefore, the primary aim of this study
was to investigate the effect of a transitional pharmaceutical care pro-
gram on the occurrence of ADEs 4 weeks post-discharge in patients with
polypharmacy compared to usual care. Secondary aims were to inves-
tigate the effect of the intervention on the Health related Quality of Life,
medication satisfaction and the proportion of patients with 1 or more
unplanned readmission(s) or emergency room visit(s), 4 weeks after
discharge.

Method
Study design and setting

A multicentre prospective before-after study was performed in the
Amsterdam area of the Netherlands and was called the MARCH-study.
The departments of internal medicine and cardiology of a general
teaching hospital (OLVG) and the departments of internal medicine,
cardiology and surgery of a university hospital (Amsterdam UMC,
location VUmc) collaborated with 49 community pharmacies. These
departments were selected to focus on the most common causes of
medication-related hospital (re)admissions, including falls, syncope and
hypoglycaemia.?’ The control period was from September 2018-April
2019, the implementation of the program took place in May 2019,
whereas the intervention patients were included from June-December
20109.

Study population

Consecutive patients counselled for medication reconciliation at
discharge were eligible for inclusion. Inclusion criteria were: use of at
least 5 chronic medicines at discharge, at least 1 change in chronic
medication during hospitalization and informed consent. These criteria
were chosen because studies showed that a higher number of medication
and medication changes were risk factors for ADEs after discharge.”!
Exclusion criteria were: length of stay shorter than 24 h, discharge to a
nursing a home, life expectancy shorter than 6 months, not willing or
unable to participate due to physical/mental constraints or language
barrier and having a community pharmacy that was not participating in
the study.

Usual care

See appendix 1 for the description of the usual care in the hospital
and community pharmacy. In brief, medication reconciliation was
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performed at admission and discharge by pharmacy teams. Medication
surveillance during hospital admission took place based on computer-
ized surveillance alerts (e.g. interactions, duplication, dose) and were
assessed daily by clinical pharmacists. Community pharmacies received
a medication overview and did not perform home visits on a regular
basis. Discharge letters, composed by the hospital doctors, were used to
inform the general practitioner about the admission and generally
contain a medication list. Previous studies of our research group have
shown that discharge letters frequently arrive relatively late and are
often incomplete regarding medication related information.>?

Intervention

In addition to usual care, a transitional pharmaceutical care program
was implemented, consisting of 4 components. See appendix 1 for a
comprehensive description of the program components performed by
the hospitals and community.

The intervention included:

1) Teach-back at discharge'’

Teach-back communication was added to the patient reconciliation
at discharge. Patients were asked to restate the medication related in-
formation on medication changes that had been presented to them, to
check their understanding. If teach-back was unsuccessful, this was
communicated to the community pharmacist (see 2).

2) Pharmaceutical discharge letter composed by clinical pharmacist

Within 1 working day after discharge, a pharmaceutical discharge
letter was sent by mail to the community pharmacist. This letter con-
tained: date, department and reason of hospitalization, medication list,
reason for medication changes, indications of medication, relevant
laboratory results, management of drug-drug interactions, side effects,
practical and teach-back problems.

3) Post-discharge home visit by community pharmacist

Within 5 working days after discharge a home-visit was performed
by the patient’s community pharmacist, to discuss medication use. A
home-visit was performed as previous studies have shown several ben-
efits.'>”® During a home-visit, medication related problems can be
identified in the patient’s own surrounding, so all medicines are avail-
able and user problems (e.g. expired medication, problems with opening
medication) or inappropriate storage conditions can be identified. Un-
necessary medication can be discarded. In addition, a home visit may be
beneficial due to the personal touch of face-to-face contact.

The home visit was based on a protocol from a previous study'’
consisting of 3 parts: 1. Inventory of discussion items of the patient, 2.
Current medication use (indication, identity, dosage, time of adminis-
tration, knowledge of medication changes), 3. patients’ experience,
concerns and beliefs regarding medication. Findings from the home visit
were used as input for the transitional CMR (see 4).

4) CMR performed by both the community pharmacist and clinical
pharmacist

A transitional CMR was performed within 10 working days after
discharge, using teleconference. These teleconferences were coordi-
nated by the study pharmacists (EU, SE). During this meeting, medica-
tion related problems (MRPs) identified during the home visit were
discussed. MRPs were defined as “an event or circumstance involving
medication treatment that actually or potentially interferes with the
patient experiencing an optimum outcome of medical care”.*!

In case of MRPs that could be solved by physicians in the hospital, the
clinical pharmacist contacted the responsible physician to discuss the
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recommendation. In case of MRPs that could be solved by the general
practitioner, the community pharmacist contacted the general practi-
tioner to discuss the recommendation. The outcomes of the discussions
with the physician in the hospital or the general practitioner were
shared with the study pharmacists by means of email or telephone.
Recommendations were then categorized (e.g. recommendation
accepted, not accepted or unknown).

Training

To prepare participating pharmacists for the program, a training was
developed. Ten medication-related readmission cases from a previous
studies were selected for their educational value using the Delphi
method.?® These cases were used as material to train pharmacists to
timely recognize and identify ADEs that occur after hospital discharge.
In total 97 community pharmacists were trained by the
pharmacist-researchers (EU, SE, FK, JH), and 49 community pharma-
cists participated in the study. Additionally, information and in-
structions on the performance of the study were presented, including
how to properly and consistently register the home visit outcomes. In
total 3 clinical pharmacists (EU, PB, FS) participated in the study and got
the same training.

Data collection and main outcomes

Patient and hospital admission characteristics were extracted from
the medical records in the hospital information system (Epic, Verona,
Wisconsin, United States) and stored in a cloud-based data platform
(Castor Electronic Data Capture, Amsterdam, the Netherlands).

The characteristic ‘one or more hospitalizations <6 months before
index admission’ was collected to compare the control and intervention
group, as previous hospitalisations are linked to a higher risk for read-
missions.? Comorbidities were used to calculate the updated Charlson
comorbidity score.”® Level of education (primary, secondary or higher)
and country of birth were collected by a telephone or online question-
naire within 1 week after discharge.

Primary outcome was the proportion of patients who reported at
least 1 ADE 4 weeks post-discharge. A period of 4 weeks was chosen to
have enough time to resolve medication related problems and is based
on previous studies.'” A questionnaire, see appendix 2, based on the
face- and content validated questionnaire developed by Willeboordse
et al.”” was used to determine the type and occurrence of ADEs (part a)
and practical problems (part b). The patient was asked whether he or she
suffers from 1 or more complaints of a predetermined list of adverse
events (AEs), using a 4-point scale ranging from 0 (no complaints) to 3
(severe complaints). A score higher than 0 was considered as having a
complaint and in that case, the patient was asked whether he or she
thought it was caused by medication (ADEs). Patients could choose to
receive a telephone or online questionnaire. The telephone question-
naire was conducted by 2 blinded medical students, supervised by EU
and SE.

Secondary outcomes were: the number of ADEs, AEs and practical
problems with medication use per patient within 4 weeks. In addition,
Health related Quality of Life (EQ-SD-SL),28 medication satisfaction and
the proportion of patients with 1 or more unplanned readmission(s) or
emergency room visit(s), 4 weeks after discharge, were determined.
Index values (range —0.329 to 1) were calculated for EQ-5D-5L, with a
higher score reflecting a better health state.’’ Patient’s medication
satisfaction was measured by the Medication Satisfaction Questionnaire
(MSQ) (7-point scale rated as follows: 1 = extremely dissatisfied, 2 =
very dissatisfied, 3 = somewhat dissatisfied, 4 = neither satisfied nor
dissatisfied, 5 = somewhat satisfied, 6 = very satisfied, 7 = extremely
satisfied).*?

Finally, the number of MRPs identified by the community and clin-
ical pharmacist as well as the percentage of accepted interventions was
measured. MRPs were classified according to the DOCUMENT system (e.
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g. medication errors and compliance issues).?* Two main categories
were added: overtreatment and presence of superfluous medication.
MRPs were categorized into pharmacotherapy-related and
patient-related MRPs (see appendix 3).

Protocol fidelity was assessed for the 4 components of the transi-
tional pharmaceutical care program. For teach-back the date was
registered on the inclusion form after the interview for medication
reconciliation. For the pharmaceutical discharge letter the date of
sending was registered. For the home visit and transitional CMR the date
of performing was registered. The number of components performed per
patient were scored. If all 4 components were performed, the full tran-
sitional pharmaceutical care program was performed.

Statistical analysis

Based on results from a comparable study,'® a sample size of at least
195 patients per group was calculated to show a decrease from 30% to
18% of the patients reporting at least 1 ADE (2-sided chi-square test with
alpha of 0.05 and power of 80%).

Given the differences between the 2 hospitals as described in ap-
pendix 1, no overall analysis was possible and stratification per hospital
was applied.

Statistical analysis was performed in IBM SPSS version 22.0 (IBM
Corporation, Armonk, New York, U.S.). Categorical variables were re-
ported as percentages. Normally and non-normally distributed contin-
uous variables are reported as mean with the standard deviation (SD)
and median with the interquartile range (IQR) respectively. Univariable
and multivariable logistic regression analysis were performed to
compare the proportion of patients with 1 or more ADEs between the
control and intervention group, and to compare the proportion of pa-
tients with 1 or more unplanned readmission or emergency room visit.
Parameters showing a significant association (p < 0.10) in the uni-
variable analysis were added to the multivariable analysis. Data were
analysed according to intention-to-treat (ITT) analysis. The primary
outcome was also analysed in all patients, who received all the 4 com-
ponents from the transitional pharmaceutical care program, in the per
protocol analysis. Unadjusted and adjusted odds ratios (OR) and 95%
confidence intervals (CI) were reported. A Mann-Whitney test was used
to compare number of ADEs, AEs, practical problems, quality of life and
medication satisfaction between the control and intervention group.

Results
Patient characteristics

Of 835 patients screened for inclusion 369 patients were included in
the study (195 in the control group, 174 in the intervention group)
(Fig. 1). Of the 466 excluded patients, 229 (49%) did not give informed
consent whereas 237 (51%) reported other reasons (e.g. patient was
already discharged, participation in conflicting study).

Due to loss to follow up, complete data for the primary outcome
ADEs were available for 277 patients (75%). No statistically significant
differences were found between the baseline characteristics of patients
with complete data (n 277) and patients with missing primary
outcome (n = 92), based on gender (male 56% vs. 57%, p = 0.925), age
(70.5 vs. 70.5 years, p = 0.976), number of medications (11.5 vs. 11.5, p
= 0.92) and CCI score (1.64 vs. 1.59, p = 0. 795).

The baseline characteristics of both groups were similar, see Table 1.
However, for teaching hospital patients, the control patients were more
often admitted at the internal medicine ward (55% vs. 42%. P = 0.042).

Protocol fidelity

In the general teaching hospital 71 patients (66%) received the full
transitional pharmaceutical care program and in the university hospital
49 patients (72%) (Table 2). In total 49 community pharmacies
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Control

Intervention

Eligible n=446

Eligible n=389

Excluded n=251
No informed consent n=103
Logistical reasons (e.g. patient was
already discharged, patient was not
available for the intervention (e.g.
holiday), participation in conflicting
study) n=148

Excluded n=215
No informed consent n=126
Logistical reasons (e.g. patient was
already discharged, patient was not
available for the intervention (e.g.
holiday), participation in conflicting
study) n=89

Included n= 195

Included n= 174

Included for analysis

Missing data n=46

Unreachable n=12

Complete data primary outcome n=149
Discontinued participation n=15

Unable to participate due to health

Included for analysis

Complete data primary outcome n=128

Missing data n=46

Discontinued participation n=17
Unreachable n=20

Unable to participate due to health

issues n=7 issues n=2
Readmitted n=6 Readmitted n=5
Died n=6 Died n=2
Fig. 1. Study flow.
Table 1
Baseline characteristics.
General Teaching Hospital University Hospital
Control Intervention p-value Control Intervention p-value
N = 146 N =106 N=49 N=68
Age, mean + SD 71.3 (13.6) 72.0 (12.2) 0.67 65.4 (14.6) 69.9 (12.3) 0.08
Gender, male, n (%) 70 (48) 63 (59) 0.07 32 (65) 42 (62) 0.70
CCI score, median (IQR) 2(1-3) 1 (0-2.25) 0.25 1 (0-2.5) 1 (0-2) 0.83
Country of birth, n (%)* 0.62 0.76
Netherlands 77 (53) 58 (55) 32 (65) 48 (71)
Other 49 (349 32 (30) 10 (20) 13 (19)
Living Situation, n (%)" 0.83 0.18
Alone 62 (42) 46 (43) 20 (41) 21 (31)
Together 63 (43) 44 (42) 22 (45) 40 (59)
Education, n (%) 0.93 0.78
Primary 56 (38) 45 (42) 11 (22) 19 (28)
Secondary 56 (38) 29 (27) 16 (33) 20 (29)
Higher 13 (9) 14 (13) 15(31) 22 (32)
Department, n (%) 0.04 0.54
Cardiology 65 (45) 61 (58) 27 (55) 35(51)
Internal Medicine 81 (55) 45 (42) 17 (35) 23 (34
Surgery - - 5(10) 10 (15)
Unplanned admission, n (%) 142 (97) 106 (100) 0.99 34 (69) 49 (72) 0.75
Length of hospitalization, mean + SD 7.2 (6.8) 7.3(8.2) 0.91 9.0 (6.0) 10.0 (7.9) 0.46
Hospitalization < 6 months before index admission, n (%)° 39 (27) 32 (30) 0.44 11 (22) 21 (31) 0.35
missing 20 (14) 17 (16) 7 (14) 8(12)
Multi-dose drug dispensing system, n (%) 55 (38) 40 (38) 0.99 7 (14) 11 (16) 0.78
Help with medication use, n (%)° 88 (60) 57 (54) 0.37 12 (24) 15 (22) 0.69
EQ5D-5L, Index value, <1 week after discharge, median (IQR) f 0.7 (0.4-0.8) 0.6 (0.3-0.8) 0.52 0.7 (0.6-0.8) 0.7 (0.5-0.8) 0.77
MSQ <1 week after discharge, median (IQR)' 334 3(3-4) 0.76 3(3-3) 324 0.54
Number of medicines at discharge, mean + SD 12.4 (4.4) 11.6 (4.4) 0.39 10.5 (4.7) 9.6 (3.1) 0.23
Number of medication changes, mean + SD 4.4 (2.4) 4.1 (2.4) 0.30 5.4 (4.7) 5.0 (3.5) 0.60
Medication changes
New, n (%) 113 (77) 78 (74) 0.49 41 (84) 58 (85) 0.81
Stop, n (%) 92 (63) 60 (57) 0.43 24 (49) 39 (57) 0.59
Dosage change, n (%) 79 (54) 55 (52) 0.73 24 (49) 34 (50) 0.91
Switch, n (%) 35(24) 30 (28) 0.44 14 (29) 26 (38) 0.28

IQR: Interquartile range.

@ 27 missing values in control group and 23 missing values in intervention group.
b 28 missing values in control group and 23 missing values in intervention group.
¢ Primary education: elementary or primary school. Secondary education: pre-vocational, senior general or pre-university. Higher education: higher professional or

university.

4 28 missing values in control group and 25 missing values in intervention group.
¢ 27 missing values in control group and 25 missing values in intervention group.
f 35 missing values in control group and 29 missing values in intervention group.
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Table 2
Protocol fidelity.

General Teaching Hospital University Hospital

Component Patients, Working Patients, Working
n (%) days after n (%) days after
N =106 discharge, N =68 discharge,
median median
(IQR) (IQR)
Teach-back 106 (100) 0 68 (100) 0
Pharmaceutical 105 (99) 1(0-2) 68 (100) 2(1-2.8)
discharge letter
Home visit 73 (69) 6 (4-11) 54 (79) 7 (6-12)
Transitional CMR 75 (71) 10 (7-16) 52 (75) 12 (10-18.5)
Complete 71 (66) - 49 (72) -
transitional
pharmaceutical
care program
Reasons for Patients, Patients,
incomplete n(%)n= n(%)n=
program 35 19
fidelity
Study 19 (54) 6 (32)
discontinuation
of the patient
Patient readmitted 6 (17) 3 (16)
Patient 2 (6) 3 (16)
unreachable
No community 5014 2(11)
pharmacist
available (e.g.
holiday)
Patient died 1(3) 0
Transitional CMR 2 (6) 5 (26)

performed after
study period

CMR = clinical medication review.

participated in the intervention. Table 2 shows how often the compo-
nents of the program were performed. Main reasons for an incomplete
transitional pharmaceutical care program were due to unavailability of
the patient, e.g. study discontinuation or readmission of the patient.

Teach-back took place at the day of discharge and the discharge
letter was sent in the general teaching hospital within a median of 1 (IQR
0-2) working day and in the university hospital within a median of 2
(IQR 1-2.75) working days after discharge. The transitional CMR took
place in the general teaching hospital within a median of 10 (IQR 7-16)
working days and in university hospital within in a median of 12
(IQR10-18.5) working days.

Patient reported Adverse Drug Events 4 weeks after discharge

In both hospitals, the proportion of patients with at least 1 ADE 4
weeks post-discharge was not statistically significant different between
the intervention and usual care group general teaching hospital: 59% vs.
67% (ORqqj 0.70 [95% CI 0.38-1.31]), university hospital: 63% vs 50%,

Table 3
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OR .4 1.76 [95% CI 0.75-4.13] (see Table 3). According to the per
protocol analysis in the general teaching hospital (n = 60), the pro-
portion of patients with at least 1 ADE 4 weeks post-discharge was lower
in the intervention group (52% vs. 67%, OR,g 0.51 [95% CI
0.26-0.99]). The per protocol analysis in the university hospital (n = 41)
showed no statistically significant difference between the intervention
and usual care group (68% vs. 50%, OR 2.15 [95% CI 0.86-5.38]).

Secondary outcomes 4 weeks post-discharge

No effect of the transitional pharmaceutical care program on the
number of ADEs, AEs and practical problems per patient, or on the
quality of life and medication satisfaction was found, see Table 4.

The EQ5D-5L index value did not differ between baseline and at 4
weeks in the control group in the general teaching hospital (0.69 vs.
0.71, p = 0.92). In the intervention group in the general teaching hos-
pital the EQ5D-5L index value increased between baseline and at 4
weeks (0.63 vs. 0.67, p = 0.04). In the university hospital an increase
was found between baseline and at 4 weeks in both the control as
intervention group (control group: 0.69 vs. 0.78, p = 0.01) (intervention
group: 0.69 vs. 0.75. p < 0.01). No statistical significant difference was
between the MSQ scores between baseline and at 4 weeks.

The EQ5D-5L index value did not differ between baseline and 4
weeks post-discharge in the control group in the general teaching hos-
pital (0.69 vs. 0.71, p = 0.92). In the intervention group in the general
teaching hospital the EQ5D-5L index value increased between baseline
and 4 weeks post-discharge (0.63 vs. 0.67, p = 0.04). In the university
hospital an increase was found between baseline and 4 weeks post-
discharge in both the control and intervention group (control group:
0.69 vs. 0.78, p = 0.01, intervention group: 0.69 vs. 0.75. p < 0.01). No
statistical significant difference were found between the EQ5D-5L VAS
score and the MSQ scores between baseline and at 4 weeks.

The other secondary outcomes (the proportion of patients with 1 or
more unplanned readmission(s), and with 1 or more ER-visits) were not
affected by the transitional pharmaceutical care program as well.

Type of medication related problems

In the general teaching hospital 237 MRPs were detected in 71 pa-
tients during the transitional pharmaceutical care program: of these
patients, 77% (n = 55) of patients had at least 1 pharmacotherapy-
related MRP and 78% (n = 56) had at least 1 patient-related MRP (ap-
pendix 3). In the university hospital 217 MRPs were detected in 49
patients during the transitional pharmaceutical care program: of these
patients, 92% (n = 45) of patients had at least 1 pharmacotherapy-
related MRP and 86% (n = 42) had at least 1 patient-related MRP. Of
the pharmacotherapy-related MRPs, overtreatment, dosing and drug
selection problems were the most common problems in both hospitals.
Of the recommendations to resolve MRPs, 64% was accepted by the
physician involved, 7% was not accepted and of 29% the acceptance was
unknown in the general teaching hospital. In the university hospital 49%
was accepted, 8% was not accepted and of 44% the acceptance by

Patient reported Adverse Drug Events (ADEs) 4 weeks post-discharge in patients from general teaching and university hospital.

General Teaching Hospital

University Hospital

Control Intervention Control  Intervention
Intention-to-treat Per-protocol Intention-to-treat Per-protocol
n=111 n=76 OR (95% CI) n=60 OR (95% CI) n =38 n=52 OR(95% CI) n=41 OR (95% CI)
Patients with any ADE, n 74 (67) 45 0.73 31 0.53 19(50) 33 1.74 28 2.15
(%) (59) (0.39-1.33) (52) (0.28-1.02) (63) (0.74-4.06) (68) (0.86-5.37)
Adj™: Adj™: Adj": Adj:
0.70 0.51 1.76 2.15
(0.38-1.31) (0.26-0.99) (0.75-4.13) (0.86-5.38)

@ Adjusted for department and gender.
b Adjusted for age.
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Table 4
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Number of ADEs, patient reported Adverse Events (AEs) and practical problems per patient, Quality of Live, Medication Satisfaction, Unplanned readmissions and

emergency room visits 4 weeks after discharge.

General teaching hospital

University hospital

Control Interven-tion p-value Control Interven-tion p-value
n=111 n=76 n =38 n =52
Number of ADEs per patient, median (IQR) 1(0-3) 1(0-2) 0.30 0.5 (0-2) 1(0-1) 0.26
Number of AEs per patient, median (IQR) 4 (2-8) 4 (2.25-6) 0.45 4 (2-6) 4.5 (3-9) 0.44
Number of practical problems per patient, median (IQR) 0 (0-0) 0 (0-0) 0.59 0 (0-0) 0 (0-0) 0.78
EQ5D-5L, Index value, median (IQR)" 0.71 (0.39-0.83) 0.67 (0.44-0.85) 0.64 0.78 (0.66-0.86) 0.75 (0.67-0.83) 0.56
Medication Satisfaction, median (IQR)" 3(3-4) 3(3-4) 0.79 3(34) 3(3-4) 0.23
n =140 n =104 p-value n =49 n =68 p-value
>1 Unplanned readmission <4 weeks after discharge, n (%) 18 (13) 14 (13) 0.89 8 (16) 5(7) 0.14
<10 days after discharge, n (%) 10 (56) 8 (57) 3(38) 2 (40)
within 11-28 days after discharge, n (%) 8 (44) 6 (43) 5(62) 3(60)
Patients with any ADE, n (%)" 9 (50) 8 (57) 3(38) 2 (40)
>1 ER-visit <4 weeks after discharge, n (%) 12 (9) 12 (12) 0.44 3(6) 3(4) 0.68
<10 days after discharge, n (%) 5(42) 5 (42 1(33) 2 (67)
within 11-28 days after discharge, n (%) 7 (58) 7 (58) 2 (67) 1(33)

# 2 missing values in control group of the general teaching hospital.

511 missing ADE questionnaires in the readmitted patients in the general teaching hospital and 6 missing ADE questionnaires in the readmitted patients in the

university hospital.
physicians was unknown.
Discussion

In this study, no effect of a transitional pharmaceutical care program
on the proportion of patients with at least 1 ADE 4 weeks post-discharge
was found. Only in the per protocol analysis of the general teaching
hospital data a reduction of ADEs were found. No effect of the program
was found on secondary outcomes.

Three previous studies have investigated the effect of a transitional
pharmaceutical care program on the occurrence of ADEs post-discharge.
Only the study of Daliri et al. found a reduction in the proportion of
patients with ADEs from 25% to 16% (p = 0.04).'° The proportion of
patients with ADEs in the current study is higher. This may be due to the
way ADEs were questioned: in both studies ADEs were self-reported by
patients. In our study a check-list based questionnaire was used, while in
the study of Daliri et al. an open-ended questionnaire was used. Previous
studies show that more adverse events are reported in a check-list based
questionnaire compared to an open-ended questiormaire.?’1 However, as
no validated questionnaire to examine post-discharge ADEs exists,
further research is needed to find out the best way to gather
post-discharge ADEs. The composition of the intervention in study of
Daliri et al. was comparable with our transitional pharmaceutical care
program. Both programs contained a pharmacist education and both
pharmacotherapeutic and clinical information transfer. In contrast, the
studies from Kripalani et al. and Phatak et al. investigated the effect of a
combined in- and out-hospital intervention with only educational and
pharmacotherapeutic components,'”** and they found no effect of their
intervention on ADEs 30 days after discharge. This suggests that
including all 3 components is essential to be effective.'> This is also
confirmed in two studies from the UK, that showed that a combination of
electronic transmission of medication related information between the
hospital and community pharmacy in combination with medication
reconciliation and medication review after discharge may result in lower
rates of readmissions.*>>?

Some explanations for the lack of an effect of our transitional phar-
maceutical care program can be given. First, the intended sample size
was not reached. One third of the eligible patients did not give informed
consent and also 25% of the included patients did not complete the ADE
questionnaire. Patients indicated that they already had to arrange a lot
around the period after discharge and were reluctant to fill out the
questionnaire. Second, only 66% (n = 71) of the patients in the general
teaching hospital and 72% (n = 49) of the patients in the university
hospital received the complete transitional pharmaceutical care
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program. In contrast, in the study of Daliri et al. nearly 90% (n = 197) of
the patients received a complete intervention.'® Fourteen percent of the
patients discontinued the intervention and in 8% of the patients there
was no pharmacist available or the pharmacists were unable to complete
the program within 4 weeks. Pharmacists mentioned that additional
pharmacy team members were required to perform the intervention and
this was not always available.

Third, in 29% (general teaching hospital) and 44% (university hos-
pital) of the suggested recommendations to resolve pharmacotherapy
related MRPs, it was unknown whether they were accepted or not.
Previous studies have shown that a lack of effect of pharmacist-led home
visits could be caused by insufficient collaboration between physicians
and pharmacists.>*>® Pharmacists are not authorized to adjust pre-
scriptions independently, so there is a dependence on general practi-
tioners or hospital physicians to read and act on recommendations. Even
if recommendations were accepted, we did not know whether they were
implemented as the period of 4 weeks may have been too short to
implement changes. The transitional CMR took place in the general
teaching hospital within a median of 10 working days and in the uni-
versity hospital within a median of 12 working days, which was later
than the intended time frame of 10 working days. Therefore, maybe
more than 4 weeks were needed to solve ADEs. In addition, the study of
Parekh et al. showed that the highest risk period for medication-related
harm after leaving the hospital is up to 8 weeks.”’ So the follow-up
period of 4 weeks after discharge may have been too short to detect
and resolve medication related harm.

Fourth, in both hospitals a high standard of usual care was already
implemented during hospitalization (including medication reconcilia-
tion both at hospital admission and discharge37). This made it more
challenging to show a further improvement with the transitional phar-
maceutical care program. On the other hand, in 77% of the patients in
the general teaching hospital and 92% patients in the university hospital
at least one MRP was identified during the intervention. This indicates
there is ample room for improvement. To address the explanations as
described above, more attention should be paid to the implementation of
the transitional pharmaceutical care program e.g. by conducting a
process evaluation and contextual analysis (33). During this study dif-
ferences in the implementation of the intervention between the general
teaching and the university hospital were experienced. In the general
teaching hospital the usual care was more extensive than in the uni-
versity hospital, as described in appendix 1, making it easier to imple-
ment the intervention compared to the university hospital. Also, the type
of patients differed between the hospitals. In general, in the university
hospital more complex patients are hospitalized compared to the general
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teaching hospital. However, no more ADEs were found in the patients
from the university hospital. Meanwhile, the higher age and number of
medications at discharge, together with the more unplanned admissions,
use of multi-drug dispensing systems and help with medication use in
patients from the general teaching hospital compared to patients from
the university hospital, suggest that patients from the general teaching
were at higher risk for ADEs. This could explain the higher proportion of
patients with an ADE in the general teaching hospital in the control
group. The differences in the implementation of the intervention and
patient characteristics may explain why there was an effect of the
intervention in the per-protocol-analysis in the general teaching hospital
but not in the university hospital. Barriers and facilitators that impact
the implementation of the program should be investigated to identify
how the program should be adapted for the setting.

The strengths of this study were the participation of both a general
teaching and university hospital and the design of the intervention
consisting of components performed in- and outside the hospital by both
clinical and community pharmacists. However, some limitations need to
be discussed. First, this study was performed in one urban region of the
Netherlands, limiting generalizability. Especially for the university
hospital, many patients could not be included as the their community
pharmacy was outside the urban region and was not participating in this
study. Second, patients were not randomized because of the risk of
contamination bias at the hospital and community pharmacy level.
Instead a before-after design was used. This design has some sources of
potentially bias, including the comparability of patients before and after
the intervention and the influence of developments in the services over
the time. Multivariable statistics may partly correct for these biases but
unmeasured confounders and bias remains a concern. Third, detection
bias could have occurred as patients in the intervention group were
triggered by the home visit to report ADEs. No causality assessment of
the ADEs by healthcare professionals has been performed, so over-
estimation of ADEs in the intervention group is possible. No causality
assessment was performed as we did not know the actual medication use
at 4 weeks after discharge, which is necessary to make a valid statement
about the causality. To find out the medication use 4 weeks after
discharge, medication reconciliation should have been performed again
and this was not included in our study protocol. However, previous
studies have identified patients’ valuable in reporting ADEs.*®> Fourth,
we measured protocol fidelity by scoring whether the different compo-
nents of the intervention were performed, but we did not measure the
quality of the performance of the interventions. In total 49 community
pharmacists participated in the study and 120 patients received the
complete intervention, so most of the participating pharmacists per-
formed the intervention only a few times. This limited the opportunity to
gain experience in performing the intervention and could lead to dif-
ferences in the implementation between hospitals. Also, as the general
teaching hospital had already performed several studies on medication
related admissions and transitional interventions, some of the compo-
nents of the intervention, e.g. teach-back, had already been adopted in
the usual care. This could have diluted the effect of the transitional
pharmaceutical care program as healthcare providers could perform the
components for both patients in the control and intervention group.

In conclusion, this study shows that a transitional pharmaceutical
care program did not decrease the proportion of patients with ADEs after
discharge. This indicates that another approach is needed to reduce
ADEs, especially since ADEs 4 weeks post-discharge were common,
affecting more than 50% of the patients in both control group and
intervention group. A process evaluation is needed to gain insight into
how a transitional pharmaceutical care program could diminish those
ADEs.

Trial registration

Netherlands Trial Register; Trial NL7788.
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