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Abstract
Objective  To perform a cost study of pharmacist-led medication reviews in patients with an acute hospitalization for 
adverse drug events.

Method  Emergency department pharmacists performed medication reviews in patients hospitalized after visiting 
the emergency department for an adverse drug event (ADE). Control patients were hospitalized after an emergency 
department visit not related to an ADE and received usual care. The costs of the intervention were labour costs of the 
junior emergency department pharmacist and the cost savings consisted of costs of medication that was stopped or 
reduced during six months after the intervention. Sensitivity analyses were performed to evaluate different scenarios.

Results  In the intervention group (n = 104) 113 medication changes led to stopping or reducing medication, 
accounting for averted costs of €22,850. In the control group (n = 112) 39 medication changes led to stopping or 
reducing medication, accounting for averted costs of €299. The mean labour costs of the intervention were €138 per 
patient, resulting in saved costs of €61 per patient per six months. Sensitivity analyses showed that if the intervention 
would be performed by a senior clinical pharmacist, there are no cost savings (€-21), if parts of the intervention would 
be executed by pharmacy technicians (e.g. administrative tasks), cost savings would be augmented to €87, if outliers 
in costs associated with medication reduction would be excluded, there are no cost savings (€-35) and if the costs of 
reduced medication were extrapolated to one year, cost savings would be €260.

Conclusion  In this study, medication reviews by junior emergency department pharmacists in patients hospitalized 
after an emergency department visit for an ADE lead to a cost reduction over a six month period.

Trial registration  The main study is registered on the ISRCTN registry with trial ID ISRCTN12506329 on 06-03-2022.

Keywords  Drug-related side effects and adverse reactions, Hospital emergency service, Health care costs, Medical 
overuse, Costs and cost analysis, Drug utilization review
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Background
The prevalence of visits to the emergency department 
(ED) caused by adverse drug events (ADEs) and result-
ing in hospital admission is high, amounting to 5-7% of 
all acute admissions worldwide [1–4]. Acute ADE-related 
hospitalizations are associated with increased length of 
stay and increased morbidity and mortality [5, 6]. This is 
not only a medical problem, but also an economic prob-
lem as the costs of these ADE-related hospitalizations 
are high [6–8]. Economic evaluations showed that costs 
increased if the ADE-related hospitalization was prevent-
able [5, 9, 10].

The role of a clinical pharmacist in the ED has been 
described in different countries [11–16]. A part of this 
role involved recognition of ADEs in the ED, as 40% were 
not recognized as such by physicians which could result 
in revisits [17, 18]. Besides contributing to recognition 
of ADEs, ED pharmacists could also perform medication 
reviews to reduce drug related problems (DRPs) which 
could lead to ADEs [16, 18–23]. Medication reviews 
especially contributed to reduction of DRPs involving 
medication overuse and medication underuse [19, 23]. In 
the Netherlands, medication reviews are primarily per-
formed within the primary care setting, targeting various 
patient populations at high risk of DRPs, such as older 
people with polypharmacy [24]. Medication reviews are 
not routinely integrated into standard care protocols 
within hospital settings nor are they routinely conducted 
for patients with an ADE-related hospitalization [25]. As 
a pharmacist-led medication review is time-consuming, 
it remains unclear if the implementation of an ED phar-
macist for this purpose can save costs.

Studies looking into cost savings of interventions 
implemented by pharmacists in the ED showed that 
annually $1.7–3.1  million can be saved per ED in the 
United States by implementing an ED pharmacist. Costs 
can be saved by reductions in adverse drug events, dose 
optimisations, guideline adherence, and increased use of 
cost-effective medication therapy [11, 26–29]. Benefits 
such as stopping medication or costs such as time the 
pharmacist spent on administration, were not included. 
In addition, there is only one study in a European hos-
pital setting which looked into the cost benefit and cost-
effectiveness of interventions of ED pharmacists [16, 30].

Therefore, the aim of this study was to perform a cost 
study of medication reviews performed by junior ED 
pharmacists in patients with an ADE-related hospitaliza-
tion after an ED visit.

Methods
Study design
This cost study was carried out using the data of a pro-
spective, multicentre controlled intervention study per-
formed between October 2016 and December 2017 in 

the Erasmus University Medical Center (EMC) in Rotter-
dam and in the general teaching hospital OLVG-West in 
Amsterdam (OLVG), both located in The Netherlands. In 
this study we examined the effect of medication reviews 
by an ED pharmacist in patients acutely hospitalized for 
ADEs. These medication reviews were performed for 
study purposes only and are not performed in usual care. 
The study protocol received a waiver from the Medi-
cal Ethics Committee as it was outside the scope of the 
Human Research Act (MEC-2016-346). All included 
patients provided written informed consent. The meth-
odology of the main study was previously described, and 
will be briefly summarized in the paragraphs “study pop-
ulation” and “study procedures” below, for an extensive 
description we refer to the published study results [18].

Study population
Patients aged 18 years and older were eligible for inclu-
sion if they were hospitalized for more than 24  h after 
visiting the ED. Exclusion criteria were: no commu-
nication possible due to condition, language barrier, 
cognitive impairment, transfer to other hospital, no pre-
admission prescription medication or over the coun-
ter (OTC) medication, admission due to problems with 
anti-cancer treatment, (self ) poisoning, psychiatric rea-
sons, intensive care unit (ICU) admission. Also, foreign 
tourists or homeless patients and patients who provided 
no informed consent were excluded. Exclusion crite-
ria were based on the feasibility of the intervention. In 
patients who were admitted multiple times only the first 
admission was included. Patients were assigned to the 
intervention group if the reason of ED-visit and admis-
sion was possibly ADE-related and to the control group 
if the reason was unlikely to be ADE-related. The control 
group received usual care (see below), while the interven-
tion group received the medication reviews by junior ED 
pharmacists as described under study procedures. The 
control group would ideally consist of patients with an 
ADE-related admission following an ED visit, for whom 
the ED pharmacist would not perform the intervention. 
However, previous research showed that approximately 
40% of ADE-related admissions were not recognized 
by physicians [17, 18]. For correct identification of all 
patients with an ADE-related admission, the pharmacist 
would need to screen all admissions and subsequently 
randomize the ADE-related ones in medication review 
by the pharmacist or not. In the latter case, care as usual 
would be applied. However, this implies that the pharma-
cist cannot share the ADE-related cause of the admission 
with the physician, which is not ethical. Therefore, the 
control group was chosen to be as close to the interven-
tion group as possible, but without an ADE as cause of 
the admission.
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Usual care
Patients in the control group were hospitalized after the 
ED visit for a non ADE-related problem and received 
their usual medical and pharmaceutical care. Usual phar-
maceutical care consisted of medication reconciliation 
and computerized medication surveillance on a daily 
base by clinical pharmacists in both hospitals. Physicians 
could process medication changes because of DRPs dur-
ing their normal routine (see Fig. 1).

Intervention
Patients in the intervention group were hospitalized after 
the ED visit because of an ADE and received the inter-
vention by an ED pharmacist in addition to usual care. 
The ED pharmacist was a junior clinical pharmacist who 
followed certified courses and received training by senior 
clinical pharmacists, who also took care of supervision 
[18]. The intervention consisted of detection of the ADE-
related admissions after consensus with the physician (if 
not already recognized by the physician), a pharmacist-
led medication review according to the STRIP (System-
atic Tool to Reduce Inappropriate Prescribing) method 
including obtaining patient anamnesis to detect DRPs, 
analysis of medication list (and discussing potential 
DRPs with the physician), structured patient counsel-
ling including teach back methods for any medication 
changes, and transmission of the recommendations from 
the medication review to the patient’s general practitio-
ner and community pharmacist after discharge to ensure 
continuation of care (see Fig. 1) [31]. The pharmacist-led 

medication review was performed to detect potential 
DRPs in the categories: medication overuse, medication 
underuse, contra-indication, and other, resulting in rec-
ommended medication changes to physicians to solve 
these potential DRPs. Patient counselling regarding med-
ication changes took place prior to discharge by using the 
teach-back method in which the patient was encouraged 
to repeat the message of the caregiver in order to check 
whether the patient had understood the explanation [32].

Study procedures
For this cost study, labour costs of the junior ED phar-
macist and costs of the reduced medication (i.e. dis-
continuation of medication or dose reduction) were 
compared. Medication changes during hospitalisation 
could be the result of recommendation of the ED phar-
macist, or the result of routine care by the physician [18]. 
The following medication changes were possible: start of 
new medication, dosage change, stop of medication or 
switch of medication. All changes had to persist for six 
months after discharge, which was checked by collecting 
pharmacy dispensing records. When a medication was 
stopped during admission, but after discharge a medica-
tion for the same indication was started (e.g. simvastatin 
stopped, but one month later pravastatin started), this 
was considered to be a switch.

For the cost calculations, only stop of medication and 
dosage lowering were included. Medication changes 
resulting in switches (replacing medication A with medi-
cation B for the same indication, even if medication B 

Fig. 1  Study procedures in usual care group and intervention group
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was started anywhere within the six month post-dis-
charge period) were not included in the cost analysis, 
because we assumed that the costs did not differ signifi-
cantly (most switches involved generic medication). The 
costs of medication changes leading to the initiation of 
new medications or to higher dosages (due to undertreat-
ment with medication) were also excluded from this anal-
ysis because these medications or higher dosages should 
have been prescribed anyway in regular care as described 
previously [33]. In addition, correcting undertreatment 
could potentially result in cost savings by preventing 
ADEs. This would lead to large cost reductions in com-
parison to the smaller costs for the added medication, 
but we did not collect information on ADEs and there-
fore these potential net cost savings were not included.

Outcomes and data collection
Primary outcome was the costs associated with the inter-
vention by the ED pharmacist. These were composed 
of the labour costs of the junior ED pharmacist and the 
costs of reduced medication.

The time the ED pharmacist spent per part of the inter-
vention (i.e. (1) ADE detection (2) patient anamnesis to 
detect DRPs, (3) analysis of medication list, (4) patient 
counselling, and (5) other (transport time to patient/
administration/transmission of results to general prac-
titioner and community pharmacy) was recorded per 
patient with a stopwatch. Subsequently, the mean time 
per part of the intervention and the mean time for the 
total intervention were determined and used to calculate 
the labour costs. The Dutch guideline for labour costs of 
a junior clinical pharmacist was used in the main analy-
sis. [34, 35]. The medication costs consisted of the medi-
cation costs that were averted in the six month period, 
due to discontinued medication or dose reductions of 
medication, as a result of interventions for a DRP that 
were implemented during the initial hospital admission 
and that persisted six months or more after admission. 
Persistence was established by checking the dispensing 
records of the community pharmacies of the patients. 
Medication costs were calculated according to current 
Dutch prices [36].

The prices of generic medication in the strength fitting 
the prescribed dose were selected. When medication was 
prescribed as needed, the mean dose based on the mini-
mum and maximum dose per day was used. We calcu-
lated the mean costs of reduced medication per patient in 
the intervention group as well as in the control group, for 
the six month time period studied.

Patient characteristics were extracted from the medical 
records of the hospital information system. All data were 
processed in Open Clinica (Open Clinica LLC version 
2.1, Waltham, USA).

Data analysis
In each group 100 patients were planned to be included. 
No formal sample size calculation was performed, as 
the feasibility of the study was dependent on the limited 
availability of the ED-pharmacists. Differences in patient 
characteristics between both groups were determined 
with appropriate tests (t-test, Mann-Whitney U test or 
Pearson’s Chi-Square test). The cost savings of reduced 
medication for the intervention group compared to the 
control group was calculated first, and this was balanced 
against the labour costs of the intervention.

In a sensitivity analysis four different scenarios were 
explored; all were fictional scenarios that were not actu-
ally studied but were based on certain assumptions. In 
the first scenario we used labour costs of a senior phar-
macist to calculate the costs of the intervention. For this 
scenario, we assumed that a senior clinical pharmacist 
requires the same amount of time for the intervention 
as a junior clinical pharmacist who is trained and expe-
rienced in the routine as the duration of the intervention 
depends on the existing routine and training; in addition 
we assumed that the junior pharmacist identified the 
same DRPs as the senior clinical pharmacist would. In 
the second scenario we used labour costs of a pharmacy 
technician for three parts of the intervention (i.e. obtain-
ing patient anamnesis to detect DRPs, patient counselling 
and administrative tasks defined as “other”, combined 
with labour costs of a junior clinical pharmacist (scenario 
2A) and combined with labour costs of a senior clinical 
pharmacist (scenario 2B) for the two other parts of the 
intervention (ADE detection and analysis of medication 
list) to calculate the costs of the total intervention. In the 
Netherlands, pharmacy technicians routinely perform 
these tasks and therefore we assume they perform these 
tasks within the same time span and with equal quality 
[37]. In the third scenario we excluded the costs of dis-
continuation of an expensive drug as a potential outlier in 
the intervention group and used labour costs of a junior 
pharmacist (scenario 3A), labour costs of a senior phar-
macist (scenario 3B) and labour costs of partly a phar-
macy technician combined with a junior pharmacist 
(scenario 3C). In the fourth scenario, we extrapolated 
the costs of reduced medication to one year in order to 
compare our results with other studies using the one year 
horizon and used labour costs of a junior pharmacist 
(scenario 4A), labour costs of a senior pharmacist (sce-
nario 4B) and labour costs of partly a pharmacy techni-
cian combined with a junior pharmacist (scenario 4C). 
We have made the assumption that the reduction in 
medication that persisted at six months, would also per-
sist after a year, as we consider it unlikely that medication 
reduced within the six-month period following the inter-
vention would be resumed within six-twelve months.
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Results
Study population
In the main study 104 patients were included in the inter-
vention group and 112 patients in the control group [18]. 
The median age was 68 [IQR 57–78] and 67 [IQR 54–77] 
in the intervention group and control group respec-
tively. No significant differences in patient characteris-
tics were observed between both groups (Table  1). We 
observed no significant difference in the length of hos-
pital stay between the intervention group and control 
group. Additionally, there was no significant difference in 
the number of (ADE-related) hospital admissions during 
the six months before compared to the six months after 
the intervention (T= -6 months: 57 hospital admissions 
and 21 ADE-related hospital admissions, T = + 6 months: 
54 hospital admissions and 17 ADE-related hospital 

admissions) [18]. Consequently, these costs were not 
included in the cost analysis as potential cost savings.

Cost analysis
The mean time spent on the intervention was 113  min 
per patient, resulting in total labour costs for the junior 
ED pharmacist of €138 per patient (Table  2). In the 
intervention group, 113 medication changes regarding 
dose reduction or discontinued medication accounted 
for averted costs of €22,850 (mean cost/patient: €220, 
Table  3). In the control group 36 medication changes 
occurred, accounting for averted costs of €2,299 (mean 
cost/patient: €21) Table 3). The difference in mean saved 
costs per patient between intervention and control group 
was €199. Taking into account the labour costs of €138 

Table 1  Characteristics of included patients
Characteristic Control (n = 112) Intervention (n = 104) p-value
Age (years), Median [IQR] 67 [54–77] 68 [57–78] 0.63*
Sex female, n (%) 57 (50.9) 54 (51.4) 0.88†
Length of hospitalization (days), median [IQR] 5 [3–9] 6 [3–9] 0.95*
Main specialty during hospitalization, n (%) 0.14†
Surgical 30 (26.8) 19 (18.3)
Internal Medicine 82 (73.2) 85 (81.7)
Charlson Comorbidity Score, median [IQR] 1.0 [0.0–2.0] 1.0 [0.0–2.0] 0.53*
Number of chronic medications at admission, mean ± SD 7.1 ±4.3 8.0 ± 4.7 0.14‡
*Mann-Whitney U test †Pearson Chi-square test ‡Independent T-test

IQR, interquartile range; SD, standard deviation

Table 2  Mean time spend on intervention and associated labour costs
Parts of the intervention Mean time

(min)
Labour costs (€)
Junior pharmacist
(€70/hour)

Senior clinical 
pharmacist
(€120/hour)

Pharmacy 
technician
(€46/hour)

1. ADE detection 6 7 12 n.a.
2. Patient anamnesis to detect DRPs 21 26 41 16
3. Analysis of medication list (includes meet-

ing with physician)
53 64 103 n.a.

4. Patient counselling on medication changes 
+ teach back

17 21 33 13

5. Other (transport time to patient/	 admin-
istration /transmission of results to GP and 
CP)

16 20 31 12

Total intervention 113 138 220 n.a.
*ADE: adverse drug event, GP: general practitioner, CP: community pharmacy

Table 3  Cost savings of reduced medication
Control group (n = 112) Intervention group (n = 104) Difference 

mean cost 
per patient 
intervention 
vs. control (€)

Medication 
changes (n)

Total 
costs (€)

Mean cost/
patient (€)

Medication 
changes (n)

Total costs 
(€)

Mean cost/
patient (€)

Costs of reduced medication 36 2,299 21 112 22,850 220 199
Costs of outlier in reduced 
medication

- - - 1 12,852 124 103



Page 6 of 9Rahman et al. BMC Health Services Research          (2024) 24:975 

per patient the saved costs were €199 - €138= €61 per 
patient for six months.

Sensitivity analysis
Table  4 shows the outcomes of the four main scenarios 
explored in the sensitivity analysis. There is no longer 
a cost saving in case a junior clinical pharmacist would 
be replaced by a senior clinical pharmacist (€-21 per 
patient per six months) and cost savings were increased 
when a pharmacy technician could perform parts of the 
intervention (€87 per patient per six months for a junior 
pharmacist and €43 per patient for a senior pharmacist). 
Excluding outliers in costs of reduced medication led to 
no cost savings (scenario 3). In scenario 4, the potential 
cost savings increase from €61 per patient to €260 per 
patient when the costs of reduced medication are extrap-
olated to a 12-month period, assuming a junior pharma-
cist performs the intervention.

Discussion
In this controlled-intervention study, the costs of deliv-
ering an intervention by ED pharmacists for patients 
with an ADE-related hospitalization after an ED visit 
were assessed. Medication changes which led to a dose 
reduction or discontinuation of medication and which 
persisted six months or more after the intervention were 
included as cost saving. Labour costs of the junior ED-
pharmacist were used as costs of the intervention. The 
intervention saved €61 per patient for six months. Our 
study showed that cost savings varied between €-21 per 
patient for six months in case the intervention would be 
performed by a senior clinical pharmacist and €87 per 
patient for six months in case the intervention would be 
performed by a junior clinical pharmacist and a phar-
macy technician. Other studies looking into the cost 
savings of clinical pharmacist-led medication reviews, 
included various costs (e.g. implementation of medica-
tion review tools), and benefits (e.g. ADE-prevention, 
total health care costs, readmissions) making these stud-
ies difficult to compare with ours. The cost savings ranged 
from €70 to €807 and $107 to $583 per pharmacist’s 
intervention per year [38–42]. Cost savings were higher 
compared to our results, which can be explained by the 
inclusion of ADE prevention as benefit of the interven-
tion [39–42]. In one study the same medication costs 
were included as in our study (dose reductions or dis-
continuing medication), which resulted in cost savings of 
$107 per patient/year. This study was carried out in 1990 
when medication costs were not as high as nowadays, 
which could explain the difference in cost savings [40]. To 
our knowledge, this is the first study that described the 
cost savings of ED pharmacist-led medication reviews in 
patients with an ADE-related hospitalization after an ED 
visit. We included direct cost savings of the intervention, 

Table 4  Sensitivity analysis
Costs/
patient 
(€)

Cost 
savings/
patient 
(€)

SCENARIO 1: INTERVENTION BY SENIOR ED PHARMACIST
Senior ED pharmacist 220
Reduced medication 199
Cost savings -21
SCENARIO 2: INTERVENTION PARTLY BY PHARMACY TECHNICIAN
Scenario 2A: Junior clinical pharmacist + partly pharmacy 
technician
ED pharmacist (junior) 71
Pharmacy technician 41
Reduced medication 199
Cost savings 87
Scenario 2B: Senior clinical pharmacist + partly pharmacy 
technician
ED pharmacist (senior) 115
Pharmacy technician 41
Reduced medication 199
Cost savings 43
SCENARIO 3: EXCLUSION OF OUTLIERS IN REDUCED MEDICATION
Scenario 3A: Junior clinical pharmacist excl. outliers
ED pharmacist (junior) 138
Reduced medication (excluding outlier) 103
Cost savings -35
Scenario 3B: Senior clinical pharmacist excl. outliers
ED pharmacist (senior) 220
Reduced medication (excluding outlier) 103
Cost savings -117
Scenario 3C: Junior clinical pharmacist + partly pharmacy techni-
cian excl. outliers
ED pharmacist (junior) 71
Pharmacy technician 41
Reduced medication (excluding outlier) 103
Cost savings -9
SCENARIO 4: COSTS EXTRAPOLATED TO TWELVE MONTHS
Scenario 4A: Junior clinical pharmacist
ED pharmacist (junior) 138
Reduced medication for 12 months 398
Cost savings 260
Scenario 4B: Senior clinical pharmacist
ED pharmacist (senior) 220
Reduced medication for 12 months 398
Cost savings 178
Scenario 4C: Junior clinical pharmacist + partly 
pharmacy technician
ED pharmacist (junior) 71
Pharmacy technician 41
Reduced medication for 12 months 398
Cost savings 286
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namely costs of reduced medication and checked for per-
sistence six months after intervention. Also costs such as 
administration costs were included as labour costs. By 
performing a sensitivity analysis, more insight is obtained 
into the cost savings using different scenarios. The study 
is performed in two different types of hospitals which 
contributes to the generalizability of the results.

Some limitations apply to our study as some costs 
are not included in the cost analysis. First, by including 
patients with a non-ADE related admission in the control 
group, potential bias regarding the number of medica-
tion changes leading to discontinuation or reduction of 
medication may be expected. In a post-hoc analysis of the 
original study [18], we demonstrated that no significant 
differences in the number of medication changes related 
to undertreatment or overtreatment existed between 
patients with an ADE-related admission recognized as 
such by the physician and patients with a non-recognized 
ADE-related admission, both in the intervention group. 
This suggests that a physician is unlikely to make more 
medication changes when an ADE is present and bias 
appears to be limited but cannot be ruled out. Second, 
sensitivity analysis showed that costs were substantially 
less when an outlier in medication costs was excluded. 
The outlier concerned tobramycine inhalation powder 
for treatment of cystic fibrosis, which was discontinued 
on recommendation of the ED pharmacists, because of 
lack of effect in this patient. We decided to include this 
outlier in the main analysis, as it does concern a pharma-
cist recommendation, but used the sensitivity analyses 
to demonstrate the effect of exclusion. However, in daily 
practice pharmacists could address expensive medication 
justifying the inclusion of this medication into the analy-
sis. Third, the other scenarios were based on assump-
tions and these sensitivity analyses should therefore be 
interpreted with caution. Fourth, the time investment in 
training of the ED pharmacists, the time investment of 
senior ED pharmacists who supervise junior ED phar-
macists who performed the intervention and the time the 
physicians spent on the intervention were not included 
as costs. The costs of the training of ED pharmacists are 
one-time costs and supervision of junior pharmacist is 
usual care. Also, in our experience the time the physician 
spent on the intervention was minimal (approximately 
2–5 min/patient) and was usual care as well. Finally, we 
did not include potential benefits such as ADE preven-
tion by starting or optimizing medication and associated 
healthcare costs. The costs of added medication were 
not included. ADE-prevention leads to large cost reduc-
tions compared to smaller costs for added medication, so 
overall this would result in more cost savings, making our 
estimation a conservative one. Future research should 
ideally include all these costs, cost avoidance and poten-
tial cost savings.

Notwithstanding the limitations, we recommend to 
incorporate this intervention into standard care with 
some considerations. First, it is recommended to identify 
which patients with an ADE-related hospitalization are 
prone to overtreatment with medication and can ben-
efit most from the intervention by reducing medication. 
Additionally, the development of a tool, for example by 
utilizing artificial intelligence, for detection of patients 
with a potentially ADE-related hospitalization can con-
tribute to reducing the costs of the intervention. As indi-
cated by our sensitivity analysis, pharmacy technicians 
could carry out certain parts of the intervention to mini-
mize costs of the intervention, but additional evidence 
is necessary regarding the quality and time expenditure 
of these tasks performed by technicians. As observed 
in scenario 3 of the sensitivity analysis, the cost savings 
decrease when expensive medication (outlier) is excluded 
as reduced medication. This suggests that by focusing 
on reducing expensive medication, a potentially greater 
cost saving may be achievable. Given the clinical out-
comes of the main study and the aforementioned recom-
mendations for reduction of the intervention costs, the 
intervention should be integrated into standard care for 
patients who stand to benefit most from it.

Conclusion
In this study, medication reviews by junior emergency 
department pharmacists in patients hospitalized after 
an emergency department visit for an ADE lead to cost 
reduction.
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