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ABSTRACT
Objectives Medication reconciliation is a key part of
transitional care. This study examined the
implementation of a pharmacist-led medication
reconciliation programme for short-term hospitalised
patients and explored the barriers and benefits.
Methods A prospective study was conducted in
patients admitted to a gynaecological oncology
department. Medications were reconciled on admission
using a ‘comprehensive medication review (CMR)’
strategy. Patients received a reminder text message and
were asked to bring their medications a day before
admission for scheduled chemotherapy. Upon admission,
a pharmacist reviewed patients’ admission prescriptions
and home medications, including non-prescription
medications, based on clinical status and laboratory test
results. Drug-related problems and unused or expired
medications were assessed. Satisfaction with the CMR
service and reasons for non-compliance were surveyed by
an individual interview. The cost of the unused or
expired medications was calculated based on the
average drug acquisition cost.
Results Sixty-four interventions in 95 patients were
performed during the study—namely, correction of
treatment duration (34 cases, 53.1%), recommendation
of medications for untreated indications (18 cases,
28.1%), correct drug selection (5 cases, 7.8%),
discontinuation of duplicate medications (4 cases,
6.3%), correction of dose, provision of alternatives for
drug–drug interactions, unintended omissions (1 case
each, 1.6%). The difference in the cost of unused or
expired drugs before and after programme
implementation was about US$1700.
Conclusions Pharmacist-led medication reconciliation
targeting short-term hospitalised patients improved drug
use, prevented medication waste and reduced healthcare
costs.

INTRODUCTION
Medication reconciliation has become a standard
activity of pharmacists’ practice in the past few
decades.1 Pharmacist-led medication reconciliation
using comprehensive medication review (CMR) has
been used to assess allergies, adverse reactions, con-
traindications, treatment duplication, drug–drug or
drug–disease interactions, dosage, or treatment dur-
ation, and abuse and misuse of medications.2 It has
been developed mainly for outpatients in long-term
care to optimise treatment, reduce medication

errors and reduce the cost of unused medications.
Similar programmes, for which outcomes have
been reported, have been followed in Denmark,
Canada and England.2

Drug waste from chronic disease states is a growing
concern, particularly with the increasing prevalence
of combination drug therapies. Management of main-
tenance medications for chronic diseases is a fragmen-
ted process, and emphasis must be placed on
compliance to optimise treatment and reduce drug
waste. Drug waste, improper storage and disposal of
unused medications may lead to accidental ingestion
and medication-related accidents. Furthermore, incor-
rect disposal of unused medications may pose a
serious threat to public health and to the environ-
ment.3 Despite efforts to reduce drug waste and
improve proper prescription drug use, including
“Collection and Treatment of Waste Pharmaceuticals
in the Household” sponsored by the Korean Ministry
of Environment, challenges and barriers remain.
Medication reconciliation has been found to reduce
changes in drug treatment, and lead to reduction of
drug waste when performed routinely. A previous
study showed that drug waste from prescription
medications is significantly higher than for
over-the-counter (OTC) medications, possibly
because they are prescribed for a longer period (com-
monly for 3 months), excessive prescribing of ‘as
needed’ medications and the short expiry date of
liquid prescription medications in Korea.4 In the UK,
a number of strategies have been identified in efforts
to reduce drug waste, including deprescribing, poly-
pharmacy monitoring and medication optimisation
through intervention and consultation.5

The gynaecological oncology service provides
high-quality advanced treatment for disorders such
as ovarian, endometrial, cervical vulvar and vaginal
cancers for women of all ages. The pharmacy
service supports the management of chemotherapy,
periprocedures, or surgery, and palliative care for
advanced or relapsed gynaecological cancer.
Patients in a gynaecological oncology department
are ideal candidates for CMR, because they have
scheduled admission every few weeks for chemo-
therapy, and these patients tend to have a high
interest in their medication management and their
overall health.
We implemented a medication reconciliation pro-

gramme in a gynaecological oncology unit, and
conducted CMR and prospective drug use review
from preadmission through to discharge. The
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purpose of this study was to improve the safety of medication
use, minimise the impact of waste from unused or expired medi-
cation and further reduce medication costs by establishing
effective pharmacist-directed medication reconciliation with
pharmacy interventions.

METHODS
Subject and data collection
A prospective interventional study was performed from March
to June 2015. Inclusion criteria included patients admitted to a
gynaecological oncology unit in a 2000-bed top tier university
hospital. Patients aged <19 years or who did not agree to par-
ticipate in the study were excluded. CMR was offered from
April to June 2015 and the results were compared with data
from March (control). Patient demographics included age,
cancer type, comorbidity and discharge placements.

Medication reconciliation process
A medication reconciliation programme was proposed and
agreed with attending physicians and a nurse manager in the
gynaecological oncology department. Study subjects were
patients with chemotherapy appointments in the computerised
physician order entry system. A text message was sent to
patients a day before their appointment reminding them to
bring their medications. Medication reconciliation was con-
ducted by a gynaecological oncology unit pharmacist or a phar-
macy practice resident within 24 hours of admission or on the
following working day. Pharmacists reviewed patients’ medica-
tions using patient medical records and reconciled admission
orders and home medications, including prescriptions from
other providers, OTC medications, vitamins and herbal and
dietary supplements. Unused medications were defined as those
which patients had not used owing to non-compliance or that
had expired. The pharmacist documented the names and quan-
tity of medications and other pertinent information mentioned
by medical team. Patient counselling was then provided.
Drug-related problems of the medications, such as indications,
dosage, duplication and drug interactions, were assessed. If the
medications were allowed to be continued, they were returned
to the patients and the physicians were informed. When medica-
tions that had expired were found, they were discarded at the
hospital.

Drug-related problems, as defined by the American Society of
Hospital Pharmacists, were applied to assess patients’ medica-
tion. The following factors were considered: current admission
orders, past medical history and clinical signs and symptoms,
and classification of laboratory results, medication without indi-
cation, untreated indications, improper drug selection, inappro-
priate dose, dosage form, treatment duration required to
complete the chemotherapy regimen or compliance with treat-
ment protocols, route of administration, duplication, allergy,
drug interactions, adverse reactions and unintended omissions.6

National Comprehensive Cancer Network Guidelines, Health
Insurance Review and Assessment antiemetic guidelines and the
Lexicomp Online database were mainly used as references
during medication reconciliation.

Outcomes of medication reconciliation
The amount of unused medications was compared between
March (pre-programme implementation) and May (post-
programme implementation). Pill counts, self-report and medi-
cation order record of previous discharges were used to verify
patient medications and reasons for non-compliance. The WHO
Anatomical Therapeutic Chemical classification system was used

to categorise patients’ unused medications brought to the hos-
pital. Compliance was expressed as a percentage by comparing
the quantity of leftover medication subtracted from the dis-
pensed medications with the quantity of dispensed medications;
this was the medication possession rate.

Cost analyses were conducted from an institutional perspec-
tive and therefore medication acquisition costs were used to
determine the value of implementing this service. Cost–benefit
was estimated briefly through both cost savings related to redu-
cing drug waste by deprescribing medications at discharge and
cost avoidance related to interventions based on the potential to
avoid an adverse drug event. We used the probability of harm of
0.3, as reported by Bates et al, to account for the potential of a
particular intervention to prevent harm.7–9 There is no cost
avoidance report in Korea for adverse drug reaction prevention
by pharmaceutical interventions, and thus each intervention was
assumed to prevent one day of hospitalisation. The cost of the
service was estimated from the pharmacists’ salary, correspond-
ing to the time they spent in medication reconciliation.

Patient satisfaction
One-on-one patient interview was conducted to assess patients’
satisfaction with the medication reconciliation programme with
CMR. The survey also included patients’ willingness to pay for
the programme. In addition, we provided counselling based on
collected information about patient-reported adverse drug reac-
tions, discharge plan, unexpected medical care, reason for read-
missions if any, and patients’ knowledge of the medications,
providing directions for use, dose, frequency and treatment
benefit.

Data analysis
The number of medication reconciliations, the extent of inter-
vention, amount of drug unused and the estimated reduction in
drug waste were calculated. The estimated reduction of unused
drugs was compared between the pre- and post-programme
using Microsoft Excel 2003. The cost of the drug was calculated
based on average drug acquisition costs, and converted into US
dollars. Patient feedback was also analysed in order to improve
the medication reconciliation programme. This research was
approved by the institutional review board at Samsung Seoul
Medical Center. (IRB file No. 2015-05-006-01)

RESULTS
A total of 95 patients were included in the study. All eligible
patients were female and the average age was 53.3±12.0. The
majority of patients had ovarian cancer (n=66, 69.5%). About
70.5% (n=67) of patients were discharged to home and 23.2%
(n=22) went to care facilities (table 1).

Medication reconciliation
An average of nine medications was dispensed per patient at the
time of discharge from the previous admission. Pharmacists
made 64 interventions throughout the medication reconciliation
and 63 (98%) of them were accepted by physicians.
Interventions included treatment duration (34 cases, 53.1%),
untreated indications (18 cases, 28.1%), drug selection (5 cases,
7.8%), duplicate therapies (4 cases, 6.3%), and unintended
omission, drug interactions and dose changes (1 case each,
1.6%) (table 2). Examples of interventions and resolutions are
listed in table 3.

Among 95 enrolled patients, 56 patients returned 5946
unused pills. The greatest number of unused medications was
for alimentary tract and metabolism (47.4%), followed by
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medications for treating the nervous system (32.2%). The net
acquisition cost saving for 5946 unused pills was US$1711.35
(table 4). The potential avoidable cost with 64 interventions
would be US$ 2750.98 (0.3 X US$143.28/day X 64 interven-
tions) as US$143.28 was the hospital room charge per day.

Based on the 2015 report by Healthcare Management
Association in Korea, the average hospital pharmacists’ salary in
Korea was about US$21.42/hour.10 In our study, pharmacists
spent about 15 min reviewing a patient medical record before
medication reconciliation and spent about 30 min performing
medication reconciliation and other necessary interventions.
Thus, the total time spent on the programme was about 45 min
for each patient. Pharmacist labour cost was US$1349.46 (US
$21.42/hour×0.75 hour/pt×56 pts × 1.5 pharmacists). So it
showed a clear cost-benefit with a net cost-benefit of US
$3112.87 (US$1711.35+US$2750.98–US$1349.36) and a
benefit:cost ratio of 2.31:1.

In March, the total number of pills returned was 19 434 in
the department, but after the programme implementation,
10 132 pills were returned in May. The reduction rate was
47.9% (table 5). Cost saving by acquisition cost of unused drugs
demonstrated a 52% reduction between March (US$3755) and
May (US$1968).

Of 95 patients, 58 patients (61%) responded to our satisfac-
tion survey of the medication reconciliation service. Among
those 58, 55 patients (95%) recognised the programme as a crit-
ical service for safe medication use. The other three patients
stated that they did not need the service by pharmacist because
they had sufficient knowledge to manage their medications as
they had a long history of use. In addition, 30 of 31 responders
(97%) expressed their willingness to pay for a medication recon-
ciliation service.

DISCUSSION
The amount of discarded medications increases every year.
Healthcare costs and medication costs have also been rising.
Medication waste is a financial burden, and also threatens envir-
onmental safety and public health. Experts found that overpre-
scribing, frequent regimen changes, changes of medical
condition and expiration of medications, all contribute to

Table 2 Types of interventions during medication reconciliation
(n=64 cases)

Types of intervention n (%)

Duration of prescription 34 (53.1)
Untreated indications 18 (28.1)
Drug selection 5 (7.8)

Duplication 4 (6.3)
Dose change 1 (1.6)
Drug interaction 1 (1.6)
Unintended omission 1 (1.6)
Total number of interventions* 64 (100)

*Intervention by physicians was accepted in 63 (98%) of the 64 cases.

Table 1 Demographics (n=95)

Variables n (%)

Age (years)
20–29 1 (1.1)
30–39 5 (5.3)
40–49 22 (23.2)
50–59 34 (35.8)
60–69 30 (31.6)
70–79 3 (3.2)

Cancer type
Ovarian cancer 66 (69.5)
Cervical cancer 11 (11.6)
Endometrial cancer 9 (9.5)
Peritoneal cancer 2 (2.1)
Fallopian tube cancer 2 (2.1)
Other cancer 5 (5.3)

Cormorbidity
Hypertension 8 (8.4)
Diabetes mellitus 5 (5.3)
Other diseases* 7 (7.4)
None 75 (78.9)

Placement after discharge
Home 67 (70.5)
Care facility 22 (23.2)
Unknown 6 (6.3)

*Other diseases included atrial fibrillation, Hashimoto’s thyroiditis, fatty liver,
subclinical hypothyroidism, valvulopathy.

Table 3 Examples of interventions

Interventions Intervention resolutions

Duplication of same mechanism medication
Granisetron patch and palonosetron IV Discontinue palonosetron
Ranitidine and cimetidine Discontinue cimetidine

Omission of prescription
Dexamethasone for prevention of
hypersensitivity and fluid retention with a
docetaxel regimen

Add dexamethasone 8 mg 3
times after chemotherapy

Drug interaction
Ciprofloxacin and domperidone,
granisetron and domperidone

Domperidone was changed to
metoclopramide

Duration of prescription
Prescribe a 30-day prescription of lactulose
for constipation twice and continue
therapy until next admission

Discontinue

Table 4 The amount and cost of unused medications upon
admission (n=95)

Therapeutic class
Number of unused
pills, n (%)

Cost
(US$)

A (Alimentary tract and metabolism) 2819 (47.4) 599.03
N (Nervous system) 1912 (32.2) 575.96
C (Cardiovascular system) 154 (2.6) 63.37
M (Musculoskeletal system) 62 (1.0) 30.62
J (Anti-infective agents for systemic use) 20 (0.3) 10.37
G (Genitourinary system and sex hormone) 72 (1.2) 6.43
D (Dermatological) 32 (0.5) 4.47
R (Respiratory system) 75 (1.3) 4.40
H (Systemic hormonal preparations) 0 0
B (Blood and blood-forming organs) 0 0
Others 800 (13.5) 416.70
Total 5946 (100.0) 1711.35
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unnecessary medication waste. However, they indicated that
pharmacy intervention programmes could prevent financial loss
and unnecessary medication waste.

Previous studies in other countries on reduction of medica-
tion waste were conducted at primary care facilities and commu-
nity pharmacies.2 11 In Korea, the supply for discharge
prescription medications ranges from 5 to 90 days, and our
study shows that on average nine medications are filled at dis-
charge. In order to assess the impact of medication reconcili-
ation, we think it is important to target a patient population
that requires routine visits. We found that the gynaecological
oncology service was a good site at which to develop a medica-
tion reconciliation programme because most patients (1) have a
scheduled admission every 3–4 weeks for chemotherapy, (2)
have a high interest in health management, (3) are reliable and
able to communicate. Patients in gynaecological oncology units
are often considered as being in a non-acute care unit, and
receive minor attention from the pharmaceutical care service,
but we found that their usual hospital stay of 2–5 days was still
sufficient to make effective interventions through medication
reconciliation with the CMR.

In this prospective study, we assessed unused or expired medica-
tions as part of a medication reconciliation process. The quantity
of unused or expired medications due to either non-compliance or
overprescribing was calculated by pill counting and by self-report.
Compliance can be measured by direct observation, symptomatic
improvement, drug concentration in the blood or urine, pill count-
ing and patient interview. Even though drug concentration levels
may be the most accurate method of assessing compliance, it is not
always feasible. Pill counting is a comparatively useful method, but
it may not provide information on the level of drug intake or dose
timing. Previous studies have shown that simply asking patients at
the time of intervention is a successful method of obtaining an
accurate measurement of compliance. In our study, we used both
pill counting and patient interview to measure compliance.

Patients receiving chemotherapy are often readmitted with
neutropenic fever or severe nausea, vomiting and diarrhoea
shortly after discharge. To prevent readmission, emphasis should
be placed on discharge counselling during transitions of care.
We expected long-term care and nursing facilities to be in
charge of refilling prescriptions based on medication changes,
but we learnt during patient interviews that facilities focus on
the administration of medication, and are seldom involved in
refilling and dispensing medications. This indicated that phar-
macists could play an important role in reducing unnecessary

medications by dispensing a supply sufficient until the next
scheduled hospital visit.

Medication reconciliation in our programme was performed
in two steps. The first step included review of medical records,
followed by patient interviews. This allowed pharmacists to
perform a comprehensive review of the patient medical history,
drug interactions and potential medication side effects due to
prescribed medications and also to OTC medications, dietary
supplements, self-administered medications and prescribed med-
ications from different physicians. In Korea, patients prefers
single-wrap-package dispensing, in which individual pills are dis-
pensed together in one package for each dosing unit. This made
it difficult to assess the expiry dates of pills which were brought
from home. It was even harder with non-prescription and OTC
medications. Alternative dispensing techniques need to be con-
sidered to prevent medication waste at the earlier step of the
medication dispensing cycle. Furthermore, about 95% of
patients agreed that medication reconciliation was valuable and
critical in establishing a safe environment for drug administra-
tion in contrast to the traditional medication review programme.
They understood the potential of the service to provide a posi-
tive influence on medication use.

Although the research reached its objectives, there were
several limitations. Owing to the short study period, the sample
size was small. Varkey et al discussed PDSA (Plan–Do–Study–
Act), and found that patient medication reviews reduced the
number of unnecessary prescriptions by at least 50% per
patient, on average, and increased patient counselling sessions
from 47.4% to 92.6%.12 They emphasised the usefulness of
multidepartmental collaborations to establish a standardised
medication process. In our programme, a close relationship
among healthcare professionals in a gynaecological oncology
unit, intellectual technical support and pharmacy services was
the key factor enabling implementation of a successful medica-
tion reconciliation programme. This mutual collaboration was
made possible by patient demand, readiness of departments to
cooperate and interdisciplinary trust. Future studies should
target a larger patient population in radiology, oncology, day-
surgery, apheresis, or patients undergoing peritoneal dialysis.

According to McMullin et al,13 pharmacy review of patient
medications reduced medication costs. One further limitation of
our study is that only drug acquisition costs and the cost of
pharmacist labour were directly calculated for the cost analysis.
The cost of laboratory monitoring or treatment of adverse drug
events was not available, which might have led to an

Table 5 Comparison of returned pill count and reduction rates at discharge in gynaecological oncology department between March and May

Returned pills, n (%)

Reduction rate (%)Therapeutic class March (pre-programme) May (post-programme)

A (Alimentary tract and metabolism) 10 837 (55.8) 6436 (63.5) 40.6
N (Nervous system) 5782 (29.8) 2246 (22.2) 61.2
M (Musculoskeletal system) 665 (3.4) 540 (5.3) 18.8
G (Genitourinary system and sex hormone) 245 (1.3) 63 (0.6) 74.3
C (Cardiovascular system) 100 (0.5) 14 (0.1) 86.0
J (Anti-infective agents for systemic use) 60 (0.3) 161 (1.6) −168.3
B (Blood and blood-forming organs) 43 (0.2) 74 (0.7) −72.1
H (Systemic hormonal preparations) 1 (0) 110 (1.1) −10 900.0
D (Dermatological) – (0.0) 1 (0.0) –

Others 1701 (8.8) 487 (4.8) 71.4
Total 19 434 (100) 10 132 (100) 47.9
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underestimation of the cost saving. Another limitation includes
the application of subjective probability values of 0.3, according
to Bates et al, as these probability values have not been vali-
dated. However, the cost savings reported in this study are con-
servative. Future studies considering other cost factors are
necessary to further assess the impact of a medication reconcili-
ation programme on the reduction of healthcare costs.

CONCLUSIONS
Our medication reconciliation service consisted of CMR and
prevention of medication waste. It is imperative to widen these
efforts to promote patient safety, reduce future healthcare costs
and reduce drug waste.

What this paper adds

What is already known on this subject?
▸ Medication reconciliation is a key activity of the

pharmaceutical care service.
▸ Medication reconciliation helps to improve treatment

effectiveness and reduce medication errors.
▸ Medication reconciliation has been widely developed for

outpatients receiving long-term care and for patients at
acute and/or critical care units.

What this study adds
▸ Medication reconciliation may be beneficial for targeting

patients with a scheduled hospital appointment who are
aware of the importance of health self-management.

▸ Gynaecological oncology patients are good candidates for a
medication reconciliation programme.
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