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BACKGROUND: The inaccurate recording of medicines
on admission to hospital is an important cause of
medication error. Medication reconciliation has been
used to identify and correct these errors.
OBJECTIVE: To determine if a multimodal intervention
involving medication reconciliation with real-time feed-
back and education would reduce the number of errors
made by medical staff when recording medicines at the
time of admission to hospital.
DESIGN: Observational study.
PARTICIPANTS: Patients admitted to the general med-
ical wards of a teaching hospital were studied prospec-
tively. Patients ≥75 years of age and on ≥5 medications
were identified as the ‘target group.’
INTERVENTION: After admission, a second medication
history was taken, and discrepancies were identified
and communicated to the medical teams. An educa-
tional intervention to encourage prescribers to obtain
accurate medication histories was conducted at the
same time.
MEASUREMENTS: The discrepancy rate was measured
before and after the intervention.
MAIN RESULTS: There were 470 admissions in the
‘target group.’ Three hundred and thirty-eight of the
admissions (71.9%) had one or more unintentional
discrepancies. Although many discrepancies had little
potential to cause harm, 33% were rated as clinically
significant. During the study the discrepancy rate (prior
to reconciliation) fell from 2.6 (SD 2.6) to 1.0 (SD 1.1)
per admission (p<0.0001). This decline in discrepancy
rate remained significant (p=0.001) even when only
clinically important discrepancies were included. The
proportion of admissions with one or more clinically
important discrepancies also decreased during the
study from 46% to 24% (p=0.023).
CONCLUSIONS: Errors in the recording of medicines at
the time of hospital admission are common. Combining
the feedback provided by medication reconciliation with
prescriber education reduced the error rate. This
approach may be useful when the resources are not
available to perform medication reconciliation for all
patients admitted to hospital.
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INTRODUCTION

Medication errors are an important cause of adverse events in
hospital patients. Over half of the medication errors in hospital
occur at the interfaces of care1–3 with many attributable to
poor communication on admission and at other transition
points in care1,3. A recent systematic review reported errors on
admission in up to 67% of admissions, with many having the
potential to cause harm4. Medication reconciliation is defined
as a formal process of obtaining a complete and accurate list of
each patient’s current home medications and comparing the
physician’s admission and/or discharge orders to that list5. It
has been shown to be effective in reducing errors2. The
Institute for Healthcare Improvement identified medication
reconciliation as one of the key interventions for improving
patient safety5 in the 100,000 lives campaign and the subse-
quent 5 million lives campaign6. The Joint Commission on
Accreditation of Healthcare Organizations (JCAHO) also iden-
tified medication reconciliation as an important national
patient safety goal7.

A number of studies have investigated the rates of medica-
tion error at interfaces of care1,3,8–11, but little research has
been conducted on interventions to prevent these errors
occurring in the first place. In particular, our study utilised
real-time feedback in addition to medication reconciliation,
which is novel as other studies have only provided retrospec-
tive feedback, rather than on a case-by-case basis in real-time.
The primary objective of this study was to investigate whether
an education campaign, aimed at changing prescriber behav-
iour, would reduce error rates before medication reconciliation
took place. This study also determined medication error rates
on admission to Auckland City Hospital.

METHODS

Participants

This was a prospective study conducted at a 690-bed teaching
hospital in Auckland, New Zealand. The primary aim was to
determine whether adding education to medication reconcili-
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ation would result in a change in discrepancy rate. The
majority of acute medical admissions to the hospital are cared
for by the General Medical Service with smaller numbers
admitted to other services such as Cardiology, Neurology and
Renal Medicine. Patients admitted to the four General Medical
wards, between 29 November 2006 and 30 March 2007, were
eligible for inclusion. Ethics approval was not obtained as the
regional ethics committee did not require approval since the
study was an audit of a clinical service. Medication reconcili-
ation was performed by a multidisciplinary team consisting of
a final year pharmacy student (AC), nurse (EG), and clinical
pharmacology resident (NT). On each weekday, all new general
medical admissions were identified and patients included if
they were admitted within the last 24 to 48 h and were likely to
stay for at least 24 h before discharge. Patients who were
75 years old or older and using five or more medications prior
to admission were identified as a group with a higher risk of
having a discrepancy1,12 and were the “target group” for
medication reconciliation. Patients living in residential care
were given a lower priority for medication reconciliation.
Patients admitted during the weekend or public holiday were
reviewed on the first working day following admission, if they
were still in hospital. Patients were still included if they were
unable to communicate or cognitively impaired. Patients
receiving palliative care were excluded if their regular medica-
tions had been discontinued because of expected death.

Data Collection

The name, route, dosage and frequency of all the medications
the patient was taking prior to admission were recorded using
a standardised data collection form. Both prescription and
over-the-counter (OTC) medications were recorded including
vitamin preparations, as were dietary supplements and herbal
or homeopathic products, but these were not included in the
analysis of discrepancies, as most of these are not supplied in
hospital. Medications used on an as-required basis were
included if used by the patient in the 3 weeks prior to
admission. The medications were categorised by active ingre-
dient using the Monthly Index of Medical Specialties (MIMS)
listing13 of pharmacological class. Brief details concerning the
reason for admission, past medical history, age, sex and
allergies were obtained from the hospital notes. The grade of
the admitting doctor (medical student, intern or resident) who
took the initial medication history was noted.

The hospital notes and medication chart of eligible patients
were reviewed within 24 h of admission where possible. This
was followed by an interview with the patient to obtain
information on their medication usage before hospitalisation.
The interview was conducted at the bedside and had a
standardised format. The information obtained was confirmed
by checking with additional sources, which included two or
more of the following: the referral letter from the primary care
physician, a family member or caregiver, the medications
brought to hospital by the patient, previous discharge sum-
maries or direct verbal communication with the community
pharmacy, primary care physician, nursing home or other
institution providing residential care. Additional sources were
checked until there was confidence the medication history was
as accurate and complete as possible.

The medicines recorded on the medication chart on admis-
sion were compared with the history obtained from the patient

(the ‘pre-admission medicines’). Differences between the ‘pre-
admission’ and ‘admission’ medication lists were regarded as a
discrepancy, unless the medication was deliberately started or
discontinued on admission, as indicated in the notes.

The types of discrepancy encountered included omission or
addition of a medication, change in dose, frequency or time of
administration and substitution with another agent of the
same class. These discrepancies were communicated to the
team using a standardised sticker (Fig. 1), which was placed
into the clinical notes for review and completion by the medical
team. The prescriber was able to note whether the discrepancy
was deliberate or unintentional and record whether any
changes were made to the chart as a result. Only unintentional
discrepancies were considered as errors and included in the
analyses. Where discrepancies were considered to have the
potential to cause moderate discomfort or clinical deteriora-
tion, a text message was also sent to the medical team. If the
discrepancy was thought to have the potential to cause severe
discomfort or serious deterioration, the medical team was
spoken to directly.

Before the study, pharmacists took medication histories as
part of their normal duties, but due to time limitations, this
was done for only a small proportion of the patients. The
pharmacists were able to continue their usual practice during
the study. Any patients seen by the pharmacist were briefly
reviewed by a member of the medication reconciliation team.
The information collected by the pharmacist was recorded as
part of the study, and if appropriate a sticker was placed in the
notes.

Follow-up

Each patient was followed up at three time points: at 24 and
48 h, and after discharge. If a discrepancy was marked on the
sticker as ‘deliberate’ or a reason for the difference was
recorded in the notes, it was not included in the discrepancy
count. A discrepancy was considered as ‘reconciled’ if the
medication chart was changed within that time or the medical
staff made it clear on the sticker or in the notes that they did

MEDICATION RECONCILIATION 
A medication history has been re-taken.  (Sources: _________________________ ) 
Compared to the medications that the patient was taking in the community, the 
following medications are either not charted or charted differently on the drug 
chart:

1. _________________________________________________ D U Y N

2. _________________________________________________ D U Y N

3. _________________________________________________ D U Y N

4. _________________________________________________ D U Y N

5. _________________________________________________ D U Y N

6. _________________________________________________ D U Y N

Please review the above medications and tick the boxes to indicate if these 
differences were deliberate (D) or unintentional (U).  Could you please also tick 
whether these were subsequently changed (Y) or not changed (N). 
Medical team: Please tick the box below once this sticker has been seen.  Thanks. 

  Team to tick when seen
Reviewer (contact):      Date / Time: 

Figure 1. Sticker placed into the hospital notes to provide feed-
back to the medical team and allow review of discrepancies.
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not wish to make a change. If the medical staff did not
comment on the discrepancy on the sticker or in the notes, it
was recorded as ‘not reconciled’.

Multimodal Intervention to Improve Medication
Documentation

An educational campaign targeted at junior medical staff was
implemented to encourage accurate medication histories on
admission and raise awareness about medication reconcilia-
tion. The campaign consisted of didactic teaching at the
beginning, followed by posters and insertion of reminders into
the hospital notes. The key message was the importance of
taking an accurate medication history and of encourage
prescribers to always check with the patient first. The teaching
was conducted by a clinical pharmacologist (PB). An introduc-
tion to medication reconciliation was presented at one of the
handover meetings, followed by a talk at an intern teaching
session and one at medical grand round. The teaching
emphasised the importance of taking accurate histories using
multiple sources and gave examples of errors that had
occurred. These presentations were done in the first few weeks
and were not repeated. Posters were then placed in the
admitting unit and the general medical wards, and served to
remind staff to take an accurate medication history. Remin-
ders (similar to the posters) were inserted in the back of the
hospital notes folder at the time the patient was admitted.
Unfortunately, we were not allowed to insert the reminders in
the front of the notes. Although this would have reduced the
impact of the reminders, we hoped that some prescribers
would be prompted by them. These reminders and posters
were introduced a few weeks into the campaign and left for the
remainder of the study. The hospital pharmacy publishes a
medicines information bulletin every few months that is
circulated to all medical staff. One of these also discussed
medication reconciliation and was circulated at the beginning
of the campaign. The stickers and discussions between the
junior medical staff and medication reconciliation team also
provided “real-time” feedback to the prescribers. It is estimated
that “face-to-face” interactions with the medical staff occurred
about once a week for each intern and resident.

Severity Rating

A team consisting of a senior physician (PB), resident (NT),
pharmacy student (AC) and nurse (EG) discussed and rated
each discrepancy for its potential to cause discomfort or
clinical deterioration. A 3-point scale, based on that used by
Cornish et al.1, was used to classify the discrepancies.
Decisions were reached by discussion until consensus was
obtained. A record of the rating of each discrepancy was kept
to maintain consistency. Class 1 discrepancies were defined as
unlikely to cause patient discomfort or clinical deterioration.
An example of this would be the omission of multivitamin
tablets. Class 2 discrepancies had the potential to cause mild
to moderate discomfort or clinical deterioration. An example
would be unintentionally not charting lorazepam 1 mg twice
daily when it had been taken regularly and stopping it abruptly
could lead to withdrawal symptoms. Class 3 discrepancies
were those which had the potential to result in severe
discomfort, clinical deterioration, prolonged length of hospital

stay or re-admission1. Such an example would be a patient
who had severe congestive heart failure but unintentionally did
not have their furosemide charted. Class 2 and 3 discrepancies
were considered to be clinically important, and a separate
analysis of the primary endpoints was conducted on these,
with class 1 discrepancies excluded.

Study Endpoints

All analyses were performed for the target group only, i.e.,
those aged 75 years or older and on five or more medications.
Because the main objective was to determine if adding an
educational intervention to medication reconciliation would
reduce the number of discrepancies, the primary endpoints
were the change in mean number of discrepancies per
admission per 2-week period and the change in the proportion
of admissions with one or more discrepancies per 2-week
period over the course of the study. This analysis was repeated
with all class 1 discrepancies excluded. Secondary endpoints
were discrepancy rates according to the class of medicine,
route of administration, patient gender and grade of prescriber
along with the change in the number of clinically important
discrepancies over the course of the study.

Statistical Analysis

Poisson regression14 was used to analyse the primary end-
points to determine the change in mean number of discrepan-
cies per admission per 2-week period and change in the
proportion of admissions with one or more discrepancies per
2-week period over time. A Poisson regression was chosen
instead of linear regression as most patients had no discre-
pancies, thereby skewing the discrepancy rate away from a
normal distribution. This analysis was performed using the
Statistical Analysis Software (SAS) v. 9.1. Other endpoints
were analysed using the Statistical Package for Social Sciences
(SPSS) v.14.0 for Windows. Means were compared using
analysis of variance (ANOVA) and associations made using
Pearson correlations. Differences in primary and secondary
endpoints were considered to be statistically significant if the
p-value was less than 0.013 (equivalent to a p-value of 0.05
with Bonferroni correction applied).

RESULTS

Medication reconciliation was conducted on 580 patients with
a total of 633 admissions. This represented 25.6% of all
general medical admissions during the study period. Recon-
ciled patients had a mean age of 82 years (SD 9.9), and 57%
were female. A total of 5,486 medications were recorded with a
mean of 8.7 (SD 4.0) medications per patient.

Four hundred and seventy (74%) admissions were in the
target group, who were 75 years or older and on 5 or more
medications. During the study, 338 (71.9%) of the admissions
in this target group had at least one unintentional discrepancy
(Fig. 2). Most patients had one to two discrepancies, but some
had higher rates with a maximum of 12 discrepancies per
admission.

The mean number of discrepancies per admission in each
2-week period declined over the study period (p<0.0001)
(Fig. 3). In the first 2 weeks, the mean discrepancy rate was
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2.6 (SD 2.6) discrepancies per admission, falling to 1.0 (SD 1.1)
discrepancy per admission by the end of the study. When all
class 1 discrepancies were excluded from the analysis, leaving
only clinically important discrepancies (Class 2 and 3), a
significant decline in the discrepancy rate over time was still
observed (p=0.001). There was a reduction in the proportion of
admissions with one or more discrepancies from 83.3% to
56.3% between the first and last 2 weeks of the study,
although this was not statistically significant (p=0.28). When
class 1 discrepancies were excluded, the decline seen in the
proportion of admissions with one or more discrepancies
were of borderline significance, reducing from 46% in the
first 2 weeks to 24% in the last 2 weeks (p=0.023).

There were differences in discrepancy rates between medi-
cation classes (p<0.0001) as shown in Table 1. Post-hoc
testing showed that the discrepancy rate for the ‘ear, nose,
oropharynx and eye’, ‘skin’, and ‘vitamins and minerals’

classes were higher than for other classes (p<0.0001). There
were also differences in discrepancy rates for each route of
administration (p<0.0001) with rates for inhaled and topical
routes higher than for the oral route (Table 2; p<0.0001). No
difference in discrepancy rates was found for male as opposed
to female patients or whether the admitting doctor was an
intern or resident. Medical students were not included in the
analysis as only a small percentage (<5%) of prescribing was
done by students.

Of the 786 discrepancies identified in the target group, 525
(66.8%) were class 1, 249 (31.7%) were class 2 and 12 (1.5%)
were class 3 in severity. Seven out of the 12 class 3
discrepancies were with cardiovascular medicines.

In the first 2 weeks of data collection, 85% (95% confidence
interval, 76%–93%) of identified discrepancies were reconciled
by discharge. This figure rose to 100% in the third 2-week
period and remained at this level or close to it throughout the
rest of the study.

Patients who were taking a greater number of medications
prior to admission were observed to have a greater number of
discrepancies (p<0.001). Figure 4 shows the number of dis-

Figure 2. Distribution of the number of medication discrepancies
per admission as a proportion of all patient admissions in the target

population.

Figure 3. Effect of the intervention on the mean number of
discrepancies per admission for each 2-week period of the

intervention in the target population.

Table 1. Percentage of Medications with Discrepancies in Each
Medication Class

Medication class Number of
discrepancies

Discrepancies as % of
medications charted in
each class (95%
confidence interval)

Skin 48 66 (55–77)
Eye, ear, nose and
oropharynx

52 50 (40–60)

Vitamins and minerals 140 30 (26–34)
Genitourinary system 15 30 (17–43)
Respiratory system 68 27 (22–33)
Endocrine & metabolic
disorders

65 20 (16–24)

Central nervous system 65 19 (15–23)
Alimentary system 93 17 (13–20)
Musculoskeletal system 15 16 (8–23)
Nutrition 12 16 (8–24)
Infections and infestations 5 15 (2–28)
Cardiovascular system 160 9 (8–11)
Analgesia 37 9 (6–12)
Other* 11 24 (11–38)

*Other includes the following medication classes: allergic disorders (14);
immunology (2); neoplastic disorders (16); poisoning, toxicity and drug
dependence (5); and other remedies (8).

Table 2. Percentage of Medications with Discrepancies for Each
Route of Administration

Route of
administration

Number of medications
for each route

% with discrepancies
(95% confidence
interval)

Intramuscular 33 30 (14–47)
Inhaled 255 28 (22–33)
Oral 3950 15 (13–16)
Rectal 4 50 (42–142)
Subcutaneous 41 20 (7–32)
Sublingual 90 21 (13–30)
Topical 170 58 (51–66)
Transdermal 3 0 (–)
Vaginal 3 100 (–)
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crepancies per admission increases with the number of
medications taken by the patient prior to admission. There
was no correlation between the number of discrepancies and
age of the patient.

DISCUSSION

This study reports a successful intervention to reduce medi-
cation errors on admission to a large tertiary hospital in New
Zealand. Although there are many studies that report the
effectiveness of pharmacist involvement and medication rec-
onciliation on reducing discrepancy rates15,16, the novel
feature of this study is that it incorporated both an educational
intervention and real-time feedback to the medical staff aimed
at changing prescriber behaviour.

Most previous studies have reported discrepancy rates but
have not measured the effect of interventions to reduce
discrepancies, in particular prior to medication reconciliation
taking place1,3,8–11. An exception is a recent study from Boston
that examined the effect of a web-based application that
provided staff with information about the patient’s medicines
prior to admission using electronic sources. This approach
reduced discrepancies from 1.44 to 1.05 per patient17. This
strategy differs from the approach in our study where we
focused on the effect of education including providing feedback
via a sticker in the notes. Another recent study that also
utilised written feedback resulted in a reduction in discrepancy
rate from 0.5 to 0 per patient16; however, their feedback
occurred only at weekly intervals; hence, there was a time
lapse between the discrepancy occurring and feedback, where-
as our intervention involved both real-time feedback via a novel
sticker system and proactive education. Our intervention was
successful, and there was a pronounced decline in error rate
during the study. With the exception of the dip observed in the
second 2-week period, there appears to have been a consistent
decrease over time. The dip observed coincides with Christmas
and New Year when very few admissions were reconciled. There
was a parallel, statistically significant reduction in the number
of clinically important discrepancies over time.

We have also confirmed the findings of previous studies1,11

that show a large number of errors in the recording of
medicines on admission to hospital. The error rate in this
study was a little higher than most other studies1,18, with over
70% of admissions having one or more discrepancies. This may
reflect the characteristics of our study population where the
patients were on more medications compared to previous
studies1,18. About one-third of admissions had clinically
important discrepancies; a figure similar to those reported in
other studies1,18,19.

We observed anecdotally that the admitting doctor often use
patients’ previous discharge summaries as sources of medica-
tion histories rather than talking to the patient. This may have
contributed to errors. Many doctors are unaware that past
records are often out of date and may not accurately reflect the
medications that the patient was taking. In addition, a
significant proportion of admissions occur outside of normal
working hours, and medication histories cannot be checked
with the patient’s general practitioner or community pharmacy
until the next working day.

Not surprisingly, the medications most commonly implicat-
ed in discrepancies were those that did not use the oral route.
This may be because medications that are not taken orally are
not thought to be important by the patient and doctor, and
therefore are more likely to be omitted. The largest number of
clinically important errors occurred in the cardiovascular
class, with 7 out of the 12 Class 3 errors occurring within this
class; 49% of all the errors in the cardiovascular class were
considered clinically important compared to an average rate of
33% in other medication classes. Cardiovascular medications
such as anticoagulants and anti-arrhythmics are more likely to
result in an adverse outcome than other medication classes12,
and extra vigilance needs to be taken when charting these
medications.

A positive association between the number of medications
that a patient was taking prior to admission and number of
discrepancies was also noted. This is in contrast to the findings
reported in the study by Cornish et al.1, which reported no
association between number of medications and number of
discrepancies observed. This may be because they only
compared patients with fewer than eight medications to those
with eight or more medications rather than looking at this as a
continuous variable. Our findings suggest that if the resources
are not available to perform medication reconciliation on all
admissions, it may be appropriate to target patients on a
higher number of medications.

A potential criticism of this study is that this was not a
randomised controlled trial, but it is unlikely that an improve-
ment to this extent would have occurred by chance. It is less
clear what the most important components were, and our
study design means that we cannot be certain about the
relative importance of the different parts of the intervention. A
number of different modalities were used. “Real-time” feedback
was provided using the sticker. Weekly discussion with junior
medical staff reminded staff of the ongoing programme. Posters
were displayed throughout the study period. General educa-
tion sessions where held periodically during the trial. In
particular, we believe that the “real-time” feedback was impor-
tant, because it continued throughout the study and helped
illustrate to staff how often important discrepancies can occur.
Many prescribers commented that they were surprised by the
high discrepancy rate. We suspect that the posters and inserts

Figure 4. The mean number of discrepancies per admission
according to the number of medicines taken by the patient prior to

admission.
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in the hospital notes may have been less important because of
their location and because prescribers may well have become
desensitised. Having said this, previous studies suggest that
interventions to modify the behaviour of prescribers are more
successful when the educational message is delivered in a
number of different ways17,20,21. We anticipate that if the
benefit of medication reconciliation is to be sustained, we will
need to repeat our education campaign at regular intervals.

Our findings suggest that the addition of education and
feedback to medication reconciliation in the way that we have
described here improves the recording of medicines on admis-
sion. The intervention is likely to be particularly useful when
there are not enough resources for medication reconciliation to
be performed for every admission. We have since adopted this
approach in our organisation where we have increased the
number of pharmacists who perform medication reconciliation
but where we are still not able to perform medication reconcil-
iation on every patient admitted to hospital.
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