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Policy question: Do electronic medication
administration records (eMAR) reduce
medication administration errors and im-
prove efficiency?

Current evidence shows: There is some
evidence that eMAR systems in hospitals are
associated with reduced dose omissions and
improved medication administration docu-
mentation. However, there is a lack of evi-
dence that eMARs are effective in reducing
medication errors in residential aged care
facilities. Studies measuring efficiency of
medication administration following eMAR
implementation present mixed results. All
of the eMAR systems reviewed were imple-
mented in combination with other informa-
tion technology such as electronic prescrib-
ing or bar coding systems, thus isolating the
specific effects of the eMAR component is
difficult.

Background

Electronic medication administration records
(eMAR) are electronic records of medications and
administrations made to patients. Perceived benefits
from implementing these systems include the ability
to track dose omissions, enforce recording by staft
of reasons for any dose omissions, improved timing

of administrations, and reduced risk of accidental
medication discontinuities. Following on from these
perceived benefits are possible improvements in the
efficiency of the medication administration process
and better medication management for patients.

eMARs are populated with electronic medication or-
ders generally entered by doctors (often in conjunc-
tion with an electronic prescribing system), but also
in some instances by pharmacists, pharmacy techni-
cians or nurses. eMARs are frequently integrated
with bar code technology and/or electronic prescrib
ing systems as these combinations improve work-
flow and increase the potential for significant safety
gains. In general terms, to administer a medication
using an eMAR, the nurse signs onto the system
and selects the medications to be given. Nurses may
select a reason for not administering the medica-
tion, such as patient refusal if necessary, or confirm
administration of each dose. When all administra-
tions are complete, the nurse logs-out of the system.
Typically, an electronic signature is stamped against
the medications administered and the time at which
these administrations were made. Some systems
trigger alerts (or orders will change colour)' when
medications are due or overdue etc. Documentation
of reasons for medication omission are often manda-
tory using these systems, ensuring the sixth “right”
of medication safety, right documentation of medica-
tion administration, is supported.
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Methods

We performed a review of the literature to identify
evidence of the effects of eMAR use on patient safety
and work efficiency. We searched PubMed, Embase
and Web of Science using the search terms electronic
medication administration record, eMAR, electronic
medication management, eMM or medication ad-
ministration error. Grey literature was searched via
Google Scholar and references of included papers
were hand-searched for articles not captured using
the other methods. The search was limited to papers
published between January 2003 and June 2013.
Duplicates, letters, conference abstracts, dissertations
and review articles were excluded. Original research
papers evaluating the effects of eMAR implementa-
tion, with or without electronic prescribing systems

Medication Administration Errors and Transcrip-
tion Errors

Transcription of medication orders from the pre-
scription onto an ordering sheet or eMAR by a third
person, someone other than the prescribing doctor
is common practice, particularly overseas. In the
Australian context however, transcription may refer
to the process of recharting a (paper-based) medica-
tion order onto a new medication chart for continu-
ation of treatment. Two studies were found to have
assessed transcription, one based in Australia’, the
other based in Canada’. Medication administra-
tion error (MAE) rate, particularly dose omission
was examined in four hospital based studies’>7. All
studies used either medication administration charts,
incident reports or medication administration re-
ports produced by the

and pharmacy dis-
pensing and related ||
systems were included.
Some studies imple-
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and abstracts, 76
potentially relevant
full-text articles were retrieved. Eleven articles were
included in this review, 10 were studies in the hospi-
tal setting, and one from residential aged care facili-
ties. Two were Australian studies®*, three were from
the UK *7, one from Taiwan?, one from Canada’ and
the remaining four were from the US ' 12,

Results

Most of the included studies used before-and-after
study designs to assess indicators of the effects of an
eMAR. These indicators included medication ad-
ministration and transcription error rates, quality
of care, and timeliness and efficiency of administra-
tion. Studies used prospective or retrospective audit
of medication administration records and reports,
incorporating qualitative methods to provide con-
textual understanding and information in some
instances. Definitions and descriptions of the eMAR
and processes involved in medication administration
before and after technology implementation were
lacking in most studies.

as an electronic pre-
scribing system.

Two of these studies assessed implementation of an
eMAR in Australia’*, and both had simultaneously
integrated electronic prescribing systems. The

first study examined medication-related incident
reports from two hospitals; one hospital with
integrated eMAR and electronic prescribing and
dispensing systems, the other hospital with a paper-
based system. In the hospital with the paper-based
system, there were five incident reports relating to
transcription errors (one was wrong drug, one wrong
dose, while three related to documentation problems
more generally). No transcription errors were
reported in the hospital with electronic systems?.

The second Australian study compared the rate of
dose omissions pre- and post-implementation of an
eMAR system®. The study used reports generated
by the eMAR to estimate the dose omission rate
post-implementation, although some high risk
medications (such as intravenous potassium)

were not included as they cannot be entered into
the eMAR. This was compared to the rate of dose



omissions found by medication chart review pre-
eMAR. Although implementation of the eMAR
was not associated with an overall reduction in
dose omission rate (approximately 7.5% in 2001
and 2011), it was associated with a reduction in the
proportion of dose omissions with “no documented
reason” (26% pre-eMAR versus 4.4% post- eMAR).

Two further studies examined the effect of eMAR
on medication administration errors, both were
conducted in the UK. A paediatric intensive care
unit used three audits of medication administration
charts (at pre-implementation, one week post-
implementation and again six months after
implementation) to identify dose omissions’, with
“once only” medications and oxygen prescriptions
excluded from the audit. A reduction in omitted
medications was observed (8.1% pre versus 1.4%

rate in a group of Canadian health facilities where
anew eMAR system was being implemented’. To
test the effect of the eMAR on transcription error,
medication orders from one general medical unit
were reviewed for two months before and two
months after system implementation. Chart audits
showed a decrease in the major transcription/
ordering error rate from 10.2% to 6%, while minor
errors were eliminated. The number of incident
reports (relating to transcription error) submitted
from across the group of hospitals also decreased
after the eMAR was implemented across all hospitals,
from 0.7 to 0.1 reported incidences per unit/month,
an 80% reduction’.

While these studies present some encouraging re-
sults, the studies also include some methodological
weaknesses. For example, incident reports submitted
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were reduced, although no attempt was made to test
these differences statistically °. The second study
used an interrupted time series analysis to evaluate
how changes to an existing electronic prescribing
and eMAR system impacted on dose omission rates’.
Four interventions were implemented sequentially
and evaluated across the hospital (except obstetrics,
paediatrics and mental health). Over the entire

4.5 year study period, dose omission rates for
medications reduced by 53%. The effect of each of the
four interventions was also examined independently.
Clinical dashboards which displayed individual ward
performance on omitted doses for all managerial and
clinical staff, and monthly executive team meetings
with a focus on omitted doses, showed a statistically
significant reduction in dose omissions post-
implementation. Interestingly, the implementation
of a visual indicator to show overdue doses was not
associated with a change in dose omission rates.

Chart audits and medication incident reports were
used to source data to calculate a transcription error

charts vs electronic reports generated by an eMAR).
The studies lacked controls, some collected data over
a very short period or performed their research on
single wards or units. Definitions of transcription er-
ror varied for each of the studies making comparison
of results for this indicator difficult across studies.
More large-scale studies applying robust methods are
required to create a solid evidence base.

Quality of care

Only one study examined how the introduction of
eMAR, and eMAR with electronic prescribing, was
associated with changes in quality of care'. Data
were drawn from three national databases on 2,603
acute-care hospitals in the U.S to conduct a cross-
sectional analysis. Quality of care was assessed using
11 evidence-based quality indicators (e.g. patients
with a diagnosis of heart attack prescribed aspirin

at discharge). Hospitals that were using an eMAR
(with or without electronic prescribing systems), had
a higher odds of performing better on 10 of the 11



quality indicators, when compared with hospitals
without technology. Hospitals with electronic pre-
scribing systems alone showed only marginally im-
proved performance in quality indicators compared
with hospitals that had not adopted any technology*’.

Timeliness, workflow
and efficiency of medica-
tion administration
Two studies reported
conflicting results in
relation to changes in
the efficiency of medi-
cation administration
after implementation of
an eMAR'®. In one UK hospital, the time taken to
complete drug rounds was reported to increase from
69 seconds per item to 98 seconds per item (p>0.05)
after implementation of an integrated electronic
prescribing and eMAR system °. In a nursing home
setting, nurses were administering approximately 57
medications per hour to residents following eMAR
introduction, compared to 40 medications per hour
pre eMAR!, although statistical significance was not
assessed.

Perceptions of eMAR systems

Four studies used qualitative methods to assess us-
ability and user perceptions of implemented eMAR
systems °®!' 12, Concerns from users centred around
integration of the eMAR with other systems and its
impact on workflow and patient safety. Generally, in
all four studies, nurses were positive about the eMAR
after initial implementation ®®'*'2, In two studies,
users’ perceptions improved over time'! 2. Aspects of
medication administration documentation such as
accuracy" and quality of information® were believed
to have improved following eMAR implementation,

prescribing systems, making it difficult to isolate its
effects. Studies conducted in the US may not be gen-
eralisable to the Australian setting as the medication
administration processes differ across countries. In
aged care facilities, no studies have assessed the im-
pact of eMAR on MAEs. As with other information
technology in the healthcare setting, consideration
of the impact of eMAR on workflow and existing
systems is important for successful implementation.
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tation related to medication administration.
However, the current evidence base is weak.
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