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Abstract

Background In Australia, around 59% of the general population uses prescription medi-
cation with this number increasing to about 86% in those aged 65 and over and 83% of the
population over 85 using two or more medications simultaneously. A recent report suggests
that between 2% and 3% of all hospital admissions in Australia may be medication related
with older Australians at higher risk because of higher levels of medicine intake and increased
likelihood of being admitted to hospital. The most common medication errors encountered
in hospitals in Australia are prescription/medication ordering errors, dispensing, administra-
tion and medication recording errors. Contributing factors to these errors have largely not
been reported in the hospital environment. In the community, inappropriate drugs, prescrib-
ing errors, administration errors, and inappropriate dose errors are most common.

Objectives To present the best available evidence for strategies to prevent or reduce the
incidence of medication errors associated with the prescribing, dispensing and administra-
tion of medicines in the older persons in the acute, subacute and residential care settings,
with specific attention to persons aged 65 years and over.

Search strategy Bibliographic databases PubMed, Embase, Current contents, The
Cochrane Library and others were searched from 1986 to present along with existing health
technology websites. The reference lists of included studies and reviews were searched for
any additional literature.

Selection criteria Systematic reviews, randomised controlled trials and other research

methods such as non-randomised controlled trials, longitudinal studies, cohort or case—

control studies, or descriptive studies that evaluate strategies to identify and manage

medication incidents. Those people who are involved in the prescribing, dispensing or

administering of medication to the older persons (aged 65 years and older) in the acute, Correspondence: Mr Brent
subacute or residential care settings were included. Where these studies were limited, Hodgkinson, School of

. . . ) Population Health, University of

evidence available on the general patient population was used. Queensland, Public Health

. . . . . Building, Brisbane, Qld 4006,
Data collection and analysis Study design and quality were tabulated and relative A stralia. Email:

risks, odds ratios, mean differences and associated 95% confidence intervals were calcu- b.hodgkinson@uq.edu.au
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lated from individual comparative studies containing count data where possible. All

other data were presented in a narrative summary.

Results Strategies that have some evidence for reducing medication incidents are:
e computerised physician ordering entry systems combined with clinical decision

support systems;

e individual medication supply systems when compared with other dispensing

systems such as ward stock approaches;
e use of clinical pharmacists in the inpatient setting;

e checking of medication orders by two nurses before dispensing medication;
¢ a Medication Administration Review and Safety committee; and
e providing bedside glucose monitors and educating nurses on importance of

timely insulin administration.

In general, the evidence for the effectiveness of intervention strategies to reduce
the incidence of medication errors is weak and high-quality controlled trials are

needed in all areas of medication prescription and delivery.

Key words: intervention studies, medication errors, nursing, prevention.

Introduction

Background

In Australia, around 59% of the general population uses
prescription medication with this number increasing to
about 86% in those aged 65 and over, and with 83% of the
population over 85 using two or more medications
simultaneously.’

A recent report suggests that between 2% and 3% of all
hospital admissions in Australia may be medication related.?
The Harvard Medical Practice study in the USA found that
in hospital patients disabled by some form of medical
treatment, 19% of recorded adverse events were related to
medications.?

Older Australians have higher rates of medication incidents
because of higher levels of medicine intake and increased
likelihood of being admitted to hospital (hospital statistics
being the main source of medication incident reporting).*

In the community setting, it has been estimated that up
to 400 000 adverse drug events may be managed in general
practices each year in Australia.*

The financial burden is staggering with one estimate put-
ting the cost of preventable medication errors in the USA
alone between $17 and $29 billion per year.® In Australia,
the cost has been estimated at over $350 million annually.?

What are the types and causes of medication errors?

Studies examining the types and causes of medication errors
occurring in older adults (=65 years) are limited. However,
evidence is available on the general population and is taken

to be representative of those issues that would arise in the
geriatric setting. Where specific reference to older adults is
found, it is highlighted in this report.

In a recent review by the Australian Council for Safety and
Quality in Health Care, the types of medication errors most
frequently encountered in an Australian healthcare setting
and their likely causes were presented.* The results of this
report present the best data with a particular focus on Aus-
tralia that is presently available and are summarised as
follows.

Errors in hospital. The most common errors related to
medication that are encountered in hospitals in Australia are:
e prescription/medication ordering errors;

e dispensing errors;

e errors in administration of medicines; and

e errors in the medication record.

Table 1 Types of medication errors in general medical practice

Type of incident Rate per 100 incidents

Inappropriate drug 30
Prescribing error 22
Administration error 18
Inappropriate dose 15
Side-effect 13
Allergic reaction 11
Dispensing error 10
Overdose 8
System inadequacies 7
Drug omitted or withheld 6

Source: Australian Council for Safety and Quality in Health Care (2002,
p. 33).4
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Data from the Australian Incident Monitoring System
showed that most medication incidents occurring in hospital
were categorised as omissions (>25%), overdoses (20%),
wrong medicines (10%), drug of addiction discrepancy
(<5%), incorrect labelling (<5%) or an adverse drug reaction
(<5%). However, little is known as to why medication errors
occur in Australian hospitals. Failure to read, or misreading
the chart, and a lack of robust systems for prescribing and
ordering were suggested as the reasons for most of these
errors.*

Errors can occur at any step in the medication process. A
recent Australian review has attempted to describe the types
of medication errors at each stage in the process, which is
summarised as follows.*

Prescription/medication ordering errors. Medication
errors occur during the prescribing or interpretation/trans-
lation of orders from one document to another.

Based on limited Australian data on prescription errors,
approximately 2% of all prescriptions have the potential to
cause an adverse event with the most common causes being
the wrong or ambiguous dose, missing dose, or the direc-
tions for use were unclear or absent. This can be compared
with other countries in which the medication error rates

have been reported to be between 2% and 7%.°

Dispensing errors. Dispensing errors occurring within the
hospital pharmacy have not been comprehensively studied.
Error rates have been reported to range from 0.08% to 0.8%
of all items dispensed. However, the causes and the potential
for adverse events have not been reported.*

Errors in administration of medicines. These errors occur
when different patient medication supply systems are used.

When patients are given medicines from a common ward
supply, error rates are between 15% and 20% compared
with error rates of between 5% and 8% when individual
patient medicine supplies are provided.*

Timing errors as high as 8% of administered doses have
been shown to occur as a result of a patient being provided
with a medicine at least 1 h before or 1 h after the scheduled
time. These errors occur most likely because of time con-
straints and are unlikely to cause harm in the majority of
cases.*

Errors in the medication record. A common error is the
lack of documentation of previous adverse drug reactions and
allergies. Australian studies have found that previously known
adverse drug reactions were not recorded in 75-77% of cases
evaluated. In another study 8% of cases had omissions of
known allergic reactions in patient records. The causes and
potential for adverse drug events were not described.*
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Table 2 Factors contributing to incidents in general practice

Contributing factor Rate per

100 incidents

Poor communication between patient and health 23
professionals

Action of others (not general practitioner or 23
patient)

Error of judgement 22

Poor communication between health professionals 19

Patient consulted other medical officer 15

Failure to recognise signs and symptoms 15

Patient’s history not adequately reviewed 13

Omission of checking procedure 10

General practitioner tired, rushed or running late 10

Patient misunderstood their problem and/or 10
treatment

Inadequate patient assessment 10

No correlation between these contributing factors and the resulting incident
(Table 1) was made.

Source: Australian Council for Safety and Quality in Health Care (2002,

p. 33).f

Errors in the community setting. The review described
medication incidents in general practice and community
pharmacies.” General practitioners (GPs) and pharmacists
were asked to provide explanation as to why the medication
incidents occurred.

General practice.
commonly reported are described in Table 1. The factors
contributing to these errors are summarised in Table 2.

The types of medication incidents most

Pharmacies. The most common types of dispensing errors
reported by pharmacists are the selection of the incorrect
strength, incorrect product or misinterpretation of a pre-
scription. The major reason for selecting the incorrect
strength or product has been described as the result of ‘look
alike’ or ‘sound alike’ error.

The report* describes an Australian survey of 209 commu-
nity pharmacists where the major factors cited for contrib-
uting to dispensing errors were cited as:

e high prescription volume;

e overwork;

e fatigue;

e interruptions to dispensing; and

e ‘look alike, sound alike” drug names.

Other factors that contribute to medication errors. The
review also described other possible factors that could con-
tribute to medication error.*

Inadequate continuity of care. Medication histories upon
admission or discharge from hospital are often incomplete.
Studies reviewing discharge prescriptions for patients found
that 15% of medications intended to be continued were
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omitted at discharge, or that at least one medicine on aver-
age was omitted from the discharge prescription. At admis-
sion one study found that on average one medicine was not
documented on the medication history for every two
patients.

In one survey of 106 GPs regarding the type of informa-
tion they received from hospital about their patients, no
notification was provided to the GPs in over 50% of cases.
Because of a change in patient medications by the hospital
in 87% of cases, the patient’s medicine at discharge was
different from what the GP understood before admission in
72% of cases.

Finally, in a regional hospital in Queensland, of the referral
medical records of 100 oncology patients, 72% had the
potential for one or more errors in the patient’s medication.
The most common reasons for these errors were described as:
e insufficient documentation to allow dosages to be

confirmed;

e handwritten or illegible medication orders; and
e lack of instruction about the length of time between
cycles of chemotherapy.

Multiple healthcare providers. In one study of 204 peo-
ple, 48% had medicines prescribed by more than one doc-
tor and 28% had medicines dispensed by more than one
pharmacist. The effect on medication error and adverse drug
events has not been studied.

Keeping unnecessary medications. This involves keeping
medications that are no longer in use or have passed their
expiry date. In one small study where pharmacists made
home visits to assist in medication management, 21% of
people were keeping medicines that were no longer in use
and 20% were keeping expired medications. The effect on
medication error and adverse drug events has not been
studied.

Generic names/trade names. One study found that 29%
of consumers did not understand the difference between
the generic and trade name of a medication. Again, the
effect on medication error and adverse drug events has not
been studied.

Understanding the label. In a single survey 84% ‘older
consumers’ incorrectly interpreted the instruction to ‘take
one tablet every 6 h, 1 h before food’. The effect on medi-
cation error and adverse drug events has not been studied.

As medication errors can occur at all stages in the medi-
cation process, from prescription by physicians to delivery
of medication to the patient by nurses, and in any site in
the health system, it is essential that interventions be tar-
geted at all aspects of medication delivery.*

Therefore, it is vital that healthcare providers be aware of
the current evidence in relation to effective interventions for
reducing the incidence of medication errors. This review
attempts to summarise the best available evidence on these
research interventions highlighting where possible, preven-
tion in the aged care arena.

Objectives

To present the best available evidence for strategies to pre-
vent or reduce the incidence of medication errors associated
with the prescribing, dispensing and administration of med-
icines in the older persons in the acute, subacute and resi-
dential care settings.

The specific review question to be addressed is: what
strategies/interventions are most effective in reducing the
incidence of medication incidents (errors) in the acute, sub-
acute and residential care settings?

Review method

An expert panel of 13 clinicians, nurses, pharmacists and
other allied health professionals was established to guide the
systematic review process by defining the criteria for study
inclusion, identification of key search terms and relevant
databases, and evaluating the clinical importance of the
resulting evidence (Appendix 1).

Criteria for considering studies for this review
Types of studies

This review considered any systematic reviews or ran-
domised controlled trials (RCTs) that evaluate strategies to
reduce or prevent medication incidents (Appendices Il and
Ill). However, in the absence of any RCTs, other research
methods such as non-RCTs, longitudinal studies, cohort or
case—control studies, or descriptive studies were used. Qual-
itative studies, grounded theory and ethnographic studies
were included in a narrative summary. Only studies written
in the English language were included in the review. For the
purposes of the review, medication referred to medication
that has been prescribed by a medical practitioner, not over-
the-counter or herbal or vitamin preparations.

Types of participants

Those people who are involved in the prescribing, dispens-
ing or administering of medication to the older persons
(aged 65 years and older) in the acute, subacute or residen-
tial care settings were included in the review, namely:

e registered nurses;

e enrolled nurses (or equivalent, e.g. licensed practical

nurses);
© 2006 Blackwell Publishing Asia Pty Ltd
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Initial search and assessment for inclusi
(based on title and abstract)
849 articles

Excluded citations (775 articles):
Wrong study design
Wrong outcome(s)

56 articles retrieved and pearled for
possible inclusions

Second assessment for inclusion
(based on full text)

6 additional articles identified and
retrieved

Wrong comparator

Final exclusion 30 articles:

Final inclusion

20 studies, 3
systematic reviews

See Appendix Il

Wrong study type
Wrong outcomes
Identified in systematic review

8 other articles used in background
and one report describing types an
causes of medication errors in
Australia

Figure 1 Schema of the stages of searching and inclusion/exclusion of references for the review.

e pharmacists;

e physicians/medical practitioners (or equivalents); and

e personal care attendants/ancillary staff (or equivalent).
In the absence of articles relating the older persons spe-

cifically to medication incidents (errors) in the acute, sub-

acute or residential care settings, articles were reviewed that

did not specify the age of the client/patient, using the same

criteria as described previously.

Types of intervention

All studies reviewing strategies to prevent medication inci-
dents (errors) in the acute, subacute and residential settings
were considered.

Types of outcomes
The main outcome measure of interest to be considered was
the number of medication errors or adverse drug events

© 2006 Blackwell Publishing Asia Pty Ltd

Table 3 PubMed search strategy management of medication
errors in older adults

Search category Search terms

MeSH Medication errors, aged, prescriptions, drug
Title or abstract Medication errors, adverse event, aged,
terms elderly, adults, drugs, medication

after intervention (and before in studies without parallel
control groups). In the absence of primary outcome mea-
sures, studies with surrogate measures such as test scores
and number of distractions were also considered.

Search strategy

The search terms in Table 3 were identified for a PubMed
search (Appendix IV). Similar terms and strategies were used
for the different bibliographic databases, with the same text
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words being used along with the relevant alternatives to
MeSH (i.e. EmTree headings in EMBASE).

Bibliographic databases
e PubMed (NLM): 1986-February 2005
e Embase: 1986-February 2005
e CINAHL (SilverPlatter): 1986-February 2005
e Current Contents: 1993—-February 2005
e Cochrane Library: 1986—-February 2005
e Cochrane Database of Systematic Reviews (CDSR)
e Database of Abstracts of Reviews of Effectiveness
(DARE)
e The Cochrane Controlled Trials Register (CCTR)
The Health Technology Assessment Database (HTA)
e NHS Economic Evaluation Database (NHS EED)
e Science Citation Index Expanded
e ProceedingsFirst: 1993—-February 2005
e Social Science Index
e International Pharmaceuticals Abstracts
Health Technology Assessment (HTA) websites were also
searched for relevant systematic reviews and studies (see
Appendix V).

Search phases

The initial search was through the aforementioned elec-
tronic databases. Articles for inclusion were firsts assessed
from titles and abstracts only. Articles identified as potential
inclusions were collected and assessed for inclusion based
on the full text. The reference lists of all studies determined
to match the inclusion criteria for effectiveness or safety
were then pearled for any possible inclusions (Figure 1).

Methodological quality

The evidence presented in the selected studies was assessed
and classified using the dimensions of evidence defined by
the National Health and Medical Research Council.”

These dimensions (Table 4) consider important aspects of
the evidence supporting a particular intervention and

Table 4 Evidence dimensions

include three main domains: strength of the evidence, size
of the effect and relevance of the evidence. The first domain
is derived directly from the literature identified as informing
a particular intervention. The last two require expert clinical
input as part of their determination.

The three subdomains (level, quality and statistical
precision) are collectively a measure of the strength of the
evidence.

Level of evidence

Levels of evidence differ in terms of the hierarchy, depending
on the type of research question being asked. Studies assess-
ing the effectiveness of interventions were assessed using
the National Health and Medical Research Council levels of
evidence (Table 5).

Quality of evidence

The appraisal of systematic reviews was performed using a
checklist developed by the National Health Service Centre
for Reviews and Dissemination.? This is a generic checklist
that allows for the appraisal of systematic reviews that incor-
porate study designs other than RCTs (Appendix VI). A ‘qual-
ity score’ will be approximated from this checklist by
attaching a point to each criterion that is met by the sys-
tematic review.

The appraisal of intervention studies was undertaken
using a checklist developed by the Joanna Briggs Institute
for Evidence Based Nursing and Midwifery.

A checklist of the quality of observational studies devel-
oped by the Joanna Briggs Institute for Evidence Based
Nursing and Midwifery was also used where appropriate
(Appendix VI).

Data collection and analysis

Study design and quality were tabulated and relative risks,
odds ratios, mean differences and associated 95% confi-
dence intervals were calculated from individual comparative

Type of evidence Definition
Strength of the evidence
Level The study design used, as an indicator of the degree to which bias has been eliminated by design

Quality
Statistical precision

The methods used by investigators to minimise bias within a study design
The P value or, alternatively, the precision of the estimate of the effect. It reflects the degree of

certainty about the existence of a true effect

Size of effect

The distance of the study estimate from the ‘null’ value and the inclusion of only clinically important

effects in the confidence interval

Relevance of evidence
measures used

The usefulness of the evidence in clinical practice, particularly the appropriateness of the outcome

© 2006 Blackwell Publishing Asia Pty Ltd
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Table 5 Designations of levels of evidence for assessing intervention studies

Level of evidence

Study design

| Evidence obtained from a systematic review of all relevant randomised controlled trials
Il Evidence obtained from at least one properly designed randomised controlled trial

-1 Evidence obtained from well-designed pseudo-randomised controlled trials (alternate allocation or some other
methods)
-2 Evidence obtained from comparative studies (including systematic reviews of such studies) with concurrent

controls and allocation not randomised, cohort studies, case-control studies or interrupted time series with

a control group

-3 Evidence obtained from comparative studies with historical control, two or more single-arm studies, or
interrupted time series without a parallel control group
\% Evidence obtained from case series, either post-test or pre-test/post-test

Modified from National Health and Medical Research Council (2000).”

studies containing count data where possible. All other data
were presented in a narrative summary.

Size of effect and relevance of evidence

For intervention studies, rank scoring methods were used to
determine the clinically important benefit of the effect size,
as well as the clinical relevance of the outcome being
assessed.” A clinically important benefit will be set as a 20%
difference between the confidence limit closest to the mea-
sure of no effect and the no effect line (Appendix VI).

Results

Are interventions effective at reducing medication
errors in older persons?

Are interventions that are designed to reduce medication
errors during the ordering, transcribing, dispensing and
administering of prescription drugs to patients 65 years and
over effective?

Three systematic reviews,
studies''*® were identified that attempted to answer this
question. One systematic review provided very general
information on the results of trials and therefore any stud-
ies not identified in the other reviews that addressed
interventions to reduce medication errors were individu-
ally identified and assessed'® and are included in the
count of the number of studies in the beginning of the
paragraph.

Before the discussion of the results of included studies,
several points should be highlighted. First, the majority of
studies did not direct interventions to patients in the older
persons category (265 years) but rather to patients within
their unit or hospital in general. Because of the paucity of
research specifically addressing the older persons, studies
that involved general patients were included. Second, the

6810 one review* and 20
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definition of a medication error varied and the severity of
medication errors (i.e. life threatening vs. minor) was not
always reported.

Computerised systems

Analyses of medication errors have revealed that targeting
error prevention strategies at procedures and not individuals
is likely to be more effective.® The following discussion
addresses the use of computer-based interventions at some
phase of the prescribing to administration pathway to
reduce medication errors.

Computerised physician ordering entry and clinical decision
support systems. Systems such as computerised physician
ordering entry (CPOE) and clinical decision support systems
(CDSS) were designed to target stages of ordering, and
administration and dispensing stages, respectively.

CPOE is described as a computer-based system whereby the
physician writes all orders online. Within this system the physi-
cian is provided with a menu of medications available from the
formulary displayed with the default doses and a list of the
potential range of doses. The system attempts to improve leg-
ibility, completeness and safety of orders.

CDSS provides computerised advice on drug doses, routes
and frequencies. CDSS can also perform drug allergy and
drug—drug interaction checks as well as prompt for corollary
orders (such as glucose levels after insulin has been
ordered).

A systematic review of studies evaluating CPOE and
CDSS in the reduction of adverse drug events and med-
ication errors was identified.” Included study designs
consisted of RCTs, non-RCTs and observational studies
with controls. No patient group was specified. Defini-
tions of medication errors and adverse drug events as
defined in the systematic review are provided in the fol-
lowing box.
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Medication error: errors in the process of ordering, prescribing,
dispensing, administering or monitoring medications.

Potential adverse drug events: medication errors with signifi-
cant potential to harm a patient that may or may not actually
reach a patient.

Results were not combined in a meta-analysis but
provided as narrative summaries and are summarised as
follows.

In two studies®'3?

Medication errors and adverse events.
significant reductions in non-intercepted serious medication
errors (medication errors that either have the potential to or
actually cause harm to a patient) of 55% and 86% were
identified, with one study showing a 17% decrease in adverse

drug events; however, this was not significant.

Other outcomes.
specific outcomes. A single study reported a significant
improvement in the rate corollary orders using computer-
ised reminders** whereas another demonstrated an
improvement in five prescribing practices®* and a third study
identified a 13% and 24% decrease in inappropriate dose
and frequency, respectively, of nephrotoxic drugs in patients
with renal insufficiency.*®

Three studies examined the effectiveness of computerised
advice for antibiotic dosing on adverse drug events, rates of
toxic drug levels or pathogen susceptibility.***® In a prospec-
tive before and after trial, use of CDSS was associated with
a 70% decrease in adverse drug events compared with
control, whereas an RCT found a 17% greater pathogen
susceptibility to the antibiotic drug regimen suggested by
CDSS.

In two RCTs evaluating CDSS guidance of theophylline
dosing, results between studies were contradictory.***° In
the larger of the two studies, the treatment group displayed
significantly lower rates of theophylline toxicity than the
control group. The smaller study found no such difference
and is likely underpowered.

Finally, two studies examining CDSS guidance of antico-
agulant dosing*'*? found no significant differences in bleed-
ing outcomes; however, given the small sample sizes, it is
likely that these studies are underpowered.

In a recent controlled trial, the effect of CPOE on medi-
cation errors was evaluated in a university hospital setting.*
After 8- and 11-month pre-intervention periods, two general
medicine units were provided with a CPOE system for a
further 7 and 4 months, respectively. During both pre- and
post-intervention periods, the number of reported medica-
tion errors was recorded. Other hospital units that continued

The remaining studies evaluated more

to use handwritten physician orders were also monitored for
medication errors and acted as control units.

Medication error was defined as an error in the process of
ordering, dispensing or administering a medication regardless
of whether the potential for injury was present.

Medication errors and potential errors were voluntarily reported
on a form by nurses, pharmacists and physicians to the Univer-
sity’s Centre for Medication Safety. Each error was investigated
and the severity of the error was rated by medication safety team
member on a scale from 0 to 6 (no actual incident occurred;
potential error to incident resulted in death).

Results showed that individually, the units receiving CPOE
systems showed no significant change in the number of
reported medication errors before and after the implemen-
tation of CPOE (Table 6). Pooled results of both units
showed an increase in the number of reported errors per
discharge. During the same period, control units displayed
a reduction in reported errors per discharge. Examination of
the stage at which errors occurred showed an increase in
reported error rates involving entry into the pharmacy com-
puter system (pharmacy order processing category) on units
using CPOE, but at no other stage.

Anecdotal evidence suggests that implementation of the
CPOE system in two US hospitals has reduced medication
errors by 37% and more than 50% since inception.*

Automated dispensing. A systematic review identified five
studies that examined the effectiveness of automated dis-
pensing systems on reducing medication error rates.® This
review concluded that the available evidence was generally
poor and did not support the suggestion that automated
dispensing systems improved outcomes.

Not included in the Shojania review was a single study
that evaluated an automated point-of-use dose system
(Medstation Rx) in a 26-bed adult general medicine unit.?®

The system involves the location of controlled and secure med-
icine storage units at nursing stations with patient medication
profiles downloaded in the Pharmacy and transferred to the
appropriate nursing unit.

To dispense the desired medication the nurse selects the
patient of interest using the computer.

Nurse selects desired medication and the storage unit releases
the specific drawer and pocket containing the medication.

Drug inventory required in each storage unit determined
through historical usage data.

Measurement of the incidence of dispensing error was
determined by comparing the technician error rate for filling

© 2006 Blackwell Publishing Asia Pty Ltd
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Table 6 Effect of computerised physician ordering entry (CPOE) on the number of medication errors

Study Level of Quality Population Measure Results
evidence Errors per discharge
Before  After P
Spencer -3 Qs 7/11 General medicine units  Unit monitored
etal, Before and after  Clinical importance Unit 1 with CPOE 0.079  0.092 NS
2005%° study not estimable Unit 2 with CPOE 0.06 0.083 NS
R not estimable Pooled CPOE 0.068  0.088 0.011
Control units 0.133  0.079 <0.001
Point of error'
Prescribing 0.014  0.008 NS
Unit order processing 0.014  0.018 NS
Pharmacy order processing 0.027  0.053 <0.01
Dispensing 0.003 0.001 NS
Delivery 0.005  0.002 NS
Administration 0.019  0.025 NS
Clinical monitoring 0.001 0.001 NS
fCPOE units only.
NS, not significant; P, probability; QS, quality score; R, relevance.
Table 7 Effectiveness of an automated point-of-use dose system
Study Level of evidence Quality Population Outcomes Results
% of doses dispensed
Ray -3 QS 6/11 Patients on a 26-bed Technician error 0.89% before implementation
etal, Before and after Clinical importance medical unit rate for filling 0.61% after implementation
199528 study 2/4 P=0.04

R3/5

Relative difference (95% CI):
28.7% (3.6-53.8%)

Cl, confidence interval; P, probability; QS, quality score; R, relevance.

Table 8 Effectiveness of a bedside terminal system (BTS)

Study Level of evidence Quality Population Outcomes Results
Brown -3 Qs 7/11 Patients on a 35-bed Medical error ratef 0.7/1000 before BTS
etal, Before and Clinical importance surgical unit (40-h observation) 0.7/1000 after BTS
1995™ after study not estimable

R not estimable

Total number of medical errors/1000 doses dispensed.
QS, quality score; R, relevance.

storage units 6 weeks before and 6 weeks after the introduc-
tion of the Medstation Rx system.

Results are described in Table 7. The use of an automated
point-of-use dose system significantly reduced the rate of
error in filling of dosage carts by technicians.

Bedside terminal system. One study examined the effec-
tiveness of a portable bedside terminal documentation sys-
tem on nursing practice and medication error rate.'* A
medication error was defined as a variation from standard
practice and was to be recorded on an incidence report.

© 2006 Blackwell Publishing Asia Pty Ltd

Bedside terminal systems involve the use of touch screen hand-
held portable terminals to enter and access data on individual
patients. These portable computers communicate via radio fre-
quency to a terminal server located on the unit.

Results are summarised in Table 8. The use of a bedside
terminal system had no effect on the reported medication
error rate.

In a 6-month study in three US hospitals in which full-
function clinical information systems were moved from nurs-
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ing stations to the patient bedside, the authors claim a
reduction in medication errors of 34%.'

Computer-generated medication administration records.
One before and after study (Level 1ll-3) in a 584-bed hospital
converted their handwritten 14-day medical administration
records (MAR) to a 24-h computer-generated MAR in an
attempt to increase the accuracy of medication administra-
tion, avoid discrepancies between the pharmacy and the
nursing staff and providing neat, legible documentation."

The MAR is initially generated by order entry in the pharmacy.
The computer-generated MAR is then reconciled by the 11 pm
to 7 AM shift nurses. If a discrepancy exists, a variance report is
filled out and any corrections are made by the pharmacy.

The definition of a medication error was not defined in this
report.

The authors claim that a decrease in medication errors of
18% was obtained after the first year of the new protocol.

Computer alert system. Five studies were identified in a
systematic review that examined the use of computer alerts
to prevent adverse drug events.® However, the evidence for
the effectiveness of such systems is weak. Only one study
demonstrated significant decreases in adverse drug events
using the alert system in a before and after study. One other
study found no significant benefit of an alert system on the
incidence of adverse drug events and three others only saw
improvements in the response times to obtaining laboratory
values. A final study demonstrated a significant change in
physician behaviour and their modification of patient therapy
based on the alerts and subsequent recommended actions.

One other uncontrolled trial evaluated the incorporation
of 37 adverse drug event alerts into the existing computerised
hospital information system of a 650-bed teaching hospital.?’

An example of an adverse drug event alert was the following:

Primary prevention alert

Cardiac
Arrhythmia-digoxin — patient receiving digoxin and has a
serum potassium level <3.2 mmol/L, a serum magnesium
level <0.75 mmol/L or a digoxin level >2.5 nmol/L. Rec-
ommendation: electrolyte replacement or digoxin dose
reduction.

Based on the patient information entered into the system, a
prescription could generate an adverse drug event alert that is
printed out and evaluated within the pharmacy. If necessary,
the alert is discussed with the appropriate nurse regarding
the patient’s clinical condition. The pharmacist may contact the
attending physician when the recommendations made by the
alert seem appropriate.

The study collected data on consecutive alerts for
6 months after inception of the program. A total of 9306
non-obstetrical patients flowed through the system with
1116 alerts recorded. Of these, 596 alerts (53%) were
deemed to be true positives requiring action. In 44% of
these true positives (265/596), the physician stated they
were unaware that a potentially dangerous clinical situation
existed.

Bar codes. A systematic review found one observational
study in which a hospital used hand-held scanners to iden-
tify the patient, nurse and the medication being adminis-
tered.® The study found that the medication error rate in the
hospital decreased from 0.17% before the system was insti-
tuted to 0.05% after (P value not reported). Although this
result was encouraging, the use of the bar coding device
was ‘easily and frequently circumvented’, bringing into
question the real contribution of the device to the overall
error rate decrease.

In a recent ethnographic study nurse, physician and phar-
macist interaction with a newly instituted computerised sys-
tem of bar code medication administration (BCMA) was
observed in three veterans hospitals in the USA.?® The aim
of incorporating this technology was to reduce the inci-
dence of adverse drug events.

One observer, trained in ethnographic field observations, con-
ducted all observations before and after the implementation of
BCMA. Observations occurred during all parts of day, evening
and night shifts for a duration of between 1 and 7 h.

BCMA involved the incorporation of software installed on a
laptop permanently attached to the wheeled medication chart.

Physicians were observed performing computerised order
entry followed by verification by the inpatient pharmacists.

Nurses scanned bar coded wristbands on individual patients
and ‘DUE" medications would be indicated for that patient. The
medication bar code was then scanned and if it matched the
displayed information then the system recorded the medication
as given and recorded the time. If there was any discrepancy, a
pop-up alert was displayed.

Five negative themes (side-effects) were identified in this

study:

1 nurse confusion over automated removal of medications
by the BCMA;

2 degraded coordination between the nursing staff and the
physicians;

3 nurses dropped activities to reduce workload during busy
periods;

4 increased prioritisation of monitored activities during
busy periods; and

5 decreased ability to deviate from routine sequences.
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It was suggested that these observed side-effects might ‘cre-
ate new paths to adverse drug events’.

Therefore, the study authors recommended that the soft-
ware undergo design revisions and the hospitals institute
best practice training.

General conclusions: computerised systems

Some evidence suggests that:
CPOE combined with CDSS may be effective in reducing
medication errors in a general hospital population.

Lower-level evidence for the effectiveness of:
Computer-generated MAR.
Computer adverse drug event detection and alerts.

No evidence to suggest that:
Automated dosing systems reduce medication error incidence.
Only reduce errors in filling of drawers by technicians.
The use of bedside terminal systems reduces medication error
incidence.
Bar coding patients or medications reduce medication error
incidence.

Individual patient medication supply

Individual patient medication supply refers to the practice
of dispensing medications in a package that is ready to
administer to the patient. One systematic review® and two
Australian studies**** were identified.

In the Australian studies,**** the use of individual patient
supply was found to significantly reduce the medication
error rate compared with a ward stock system of medication
supply with studies showing a decrease in the medication
error rate from 15.4% (76/494) to 4.8% (24/502)* or
missed medications from 5.7% (223/3931 doses) to 4.1%
(136/3287 doses), respectively.**

In the systematic review, results suggested that there is a
positive impact of error reduction using an individual patient
supply system. Five studies met the review inclusion criteria
(four cross-sectional studies and one before and after study).
The majority of these studies reported reductions in medica-
tion errors using this system compared with alternative dis-
pensing methods such as the ward stock approach, primarily
in errors of omission and commission (erring in a task).

Table 9 Effectiveness of medication examination

General conclusions: individual patient medication supply

Individual medication supply systems have been shown to
reduce medication error rates compared with other dispensing
systems such as ward stock approaches.

Education and training

One study examined the effect of a compulsory medication
examination on the rate of medication error in a 376-bed
community medical centre.*

Unit dosages for each patient prepared in the pharmacy and
administered by registered nurses only.

During Phase | nurses were required to pass an annual
written medication examination consisting of 22 multiple-
choice and 12 matching questions and 5 dosage calculation
questions.

Phase Il was instituted after policy was changed to eliminate
the annual examination as a requirement.

The study followed the number of reported medication errors
over a 6-month period for each phase.

A medication error was defined as administering:
e the wrong medication;
® an extra dose;
® g medication to the wrong patient;
® g medication via the wrong route;
e a medication >30 min before or after the scheduled time;
e g medication from an expired order;
e an intravenous fluid at the wrong rate by >10%;
e or by omitting a medication.

Results showed no difference in the incidence of medica-
tion errors between the two time periods (Table 9).

One RCT evaluated the effectiveness of a 3-h educational
intervention compared with control (no education) on the
ability of nurses to calculate appropriate drug dosages.'”
Errors in calculating medication dosages and flow rates were
assumed to be a surrogate outcome for medication errors.

Sixty-seven registered nurses were randomised into one of four

groups (three intervention, one control). Before intervention, all

participants completed a medication calculation test.
Medication calculation test included:

Study Level of evidence Quality Population Outcomes Results
Ludwig Beymer -3 QS 5/11 Community Incidence of medication With testing: 142
etal, Before and after Clinical importance medical centre errors over a period of errors/6 months
1990% study not estimable patients 6 months Without testing: 137

R not estimable

errors/6 months

QS, quality score; R, relevance.
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e 10 items on calculating oral dosages

® 4 jtems on intramuscular and subcutaneous dosages

® 6 items involving calculation of intravenous medication dosages
and flow rates

Intervention groups then underwent 3-h training via one of:

1 self-study workbook

2 computer-assisted instruction

3 group classroom instruction

Nurses re-tested 4-5 months after intervention.

Results showed an increase in post-test scores for all
groups (Table 10). However, analysis of covariance revealed
no significant difference in post-test medication calculation
test scores between any of the experimental groups and
controls (not shown).

General conclusions: education and training

There is no evidence to suggest that education addressing
medication calculation, or a yearly medication examination is
effective in reducing medication errors.

Pharmacists

A systematic review summarised the results of one system-
atic review and one RCT evaluating the role of clinical phar-
macists in preventing adverse drug events in outpatients,
and one systematic review and three other studies of
hospitalised patients.® In the inpatient setting, this review
identified one prospective before and after study that dem-
onstrated a statistically significant 66% decrease in prevent-
able adverse drug events caused by medication ordering. In
a retrospective before and after study, the use of a clinical
pharmacist to check on new orders entering the pharmacy
resulted in a 40-50% overall reduction in medication errors.
In a meta-analysis of primarily controlled observational stud-
ies and non-randomised trials, the use of a pharmacist to
follow up with patients resulted in patients being more likely
to have a therapeutic peak and trough and less likely to have
a toxic peak and trough. In the outpatient setting, a system-

Table 10 Effectiveness of 3-h education interventions

atic review of over 16 000 outpatients determined that the
use of a pharmacist for consultation, patient education and
follow-up resulted in improvements in outcomes for patients
with hypertension, hypercholesterolaemia, chronic heart
failure and diabetes. Other outpatient studies determined
that the use of pharmacist at discharge of geriatric patients
resulted in significantly fewer medication errors. Finally, in
an RCT of 181 patients with heart failure, patients in the
intervention group received clinical pharmacist evaluation,
which included medication evaluation, therapeutic recom-
mendations to the attending physician, patient education
and follow-up telemonitoring. The control group received
usual care. This study found all-cause mortality and heart
failure events were significantly lower in the intervention
group compared with the control group (4 vs. 16;
P =0.005).

The involvement of a pharmacist at the point of prescrip-
tion (ordering) of a drug by the physician was evaluated by
three further studies.'”?>*¢ In two studies the pharmacist
either made rounds with the medical team to provide imme-
diate consultation®” or made rounds to each designated unit
every half hour to check on the accuracy of orders and to
provide consultation to the medical staff.*¢ The results of
these studies are summarised in Table 11.

Both studies displayed a decrease in the number of med-
ication errors per 1000 patient days with the improved
availability of a pharmacist for consultation. When the num-
ber of errors per number of patients in each study group
was examined, the use of a pharmacist with the rounding
team showed significant improvement compared with the
rounding team only.?

In a single study the process of reactive pharmacy inter-
vention was evaluated in a single-arm study.'” The objective
was, within the pharmacy, to identify prescriptions that may
have defects to prevent a possible impact on the patient (i.e.
an adverse event).

Study Level of Quality Population Outcomes Results
evidence
Pre-score Post-score
Mean SD Mean SD
Bayne and Il Qs 7/11 67 registered Medication test calculation scores
Bindler, Clinical nurses Group
19972 importance 3/4 Control (n=18) 74.7 15.6 81.1 13.0
R not estimable Workbook (n=18) 80.0 15.2 78.3 16.7
CAl (n=14) 78.2 9.7 82.1 11.9
Classroom (n=17) 70.3 17.5 78.8 17.1

CAl, computer-assisted instruction; QS, quality score; R, relevance; SD, standard deviation.
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Prescription considered by pharmacists
If prescription considered defective, the pharmacist recorded
the following:
e relevant drug details
e summary and categorisation of the problem
e coding of outcomes
e total time taken to initiate a response and resolve the
problem
e grade of the prescribing doctor
The potential for medical harm graded separately by a single
physician.

The study found that approximately 3% of prescriptions
written over the period of 28 days were flagged as faulty
(Table 12). A high proportion of interventions were consid-
ered justified (83%) during review, with 75% of interven-
tions resulting in altered prescriptions.

General conclusions: pharmacists
There is some evidence to suggest a role for clinical pharma-
cists in preventing adverse drug events in the inpatient setting.

Table 11 Effect of pharmacist intervention on a number of medication errors

Study Level of evidence Quality Population Outcomes Results OR (95% ClI)
Kucukarslan -2 QS 8/11 Experimental group: Preventable Rounding Rounding
etal, Control Clinical 86 patients from ADE' team plus team only
2003% study importance general medical unit pharmacist
1/4 Mean age: No. of errors/1000 patient days
R 2/5 54 £19 years. 5.7 26.5 NA
Control: 79 patients No. of errors per population
from general medical of study group (%)
unit 2/86 (2.5) 9/79 (10) 0.19 (0.02, 0.94)
Mean age:
56 + 20 years
Shah et al., -3 QS 6/11 303-bed acute care Reported Year before Year after NA
19944 Before Clinical facility medication intervention  intervention
and after importance incidents 3.03 1.12
study not estimable (per 1000
R not patient
estimable days)

Preventable adverse drug event (ADE) defined as undesired reaction to medication that may have been prevented by appropriate drug selection or management.
Cl, confidence interval; NA, not applicable; OR, odds ratio; QS, quality score; R, relevance.

Table 12 Effect of reactive pharmacy intervention on improvement in prescription quality

Study Level of Quality Population Outcomes Results
evidence
Hawkey \% NA All inpatients and Interventions in prescribing Intervention in 769 (2.9%) of
etal, Prospective outpatients in acute care, process over a 28-day all prescriptions over 28 days.
1990" uncontrolled mental illness, or elderly period, alterations to 639 (83%) cases warranted
study prescription, quality of intervention.

575 (75%) of intervention
resulted in altered prescriptions
most notably because of:

® 280 wrong dosage

® 50 dosage not stated

® 48 over prolonged prescription.
In 246 interventions (32%),
alteration resulted in an
appreciable improvement in the
quality of the prescription

the prescription

NA, not applicable.
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Table 13 Effectiveness of dedicated medication nurses

Study Level of Quality Population Outcomes Results P
evidence Medication nurses General nurses
Greengold Il QS 8/11 16 nurses >1 year of  Total error rates’ 912/5792 (15.7) 545/3661 (14.9) <0.84
etal, RCT Clinical acute care nursing. Medication error rates* 651/5792 (11.2) 253/3661 (6.9) <0.15
2003 importance  Inpatients in 4 Process variation 281/5792 (4.9) 306/3661 (8.4) <0.06
not units each of 1 error rates§
estimable academic
R 2/5 community
hospital and
1 university

teaching hospital

Total error rates = medication error rates + process variation error rates.

*Medication error = wrong drug, dose, route, form, rate, dose preparation, administration technique or omission of drug.
$Process variation error = not checking patient wristband, borrowing medication, dosing from unlabelled dispenser (e.g. unlabelled syringe).

P, probability; QS, quality score; R, relevance; RCT, randomised controlled trial.

Nursing care models
Dedicated nurses. Three studies examined the effectiveness
of using dedicated nurses to dispense medication to
patients.'*'62

In one RCT, 16 nurses from four nursing units of two
hospitals were designated to be either medication nurses,
administering medications to assigned patients, or general

nurses providing care in the ‘usual manner’.'®

Medication nurses participated in a medication safety program
(1 day, 8 h).

Nurses were observed during medication administration
5 days a week (medication nurses for 2 days) for a period of
12 weeks.

The results of the study are presented in Table 13. This
study suggests that the use of dedicated medication nurses
does not reduce the incidence of total, medication and
process-variation error rates.

In a pilot project of before and after design (Level Ill-3)
involving four units in a 950-bed hospital, licensed practical
nurses were used as designated medication nurses."

Licensed practical nurses used as designated medication nurses
from Monday to Friday on the day and evening shifts.

Regular nursing staff provided medications on night shifts and
weekends.

The number of reported medication errors was evaluated
before trial and 3 months after inception.

The authors report that at the end of the trial the number
of reported medication errors was reduced to less than 50%

of pre-trial levels in three of the units whereas a fourth
showed a 300% increase (4 reports to 12). The cause of this
apparent aberration was explained as low reporting pre-trial
and high staff turnover on this unit.

In a recent study, distractions during medication admin-
istration were used as a surrogate measure for the potential
for medication errors.”® The study of registered nurses in a
medical surgical unit during medication administration
‘cycles’ evaluated the use of two different interventions com-
pared with customary medication administration proce-
dures to reduce the number of distractions.

Medication administration cycle: encompasses commence-
ment of administration of all assigned patient medications
through to completion of documentation of all administered
medications.

Control: 8 cycles where nurses used customary medication
administration procedures (i.e. no designated nurse to deliver
medications).

Focused protocol: 8 cycles where a ‘special nurse’ designated
and staff asked not to interrupt or distract unless the interruption
is related to medications being administered.

Medsafe protocol: 8 cycles. Nurse required to wear a spe-
cial vest that identified nurse as performing medication
administration cycle and ‘Do Not Disturb’. Staff asked to
intercept all phone calls or other distractions during the
cycle.

Distractions were measured using a medication administra-
tion distraction observation sheet that was validated for this
study. The number of distractions per cycle was measured.

Results of this study suggest that the use of a designated
nurse for medication administration can lead to a reduction
in the number of distractions that a nurse may encounter
during a medication administration cycle (Table 14).
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Table 14 Effect of designated nurses on the number of distractions during medication cycles

Study Level of Quality Population Study group Number of distraction during cycle
evidence Mean SD Mean difference (95% Cl) P
(of 8 cycles)
Pape, -2 QS 7/11 Registered  Control 60.5 129
2003*  Control  Clinical importance nurses Focused protocol 22.5 8.5 38 (26.3, 49.7)" <0.001
study not estimable Medsafe protocol 8.0 4.5 52.5 (42.1, 62.9)" <0.001
R 2/5 14.5 (7.2, 21.8)¢ 0.001
Result compared with control.
*Result comparing Medsafe protocol with focused protocol.
Cl, confidence interval; P, probability; QS, quality score; R, relevance; SD, standard deviation.
Table 15 Effect of one or two nurses for medication administration
Study Level of evidence Quality Population Outcomes Results OR (95% CI)
2 nurses T nurse
Kruse -1 QS 8/11 Geriatric Errors/opportunities 92/43 428 120/40 275 0.7 (0.5, 0.9)
etal., Cross-over Clinical patients
1992 controlled trial importance 2/5
R 2/5

Cl, confidence interval; OR, odds ratio; QS, quality score; R, relevance.

General conclusions: dedicated nurses

There is no evidence to suggest that providing designated
nurses to dispense medication significantly reduces the inci-
dence of medication errors.

Use of the focused or Medsafe protocols in which nurses are
identified as ‘not to be disturbed’ can reduce distractions to
nurses during medication administration.

Checking (single vs. double). Two Australian studies eval-
uated the effectiveness of single versus double checking of
medication by nurses for the reduction of medication
errors.2%?!

In a single cross-over controlled trial in three wards of a
geriatric assessment and rehabilitation unit, the effectiveness
of two nurses versus one for reducing medication errors was

evaluated.?'

Ward A selected for two-nurse medication administration for
23 weeks.

Ward B selected for one-nurse medication administration for
23 weeks.

Cross-over and:

Ward A selected for one-nurse medication administration for
23 weeks.

Ward B selected for two-nurse medication administration for
23 weeks.

Ward C selected for two-nurse medication administration for
whole period of study (control).

© 2006 Blackwell Publishing Asia Pty Ltd

A medication error was defined as administering:

* a medication to the wrong patient;

e the wrong medication;

® an extra dose;

® a medication to patient with a known allergy to that
medication;

e a medication from an expired order;

® or by omitting a medication;

e or the medication chart not signed.

The results are summarised in Table 15. The point esti-
mate illustrates that the use of two nurses to administer
medications results in 30% lower odds of a medication error
being made compared with using one nurse.

In a lower-quality study (Level of evidence lII-3), the
impact on nursing practice and the number of reported
medication errors were evaluated when standard practice of
double checking of medications before administration was
replaced with a single-checking protocol.?

Medication errors were identified by those reported on the
medication incident records over a period of 7 months for each
arm of the study (i.e. double and single checking).

Only five reported medication incidents were identified
over the 7-month period of standard practice (double
checking) compared with four reported incidents during
7 months of the single-checking protocol. This difference
was not significant and was suggestive that single checking
was as safe as double checking in this institution.
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General conclusions: nurse double checking

There is some evidence to suggest that having two nurses
check medication orders before dispensing medication signifi-
cantly reduces the incidence of medication errors.

Partners in patient care. This nursing practice model aims
to extend nurse time by introducing the use of nursing
partners. A single study that met inclusion criteria has exam-
ined the ‘partner in patient care’ (PIPC) model on nursing
units of a Florida hospital.’ A description of the model is
provided in a previous paper.?®

The PIPC nursing practice model involves five major compo-

nents:

1 Participation in decision-making by staff (staff involved in the
design of the practice model).

2 Use of a multiskilled technician in partnership with the nurse
as a patient care extender (nurse extender).

3 Education provided on the change process (three for-

mal classes).

4 Education on proper delegation of tasks to the nurse extender
(one class).
5 Bedside computers installed as a point of care system (in each
care room and at the central nursing station)
Pilot and control nursing units in a single hospital were randomly
selected:
Control units used a total patient care nursing model.
Pilot units implemented the new PIPC model.
Medication errors were derived from official incident reports.
Data were sampled at three time points, before the interven-
tion, 6 months into the implementation and at 1 year after
implementation.

administration documentation errors reported in a general
hospital.”’

Control period before implementation involved present practice.
The hospital utilised a clinical information computer system
alongside an automated medication administration system.

MARS involved the introduction of an interdisciplinary com-
mittee of staff nurses, nurse managers, pharmacists, information
systems analysts, a risk manager and a nursing educator. This
committee reviewed all reported errors and then attempted to
identify potential causes of the errors. If necessary, medication
administration policies were revised. This information was then
shared with staff through a publication called a ‘Hot Spots’
brief.

A concurrent chart review analysed medication administration
documentation. Ten patients from each of every nursing unit

were audited for 7 days.

A medication error was defined as mistake made during the
transcription, preparation, dispensation or distribution phases
of drug administration. Specifically, physician orders were
reviewed for accuracy of transcription and timeliness of imple-
mentation. Documented medications were reviewed for accu-
racy of right patient, medication, dose, route and time. Timely
administration of Stat, prn (as needed) and routine medications
was also evaluated.

Before the introduction of the MARS committee, medica-
tion administration documentation errors were reported a
frequency of 0.193 per patient day. One year after introduc-
tion of the MARS committee, the rate of errors had dropped
36.3% to 0.123 per patient day.

A medication error was determined by a single researcher as
any incident that deviated from standard procedure and was
clearly the responsibility of nursing.

Medication error rates ranged from 1/1000 to 4/1000
patient days; however, the comparison data from each study
group (control and pilot) were not provided. The study
found a significant difference in the medication error ratio
(errors/patient day, P = 0.008).

General conclusions: PIPC
There is limited evidence to suggest that introducing the PIPC
model significantly reduces the incidence of medication errors.

Medication Administration Review and Safety. A before
and after study examined the effect of developing an inter-
disciplinary Medication Administration Review and Safety
(MARS) committee to reduce the number of medication

General conclusions: MARS

There is limited evidence to suggest that introducing MARS
committee can significantly reduce the incidence of medication
administration documentation errors.

Process change. One before and after study looked at the
effect a process change and education would have on the
ability of nurses to deliver insulin doses within a 60-min time
frame from point of blood glucose testing.'® Before imple-
mentation, the procedure for ordering and administering
insulin was not clearly defined or consistently followed.
Three nursing units were evaluated (a cardiac, thoracic and
neurosurgical ward, an orthopaedic ward and a cardiac pro-
gressive ward), for a period of 1 month before intervention
and 6 months after implementation of the changes.

Control: standard practice. This involved a physician filling out a
pre-printed insulin order form. A computerised MAR was gener-
ated by the pharmacist each evening to be used to record the
times of administration of insulin to each patient the following
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Table 16 Number of cases receiving insulin within 1 h of blood glucose testing

Study Level of evidence Quality Population Unit Insulin delivered <60 min (%) OR (95% ClI)
Control Treatment

Heatlie, -3 QS 6/11 Nurses on 3 units 1 86/176 (48.9) 132/185 (71.4) 2.6 (1.7, 4.0)

20038 Before and after Clinical 2 142/190 (74.7) 163/192 (84.9) 1.9 (.1, 3.2)

study importance 1/4 3 113/131 (86.3)  110/120 (91.7) 1.8 (0.8, 4.0)

R 2/5 Pooled 361/497 (72.6)  405/497 (81.5) 2.2 (1.6, 3.0)

Cl, confidence interval; OR, odds ratio; QS, quality score; R, relevance; Unit 1, cardiac progressive; Unit 2, cardiac, thoracic and neurosurgical; Unit 3, orthopaedic.

Table 17 Time interval between blood glucose determination and insulin administration (min)

Level of evidence

Study Quality Population Unit Time from blood glucose test to insulin P
delivery (min)
Control Treatment
n Mean £ SD n Mean + SD
Heatlie, -2 QS 7/11 Nurses on
20038 Control Clinical 3 units Breakfast 26 125.5+49.5 41 46.1 £23.0 0.00
study importance Lunch 50 53.4+284 50 56.9 +34.0 0.58
1/4 Dinner 50 70.0 £46.8 50 50.0+31.9 0.01
R 2/5 Bedtime 50 60.7 +41.6 44 38.1+32.6 0.01
2

Breakfast 40 52.4+24.8 47 38.1+20.8 0.01
Lunch 50 57.1+29.0 50 46.7 +36.1 0.12
Dinner 50 55.6 +28.2 49 57.4+37.7 0.79
Bedtime 50 37.2+31.7 49 31.7 +23.8 0.33
Breakfast 24 56.4+43.4 30 43.2+37.8 0.24
Lunch 32 38.8 +21.5 30 27.1+22.4 0.04
Dinner 49 45.1+31.5 31 39.8+25.8 0.44
Bedtime 26 30.6 £35.9 30 22.6 £33.7 0.39

P, probability (bold indicates significance); QS, quality score; R, relevance; SD, standard deviation; Unit 1, cardiac progressive; Unit 2, cardiac, thoracic and

neurosurgical; Unit 3, orthopaedic.

day. The dose of insulin to be delivered was determined accord-

ing to a sliding scale based on a result from the patients blood

glucose test. No single method of blood glucose determination
was used by staff.

Treatment involved three changes to standard practice:

1 A nursing education program discussing the prevention of
insulin administration errors and the importance of the timing
between determination of a blood glucose and the subse-
quent administration of insulin to a patient.

2 Introduction of bedside blood glucose monitors to all units.

3 The computerised MAR was changed so that time and dose
of insulin were not recorded and therefore had to be recorded
by the nurse at time of administration.

All MAR records from 1 month were examined for the month
before the change and at 6 months after the implementation of
the quality improvement plan. Insulin dose was compared with
time of blood glucose time entered.

glucose determination and insulin delivery for four times
(breakfast, lunch, dinner and bedtime) for each unit. The
results for each unit and pooled results are shown in
Tables 16 and 17.

Overall, the number of cases that received insulin within
60 min of a blood glucose test improved significantly
(Table 16). However, individually this improvement was only
seen on Units 1 and 2. Examination of time periods in which
a significant reduction in time interval between time of
blood glucose test and insulin administration was seen at
breakfast, dinner and bedtime in Unit 1 but only at breakfast
in Unit 2 and lunch in Unit 3 (Table 17).

Data were analysed to determine the number of occasions
where insulin was administered within 60 min of blood glu-
cose determination, and the mean time between blood
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General conclusions: process change for insulin administration

There is limited evidence to suggest that providing educa-
tion on diabetes management to nurses and the provision of
bedside blood glucose monitors can significantly reduce the
time between blood glucose measurement and insulin
administration.
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Quality of medication instruction to patients in the community
During the finalisation of this review, a single prospective
cohort study was identified concerning the quality of
instructions given to older adults taking warfarin, digoxin
and phenytoin when filling a prescription in the commu-
nity.” Patients receiving these drugs were selected because
of the narrow therapeutic window of these medications and
the resulting higher risk of severe adverse events. This report
discusses only the baseline survey data from telephone inter-
views of over 4955 persons on the receipt of information
and quality of that information concerning their prescription
drugs at time of filling. The survey results suggested that
almost one-third of responders reported not receiving any
instruction on the use of these medications.

Discussion

The original goal of this systematic review was to evaluate
interventions to improve medication error incidence rates in
geriatric settings. However, it soon became apparent that
little research had been performed in strictly this environ-
ment. Persons aged 55 years and over account for a large
proportion of admitted patients and 49.6% of separations.*®
Therefore, it was considered appropriate to include studies
from all clinical environments.

Types and causes of medication errors

Studies examining the types and causes of medication errors
occurring in older adults (=65 years) are limited. However,
evidence is available on the general population and is taken
to be representative of those issues that would arise in the
geriatric setting.

Medication errors in the hospital setting have been stud-
ied extensively and the most common types of errors have
been identified generally as prescription/medication order-
ing errors, dispensing errors, errors in administration of
medicines and errors in the medication record. Specifically
these errors can most often be categorised as omissions
(>25%), overdoses (20%), wrong medicines (10%), drug of
addiction discrepancy (<5%), incorrect labelling (<5%) or
an adverse drug reaction (<5%). However, little is known as
to why medication errors occur in Australian hospitals. Fail-
ure to read, or misreading the chart, and a lack of robust
systems for prescribing and ordering were suggested as the
reasons for most of these errors.*

Based on limited Australian data on prescription errors,
approximately 2% of all prescriptions have the potential to
cause an adverse event with the most common causes being
the wrong or ambiguous dose, missing dose, or the direc-

tions for use were unclear or absent. This can be compared
with other countries in which the medication error rates
have been reported to be between 2% and 7%.°

Among the most common errors and their causes related
to medication that are encountered in community practice
(i.e. community pharmacies and general practices) are inap-
propriate drugs, prescribing errors, administration errors,
and inappropriate dose errors.* The factors contributing to
these errors were forwarded by the doctors surveyed and
not from empirical evidence. Most commonly cited reasons
for medication errors in a community setting are poor com-
munication between patient and health professionals, action
of others (not GP or patient), error of judgement, poor
communication between health professionals, patient con-
sulted another medical officer and failure to recognise signs
and symptoms.

The most common types of dispensing errors reported by
pharmacists are the selection of the incorrect strength,
incorrect product or misinterpretation of a prescription. The
major reason for selecting the incorrect strength or product
has been described as the result of ‘look alike’ or ‘sound
alike’ error.

In an Australian survey of 209 community pharmacists,
the major factors cited for contributing to dispensing errors
were high prescription volume, overwork, fatigue, interrup-
tions to dispensing, ‘look alike, sound alike’ drug names.

Other factors that have been suggested as contributing
to medication errors are inadequate continuity of care
between the hospital and the community after discharge of
a patient, multiple healthcare providers where medicines
can be prescribed by more than one doctor, keeping unnec-
essary medications, generic names/trade names and misun-
derstanding the label instructions. However, the effect of
these factors on medication error and adverse drug events
has not been studied.

Effectiveness

Numerous interventions to reduce the incidence of medica-
tion errors were identified that evaluated all steps in the
pathway of delivery of medication to the patient. Included
in this review are evaluations of computerised ordering by
physicians, drug order checking by pharmacists, supply and
delivery of drugs to the respective medical units, and admin-
istration of drugs to the patients by nursing staff. Within
each step of the process, different types of interventions
were evaluated, such as the use of single versus double
checking by nurses before administration of a drug, or the
use of a dedicated nurse with a distinctive ‘jacket’ to identify
them as performing drug administration and not to be
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disturbed. Overall, however, for a number of the interven-
tions discussed in this review, the level of evidence was low
(small sample sizes, before and after studies) or the results
were poorly reported or inconclusive.

It was stressed in many of the researches reviewed here
that medication errors do not necessarily translate into
adverse drug events that could result in harm to patients. It
was apparent from this literature that once a definition of a
medication error was created the ease of determination of
an error was dependent primarily on the level of reporting
(i.e. the ease and willingness of clinicians to report an error).
However, the resulting effect of a medication error, if any,
on the patient was much harder to establish and therefore
many studies did not extend their outcomes to include this
eventuality.

In a number of studies, the number of reported medica-
tion errors was actually seen to increase after implementa-
tion of an intervention. This may have been the result of
increased vigilance and improved reporting systems rather
than an increase in the incidence of errors. Therefore, in
some studies it was impossible to accurately determine the
effectiveness of the specified intervention.

Computerised systems

Computerised systems consisted of a variety of interventions
including CPOE, automated dispensing, bedside terminals,
computer-generated MAR, alert systems and bar coding.

In summary, there was good evidence that CPOE system
combined with CDSS is effective in reducing medication
errors in a general hospital population.® However, there
was lower-level evidence for the effectiveness of computer-
generated MAR, computer adverse drug event detection
and alerts. Finally, there was no evidence to suggest the
use of bedside terminal systems, or bar coding patients
or medications reduces medication error incidence, or
that automated dosing systems reduce medication error
incidence but only reduce errors in filling of drawers by
technicians.

The majority of the research was in the use of CPOE to
reduce medication errors and ultimately adverse drug
events. Although CPOE was shown to significantly decrease
the incidence of medication errors, it was noted that there
was little evidence for CPOE and/or CDSS reducing adverse
drug events and actual patient harm.®

A single report on the introduction of a computerised
MAR reported only that medication errors deceased from
one year to the next by 18%."" It was assumed from the
report that medication errors were defined as a discrepancy
between the MAR and the pharmacy order, but this was not
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implicitly stated. A positive of the new MAR was its readabil-
ity over handwritten documents.

The use of a computer alert system in one study showed
that in 44% of cases where the system alerted the physician
to a potential risk of an adverse drug event-related injury,
the physician was unaware of the risk.?” This suggests that
the system may be able to prevent a significant number of
potentially harmful medical errors. However, the system
consisted of only 37 drug-specific adverse drug events and
therefore would need to be expanded and updated to
encompass a greater variety of risk.

Providing bedside terminal systems in one community
hospital was evaluated for its effect on registered nurse time
spent in direct care activities, overtime, attitudes towards
the technology and unit medication error rate.™ No differ-
ence in unit error rates was noted. However, the study
duration for pre- and post-intervention observation was
short at 40 h each and the errors were counted from reports
on incident forms.

Identification of a single study in one systematic review®
found that nurse use of bar codes in a point of care infor-
mation system decreased the medication error rate in the
hospital from 0.17% before the system was instituted to
0.05% after (P value not reported). Although this result was
encouraging, the use of the bar coding device was ‘easily
and frequently circumvented’, bringing into question the
real contribution of the device to the overall error rate
decrease. The reasons for this were not described.

However, a recent ethnographic study of nurse, physician
and pharmacist interaction with a newly instituted comput-
erised system of BCMA identified five negative themes (side-
effects) that may elucidate the reason for the under-use of
the bar coding system reported in the review:?

1 nurse confusion over automated removal of medications
by the BCMA;

2 degraded coordination between the nursing staff and the
physicians;

3 nurses dropped activities to reduce workload during busy
periods;

4 increased prioritisation of monitored activities during
busy periods; and

5 decreased ability to deviate from routine sequences.

The available evidence from a systematic review for the
use of automated dispensing was found to be generally poor
and did not support the suggestion that automated dispens-
ing systems improved outcomes.® In a single study the use
of an automated point-of-use dose system significantly
reduced the rate of error in filling of dosage carts by tech-
nicians only.?®
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Individual patient medication supply

Individual medication supply systems have been shown to
reduce medication error rates compared with other dispens-
ing systems such as ward stock approaches. However, one
systematic review suggested that the use of these systems
shifts the chances for error from the nursing ward into the
pharmacy, where distractions are also common and errors
will occur.

Education and training

Few studies were identified that examined the effectiveness
of nursing education or training programs on the prevention
of adverse drug events. From the two studies that were
included, there is no evidence to suggest that education
addressing medication calculation, or a yearly medication
examination is effective in reducing medication errors.'>?*
Looked at another way, neither written medication exami-
nations nor education on medication calculation could
improve nurse competence to prevent errors beyond the
skills they had already accrued.

Pharmacists
There is good evidence to suggest a role for clinical phar-
macists in preventing adverse drug events in the inpatient
setting. From a systematic review, pharmacist intervention
in one study resulted in a 66% decrease in preventable
adverse drug events because of medical ordering and a
study of geriatric patients at the time of discharge found
statistically significant decreases in medication errors.® The
value of the presence of a pharmacist during medication
rounds was also determined in two other studies.??*¢ Both
studies displayed a decrease in the number of medication
errors per 1000 patient days with the improved availability
of a pharmacist for consultation.

Evidence for the effectiveness of pharmacists in reducing
adverse drug events in the outpatient setting is less
compelling.

Nursing care models

The strongest evidence suggests that having two nurses
check medication orders before dispensing medication sig-
nificantly reduces the incidence of medication errors.?’ How-
ever, the authors question the clinical advantage of this
policy and do not recommend it. Weaker evidence sug-
gested that single checking could be as safe as double
checking, but was reliant on the number of medication
errors reported in the medication incident records and might
be a conservative estimate of the actual number of medica-
tion errors that actually occurred.?® It has been demon-

strated that actual error rate could be 33% higher than
reported rates.*’

There is no evidence to suggest that providing designated
nurses to dispense medication significantly reduces the inci-
dence of medication errors.'*'%2*> However, the use of the
focused or Medsafe protocols in which nurses are identified
as ‘not to be disturbed’ can reduce distractions to nurses
during medication administration.? Distractions were used
as a surrogate measure of the potential for a medication
error. Although these strategies did not eliminate distrac-
tions during the medication ‘cycle’, these interventions were
shown to reduce them by as much as 87% compared with
customary medication rounds. The weakness of this study
may lie in the method of collection of distractions using a
previously unvalidated collection tool and the unavoidable
use of an unblinded observer.

Employment of a MARS committee was shown to have
a positive effect on reducing the number of medication
administration documentation errors over a period of
1 year.?® This is likely due to the heightened awareness of
medication error prevention and reporting.

There is limited evidence from one study to suggest that
introducing the PIPC model significantly reduces the inci-
dence of medication errors.” This model was instituted in
an attempt to reduce the workload on registered nurses by
delegating less clinical tasks to a multiskilled technician.
Despite the claim that the PIPC model was effective at
significantly reducing the medication error ratio (errors/
patient day, P =0.008), the data for before the institution
of the PIPC model and after were not presented and there-
fore could not be verified.

As an example of the implementation of process change
to improve the delivery of a specific drug and reduce the
likelihood of an adverse event, diabetes education to nurses
and the installation of blood glucose testing units in all
wards were assessed.'® Overall, the number of cases that
received insulin within 60 min of a blood glucose test
improved significantly. However, when individual units were
evaluated this improvement was not universal. Examination
of time periods in which a significant reduction in time
interval between time of blood glucose test and insulin
administration was seen at three time periods (breakfast,
dinner and bedtime) for one unit but at only one time
period (breakfast or lunch) in the other two units. The unit
showing greatest improvement showed consistently higher
mean time intervals between blood glucose testing and
insulin delivery during the control phase of the study at all
measurement periods (means of 53-125 min) whereas the
mean times of the other units were all below 60 min.

© 2006 Blackwell Publishing Asia Pty Ltd



22 B Hodgkinson et al.

Recommendations

Implications for practice

Computerised systems

CPOE should be considered as this strategy may reduce
the risk of misreading medication orders.

Individual patient medication supply

Individual patient medical supply should be considered
for use wherever possible.

Pharmacists

Where possible, pharmacists should be made available for
double checking medication orders and for consultation.

Nursing care models

Double checking of medication orders by nurses before
administration of medicines can reduce the number of
medication errors.

Identifying a dedicated nurse for medication administra-
tion may reduce the number of medication errors
through the reduction of distractions.

The use of a MARS committee may have a positive effect
on reducing medication errors, likely because of the
heightened awareness of medication error prevention
and reporting.

Implications for research

More research is needed to determine:

the effectiveness of MAR, bedside terminals, computer
alert systems and bar codes to reduce medication errors;
the effectiveness of educational interventions to reduce
medication errors;

whether the use of multiskilled technicians partnering
with nurses to reduce their workload (PIPC model) can
reduce the incidence of medication errors; and

whether the use of dedicated nurses or double checking
can reduce the incidence of medication errors.

References

1. Australian Institute of Health and Welfare. Older Australia at a

Glance, 3rd edn. Canberra: AIHW & DOHA, 2002. Report No.:
AIHW Cat. No.: AGE 25.

. Roughead EE, Gilbert AL, Primrose |G, Sansom LN. Drug-

related hospital admissions: a review of Australian studies pub-
lished 1988-1996. Med | Aust 1998; 168: 405-8.

. Leape LL, Brennan TA, Laird N et al. The nature of adverse

events in hospitalized patients. Results of the Harvard Medical
Practice Study Il. N Engl | Med 1991; 324: 377-84.

. Australian Council for Safety and Quiality in Health Care. Second

National Report on Patient Safety: Improving Medication Safety.
Canberra: Australian Council for Safety and Quality in Health
Care, 2002.

© 2006 Blackwell Publishing Asia Pty Ltd

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Strohecker S. Medication management. Polished automation

tools allow patient safety to shine. Nurs Manage 2003; 34: 34,
36, 38 passim.

. Shojania KG, Duncan BW, MacDonald KM, Watchter RM. A

Critical Analysis of Patient Safety Practices. Rockville: Agency for
Healthcare Research and Quality, 2001. Report No.: 43.

. NHMRC. How to Review the Evidence: Systematic Identification

and Review of the Scientific Literature. Handbook Series on Pre-
paring Clinical Practice Guidelines. Canberra: National Health
and Medical Research Council, 2000. Endorsed November
1999. Report No.: ISBN 1864960329.

. Khan KS, Ter Riet G, Glanville JM, Sowden A, Kleijnen |. Under-

taking Systematic Reviews of Research on Effectiveness. CRD’s
Guidance for Those Carrying Out or Commissioning Reviews. CRD
Report. 2nd edn. York: NHS Centre for Reviews and Dissemi-
nation, University of York, 2001. CRD Report No.: 4.

. Kaushal R, Shojania KG, Bates DW. Effects of computerized

physician order entry and clinical decision support systems on
medication safety: a systematic review. Arch Intern Med 2003;
163: 1409-16.

Westwood M, Rodgers M, Sowden A. Patient Safety: A Mapping
of the Research Literature. Birmingham: University of Birming-
ham, NHS Centre for Reviews and Dissemination, 0000. Patient
Safety Research Programme. Report No.: PS001 http://
pcpoh.bham.ac.uk/publichealth/psrp/publications.htm

Adams C. Computer-generated medication administration
records. Nurs Manage 1989; 20: 22-3.

Bayne T, Bindler R. Effectiveness of medication calculation
enhancement methods with nurses. | Nurs Staff Dev 1997; 13:
293-301.

Brown HN, Brooks L, Liner ST. LPNs as medication nurses. Nurs
Manage 1993; 24: 83-4.

Brown §J, Cioffi MA, Schinella P, Shaw A. Evaluation of the
impact of a bedside terminal system in a rapidly changing
community hospital. Comput Nurs 1995; 13: 280-4.

Cerne F. Study finds bedside terminals prove their worth. Hos-
pitals 1989; 63: 72.

Greengold NL, Shane R, Schneider P et al. The impact of
dedicated medication nurses on the medication administration
error rate: a randomized controlled trial. Arch Intern Med 2003;
163: 2359-67.

Hawkey CJ, Hodgson S, Norman A, Daneshmend TK, Garner
ST. Effect of reactive pharmacy intervention on quality of hos-
pital prescribing. BM/ 1990; 300: 986-90.

Heatlie JM. Reducing insulin medication errors: evaluation of a
quality improvement initiative. | Nurs Staff Dev 2003; 19: 92—
8.

Heinemann D, Lengacher CA, VanCott ML, Mabe P, Swymer
S. Partners in patient care: measuring the effects on patient
satisfaction and other quality indicators. Nurs Econ 1996; 14:
276-85.

Jarman H, Jacobs E, Zielinski V. Medication study supports
registered nurses’ competence for single checking. Int | Nurs
Pract 2002; 8: 330-5.

Kruse H, Johnson A, O’Connell D, Clarke T. Administering non-
restricted medications in hospital: the implications and cost of
using two nurses. Aust Clin Rev 1992; 12: 77-83.

Kucukarslan SN, Peters M, Mlynarek M, Nafziger DA. Pharma-
cists on rounding teams reduce preventable adverse drug
events in hospital general medicine units. Arch Intern Med
2003; 163: 2014-18.

Lengacher CA, Mabe PR, Bowling CD, Heinemann D, Kent K,
Van Cott ML. Redesigning nursing practice. The partners in
patient care model. | Nurs Admin 1993; 23: 31-7.


http://

Strategies to reduce medication errors 23

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ludwig Beymer P, Czurylo KT, Gattuso MC, Hennessy KA, Ryan
CJ. The effect of testing on the reported incidence of medica-
tion errors in a medical center. | Contin Educ Nurs 1990; 21:
11-17.

Pape TM. Applying airline safety practices to medication
administration. MedSurg Nurs 2003; 12: 77-93;quiz 94.
Patterson ES, Cook RI, Render ML. Improving patient safety
by identifying side effects from introducing bar coding in
medication administration. | Am Med Inform Assoc 2002; 9:
540-53.

Raschke RA, Gollihare B, Wunderlich TA et al. A computer alert
system to prevent injury from adverse drug events: develop-
ment and evaluation in a community teaching hospital. JAMA
1998; 280: 1317-20.

Ray MD, Aldrich LT, Lew P). Experience with an automated
point-of-use unit-dose drug distribution system. Hosp Pharm
1995; 30: 18, 20-3, 27-30.

Schaubhut RM, Jones C. A systems approach to medication
error reduction. / Nurs Care Qual 2000; 14: 13-27.

Spencer DC, Leininger A, Daniels R, Granko RP, Coeytaux RR.
Effect of a computerized prescriber-order-entry system on
reported medication errors. Am | Health Syst Pharm 2005; 62:
416-19.

Bates DW, Leape LL, Cullen D] et al. Effect of computerized
physician order entry and a team intervention on prevention
of serious medication errors. JAMA 1998; 280: 1311-16.
Bates DW, Teich |M, Lee | et al. The impact of computerized
physician order entry on medication error prevention. | Am Med
Inform Assoc 1999; 6: 313-21.

Overhage JM, Tierney WM, Zhou XH, McDonald CJ. A random-
ized trial of ‘corollary orders’ to prevent errors of omission.
| Am Med Inform Assoc 1997; 4: 364-75.

Teich JM, Merchia PR, Schmiz JL, Kuperman GJ, Spurr CD, Bates
DW. Effects of computerized physician order entry on prescrib-
ing practices. Arch Intern Med 2000; 160: 2741-7.

Chertow GM, Lee ], Kuperman GJ et al. Guided medication
dosing for inpatients with renal insufficiency. JAMA 2001; 286:
2839-44.

Evans RS, Pestotnik SL, Classen DC et al. A computer-assisted
management program for antibiotics and other antiinfective
agents. N Engl | Med 1998; 338: 232-8.

Burton ME, Ash CL, Hill DP Jr, Handy T, Shepherd MD, Vasko
MR. A controlled trial of the cost benefit of computerized
bayesian aminoglycoside administration. Clin Pharmacol Ther
1991; 49: 685-94.

Evans RS, Classen DC, Pestotnik SL, Lundsgaarde HP, Burke JP.
Improving empiric antibiotic selection using computer decision
support. Arch Intern Med 1994; 154: 878-84.

Hurley SF, Dziukas LJ, McNeil J), Brignell MJ). A randomized
controlled clinical trial of pharmacokinetic theophylline dosing.
Am Rev Respir Dis 1986; 134: 1219-24.

Casner PR, Reilly R, Ho H. A randomized controlled trial of
computerized pharmacokinetic theophylline dosing versus
empiric physician dosing. Clin Pharmacol Ther 1993; 53: 684-
90.

White RH, Hong R, Venook AP et al. Initiation of warfarin
therapy: comparison of physician dosing with computer-
assisted dosing. / Gen Intern Med 1987; 2: 141-8.

Mungall DR, Anbe D, Forrester PL et al. A prospective random-
ized comparison of the accuracy of computer-assisted versus
GUSTO nomogram-directed heparin therapy. Clin Pharmacol
Ther 1994; 55: 591-6.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Briggs B. Medication error reduction hopes pinned on CPOE.
Health Data Manag 2002; 10: 42-6.

Boyle CM, Maxwell D], Meguid SE, Ouaida D, Krass I. Missed
doses: an evaluation in two drug distribution systems. Aust J
Hosp Pharm 1998; 28: 413-16.

McNally KM, Page MA, Sunderland VB. Failure-mode and
effects analysis in improving a drug distribution system. Am |
Health Syst Pharm 1997; 54: 171-7.

Shah NR, Emont AJ, Johnson VP. Total quality management in
action: pharmacy system changes to decrease medication inci-
dents and increase clinical services. Hosp Pharm 1994; 29: 679-
80.

Metlay JP, Cohen A, Polsky D, Kimmel SE, Koppel R, Hennessy
S. Medication safety in older adults: home-based practice pat-
terns. | Am Geriatr Soc 2005; 53: 976-82.

Australian Institute of Health and Welfare (AIHW). Australian
Hospital Statistics 2003—-04. Health Services Series No. 23.
Canberra: AIHW, 2005.

Larrabee JH, Ruckstuhl M, Salmons |, Smith L. Interdisciplinary
monitoring of medication errors in a nursing quality assurance
program. | Nurs Qual Assur 1991; 5: 69-78.

Alemagno SA, Niles SA, Treiber EA. Using computers to
reduce medication misuse of community-based seniors:
results of a pilot intervention program. Geriatr Nurs 2004; 25:
281-5.

Aufseeser Weiss MR, Ondeck DA. Medication use risk manage-
ment: hospital meets home care, Home Health Care Manage-
ment and Practice. | Nurs Care Qual 2001; 15: 50-7.

Ayuthya SK, Malathum K, Matangkasombut O. Restriction of
vancomycin use at a university hospital in Thailand. Am | Health
Syst Pharm 2003; 60: 1053-4.

Bolton P, Tipper S, Tasker JL. Medication review by GPs reduces
polypharmacy in the elderly: a quality use of medicines pro-
gram. Aust | Prim Health 2004; 10: 78-82.

Dhalla IA, Anderson GM, Mamdani MM, Bronskill SE, Sykora K,
Rochon PA. Inappropriate prescribing before and after nursing
home admission. | Am Geriatr Soc 2002; 50: 995-1000.
Dimant J. Medication errors and adverse drug events in nursing
homes: problems, causes, regulations, and proposed solutions.
| Am Med Dir Assoc 2001; 2: 81-93.

Meredith S, Feldman PH, Frey D et al. Possible medication
errors in home healthcare patients. | Am Geriatr Soc 2001; 49:
719-24.

Mutter M. One hospital’s journey toward reducing medication
errors. Jt Comm | Qual Saf 2003; 29: 279-88.

Nelson R. The experience at Veterans’ Hospitals: though not
perfect, nurses say, a bar-coding system means patients are
safer. Am | Nurs 2004; 104: 65.

Papastrat K, Wallace S. Educational innovations. Teaching bac-
calaureate nursing students to prevent medication errors using
a problem-based learning approach. J Nurs Educ 2003; 42:
459-64.

Roark DC. Bar codes & drug administration: can new technol-
ogy reduce the number of medication errors? Am | Nurs 2004;
104: 63-6.

Van den Bemt PMLA, Postma M), Van Roon EN, Chow MCC,
Fijn R, Brouwers JRBJ. Cost-benefit analysis of the detection of
prescribing errors by hospital pharmacy staff. Drug Saf 2002;
25: 135-43.

Whitman GR, Kim Y, Davidson LJ, Wolf GA, Wang S. The impact
of staffing on patient outcomes across specialty units. | Nurs
Admin 2002; 32: 633-9.

© 2006 Blackwell Publishing Asia Pty Ltd



24 B Hodgkinson et al.

Appendix |

Supporting committee for medication management

Associate Professor Susan Koch (Chair)
Professor Helen Baker
Mr David Cooper

Mrs Lisa Derndorfer

Ms Cathie Edgar

Mrs Mandy Heather

Ms Susan Hunt,

Dr Kwang Lim

Dr Michael Murray

Ms Karen O’Keefe
Professor Kenn Raymond
Mr Dipak Sanghvi

Dr Michael Whishaw

ACEBAC Director, Collaboration

(Professor of Nursing) Victoria University

Aged Care Standards & Accreditation Agency

(ACEBAC administrator)

(Nurse Educator) Bundoora Extended Care Centre (BECC)
(Director of Nursing) Bundoora Extended Care Centre (BECC)
Nurse Consultant and Educator

(Geriatrician) Broadmeadows Health Service

(Geriatrician) St George’s Health Service

(Director of Nursing) Caulfield General Medical Centre
(Professor of Pharmacology) La Trobe University Bendigo
(Pharmacist) The Pharmacy Guild of Australia

(Geriatrician) Melbourne Extended Care and Rehabilitation Service

ACEBAC, Australian Centre for Evidence Based Aged Care.

© 2006 Blackwell Publishing Asia Pty Ltd



25

Strategies to reduce medication errors

suonedipaw
buniojiuow 1o
buusiuiwpe

auoje sSdd

1o ‘sSad yum

J0OdD :saHobaIed omy
ojul padnoub saipnis
‘Ayjenb jo

SAWODINO [eDIUld
‘SOWO0D3IN0 [ed1uld 23eboLINS o

SaLIEWILINS dAIjeLIBN
:s1SaYUAS pIQ
's}insaJ pue
sawodIno ‘ubisap
‘uondudsap Apnis
sjeyap diydesborjorg
wodDIIK2 LI
‘sainseaw

awodIno pue ubissp
Apnis jo Aydlesaiy
:Aq passasso Apnd
"J9)39q JO SSWO0dIN0
|eaiul a1ebolins
‘aAoqe 10 Salpnis
[euoneAIssqo JOdD
bunenjeas saipnis
:DLIBIID UOISNDU|
‘uwinjod ,paydJeas
saseqeleq,

‘buisuadsip SJUBWIBJD PauIWLIRIap "s|el} PajjoJuod pasiwopuel pue 99§ :pasn $adunos
‘buiquosuesy AjpAndadsoud ‘s|el} PaJ|0JIUOD ‘S|0IIU0D ‘A)ajes uonedipsw uo
‘bulispio Buisn Ayjenb UM S3IpNIS [BUOIBAISSAQ e $SAD pue 30dD Jo
Jo ssadoud ayy ur  Apnis Jo uoneUILLIRIBP "auoje ss@D 1o Kieign VSN S1D0943 3yl UO 3DUIPIAD +€002
slold se pauysQg uosiad-om| ‘|eAslIBl ‘SSAD Yum 30dD aueIydo) e YIN DAIIRINWIND Y} MIIASY “Ip 12
VN *S101ID UONEIIPIIN pue yoieas aseqeie Bunenjeas saipnis e INITAIN ‘uojsog :2A102[g0 MaINaY I [eysney|
dn-mojjoy passasse paypiess 22UBPINS
Jo yibua SOWO02INO [SIIET] e1I9ID UOISNU| saseqejeq uonedo 21025 |esiesddy JO oA Apnis

SMIIADI DIIDWIDISAS

MB3IADJ Y]} Ul papnpujl saIpnis

1l xipuaddy

© 2006 Blackwell Publishing Asia Pty Ltd



26 B Hodgkinson et al.

*3|qedyjdde jou ‘yN ‘Aius Buspio uepisAyd pasuendwod ‘JOdD ‘walsAs Joddns uoisidap |ed1uld ‘ssad

SaLRWILLNS dARLIEN
:sisayiuAhs bipg
‘uonejuswa|dwi

uo uonewlou| 0|
$150D ‘6

SJUSAD 3SIDAPY '
S}NsaJ Ul “/
3WO0D1IN0 JO [9A3] PUY "9
awodINQ °§

uonejndod Apnis ‘4
uonuUaAIRUI

Jo uondudsaq "€

ubisap Apnis Jo |PAd] ‘7
uonew.ojul
diydedboriaig *|
SJUSWISID UOIDRIIXD (|
:U01dDIIX2 DIDJ

xapu| ‘sansesaw

uoneyd awodIno pue ubissp

S90UBIDS Apnis jo Aydiesaiy

|e1os o :Aq passasso Aypnd

Xapu| uoneyd 'S9WO0dIN0

25UdIPS jes1ulpd Jo aeboling

|ea1ulp 1o aebouins ised) s,uonewsoju| 19ybiy Jo subisap

1€ 3Q ISNW 3INSE3W dWOdINQe d1IUBIDS Apnis [euoneAsasqQ

'aA0Qe JO 10j 21MIASU| e :DLIBILID UoISNOU|

$]0J3UOD YUM ApN3s [eUOIIBAISSJO  INYOANI/IGY o ‘uwinjod ,paydJeas

1se3] Je Jo ubisap ApniSe D3dSNI o saseqele(, 995

'sinpad04d 4O SUORIPUOD iedy3jedy O4NIPAsd o :pasn sanunos

10119 PaAIRSqQO Jo abuel peouq e 03 pardde ag ued THYNID e 'sadipoeld Ayoes

SJUDAD ISIDAPY ANV d2epa1ul jJusnedino/uanedul Aleiqr;  vsn ‘vo juaned jo uonenjead

Ajjero ay1 01 Jo bumss |eydsoy ay3 03 aueiydod) e  ‘odspuely pue uonedyudp|

VN Aypigion paidde aqg ued jeyy aondedd Auy e INITQIN ueg :2A1122[q0 MaINdY

dn-mojjo} passasse paydiess

jo yibua SaW0dINO poysN e1Is)14d UoIsnpu| saseqeleq uonedoT 2102s |esjeiddy

© 2006 Blackwell Publishing Asia Pty Ltd



27

Strategies to reduce medication errors

USAID 319M UOnUIAIRUI

3y} Jo suondudsap Jayjo oN
"103}eONpPS IsINuU

e Ag 1ybne) uone|ndjed uonedIpPaW
BuluIdUO0D ssep y-¢ e yum papiaosd
S9sINU ‘(£ | = U) :uoIdnJIsul WooassnjD
'y € JO wnwiuiw e oy

300Qg}I0OM 3] UO JIOM 0} Pa31dNJIsul
sasinu ‘(g = U) oogyiom Apnis-jjas
"y ¢ 3se3| 1e 4o} (VSN ‘DN ‘IIH 12deyd

‘21eM)0s JuaWdOolPAI( |BUOISSA)OI] Aouabe
‘21VD0¥d SYNN) wesboid aiedyyjeay
e 3sN 0} padNIIsul sasInu ‘(¢ | = u) SWOH e
:uondNIIsul pasissb-sanduio) |eudsoy
‘uonenyis aled Aleia] e
3JOM 1193 10} Alessadau Ajjewlou ueyy jeudsoy d|qewnss
1593-aud JaYyjo Jauuew Aue Ul s||1s uone|ndjed buiyoes] e jou Y
Iye 419y @1epdn 01 30U paIdNIISUl VSN ay: ¥/
syjuow G- as T % Uesiy 919M sasinu ‘(8| = u) :jo.3u0) |ely ul sapdey  ddueyodwl 21661
uaAIb $9I0DS 159} :sdnoub uonuarIul pa|[043u0d aledyyjeay [ed1u1D J3|pulg pue
1593-150¢ uononasul-isod pue -aid ¢ Jo | 0} paubisse Ajwopuel sasinN SNY 69  pasiwopuey 224yl L1// SO I sufeg
IENEEINY
ay3 buipnppxa yaam 4ad shep g
‘s20|q 399M-9 oM} Ul sjeudsoy z Sy}
e A|snosueyjnwis panpuod Apnig
‘uonedipaw buipirosd
uaym Ajuo panIasqQ "yoeas syuaied
9 BuuaAod “Isuuew [ensn ay3 ul
aled Buisinu papiroad :sasinu [p1auan
'S9SINU Yye)S paJojuowun
Ag pajpuey asay] ‘suonedipaw
snjoq Jo uonelpAy ‘uoninu |ejualed
[£30) ‘SQUIDIPaW Je)S Jd)Siujwpe
uoissiwo bnip puy 10U PIJ "HUN BY] UO SISINU Jje1s
anbluysa) uoneASIUIWPY e  WOJ) DURISISSE JOJ PIYSE 3SED YDIYM
uoneledald 3s0Q e Ul “UlNSUl SE UYDNS SUOI}LIIPAW [eD[HID
dley awi} Jalsiuiwpe 03 3|geun ssajun  sjeydsoy aAndadsal
91N0yY o  sjudned paubisse 11y} 03 suUoledIPaW je JuswAojdwa
woy 350 e p3INPayYds [je PaJlsIuIWLpPY Ydes QW}-|[N} YIuow-9 S/z Y
950 e sjudned g| pue G| usamiaq paubisse o WNWIUIW e pue olyo pue d|qewnss
UonedIP3N o sasINN "welboud Aajes uonedipaw y dduauadxa buisinu Jely ejuiojled j0U
:buoim 1oy pajendjed) -8 Aep-| B PIAIIRI (SaSINU UOIDIIPIWN aled ande pa|[043u0d 'ySN dyy  9duepodwl 51£002
‘(seniunyoddo/siolsd)  "asinu [esausb e 1o 3sinu uonedIpaw e JO Jedk | 1sea]  pasiwopuel ul sjeudsoy [es1uD “ID 12
oM 7| S91eJ JOJIS UOIeDIP3N  J2UlID Se 9]0J B 0} pasiwopuel SasinN 18 YUM SNY  21uddijniy  ANsISAlUN om] 11/8 SO Il plobusain
dn-mojjo} 2102s DUIPIND
Jo yibua passasse sawodNQO UORUAAIU| uonejndod Apnis ubisap Apnis uonedo0T |esiesddy JO [9A97 Apnis

S|DLIY [0J3U0D PASILIOPUDY

© 2006 Blackwell Publishing Asia Pty Ltd



28 B Hodgkinson et al.

*3sINu paldlsibal ‘NY ‘oueasjpl ‘Y 210ds Ayjenb ‘SO ‘aied juaned ur Jsuped ‘Ddid

paubis
10U 1eyd uonedIPaIAN
uopedIpaWw PaRIWQO

JaAIRsqO
juspuadapur ue Aq sueyd Jo ypny
‘suonedIpaw

BupisiuiWpe SISINU 7 :S¥9am

awi] €7 pU0I3S puD 141y 10§ [0J3UO0D D PIDM
abesoq ‘suonedipaw buusisiuiwpe
uonedIpaN SISINU 7 SY3oM £7 pu0Ias ejjesysny
juaned :buoipy  Jof jos3U0D) “suonedIpaw bulsisiuiwpe ‘MSN ‘“Hun
[e101 Ul :AQ paulyep SI0MIT  BSINU | SY2aM 7 1Sl 10) [DLI] g PIOM uoneyljiqeya. S/ Y
SoOM 9t ‘pasuadsip suonedipaw ‘suonedipaw busisiuiwpe JaA0-5501D) pue v/
‘Juswbas jJo Jaquinu Jad ISINU | ISY9aM £Z pu0IaS 10f [DLI] ‘(paem Aq) Juswissasse  dduenodwl 20661
yoea 1oy slo1ld Ag painseaw *suonedIpaw Buuslsiuiwpe sasinu pasiwopuel  dujeuab e jo [es1uD “ID 12
oM €7 SJ10J1D UOIIIPIN T SY2aM £ 1541y 10§ [043U0D 1Y PIDM SNY -opnasd pJem 24yl 11/8 SO -0 asnuy|
19pUIXd DdId
11343 03 sysey ajeridosdde ajebajpp 03
SNY @Y1 djay 01 uonebajap ul sasse|d e
"JUSWUOIIAUD
aonpeld sy ul sbueyd jo sorweukp
3Y1 01 JjL1s 21edNPS 0} SASSeD) °
Kep juaned Jad syuspipuUl  "NY Ue JO UOIID3IIP SY3 JopUN JSPUDIXD
Jo Jaquinu Aq paquasaq aJed juaned ul Jaulled e Jo asM) e
'spiodas Juspdul eiyo  bunisay pue uonejuswaldwi ‘ubisap
WoJ) PIALIDP SI04i] quawdojaAsp ay3 Inoybnoiyy yeis uun vsn 1 d|qewnss
‘Puisinu jo Ayjigisuodsal Aq bupjew-uoispap aanedpiled o ewnesy dipsedoylio ‘a1udd joU Y
2yl Alea)d alam 1JO UOIIDNPOJIUL JUSLINDUOD pag-9¢ :dnoib [ed1paw d|qewnss
pue ainpadoud piepueis a3 papnjpul j0d0104d siy| [opow aWILaJ} 101d Aunwwod j0U
pouad wlolj pajeirsp eyl DdId Y1 asn :dnoub juawiipaly 10(id Hun (pdem Aq)  woud-ioj-uou  dURHOdWI 619661
UOIJRAISSCO  SIUSPIDUI 3SOY) Se paulaq ‘[opow aied>  ewnesy [edibins pagq  pasiwopuel a1eald e jo [es1uD “ID 12
yiuow-9 'SJ01J9 UORedIP3IA juaned [e103 3y} asn :dnoib j0.3u0) -p€ :dnoub jos3uod -opnasd  syun buisinN L1// SO -0 uueWaURH
dn-mo||o} 21008 OUIPIND
Jo y3bua passasse sawodNQO UonUaAIU| uonejndod Apnig ubisap Apnis uonedo’ |esiesddy JO |9AT Apnis

© 2006 Blackwell Publishing Asia Pty Ltd



29

Strategies to reduce medication errors

‘adueAd[al ‘Y 21025 Ayjenb ‘SO

pa3ajdwiod s

suoedIpaW pald)siuiLpe
JO uoneIUBWNOOP

USYMm pua pue suoledipaw
juaned paubisse e jo
uoneJsiuILLpe pajeniul
asinu ayy uaym buluuibaqg

suonoeasip Jayio
10 s|jed auoyd [je 1dadssyul
0] pue 3sInu 3jespaA|
1dnuisiul 30U 03 padNIIsUl
$3SINU JIBYIQ °,q4NISIp

10U Op ‘3SINN 3JeSPAN,

€ YUM pa|3qe| ISoA
‘suonjedipaw bupssiuiwpe
Jo ssadoud ay) Ul se wayy
pauuap! 1Y) 1S9A [e1dads
© JedM 0} PIYSe SUOofedIpPaW
Bbuusiuiwpe asinN ‘sa|2Ad>
8 JO |10} :j02030.d 2jDSPaN
‘paJaisiuiwpe buiaq
suonedipaw 0} pajejal
ssajun asinu [eads sy}
1deaysip 40 3dnusjul Jou 0y
payse yeis pue pajeubissp
,3sinu [eads, v 's9Ad

se paulap sem 3pPA> Yy @ JO [210) :j03030.d pasnio4 VSN ‘X1 S/zY
‘poliad JUaWAINSLIW ISAO ‘saunpadoud syuaijed ‘leydsoy  9|qewnsa Jou
UOIUSAISIUI  SUOIIDRIISIP |10} pue 3PPAD  uonessiulWwpe uonedipaw € Jo Jun |edibins [edipaw aJed ajnde Jo sduepodwl
Jad s9ppho g uad Jsquinu Ag painseaw Arewojsnd pasn sasinN © UO $3sinu paJalsibal ey jun [edibuns jeaunD «2£00C
's92Ad 2103 ¢ SUOIDDIISIP JO JaGUINN "$3[2A> g JO |Y0} :JOIUOD jJo ajdwies dUBUSAUOD  P3||0JU0D |edIPaN L1/Z SO 4l ‘adey
Buljjpsunod
abJeydsip buipiroid pue dleway 0§ ‘ojew 9¢
AK101s1y Adessyrooeweyd sieak g'6| T 6°¢S obe uean
JO uonejusWNd0pP 98 =u
‘spunoJ buipnjpul apispag :dnoub Apnis
e aled juaned 03 paubisse dleWa) € ‘Djew 9¢
syspewdeyd [edtuld g :Apnis  sieak 9'6| F G696 :abe uea|y
‘sjuaned og A1aAs 6L/=u S/cy
Joj 3spewueyd | Jo ones e :dnoub j03u0> v/
J3qWIdAON 0€ syuaned |e103/sJUsA]  yum sysidewteyd wody a4ed "SHUN dUIPaW [euldiul ¢ vsn ‘I aduepodwl 22£002
0} Jlaquiaydas ¢ 'sAep juaned 0QQ | /SIUSAT pJepuels paaiedal dnoib  jo | 03 paniwpe sjuaiedul Jet ‘leydsoy jestutD “Ip 32
wouy ‘skep /8 "S)uaAd Bnup ajqejusAaid iy} ui syuaned ;jouo)  pue syspewseyd [ediulp XIS PajjoJauo) IENELD) L1/8 SO 4l uejsienony|
dn-moj|o} ubisap 2100s OUIPIND
Jo yibua passasse (5)sawodINQ UOIUdAI}U| uone|ndod Apnis Apnis uoned07 jesiesddy JREYEY Apnis

s|p} pajjou0D

© 2006 Blackwell Publishing Asia Pty Ltd



30 B Hodgkinson et al.

apew
alam sabueypd a|qeaidde
3I9YM $3SBD JO JaquInp|
‘paJayje sem uondudsaid

skep gz
Jo pouad e 1oy saupipaw

9J9YM s3sed JO JaquinN Jo uonessiuiwpe pue SN ‘eale 9)qewnss jou y
'suonuaAlziul  suondudsald fje 03 sisppewseyd syuanedino weybumonN 3|qewnss j0u 10661
psjueliem Jo JaquinN AQ apew uoiuIAISIUI pue syusnedul [ey Syy ur  dduepodu [ed1ulD “Ip 32
sAep gz 'suonuaAIRIUL Jo JdquunN  juenodul A1aAs Jo Buipioday |exdsoy ||y |euonealdsqQ  sjeudsoy xig d|qewnss jou SO Al AaymeH
sw|go.d busplo
Aue yum 1jeaq ‘suepisAyd
pue yels buisinu 03 321n0sal
e buipirosd pue Anus Jsplo
UOIUSAIRIUI uonedIpaw buiwiops  syun
Ja)e sieak ¢ pajeubisap [je uo y G 0 A1oAd
210439 spunouJ 1o buikue) ‘d 9|qewns? jou Y
sieaf ¢ sAep juaned/sioli] pue WV g usamiaq pakojdwa vsn ‘IN 9|qewss jou o661
10} pa123]|0d ‘payodas 1spewseyd buiaod :3sod |el} e ‘leudsoy  sdueyodwi [ed1ulD “Ip 32
eyeq SJUSPIdUI UONEDIPIIA ‘3sppewseyd buiros ou :aug Jels jespulpd ||y pue alojog |elausn 11/9 SO €1l yeys
awi} pajnpayds sy paysijoqe suoneujwexs
J9)ye 10 310 UlW 0§ uonedIpaW Joj Jusawalinbas
uopedipaw e budisiuiwpe 193e Jeak Bbuimojjoy
10 ‘19pJ0 pasidxs ue woly oy} uj pouad yjuow-g
uonjedipaw e buipiroid  ue 10} PapPIOdAI SWIO) JUSPIdUI
‘uonedipaw e BunIWoO  uo parlodal SI0LID UORRUILIEXD
!pIN}} snousaesjul Jo UOI}edIPaW OU 3504
3jel 10 3Inod “quaned buoim ‘pouad
Adijod {250p e11Xd JO UOnEdIPaW yluow-g ue 1o} papiodal
ul abueyd Buoim :se paulep SWI0J JUdpPIdUL UO paliodal VSN 9|qewis? jou Y 20661
Jaye syauow SEM JO.LI3 UONDIIPaW |/ SIOJID UOI}edIpaW Jo JaquunN ‘21u9d 3|qewnss jou “Ip 32
8 pue 21042q ‘pouad Yluow-g/siolie  "uopRUILIEXD UORDIPaW Aueak 121U |edIpaW |ely Jaye jedipaw  @duepodwi [edulD JawAhag
syjuow g |e10} o413 uonedipay e ssed 0} padinbal sNY e aid Y1 Ul SNY IV pue ai0jeg  Ajunwwo)d LL/S SO Bimpn
Jun ui syuaned elURAJASUUD(
JO uoljewIOUl [BDIUI [N} |el} Jaye pue ‘e1bloan d)qewnss jou y
Buuieyuod papiroid sjeuiwlsy 210J2q e APy ‘eyselqaN 3|qewnss jou
pouad swn snoiaaid 193ndwod apIspaq 3504 syun buisinu ‘uopewIoUl  YSM Byl Ul dueyodwl [edtuld 16861
paje1s J0N JO 0p SE SI04ID UONEDIPIIN '2Jed piepuess :aid ul yeys buisinN ST sdIeIs UYL d]qewnss jou SO ‘[uld)
dn-moj|o uope|ndod 21008 0UIPIND
Jo yibua passasse (5)sawodINO uonuUIAIRU| Apnms ubissp Apnis uonedo |esiesddy JO oA Apnis

subisap [pjuawiLIadxa JaY10

© 2006 Blackwell Publishing Asia Pty Ltd



31

Strategies to reduce medication errors

pouad
uo23||0d
elep
yuow- |
Jayuny

pue pouad
12n03bueyd
yuow-9g e
Aq pamoj|oy
‘pouad
uo23|0d
elep
UOIJUSAIDIUI
aid yuow-|

UOIIUSAIRIUI
19e
dn-moj|o}
jo pouad
Je9h-|

pawJopad

sem ainpadoid ay3 usym

9SOp pue Wi} Sy} Ul 31Mm 0}

ulnsul 8y} bupLlsiuiwpe asinu

BuIDJ0) YYIN WOl) paAOWSY

SUOI}LIOU ISOP pue ]

‘bunsal apispag mojje

01 S}UN || 40} sloyuow 3s0dn|b

poojq Asefjided jo uoisirolg

"ulnsul JO uonensiuiwpe

jusnbasqgns ay) pue

(9 u)  suoneulwuBp 3s0dn|b poojq

1591 9500n|b poojq Isye Jo Buiwn sy jo sduepodwil
uiw 09< papiaoid uinsul ayy bunybiybiy weisboid
al1aym sased jo uoniodold  uonedNps Bulsinu JuawiIvaL]
‘(Ui ur) uonensiuiwpe ‘UonUAAIRIUI
ujnsuj pue 3533 asodn|b 3U3 JO UORNHISUl 3y} 210yq
poo|q UaMID( |eAlSIU| 2o13deud paepuels :j0.3u0)

uoljejusWNd0p

uo1edIPaW JO SABP SAIINIISUOD
/ 10} pamalAal Meyd syuaied
pa123J9s ydea yum yyuow 4ad
Jun Jad syuaned | bunodsjes
Ag pamaiaal syun buisinu |y
'sjauq ,s10ds 104, Jejnbas

UNM Jels YlIm paleys usayy
SeM UOoIjewlIoUl SIY] "payiusp!
Jolid Jo sasned |enuazod

3y} Uay}) pue sioud payodal
Jle M3IADI 0] D3WWOD)
*103e2Nnp3 buisinN

Jabeuew sy

syshjeuy

SWIAISAS uoneWIOU|
syspewleyd

siabeuew asinN

S3SINU Ye1s

:JO SISISU0D

Aep juaned 1ad siond ‘pawiIoy
UOoI3LIUSWIND0P JO "ON d2331wiwi0d Alpuydidsiplaiu)

1un dipaedoylio
ue pue

1un aaissaibold
-0lpJed e qiun
|eaibinsoinau
pue d1deIoy}
‘Sejpied e sjun
Buisinu ¢ uo
syuaned dnaqgeiq

syuanedul ||y

|el} Joye
pue alojag

[ely Jaye
pue ai0jog

vsn IN
‘lendsoy
Apnis e jo
syun
buisinN

VSN ‘v1
‘lendsoy
|eIduan

S/zy
/1 @ouepodw

[ed1u1D
L1/9 SO

3]gewnss jou Y
d|gewnss jou
souepoduw [ea1ulD
LL/9 SO

€l

51£002
‘d1[redH

62000¢
‘sauo( pue

Inygneyds

© 2006 Blackwell Publishing Asia Pty Ltd



32 B Hodgkinson et al.

JUN Yoes uj SIoud

syjuow ¢ uonedIpaW Jo JAquinN

IS EETVN)
;3504

'S)9OM 9 buiy
‘ald ul 9)eJ JoLId uepiuydd|

syuaned paubisse

0} uonedipaw apiroid sasinu
SHIYs 1ybiu pue puaxesm

uQ "suIys buiuaas pue

Kep ‘Aepli4 03 Aepuojn wouy
syuun aAndadsal uo syuaned e
0} uonedipaw apiroid sasinu
uonedipaw pajeubisap :3sod
'syusned paubisse 0}
uonedipaw apiroid sasinu :aig

ued 2y
UO J9MEIP UOIILIIP3W 33 WOy
pases|al uay} si uonedIpaw
ay] "uonedipaw paqudsaid
ay) pue sweu sjuaned ayy
109[3S UBY} UeD 3SINU Y| "pJem
3y} uo djosuod deudosdde
3y} 0} pauladjsuel) pue

(swn be| ou ‘passadoud si 31 se
AppInb se suaddey 31 o1 ‘own
[e3J Ul) [euIwId) [esjuad ay)

0} papeojumop pue Adew.eyd
3y} Aq paysi|qeiss st Juaijed
yoes Joy 3jyoid uonedipaw
3yl "}un 3y} jo spasu dyads
9y} UO paseq 1ed UoeISpajn
yoes 10} paysijqelss

sI A10JuaAUl Ue XY UOIIDISPIN
Yz

KI3A3 1UN 3y} 01 PaISAIRP pue
Adewueyd ay) ui psdnpoud
ale sasop jun -juaned yoea
104 UOnEASIUIWLPE UONEIIPaW
Aep Buimojjo} ay Jo
uonedpnue uj -abueyd 3)33s5Ld
UoNEdIPAW 7 SIAJOAU| “LWIISAS
I} 1D BSOP-}UN {O1IU0D

sasinu |ednoeld
pasuadi]

suepIuYd3}
Buniy

1ed |edipaw
pue syuaned
|edIpaW |esausn

vsn
‘DN ‘lendsoy

Pa9-056

|ely Jjaye e jo
pue aiojeg syun Ino4

vsn

‘vD ‘obaig
ueg ‘jeydsoy
Ajisiaaiun

[ely Jaye
pue ai0jog

3|gewnss J0u Y
3|gewnss jou
souenodw [ediuld
LL/Z SO

€661
?\G 19
umolg

s/ed
¥/Z 9>uenodw 85661
[ed1u> “Ip 32
LL/ZSO € ey

dn-mojjo4

jo yibua passasse (s)sawodInQ

uonuaAIRU|

uone|ndod
Apms

ubisap Apnis uonedo

210ds
|esiesddy

9D0UapIA

4O [9A Apms

© 2006 Blackwell Publishing Asia Pty Ltd



33

Strategies to reduce medication errors

10413 PAISPISUOD
aJom sapuedadsig

“HVIN 2Y3 Jsuiebe 1spio ayy
323YD pINOM HIYSWY /

0} d || 3y} UO SasinN

Jeak | 'S101J9 UOREeDIP3IA

aondeld piepuels wouy
uofeLIBA SB PauLapP SI0.I]
‘swioy buniodal

juapUl Uo syodal

W04} PalIIuUdPI SIo.I]
‘pasuadsip

UOIUBAIRIUI sasop 000 Jod sioud

1a)e pue uonedipaw Aq painsesw

2l0j2q Y 0¥ 9}kl 101D UOIedIPIN

119|e pajessauab-1endwod

3y} JO suoePUBWILLIOIDI

93U} Y}IM JU)SISUOD

buraq uepisAyd e Aq

I9PIO USIIM B se paul(

syuow 9 syuaje aAnisod-ana|
syuow /

11504 spJ10odaJ JuapIdUIl

‘syyuows / uoIedIPaW WOy PaALIRQ

2l sloud uonedpaw payioday

Adewueyd ayy ui Apdaaip
pajesausb sem YyIN SIUL “YYN
papiauab-ia3ndwiod y-$z :350d

VYN

BuisinN ay) yum Adeweyq
9y} ul 3|jold Jusied syl
yojew 03 ainpadoid oN “UVYIN
ue UO Pa3Ld0| J0U dIaM sbnup
Adeltayy A1ojeaidsay “uinsui pue
syuejnbeodnue ‘Adessyjowayd
oy pasinbai sem

UVIA S1ededas v jul Jo sinojod
jenuew palinbay Yy
|enuew palinbay Yy
uanUmpupy Abp-¢ | :aid
puayaam ay) uo Aep | pue skep
399M JO SYIYs buluans pue Aep
UO UOI}LAISSUO JO Y O "HUN
oea U0 Paledo| J9AISS [eullLIR)
2 Y)IM 91eDJUNWIWOD S|eujwia)
9say] -uonels buisinu jesjuad
3yl ul Z pue wood uaned yoea
ul pajjeasul [euiwlsy sjqeyod
plRY-puey auQ *buniodal
Jnsas Ael-y pue Alojesoqe|
‘buiuueld ai1ed> buisinu

‘A13Ud JSPIO SIPN|DUL WSISAS
|euluwLIa) apIspaq ay] ‘waisAs
DUIWLIBY 3PISPaq UOIIUSAIdIU|
‘pudyeIM 3y} Uo Aep |

pue sAep y29Mm JO SYIYs bulusan
pue Aep uo uoneAIssqo

JO Y OF 2.Jed Jejnbal :jo3uo)

Ain[ur pajejas-1uans bnip
9SIDAPE UE JO 3SII PISLIDUl Sem
213y} 2Jaym suoinenys [ediulp
ul pajesausb sem J3je uy
'SJURA Bnup asiaApe didads
-bnup /¢ paabuey jeyy pajeasd
sem Wa3sAs oo 4a3ndwiod v

pawJopad

Buppayd ajbuls 13504
‘uonessiuiwpe

210Jaq suonedipaw jo buppdayd
d|qnop jo ad1oeud plepuess :aig

(sasanu
‘sysppewleyd
‘suepisAyd)
Kianiep bnip
UHM PAJOAUL
|eudsoy
1noybnouyy
Heis [ediud

awn
[IN} 3I9M 9%/ /
‘sieak g

Jo abeisae ue
1o} [eudsoy siyy
Je pue sieak |
Jo abeisae ue
10} Bupjom sNY
'sjuaijed
J1paedoyyio jo
Uo13eJJUdU0D
ubiy e yum yun
[ed1bins pag-g¢ e
ul bupiom sNY

syjuowl 9 Jo
pouad e Jano
ua9s sjuaned
|ed1139)sgO-UouU
90¢6 jo a|dwes
SAIINIBSUOD

suonedIpaw
Jo buppayd
9|buis 1oy
juaadwod se
paydayd asam
oym SNy

Jle jo sjdwes
9DUBIUBAUOD

[ely Jaye
pue ai099g

|el} Joye
pue alojog

SaLIas ased
9AIDads0ud

|ely Joye
pue alojog

vsn ‘Os

‘a1uad
|ed1paw
Jeuoibay

VSN ‘HN
‘lendsoy
Aunwwo)d

vsn ‘zv
‘lendsoy
Aunwwo)d

eljesysny
‘buojpan
‘levndsoy
JO syun
juanedul
unpy

3]gewnss Jou Y
3|qewnss jou
souepoduwn jediud
LL/S SO

9|qewiss jou y
9|gewnss jou
douepodw [eaiulD
LL/Z SO

3]gewnss jou y
d|gewnss jou
souepodu [ea1ulD
LL/L SO

9|gewiss jou Y
9|gewnss jou
douepoduw [eaiulD
LL/Z SO

€l

Al

116861
‘swepy

»15661
?\U 19
umolg

8661
\.\U IE)

ydsey

02€00¢C
?\U 19
uewue|

© 2006 Blackwell Publishing Asia Pty Ltd



syspewdeyd Ag uonedijian
JapJo pue suepisAyd

Aq Anus Jepio pasuaindwod
paydiem os|e JaAIdSqO
sawy) buibisws Aq

padnoib uay) pue sased-luiw
se pasAjeue aiam saduanbas
uonpesaul bupsaisu)

SHIYs 1ybiu pue buiusas ‘Aep
uo Y /—| Joj pawopad sem
UOoMDRIDUI SIY} JO UOIRAISSAO
'x0(q

anbojeip dn-dod e Aq payiaje
S| 9sINU Y3 ‘ydlew Jou sa0p
UoI3edIPaW 3Y} UO UOIjewojul
pauueds ayj J| -dwn

1291102 3y} Je S0P 103110D
3y} Ul uonedIPaW 1931100 3y}
bumeb si yusned 1021100 3y
12y} AJII9A 03 pauueds usy) ale
SUOI}EDIPAW 3S3Y} JO SPOD Jeq

dY] "anp aJe jey) suoinedipaw KBojouyday
ay1 15| 01 J2Indwod VIND4
a3 sidwouid pueqisum Bupnposul VSN
© U0 9p0d leq judijed Jaye pue ‘(awoy
e BuluUeDS "JIOMIDU SSIRIIM alojeq Buisinu
e BIA 3seqeiep dIU0JIIDD uonoeIdl pue
UOUIAIUI |eljuad e 03 pajul doyde| Jndwod Abojoouo
Jaye Yy 09 SIYL "Meyd uoned|paw pajaaym —uewny pue  ‘aied ande)
*UOIIUBAIRIUI e 0} paxy doyde| e buisn sassed sjeydsoy
aloyaq passadde 2IBMYOS YADG 13S0 syspewdeyd uonedIpaw sileyje
UOeAISSqO VINDG bunniisul sassod uofpoIpaw pue suepisAyd  Jo uoneasssqo ILIEIEYY
u-1z JO S109Y49-9pIs aARDIN pIDPUD]S JO UOIIDAIISGO 3l ‘SNY Aydesbouyly LI
dn-moj|o} uone|ndod
jJo yibua passasse (s)sawodIn0 UOIJUSAIDI| Apms ubisap Apnis uoned0T

34 B Hodgkinson et al.

© 2006 Blackwell Publishing Asia Pty Ltd



35

Strategies to reduce medication errors

‘asinu paIRlsibal ‘NY ‘@dueasal ‘y ‘210ds Ayjenb ‘sp ‘Anus Bupsplo uepisAyd pasuaindwod ‘JOdD ‘uonedsiuiwpe uonedIpawW apod Jeq ‘YIADY

syjuow /
Jyuny e
10} pamoj|oy
30dD
noym
syun Jayjo
e yum
syjuow
pue / 1oy
pamoj|o}
30dD

Buisn syun
Z 1504
"30dD 40y
pajeubissp
jou syun
13430 |[e 10}
syjuow g
pue

30dD 104
pajeubissp
syun g uo
syauow ||
pue g :aid
‘syjuow G|

jussaud

sem Ainful 1oy [ennusjod
3y Jayaym Jo ssa|plebal
uonedipaw e buuisiuiwpe
10 Buisuadsip

‘Buiispio o ssadoid ay)

ul slold Ag pasiiobaled
SI0.1D UOIRDIPIIA

wi23sAs 304D 150d

‘ye1s Aoewteyd sy Aq

w)sAs 1o3ndwod Adewueyd ayy
ojul pataud uepisAyd ayy Aq

SI9pJ0 UsIMpuUeH “ainpadoid
butiapio piopupis :aid

spun
umop-dais aued
[e2131D pue s}un
|edipaw |esausb

woJj syuaied

[ely Jaye
pue ai0)9g

vsn DN
‘sjendsoy
buiyoea|

3|qewnss jou ¥
d|qewnss

j0u ddUERHOdWI
[ead

LL/Z SO

€l

0:500C
\.\U 1
J9duadg

© 2006 Blackwell Publishing Asia Pty Ltd



36 B Hodgkinson et al.

Appendix 1l

Studies excluded from the review

Study Reason for exclusion

Alemagno et al., 2004*°
Aufseeser Weiss and Ondeck,
2001°"
Ayuthya et al., 2003°?
Bates et al., 1998*
Bates et al., 1999*
Bolton et al., 2004°3
Boyle et al., 1998*
Briggs, 2002
Burton et al., 1991%
Casner et al., 19934
Chertow et al., 2001%
Dhalla et al., 2002°*
Dimant, 2001°°
Evans et al., 199438
Evans et al., 19983¢
Hurley et al., 1986
Larrabee et al., 1991%
McNally et al., 19974
Meredith et al., 2001°°
Mungall et al., 1994*
Mutter, 2003%7
Nelson, 2004°®
Overhage et al., 1997%
Papastrat and Wallace, 2003
Roark, 2004
Strohecker, 2003°
Teich et al., 20003
Van den Bemt et al., 2002°'
Westwood et al.'®
White et al., 19874
Whitman et al., 200252

Wrong outcome
Discussion paper

Wrong outcome

Described in systematic review’
Described in systematic review®
Wrong outcome

Described in review*
Discussion paper

Described in systematic review®
Described in systematic review®
Described in systematic review®
No intervention

No intervention

Described in systematic review®
Described in systematic review®
Described in systematic review’
No intervention

Wrong outcome

Wrong outcome

Described in systematic review®
Wrong outcome

Descriptive, no intervention
Described in systematic review®
Wrong outcome

Discussion paper

Discussion paper

Described in systematic review®
Wrong outcome

References assessed separately
Described in systematic review®
Wrong outcome

Appendix IV

Example search strategies
Search strategy for PubMed (contains MEDLINE and
pre-MEDLINE)

Search Search Number of
number citations

#1 Search ‘medication errors'[MeSH Terms] 5207
#2 Search ‘aged’[MeSH Terms] 1431569
#3 Search ‘prescriptions, drug’[MeSH Terms] 13485
#4 Search ‘medication errors’[Title/Abstract] 1050
#5 Search ‘aged’[Title/Abstract] 182 861
#6 Search ‘elderly’[Title/Abstract] 99 191
#7 Search ‘adults’[Title/Abstract] 154 948
#8 Search ‘drug’[Title/Abstract] 429 370
#9 Search ‘adverse event'[Title/Abstract] 3 891
#10 Search ‘medication’[Title/Abstract] 61 164
#11 Search (((#1)) OR (#4)) OR (#9) 9 306
#12 Search ((((#2)) OR (#5)) OR (#6)) OR (#7) 1673459
#13 Search (((#3)) OR (#8)) OR (#10) 486 510
#14 Search (((#11)) AND (#12)) AND (#13) 960

© 2006 Blackwell Publishing Asia Pty Ltd

Appendix V

Health Technology Assessment (HTA) websites

Australia

e Australian Safety and Efficacy Register of New Interven-
tional Procedures — Surgical (ASERNIP-S) http://www.
surgeons.org/open/asernip-s.htm

¢ Centre for Clinical Effectiveness (Monash University, Aus-
tralia) http://www.med.monash.edu.au/healthservices/
cce/evidence/

e Health Economics Unit, Monash University http://
chpe.buseco.monash.edu.au

Austria
e Institute of Technology Assessment/HTA unit http://
www.oeaw.ac.at/ita/e1-3.htm

Canada

e Agence d’Evaluation des Technologies et des Modes
d’Intervention en Santé (AETMIS) http://www.aetmis.
gouv.qc.ca/en/index.htm

* Alberta Heritage Foundation for Medical Research
(AHFMR) http://www.ahfmr.ab.ca/publications.html

e Canadian Coordinating Office for Health Technology
Assessment (CCHOTA) http://www.ccohta.ca/newweb/

pubapp/pubs.asp

e Canadian Health Economics Research Association
(CHERA/ACRES) - Cabot database http://www.
mycabot.ca

e Centre for Health Economics and Policy Analysis (CHEPA),
McMaster University http://www.chepa.org

e Centre for Health Services and Policy Research (CHSPR),
University of British Columbia http://www.chspr.ubc.ca

e Health Utilities Index (HUI) http://www.fhs.mcmaster.ca/
hug/index.htm

e Institute for Clinical and Evaluative Studies (ICES) http://
www.ices.on.ca

Denmark
e Danish Institute for Health Technology Assessment
(DIHTA) http://www.dihta.dk/publikationer/index_uk.asp

Finland
e Finnish Office for Health Technology Assessment
(FINOHTA) http://www.stakes.fi/finohta/e/

France
e L'Agence Nationale d’Accréditation et d’Evaluation en
Santé (ANAES) http://www.anaes.fr/


http://www
http://www.med.monash.edu.au/healthservices/
http://
http://
http://www.aetmis
http://www.ahfmr.ab.ca/publications.html
http://www.ccohta.ca/newweb/
http://www
http://www.chepa.org
http://www.chspr.ubc.ca
http://www.fhs.mcmaster.ca/
http://
http://www.dihta.dk/publikationer/index_uk.asp
http://www.stakes.fi/finohta/e/
http://www.anaes.fr/
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Germany

e German Institute for Medical Documentation and Infor-
mation (DIMDI)/HTA http://www.dahta.dimdi.de/

e German Scientific Working Group of Technology Assess-
ment http://www.epi.mh-hannover.de/(eng)/hta.html

The Netherlands
e Health Council of the Netherlands Gezondheidsraad
http://www.gr.nl/engels/welcome/frameset.htm

New Zealand
e New Zealand Health Technology Assessment (NZHTA)
http://nzhta.chmeds.ac.nz/

Norway

e Norwegian Centre for Health Technology Assessment
(SMM) http://www.oslo.sintef.no/smm/Publications/
Engsmdrag/FramesetPublications.htm

Spain

¢ Agencia de Evaluacién de Tecnologias Sanitarias, Instituto
de Salud ‘Carlos llI'l/Health Technology Assessment
Agency (AETS) http://www.isciii.es/aets/cdoc.htm

e Catalan Agency for Health Technology Assessment
(CAHTA) http://www.aatm.es/cgi-bin/frame.pl/ang/
pu.html

Sweden
e Swedish Council on Technology Assessment in Health
Care (SBU) http://www.sbu.se/admin/index.asp

Switzerland

e Swiss Network on Health Technology Assessment
(SNHTA) http://www.snhta.ch/

United Kingdom

e Health Technology
www.htbs.org.uk/

e National Health Service Health Technology Assessment
(UK)/National Coordinating Centre for Health Technol-
ogy Assessment (NCCHTA) http://www.hta.nhsweb.
nhs.uk/

e University of York NHS Centre for Reviews and Dissemina-
tion (NHS CRD) http://www.york.ac.uk/Institute/crd/

e National Institute for Clinical Excellence (NICE) http://
www.nice.org.uk/index.htm

Board for Scotland

http://

United States
e Agency for Healthcare Research and Quality (AHRQ) http:/
/www.ahrg.gov/clinic/techix.htm

e Harvard Center for Risk Analysis — Cost-Utility Analysis
Database Project (comprehensive league table) http://
www.hcra.harvard.edu/tablesdata.html

e US Department of Veterans Affairs Technology Assessment
Program (VATAP) http://www.va.gov/resdev/prt/
pubs_individual.cfm?webpage=pubs_ta_reports.htm

Appendix VI

Critical appraisal checklists

Systematic review critical appraisal checklist

Source: Khan et al., 20018

Title of assessment:

Title of systematic review:

Author(s):

Year:

Comparators:

Score: /6

1. What is the review’s objective?

What were the population/participants, interventions,
outcomes and study designs?

2. What sources were searched to identify primary studies?
What sources (e.g. databases) were searched and were
any restrictions by date, language and type of publication
used? Were other strategies used to identify research?

3. What were the inclusion criteria and how were they
applied?

4. What criteria were used to assess the quality of primary
studies and how were they applied?

5. How were the data extracted from the primary studies?

6. How were the data synthesised?

How were differences between studies investigated?
How were the data combined? Was it reasonable to com-
bine the studies?

What were the summary results of the review?

Do the conclusions flow from the evidence reviewed?

Rank scoring for appraising the clinical importance of benefit/
harm

Source: NHMRC, 20007

Title of review:

Title of study:

Author(s):

Year:

Comparators:

Clinically important effect:

© 2006 Blackwell Publishing Asia Pty Ltd
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Rank Score: /4

Ranking Clinical importance of benefit/harm

1 A clinically important benefit for the full range of
plausible estimates.
The confidence limit closest to the measure of no effect
(the ‘null’) rules out a clinically unimportant effect of the
intervention.

2 The point estimate of effect is clinically important BUT
the confidence interval includes clinically unimportant
effects.

3 The confidence interval does not include any clinically
important effects.

4 The range of estimates defined by the confidence interval

includes clinically important effects BUT the range of
estimates defined by the confidence interval is also
compatible with no effect, or a harmful effect.

Rank scoring for classifying the relevance of evidence
Source: NHMRC, 20007

Title of review:

Title of study:

© 2006 Blackwell Publishing Asia Pty Ltd

Author(s):

Year:

Comparators:

Rank Score: /5

Ranking Relevance of the evidence

1 Evidence of an effect on patient-relevant clinical

outcomes, including benefits and harms, and quality of
life and survival.

2 Evidence of an effect on a surrogate outcome that has
been shown to be predictive of patient-relevant
outcomes for the same intervention.

3 Evidence of an effect on proven surrogate outcomes but
for a different intervention.

4 Evidence of an effect on proven surrogate outcomes but
for a different intervention and population.

5 Evidence confined to unproven surrogate outcomes.

Checklist for appraising the quality of intervention studies
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JBI Critical Appraisal Checklist for Experimental Studies

Reviewer Dale

Author Year Record Number

Yes No Unclear
1. Was the assignment to treatment groups random?

2. Were participants blinded to treatmeant allocation?

3. Was allocation to treatment groups concealed from the n .
allocator?

4. Were the culcomes of people who withdrew described
and included in the analysis?

5. Wers those assessing outcomas blind to the treatment {
allecation?

6. Were the control and treatment groups comparable at £ ]
antry?

7. Were groups treated identically other than for the named
interventions?

8. Were outcomes measured in the same way for all 1 ]
groups?

9. Were outcomeas measured in a reliable way? 7

s, s e

10. Was there adequate follow-up (>80%)7

cocence, o e

11. Was appropriate statistical analysis used? 7

) £y f— . i
Owerall appraisal: Include . Exclude .  Sesk furtherinfo.

Comments (Including reasons for exclusion)

© 2006 Blackwell Publishing Asia Pty Ltd
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JBI QARI Critical Appraisal Checklist for

Interpretive & Critical Research

Heviewer Dale
Author Year Record Number
Yes No Unclear

1. s there congruily between the stated philosophicsl (1 1
parspective and the research methoedology? - -

2. 1 there congruity betwaen the research methodalogy n N
and the research question or chiectives? -

3. s there congruity between the research methodology and «.... m (o
the methods used to collect data?

4. s there congruity betwaan the research methodology and i3 = 3
the representation and analysis of data?

5. s there congruity between the research methodology and ™ W,... } f:_”:
the interpretation of results?

6, s there a statement locating the researcher culiurally or M 1 ™
theorstically?

7. s the influence of the researcher on the research, and vice = = o
versa, addressed?

8. Are participants, and their voices, adequately representad? - ?__* £

9. s the research ethical according to current criteria or, for i1 o o
recent studies, is there evidence of ethical approval by ' h '
an appropriate body?

10. Do the conclusions drawn in the research report flow from " 1 i
the analysis, or interpretation, of the daa? '

Cverall appraisal; include i: Exclude : Seek further info. w

Comments {Including reasons for exclusion)

© 2006 Blackwell Publishing Asia Pty Ltd
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JBI Data Extraction Form for Experimental/Observational

Studies

Heviewer
Author
Journal

Date
Year

Record Number

Study Method ret ! auasireT

Retrospective . Observational
Participants

Setting

Longitudinal =

L«f COther

Population

Sample size
intervention 1 Intervention 2

Interventions
intervention 1

Intervention 3

intervention 2

intervention 3

Clinical outcome measures

Qutcome Description

Scale/Measure
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