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Abstract
Background: High-risk prescribing places patients at increased risk of adverse drug events (ADEs).

High-risk prescribing and ADE hospitalisations are increasingly common as people are living longer

and taking more medicines for multiple chronic conditions. The Safer Prescribing and Care for the

Elderly (SPACE) intervention is designed to foster patient engagement in medicines management

and prompt medicines review.

Aim: To pilot the SPACE intervention in preparation for a larger cluster randomised controlled trial

(RCT).

Design & setting: A pilot study in two general practices. Study participants were all patients at

increased risk of an adverse drug reaction (ADE) from non-steroidal anti-inflammatory drugs

(NSAIDs) and/or antiplatelet medicines. The primary outcome was the proportion of participants

receiving high-risk prescribing at 6 months and 12 months compared with baseline.

Method: The SPACE intervention comprised automated practice audit to identify and generate for

each GP a list of patients with high-risk prescribing for these medicines; an outreach visit by clinical

advisory pharmacist to deliver education and to go through with each GP their list of at-risk

patients and indicate in a tick-box the intended action for each patient; and a mail-out from GPs to

selected patients containing a medicines information brochure and a letter encouraging patients to

discuss their medicines when they next see their GP.

Results: SPACE can be delivered within existing primary care infrastructure. The rate of high-risk

prescribing was reduced at 6 months following the delivery of the intervention, but these

improvements were not evident at 12 months.

Conclusion: SPACE prompts medicines review and shows promising signs of supporting safer

prescribing in general practice in the short term. A randomised trial of SPACE started in 2018.

How this fits in
High-risk prescribing places patients at increased risk of ADEs and is increasingly common. The

SPACE intervention combines practice prescribing audit and feedback to doctors with a mail-out to

at risk patients to prompt medicines review. SPACE can be delivered within existing primary care
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ABSTRACT – With one of the oldest surviving cultures in the world, Australian Aboriginal people have 
developed immense knowledge about the diverse Australian flora. Western scientific investigation of some 
Australian Aboriginal medicinal plants has demonstrated interesting pharmacological activities and 
chemistry, however the majority of these species have not yet been extensively examined. We argue that 
research that is locally initiated and driven by Indigenous traditional owners in collaboration with Western 
scientists has significant potential to develop new plant-based products. Locally driven medicinal plants 
research in which traditional owners work as researchers in collaboration with University-based colleagues 
in the investigation of medicines rather than “stakeholders” or “informants” is one model that may be used 
in characterising plants with the potential to be developed into sustainable plant-based medicinal products 
with commercial value. Our team has taken this approach in research located both on traditional homelands 
and in the laboratory.  Research being conducted by the University of South Australia and Chuulangun 
Aboriginal Corporation has led to patent filing for protection of intellectual property associated with novel 
compounds and extracts with the potential for development through cosmetic, complementary medicine and 
pharmaceutical routes. Ongoing research is examining the commercial developmental pathways and 
requirements for product development in these spaces. This review will address the opportunities that might 
exist for working in partnership with Australian Indigenous communities, some of the scientific knowledge 
which has been generated so far from our work together and the lessons learnt since the inception of the 
collaboration between the Chuulangun Aboriginal Corporation and scientists from the University of South 
Australia. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For Readers”) may 
comment by clicking on ABSTRACT on the issue’s contents page. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
This article provides a philosophical and cultural 
perspective of an Australian based Indigenous-
guided natural product medicine project, which is 
complemented with a discussion of some of the 
Western scientific research outcomes. The reader 
should note that aspects of the discussion included 
in this manuscript may not necessarily reflect the 
beliefs and opinions of individual (specific) 
Australian Aboriginal communities but should 
rather be viewed as a broader, more generalized 
perspective. 

Australian Indigenous peoples have occupied 
the Australian continent for an estimated 40,000-
50,000 years (1) and during that time have 
developed a profound understanding of the 
Australian landscape and processes of 
biodiversity conservation management. At the 
time of European settlement in 1788, early 
explorers were surprised at how such a landscape 

had been kept curated in an almost pristine-like 
manner (2). Complex traditional land 
management practices used by Indigenous 
peoples helped to create the natural landscape of 
Australia prior to European arrival (3-6).  
Unfortunately, as Western agricultural practices 
and population increase began to take effect, so 
did an imbalance of the once well-managed 
country (homelands).  

In some regions of remote Australia, the 
influence of Western society and governance has 
resulted in a shift in the number of Indigenous 
people living on traditional homelands, with many 
relocating to major urban centres, resulting in a 
loss of heritage and traditions of their ancestors 
(7).  Ultimately, this will lead to a decline in the 
________________________________________ 
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Abstract
Background: This paper presents Part 1 of a two-part literature review examining medication
safety in the Australian acute care setting. This review was undertaken for the Australian
Commission on Safety and Quality in Health Care to update a previous national report on
medication safety conducted in 2002. This first part of the review examines the extent and causes
of medication incidents and adverse drug events in acute care.

Methods: A literature search was conducted to identify Australian studies, published from 2002
to 2008, on the extent and causes of medication incidents and adverse drug events in acute care.

Results: Studies published since 2002 continue to suggest approximately 2%–3% of Australian
hospital admissions are medication-related. Results of incident reporting from hospitals show that
incidents associated with medication remain the second most common type of incident after falls.
Omission or overdose of medication is the most frequent type of medication incident reported.
Studies conducted on prescribing of renally excreted medications suggest that there are high rates
of prescribing errors in patients requiring monitoring and medication dose adjustment. Research
published since 2002 provides a much stronger Australian research base about the factors
contributing to medication errors. Team, task, environmental, individual and patient factors have
all been found to contribute to error.

Conclusion: Medication-related hospital admissions remain a significant problem in the Australian
healthcare system. It can be estimated that 190,000 medication-related hospital admissions occur
per year in Australia, with estimated costs of $660 million. Medication incidents remain the second
most common type of incident reported in Australian hospitals. A number of different systems
factors contribute to the occurrence of medication errors in the Australian setting.

Background
Use of medications is central to modern health care, and
nearly all patients visiting a hospital will receive one or
more medicines during their hospital stay or upon dis-
charge. While in the majority of cases medicines use will

result in the desired outcome, medicines are not without
risk, and problems or unexpected outcomes may arise.

As medicines are taken so commonly, sometimes prob-
lems can occur in their prescription, dispensing and
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The extent of medication errors and adverse drug
reactions throughout the patient journey in acute care
in Australia
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AB S T R AC T

Aim: To provide an estimate of the numbers of medication errors and adverse drug reactions that occur along a
person’s journey through their hospital stay in Australia.

Methods: A search of databases and online resources was undertaken to identify published literature onmedication
safety in the acute care setting in Australia from 2008 to 2013. Data on the rates of adverse drug reactions and
medication errors associated with hospitalization was extracted from the published studies. This evidence was
synthesized with evidence from previous reviews of medication safety in the acute care setting in Australia conducted
in 2002 and 2008.

Results: Findings from the Australian literature across the two previous reviews of medication safety and the present
review indicate the proportion of all hospital admissions that are medication-related is between 2 and 3%. Studies
assessingmedication errors on admission to hospital suggest theremay be an overall rate of two errors for every three
patients at the time of admission to hospital. Large studies examining the rates of prescribing errors in major
Australian teaching hospitals give insight into the rates of prescription error and suggest that prescription error rates
of up to one error per patient occur in the hospital system. The best available evidence from more recent research
suggests that errors (excluding errors of timing) occur in around 9% of medication administrations in hospital. At
hospital discharge, errors in medication documentation in discharge summaries may occur at a rate of up to two
errors per patient.

Conclusions: Medication safety in the various stages of the patient journey through acute care in Australia
continues to be a significant problem. However, the extent of medication-related problems in acute care needs to be
interpreted within the context of increasingly complex health care. There are an estimated 230 000 medication-
related hospital admissions occurring per year. This suggests an annual cost of medication-related admissions of
AU$1.2 billion.

Key words: acute care, adverse drug reaction, Australia, medication error, medication safety
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Background

M edications play a central role in health care and

contribute to significant improvements in health

outcomes when used correctly and appropriately. How-

ever, because medications are so commonly used, they

are also one of the most common sources of error and

adverse events in health care.1 Nearly all patients who are

hospitalized will take at least one medication during their

hospital stay. Australian and International studies2–4

indicate a high prevalence of medication-related
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Background and purpose — It is unclear whether metal parti-
cles and ions produced by mechanical wear and corrosion of hip 
prostheses with metal-on-metal (MoM) bearings have systemic 
adverse effects on health. We compared the risk of heart failure 
in patients with conventional MoM total hip arthroplasty (THA) 
and in those with metal-on-polyethylene (MoP) THA.

Patients and methods — We conducted a retrospective cohort 
study using data from the Australian Government Department of 
Veterans’ Affairs health claims database on patients who received 
conventional THA for osteoarthritis between 2004 and 2012. 
The MoM THAs were classified into groups: Articular Surface 
Replacement (ASR) XL Acetabular System, other large-head 
(LH) (> 32 mm) MoM, and small-head (SH) (≤ 32 mm) MoM. The 
primary outcome was hospitalization for heart failure after THA.

Results — 4,019 patients with no history of heart failure were 
included (56% women). Men with an ASR XL THA had a higher 
rate of hospitalization for heart failure than men with MoP THA 
(hazard ratio (HR) = 3.2, 95% CI: 1.6–6.5). No statistically sig-
nificant difference in the rate of heart failure was found with the 
other LH MoM or SH MoM compared to MoP in men. There was 
no statistically significant difference in heart failure rate between 
exposure groups in women. 

Interpretation — An association between ASR XL and hos-
pitalization for heart failure was found in men. While causality 
between ASR XL and heart failure could not be established in this 
study, it highlights an urgent need for further studies to investi-
gate the possibility of systemic effects associated with MoM THA.



It has been reported that more than 1 million metal-on-metal 
(MoM) bearing total hip arthroplasties (THAs) have been per-
formed globally (Kwon et al. 2014). While MoM hips were 
generally recommended by companies for young and active 
patients, these devices became popular among orthopedic sur-
geons and were used in a wide range of patients. The advan-
tage of the MoM hip design, which permitted the use of a large 
femoral head, was a lower risk of dislocation and an improved 
range of movement compared to other bearings.

MoM hip prostheses with components made of cobalt-
chromium alloys are known to produce high levels of metal 
particles and metal ions from wear and corrosion (Lavigne 
et al. 2011, Chang et al. 2013, Jantzen et al. 2013). Resul-
tant damage to local soft tissues and periprosthetic bone and 
(consequently) increased rates of revision surgery have often 
been reported (Pandit et al. 2008, Langton et al. 2010, Fary et 
al. 2011, Sampson and Hart 2012, Hug et al. 2013, Langton 
et al. 2013). The revision rates vary according to the class of 
MoM prosthesis (Graves et al. 2011). For example, conven-
tional stemmed large-head (LH) MoM (> 32 mm diameter) 
prostheses have the highest rate of revision compared to both 
small-head (SH) MoM (≤ 32 mm diameter) and resurfacing 
hip replacement (AOANJRR 2015). 

The risk of revision has also varied within class. The Aus-
tralian Orthopaedic Association National Joint Replacement 
Registry (AOANJRR) has reported that the cumulative per-
centage of revisions at 7 years for the 13 most commonly used 
conventional LH MoM ranges from 4.3% to 37% (AOANJRR 
SR 2015). The one with the highest proportion of revisions 
was the Articular Surface Replacement (ASR) XL Acetabular 
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A SUBSTANTIAL NUMBER of people
experience medication-related prob-
lems.1,2 Australian studies1,3 have shown
that closer collaboration between gen-
eral practitioners and pharmacists,
together with better medication review
by pharmacists,2 can help to identify and
resolve many of these problems.

In its 1999 Budget, the Federal Gov-
ernment allocated funding for the provi-
sion of Home Medication Reviews
(HMRs). The Department of Health
and Aged Care (now the Department of
Health and Ageing) called for research
proposals to establish a model for imple-
menting these services.4 Our project
aimed to design and test a collaborative
model for delivering and evaluating
HMRs. We report the results of an
implementation trial in which we set out
to determine the requirements for and
outcomes of an area-wide HMR service.

METHODS
1.Methods

Developing the service

We used a participatory action research
design,5 in which researchers worked
with participants to design, implement
and evaluate the service, allowing
researchers and participants to solve
problems that arose as the research pro-
gressed. The participatory action
research process involved general practi-
tioners, pharmacists and consumers in a
series of workshops, focus groups and
feedback sessions.

A call for expressions of interest in
participating in the project was sent to

all Divisions of General Practice in
South Australia. Eight of the 15 Divi-
sions responded and six participated
(three rural and three urban Divisions).
A Divisional Liaison Officer (DLO) was
employed in each Division to facilitate
the interaction between GPs and phar-
macists and to assist in the local imple-
mentation of the HMR service.

A collaborative service delivery model
(Box 1) was agreed on, and standard
forms for documenting relevant patient
information, reports and action plans
were developed in consultation with
participating GPs and pharmacists.

Implementing the service

The study was carried out between
March 1999 and March 2000.

GP and pharmacist recruitment
DLOs used divisional newsletters and
meetings with GPs to encourage partic-
ipation. Pharmacists were invited to
participate through a mailout. The
DLO visited interested GPs and com-
munity pharmacists to discuss the pro-
posed service, and provided support to
GPs and pharmacists throughout the
project. Local reference groups were
established to help resolve issues that
arose during implementation.

Patient selection and recruitment
Each GP or pharmacist identified 5–10
eligible patients from their practices,
based on patient selection criteria that
had been previously used to identify
patients at risk of having medication-
related problems (Box 2). GPs were eligi-
ble for RACGP clinical audit points if 10
of their patients participated in the study.

Collaborative medication management services: 
improving patient care

Andrew L Gilbert, Elizabeth E Roughead, Justin Beilby, Kathy Mott and John D Barratt

Quality Use of Medicines and Pharmacy Research Centre, School of Pharmaceutical, 
Molecular and Biomedical Sciences, University of South Australia, Adelaide, SA.
Andrew L Gilbert, BPharm, PhD, Associate Professor; Elizabeth E Roughead, BPharm, PhD, Senior 
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ABSTRACT

Objective:  To implement and evaluate a collaborative medication management 
service model.

Design:  Participatory action research.

Setting and participants:  The study was conducted from March 1999 to March 
2000; 1000 patients, 63 pharmacists and 129 general practitioners from six 
Divisions of General Practice in South Australia participated.

Interventions:  A collaborative service delivery model, involving a preliminary case 
conference, a home visit and a second case conference, was agreed through 
discussions with medical and pharmacy organisations and then implemented.

Outcome measures:  Medication-related problems; actions recommended; actions 
implemented; and outcomes after actions taken.

Results:  Overall, 2764 problems were identified. The most common medication-
related problem (17.5% of all problems) was the need for additional tests. Thirty-
seven per cent of problems related to medicine selection, 20% to patient knowledge, 
and 17% to the medication regimen. Of 2764 actions recommended to resolve 
medication-related problems, 42% were implemented. Of the 978 problems for 
which action was taken and follow-up data were available, 81% were reported to 
be “resolved”, “well managed” or “improving”.

Conclusion:  This implementation model was successful in engaging GPs and 

MJA 2002; 177: 189–192

pharmacists and in assisting in the resolution of medication-related problems.

pharmacoepidemiology and drug safety 2004; 13: 83–87
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Medication-related problems commonly occurring in an
Australian community setting{

E. E. Roughead PhD*, J. D. Barratt B Pharm, B App Sci (Computer Studies) and
A.L. Gilbert PhD

Quality Use of Medicines and Pharmacy Research Centre, School of Pharmaceutical, Molecular and Biomedical Sciences,
University of South Australia, Adelaide, South Australia, Australia

SUMMARY

Purpose This study characterised medication-related problems in 1000 Australian patients living in the community, and
who were considered at risk of medication misadventure.
Methods A review was undertaken of 1000 clinical case notes, developed during the delivery of medication management
reviews. Patient demographics, medications used, medical conditions and medication-related problems were categorised
according to established classification systems. Descriptive analyses were undertaken.
Results Overall, 2222 problems were identified. Ninety per cent of patients had at least one medication-related problem.
One in three people were found to require additional monitoring, one in four required additional medication, one in four
were using the wrong or inappropriate medication and one in five were using insufficient medication. Cardiovascular, ner-
vous system, alimentary and respiratory medicines were most commonly implicated, accounting for 69% of the medication-
related problems.
Conclusion This analysis reveals the need for ongoing vigilance of, and support for, people at high risk of medication
misadventure. This information is also useful for informing the design of public health or health promotion strategies aiming
to reduce the prevalence of these problems. Copyright # 2003 John Wiley & Sons, Ltd.

key words—medication-related problems; adverse drug events; medication misadventure; Australia; community

INTRODUCTION

Medication misadventure is recognised as a signifi-
cant public health problem. The estimated costs in
the USAwere $US 177 billion in 2000.1 In Australia,
it is estimated that more than 140 000 people are hos-
pitalised every year as a result of medication-related
problems, with hospital costs alone totalling $380 mil-
lion.2 While it is acknowledged that there is always a
level of unavoidable risk of harm associated with

medication use, estimates from Australia suggest that
approximately 50% of the drug-related hospitalisa-
tions are potentially preventable.2

With the increasing recognition of the enormity of
medication misadventure, countries around the world
are attempting to prevent medication-related pro-
blems. In order to design strategies to improve
medication use, a greater understanding of the nature
and types of problems most commonly occurring is
required. Such knowledge will inform the design of
intervention strategies and the targeting of strategies to
problem areas.
Medication-related problems occurring in insti-

tutional settings have been well characterised,
with studies consistently showing that the medica-
tions most commonly implicated are the cytotoxics,
anti-rheumatics, anti-coagulants, corticosteroids,
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Quality Use of Medicines in
Aged-Care Facilities in Australia
Elizabeth E. Roughead, Susan J. Semple and Andrew L. Gilbert
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Pharmacy Research Centre, University of South Australia, Adelaide, South Australia

Medication-related problems are most commonly reported in elderly patients.Abstract
It is for this reason that the development of services supporting appropriate
medication management in the elderly is paramount; particularly for those living
in residential care facilities.

In 1991, Australia had very limited services supporting the quality use of
medicines for residents of aged-care facilities. Over 11 years, from 1991–2002,
the range of services has expanded considerably. Federally funded medication
review services are now available, with over 80% of residents provided with the
service. Medication advisory committees, in accordance with national practice
guidelines, have been established in many facilities to address issues concerning
medication management. Fifty percent of Australian’s pharmacies are registered
to provide services, with over 10% of the country’s pharmacists accredited to
provide the service. National practice guidelines for medication management in
aged-care facilities have been incorporated into accreditation standards for
aged-care facilities, further integrating activity into the wider health system.

The environment was created for these activities through the formation of the
Pharmaceutical Health and Rational Use of Medicines (PHARM) Committee, an
expert advisory committee, and the Australian Pharmaceutical Advisory Council
(APAC), a representative council. Both groups had responsibility for advising the
Federal Minister of Health. They both identified medication misadventure in
residential aged care as a priority issue and through their recommendations the
Government devoted funds to the development of best practice guidelines and
research activity. Clinical pharmacy services in nursing-home and hostel settings
were found to reduce the use of benzodiazepines, laxatives, NSAIDs and antacids
leading to cost savings to the health system. Dose-administration aids were found
to reduce error rates during medication administration, and the alteration of
medications for administration to residents was found to be common practice and
potentially problematic.

Research in the Australian setting demonstrating effectiveness, as measured by
changes in medication use or health outcomes, as well as actual or potential cost
savings has been a critical success factor. In addition, prioritisation by government
advisory committees, inquiries and policy documents, have assisted in the devel-
opment of services from ideas in 1991 to nationally funded realities in 2002.
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Bridging evidence-practice gaps: improving use
of medicines in elderly Australian veterans
Elizabeth E Roughead1, Lisa M Kalisch Ellett1*, Emmae N Ramsay2, Nicole L Pratt2, John D Barratt1,
Vanessa T LeBlanc1, Philip Ryan2, Robert Peck3, Graeme Killer3 and Andrew L Gilbert1

Abstract

Background: The Australian Government Department of Veterans’ Affairs (DVA) funds an ongoing health
promotion based program to improve use of medicines and related health services, which implements
interventions that include audit and feedback in the form of patient-specific feedback generated from administrative
claims records. We aimed to determine changes in medicine use as a result of the program.

Methods: The program provides targeted patient-specific feedback to medical practitioners. The feedback is supported
with educational material developed by a clinical panel, subject to peer review and overseen by a national editorial
committee. Veterans who meet target criteria also receive educational brochures. The program is supported by a
national call centre and ongoing national consultation. Segmented regression analyses (interrupted time series)
were undertaken to assess changes in medication use in targeted veterans pre and post each intervention.

Results: 12 interventions were included; three to increase medicine use, seven which aimed to reduce use, and
two which had combination of messages to change use. All programs that aimed to increase medicine use were
effective, with relative effect sizes at the time of the intervention ranging from 1% to 8%. Mixed results were seen
with programs aiming to reduce inappropriate medicine use. Highly specific programs were effective, with relative
effect sizes at the time of the intervention of 10% decline in use of NSAIDs in high risk groups and 14% decline in
use of antipsychotics in dementia. Interventions targeting combinations of medicines, including medicine
interactions and potentially inappropriate medicines in the elderly did not change practice significantly.
Interventions with combinations of messages targeting multiple components of practice had an impact on one
component, but not all components targeted.

Conclusions: The Veterans’ MATES program showed positive practice change over time, with interventions
increasing use of appropriate medicines where under-use was evident and reduced use of inappropriate medicines
when single medicines were targeted. Combinations of messages were less effective, suggesting specific messages
focusing on single medicines are required to maximise effect. The program provides a model that could be
replicated in other settings.

Keywords: Health promotion, Quality improvement, Quality use of medicines, Translational research, Clinical audit,
Evidence-based practice
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