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ABSTRACT

The peer-reviewed publications presented in this thesis describe my program of research conducted

over the past 10 years in the field of point-of-care pathology testing (POCT) for the early detection

and management of diabetes and renal disease, principally in the Australian rural and remote

lndigenous health care setting. POCT is deflned as pathology testing performed on-site in a clinical

setting at the time of patient consultation, with the test result being immediately available for the

treating medical practitioner. When this research was commenced, POCT as a medico-scientiflc

discipline was in its infancy in Australia. lts application in the Australian lndigenous primary care

setting had never before been attempted, despite numerous cultural and epidemiological factors

indicating this setting represented a suitable niche.

The key research question examined in this thesis was: Could POCT models that were analytically

sound and clinically and culturally effective be established in Australian lndigenous medical services

for the prevention and management of diabetes and renal disease? The systematic approach to

answer this overarching research question included the scientific validation of the analytical

performance of suitable point-of-care (POC) devices, the development of a culturally appropriate

education and training program for Aboriginal Health Workers (and nurses) as POCT operators, the

implementation of a quality management framework for maintaining surveillance of the analytical

quality of POCT results, and an assessment of qualitative and quantitative research outcomes to

determine the clinical and cultural effectiveness of POCT.

POCT models for the prevention and management of diabetes and renal disease were conceived,

initiated, developed and implemented in different lndigenous settings. These models were: The

Umoona Kidney Project for renal disease prevention and management, the QAAMS Program for

diabetes management and the Point-of-Care Testing in Aboriginal Hands Program for chronic

disease prevention and management. The principal POCT device used was the DCA 2000 (Bayer
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Diagnostics, Tarrytown, USA) which measured haemoglobin A1c and urine albumin:creatinine ratio,

established indicators of glycaemic control and early renal disease respectively.

Collectively, the results presented in this thesis represent the first and most comprehensive research

assessment of the effectiveness of POCT ever conducted in Australia, and make a significant

contribution to the previous void of knowledge in the discipline of POCT in this country, Evidence is

presented for the first time to confirm that (i) POCT can be conducted by trained operators from a

non-laboratory background to a level of analytical quality equivalent to that of a laboratory and which

meets internationally-recognised analytical goals, (ii) POCT is a culturally effective mode of health

service delivery, gaining wide acceptance by lndigenous POCT operators, lndigenous patients with

chronic disease and clinical staff, and (iii) POCT is clinically effective, being useful for chronic

disease risk assessment and contributing to improved management of lndigenous patients with

diabetes and renal disease. These models have immeasurable potentialto be adapted to lndigenous

communities and/or rural and remote communities globally.

Finally, the adaptability of the lndigenous POCT models was confirmed in a non-lndigenous rural

community setting and is cunently being assessed in a Government-funded POCT Trial involving 30

general practices in Australia.
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CHAPTER l: OVERVIEW OF PROGRAM OF RESEARCH

Background

The peer-reviewed publications presented in this thesis describe the program of research that I have

conducted over the past 10 years in the field of point-of-care pathology testing (POCT) for the early

detection and management of diabetes and renal disease.

POCT is deflned in this thesis (see Chapter 2) as:

'pathology testing which is performed on behalf of the treating medical practitioner by a

trained operator in an on-site clinical setting at the time of patient consultation, allowing

the test result of desired analytical quality to be generated and to be used to make an

immediate informed decision that contributes to an improved health outcome for the

patient.'

My research studies focus primarily on POCT models I have conceived, initiated, developed,

implemented and managed within lndigenous medical services across urban, rural and remote

Auskalia. They also describe how these models have been adapted to non-lndigenous community

settings, including a rural community hospital and general practice.

My personal contribution to each of these research studies has included

quality management framework for all the POCT models,

from participating services against national and international benchmarks,
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conducted on patients with diabetes and renal disease,

principally sourced from the Australian Government's Pathology Section within the

Department of Health and Ageing), and,

reports (required by the grants secured).

The work described in this thesis was initially conceived when my interests within and outside my

professionalcareer intersected during the mid 1990s.

From 1977 to the mid 1990s, I worked as a medical scientist in the routine clinical biochemistry

laboratory at Flinders Medical Centre. My main areas of scientific work were the development and

evaluation of diagnostic methods for pathology tests used for the management of diabetes, renal and

cardiovascular disease, and the fields of quality assurance and analytical performance standards (or

analytical goals) for pathology tests. I also regularly conducted POC Haemoglobin A1c (HbA1c)

pathology testing using the DCA 2000 device (Bayer Diagnostics, Tarrytown, NY, USA) on patients

attending the weekly diabetes clinic at Flinders Medical Centre.

Outside of health, I have always held a particular passion for and interest in Australian deserts and

lndigenous* culture.

*The Australian lndigenous population comprises both Aboriginal and Tones Strait lslander people.

Aboriginal people originally anived in Australia some 50,000 years ago from Asia and inhabited the bulk of

the Australian mainland, including every Australian desert, People from the Tones Strait region in far north

Queensland, are of Melanesian origin and comprise approximately 11% of Australia's total lndigenous

population (1, 2). Throughout this thesis the words lndigenous and Aboriginal will be used interchangeably.

I travelled extensively across many Aboriginal desert communities during a 1O-year period from 1985

to 1995 and authored books on the Simpson Desert and Great Victoria Desert (3, 4), As a result of

my travels, I observed firsthand the appalling level of poverty and the signifìcant burden of diabetes
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and renal disease (hereafter together refened to collectively as chronic disease) in rural and remote

lndigenous Australia. Delivery of mainstream health (and laboratory) services to these communities

was very poor, the turnaround of laboratory test results was slow, while of most concern was the

extreme difflculty in getting chronic disease patients to return for a follow-up visit to enable their

doctor to act on laboratory results and mediate treatment,

Having used POC technology in the diabetes clinic at Flinders Medical Centre, I believed POCT may

be useful in the rural and remote lndigenous medical service setting.

ln Australia, lndigenous medical services are either managed or controlled by the local lndigenous

people with funding provided by federal or state governments, or they are controlled and funded by

state or territory governments, The former category, known as Aboriginal Community Controlled

Health Services (ACCHS), now represents the principal vehicle for delivering primary healthcare to

Aboriginal and Torres Strait lslander people (5, 6). There are more than 125 ACCHS throughout

Australia, over 90% of which are located in rural and remote areas. The National Aboriginal

Community Controlled Health Organisation (NACCHO) represents the interests and affairs of

ACCHS nationally (7), ACCHS vary considerably in size, infrastructure, resources and the number of

lndigenous people they serve, Some may be located many hundreds of kilometres from the nearest

hospital or laboratory service. Staffing levels vary widely, but most comprise as a minimum a doctor,

a clinic nurse and one or more Aboriginal Health Workers (Aboriginal people living and working in

the community and trained in basic primary health care). Aboriginal Health Workers now play a

pivotal role in the delivery of health care in lndigenous communities and act as a crucial

communication bridge between patients and non-Aboriginal medical and nursing staff (8),

lntuitively, I believed POCT could potentially deliver the following advantages in the lndigenous

medical service setting:
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negate the need for a follow-up visit by the patient,

being conducted ln sifu, and,

crucial cultural link between the POC device and the patient, and facilitate acceptance of

POCT in the lndigenous community setting.

Aim and Ohjectives of Research Program

The aim and objectives of this research program are summarised in Table 1,1, ln attempting to

introduce POCT in the lndigenous health setting, my research aim was:

were analytically sound in lndigenous hands and culturally and clinically effective in the

lndigenous medical service setting,

My overarching research objectives were

lndigenous medical services.

lmplicit in the use of POCT outside the laboratory would be the need to critically assess

analytical performance and to only use devices that met currently acceptable analytical

goals. My laboratory background would provide me with this skill set.

Health Workers (and other allied health professionals) to be competent POCT operators in

their community setting.
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I believed the ability to conduct POCT may provide a sense of empowerment for Aboriginal

Health Workers and raise their self-esteem in the community context, and that this would

prove an important cultural benefit of POCT. My understanding of lndigenous culture from

the decade-long field trips undertaken across desert Aboriginal communities would also

provide me with an ability to develop education resources and training methods that would

be culturally appropriate.

quality of results generated by the POCT devices used in the lndigenous medical service

setting.

ln using POC devices outside the laboratory, it would be critical that POC pathology results

were of equivalent standard to those of the laboratory thereby ensuring there was no

diminution in the quality of patient care. My laboratory science background would also

enable me to adapt and modify laboratory principles for internal quality control and external

quality assurance testing to design a culturally appropriate quality management framework.

assess the cultural and clinical effectiveness of POCT as a mode of health service delivery

for lndigenous patients with chronic disease,

training and quality management) were adaptable and transferable to other non-lndigenous

primary health care settings (particularly in rural and remote Australia).

At the time I commenced this pioneering work in 1997, POCT as a medico-scientific discipline was

very much in its infancy in Australia and its utilisation was mainly confined to ward or clinic testing

within the hospital environment supported by the associated laboratory. As evidenced by the results

of the literature review undertaken in Chapter 2, POCT had never before been applied or evaluated

i
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in a research sense within the lndigenous primary health care setting. There was no evidence base

for the analytical rigour and quality, cultural and clinical effectiveness, or adaptability and

sustainability of POCT outside the laboratory in this setting,

Table 1.1. Aim and objectives of this program of research

i
I
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ï
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To determine whether the key elements of the lndigenous POCT models

(education, training and quality management) were adaptable and

transferable to other non-lndigenous primary health care settings

(particularly in rural and remote Australia),

OBJECTIVES

To gather evidence from both qualitative and quantitative research outcome

measures to assess the cultural and clinically effectiveness of POCT as a
mode of health service delivery for lndigenous patients with chronic disease.

To develop a quality management framework for maintaining surveillance of

the analytical quality of results generated by the POCT devices used in
lndigenous medical services.

To develop a culturally appropriate education and training framework for

teaching Aboriginal Health Workers (and other allied health professionals) to

be competent POCT operators in their community setting.

To scientifically validate the analytical performance of POCT devices to be

used in lndigenous medical services.

To develop POCT models for the early detection and management of

chronic disease which were analytically sound in lndigenous hands

and culturally and clinically effective in the lndigenous medical service

setting.

AIM
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Summary of POCT Models Developed lor this Program of Research

The remainder of this chapter describes the chronological evolution of the series of POCT models

which I developed and managed over the past 10 years. lt also describes the linkage between the

models and provides the logic behind the progression of the research program. The timeframe,

chronic disease focus, POC tests conducted and health care settings in which these POCT models

were undertaken are summarised in Table 1,2.

Table 1.2. POCT models developed during this program of research.

* HbAlc = haemoglobin A1c, UACR = urine albumin:crealinine ralio, INR = international normalised ralio

Non-lndigenousHbA1c,

UACR,

lipids and

INR

ManagementDiabetes, Renal,

Cardiovascular (and

Coagulation)

2005-2007POCT in General
Practice Trial

Non-lndigenousHbA1c,

UACR and

lipids

Prevention &

Management
Diabetes2002-presentDiabetes

Management Along
the Mallee Track

lndigenousHbA1c,

UACR and
lipids

Prevention &
Management

Chronic Disease2001-2005POCT in Aboriginal
Hands

lndigenousHbAlc and

UACR

ManagementDiabetes1 999-presentQuality Assurance
for Aboriginal &

Torres Strait lslander
MedicalServices
(QAAMS)

lndigenousUACRPrevention &
Management

Renal1 997-2000Umoona Kidney
Project

Health SettingPOC TestsFocusGhronic DiseaseTimeframeModel
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The Umoona Kidney Project

The first opportunity to use POCT in the lndigenous medical service setting was the Umoona Kidney

Project, a program for the early detection and management of renal disease that I conceived,

initiated, developed, implemented and managed at the request of the inaugural Director of the

Umoona Tjutagku Aboriginal Health Service (Ms Waluwe Simpson-Lyttle). The Umoona Tjutagku

Health Service is located at Coober Pedy in South Australia's far north, 850 kilometres from

Adelaide, Ms Simpson-Lyttle, along with Dr Lindsay Barratt (then Director of the Renal Unit at

Flinders Medical Centre) and myself, had formerly worked together as foundation members of the

inauguralAboriginal Health lnitiatives Working Party established at Flinders Medical Centre in 1996,

Ms Simpson-Lyttle was aware of the growing concern among the 40O-strong Umoona community

about the number of community elders who were being forced to leave the community to undergo

dialysis treatment for end-stage renal disease (ESRD) and therefore invited me to work with the

community to address this concern. As the centrepiece of the Umoona Kidney Project, POCT for

urine albumin:creatinine ratio (ACR) on the Bayer DCA 2000 device was conducted for the first time

in Australia to assess community risk of renal disease and manage patients clinically assessed as

being at the highest risk of renal disease.

Prior to its introduction into field use, I undertook the fìrst scientific validation of POC urine ACR

measurement on the Bayer DCA 2000 device in Australia which showed that this POC test was

analytically sound and suitable for use in a non-laboratory setting, The results of this first Australian

evaluation were published in an international peer-reviewed journal (9).

As a key element of this POCT model, I taught Umoona's Aboriginal Health Worker team how to

conduct POCT on patients and how to undertake internal quality control testing, with a view to the

long{erm sustainable use of the device in the community setting. This was the first time in Australia

that Aboriginal Health Workers had been educated and trained as POCT operators.

14



Risk assessment was carried out not only on adults in the Umoona community but also on their

children, through a co-operative partnership I brokered between the Renal Units at Flinders Medical

Cenhe and the Womens and Childrens Hospital in Adelaide. Results of the adult risk assessment

program were published in two peer-reviewed journals, one national and one international (10, 11).

These results represented the first accurate assessment of renal disease risk in a South Australian

Aboriginal community, The papers also reported for the first time that, with appropriate education,

training and support, Aboriginal Health Workers could conduct quality control testing for POC urine

ACR testing to an acceptable analytical standard.

POCT for urine ACR was also used for the first time in Auskalia for the management of adult

patients identified at greatest risk for renal disease. Through a clinical management protocol

developed in consultation with the Flinders' renal specialist team, the renal function of a group of 35

high risk patients was monitored across two years. During this time there was a stabilisation of renal

function (as assessed by POC urine ACR measurement) and an improvement in blood pressure

among the patient group, This key research finding was published in an international peer-reviewed

journal (12) and as part of a peer-reviewed chapter I was invited to write (13) in the book Point of

Care Testing, which is now globally regarded as the definitive text book on the subject of point-ot

care testing (14),

The use of POCT was well accepted by the Umoona community. POCT became a focal point for

raising community awareness about renal disease and provided the impetus to develop other

community health promotion activities, particularly around nuhition. I was co-author (but not first or

principal author) of a peer-reviewed paper in an international journal which described the

implementation of a nutrition training program for Umoona's Aboriginal Health Worker team (15).

15



ln an attempt to document and promote the pivotal role of the Aboriginal Health Worker as a POCT

operator, a peer-reviewed article was published on the Umoona Kidney Pro¡ect in the Aborþinal and

lslander Health Worker Journal(16). This journal has been the principal Aushalian journal for this

group of health professionals for the past 30 years. The article was written for this journal to

specifically and strategically target this desired audience.

Both the South Australian Government's Department of Human Resources Renal and Urology

Seruices lmplementation Plan 2000-2011 (17) and the Statewide lga Warta Aboriginal Renal

Disease Summit 1999 endorsed the Umoona model for expansion to other Aboriginal communities in

rural and remote South Australia.

The Quality Assurance tor Aboriginal and Torres Strait lslander Medical Seryices (QAAMS)

Program for Diabetes Management

As a result of my pioneering use of POCT in the Umoona Kidney Project, I was appointed by the

Australian Government's Department of Health and Ageing in 1999 as the inaugural Program

Manager of a new pilot study that used the Bayer DCA 2000 device to conduct on-site POCT for

haemoglobin A1c (HbA1c), an established pathology test for diabetes control, in Aboriginal

Community Controlled Health Services (ACCHS). As Program Manager, I conceived, initiated,

developed, implemented and managed the subsequent POCT model, the so-named QAAMS

Program, an acronym for Quality Assurance for Aboriginal and Torres Strait lslander Medical

Services. I have continued to be Program Manager of the QAAMS Program to the present. When the

QAAMS Program commenced in July 1999, it had a national focus and involved 42 ACCHS and

approximately 2300 Aboriginal patients with established diabetes across Australia.

My primary initial research task was to develop, for the first time, a large-scale structured education

and training program for POCT including a set of culturally appropriate resources and a quality

16



management framework that incoçorated both internal quality control (QC) and external quality

assurance (QA) testing, The quality assurance arm of the program, which I conceived, initiated and

subsequently developed through a collaborative partnership with the RCPA Quality Assurance

Programs Pty Ltd (the main providers of laboratory-based quality assurance programs in

Australasia), is a world first for the lndigenous health care sector. The key research questions and

initial focus of the QAAMS model were:

broad range of diverse lndigenous medical services across Australia, collectively perform

quality assurance testing to a standard that was equivalent to laboratory users of the DCA

2000 POC device, and,

derived analytical goals for HbAlc testing?

The answers to these research questions were published initially in 2003 and updated in 2006 in The

Ainical Biochemist Reyrews (18, 19); this is the national peer-reviewed journal of the Australasian

Association of Clinical Biochemists (AACB) and the AACB is the main professional body

representing clinical biochemistry in Australia and New Zealand. With a common framework for

education and training, Aboriginal Health Workers maintained very high on-going participation rates

and demonstrated consistently sound and continually improving analytical performance for POC

HbAlc testing (as assessed by imprecision or reproducibility across over 6100 quality assurance

tests).

As key outcomes of the initial pilot, in December 2000, the Federal Health Minister approved and

introduced a Medicare rebate for POC HbAlc testing conducted by participating sites in the QAAMS

Program, thereby facilitating the long-term sustainability of the program and changing its status from

an initialpilotto a mainstream lndigenous health program.
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To promote the availability of the QAAMS program and the utility of POCT for diabetes management

to the national targeted audience of Aboriginal Health Workers, a peer-reviewed paper on the

QAAMS Program was published in 2003 in the Abonginal and lslander Health Worker Journal(20).

The QAAMS Program was now beginning to attract international attention. During 2003, through a

collaboration I brokered with the Australian Centre for Diabetes Strategies in Sydney, the Western

Paciflc lsland of Tonga joined the QAAMS Program, with permission of the Australian Government.

Tonga participated in the QAAMS Program for three years, Their analytical performance achieved for

POC HbAlc testing remained sound, providing preliminary evidence that the QAAMS model could

be successfully transfened to lndigenous communities in other countries of the world.

ln 2003, following a further submission I prepared for the Australian Government, a new program for

POC urine ACR testing on the DCA 2000 was approved by the Government and incorporated into

the QAAMS framework as a separate program. I developed and managed the education, training

and quality management framework for this new program. The Government initially capped the

number of participating lndigenous medical services at 30 (all of whom were existing sites in the

QAAMS HbAlc program).

A peer-reviewed article describing the results of the first two years of the QAAMS Urine ACR

program was published in an international clinical biochemistry journal (21). The key research

flndings were that the QMMS HbAlc model was readily adapted to the new POC urine ACR test

and Aboriginal Health Workers could perform the urine ACR test to an acceptable degree of

analytical quality. Updated data on analytical quality of POC urine ACR testing was also published in

a peer-reviewed paper in The Clinical Biochemist Revrews in 2006 (19).
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To ensure the sustainability of the QMMS Urine ACR Program, the Australian Government

introduced a Medicare rebate item number for this test in June 2006. The HbAlc and urine ACR

rebates now available through the QAAMS Program are the only rebates for specialised POC

pathology tests which are able to be claimed under the Australian Government's Medicare system

(other than a small group of qualitative tests such as urine dipstick and pregnancy tests). The

availability of these rebates represents one of the most significant outcomes of this research

program, They have ensured that participating lndigenous medical services can conduct POCT for

diabetes management on a cost-neutral basis (with the on-going reagent and consumable costs

associated with the program paid for by the rebates), thereby guaranteeing the long-term

sustainability of this POCT model.

The QAAMS model now provided the means for lndigenous medical services to perform a blood test

(HbA1c) for the monitoring of diabetes control and a urine test (ACR) for assessment of renal

function, the main complication of diabetes. Following the securing of a further Government contract

in 2006, the QMMS HbAlc and urine ACR programs have been merged into a single program, the

number of QAAMS participants has increased to 80 (for HbAlc) and 60 (for ACR) at the time of

writing (March 2007\, while the analytical performance base for quality assurance testing continues

to meet national and international benchmarks.

Having successfully developed a culturally appropriate education, training and quality management

framework for QAAMS (the principal charter of my initial contracts with the Australian Government), I

was keen to investigate several further research questions. These included:

operators), by Aboriginal patients with diabetes (the consumers of the POCT service) and

by clinicians (responsible for patient management)?
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clinically effective and contribute to improved diabetes control?

The first research question was answered through a series of qualitative surveys, which I conceived,

prepared, implemented and analysed with the help of the Flinders Centre for Biostatistics and

Epidemiology, Flinders University, To answer the second question, patient POCT data was sourced,

tracked and analysed from two rural lndigenous medical services, at their request, The results of

these research investigations were published in The Clinical Biochemist Reviews in 2006 (22). This

paper documented the widespread acceptance of POCT among all stakeholder groups surveyed by

questionnaire, and provided clinical data demonstrating improvements in diabetes control among

lndigenous patients, as assessed by statistically significant reductions in HbAlc levels after the

introduction of POCT.

The evidence that the QAAMS POCT model has made a significant contribution and improvement to

the way diabetes services are delivered in the Aboriginal health sector in Australia has been

independently verified and documented in two reviews on the QAAMS Program commissioned by

the Aushalian Government and conducted by the National Aboriginal Community Controlled Health

Organisation (NACCHO)and Campbell Research & Consulting Pty Ltd (23,24).

The Point-of-Care Testing In Aboriginal Hands Program

During 2000 I received many enquiries from lndigenous medical services concerning the availability

of a POCT analyser for lipid testing. ln 2001, I conceived, initiated, developed, implemented and

managed a new POCT model for the early detection and management of chronic disease called the

Point-of-Care Testing in Aboriginal Hands (POCAH) Program, This model was introduced into four

rural and/or remote lndigenous medical services across South Australia and Westem Australia. Each

of these services had a different geographic location, physical size, number of Aboriginal Health
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Workers and clinical and infrastructure support. ln addition to the Bayer DCA 2000, a new POCT

device for lipids was introduced in this program for the first time in the lndigenous community setting

- the Cholestech LDX lipid analyser (Cholestech Corporation, Hayward, CA, USA), This device

performed a full lipid profile (total cholesterol, triglyceride, HDL cholesterol and calculated LDL

cholesterol) on a capillary blood sample with results available in approximately 5 minutes.

Prior to its introduction in this program, I undertook the first evaluation of this new device in Australia,

the results of which were published in a peer-reviewed national publication (25). The key finding

from this study was that the Cholestech LDX exhibited satisfactory analytical performance, and could

confidently be used for cardiovascular (and, by association, diabetes) risk assessment in the

Aboriginal community setting,

The POCAH program was conducted over a  -year period from 2001 to 2005. The main research

questions examined in this study were:

staff resources (health workers and clinical and other support staff)?

communities?

patients with chronic disease?

disease?

The key findings from this study were that POCT proved equally effective across a diverse mix of

lndigenous medical services, high rates of chronic disease risk between and across communities

were identified, POCT was again clinically effective for patient management and there was
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widespread acceptance of POCT by all stakeholders. These findings were published in an

intemational peer-reviewed journal (26), with early data from this POCT model also being reported in

an invited book chapter (13), and inthe Aboriginal and lslander Health Worker Journal (27).

The adaptability and versatility of POCT was also confirmed in this program through a series of

community initiatives and the utilisation of POCT in a range of diverse locations and situations.

On-going Assessmenf of Analytical Pertormance of POCT Devlces

During the course of developing and implementing these three POCT models for chronic disease

prevention and management in lndigenous medical services, I conducted regular studies comparing

POCT and laboratory results on the same patient samples and verified both the accuracy and

precision of the POCT devices used in my research program. Published patient comparison studies

have been conducted both at Flinders University and in field settings (the latter through collaborative

partnerships I have established and fostered with researchers from other hospitals and medical

research institutions) (9, 25, 28-30). The first three of these evaluations are included in the published

papers in this thesis as I was either first or equal first author on these papers. I have also compared

the POCT devices used in my program of research with new POCT devices that have come onto the

Auskalian market during the period of my research studies (31).

Diabetes Management Along the Mallee Track Program

Having verifled the analytical quality and the clinical and cultural effectiveness of POCT in the

lndigenous health sector, I then addressed the following research question:

the lndigenous community setting be adapted and transferred to the non-lndigenous health

setting?
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The opportunity to test this hypothesis arose in 2003. I was invited and subsequently contracted by

the Mallee Track Health and Community Service (MTH&CS) from the remote country town of Ouyen

in Victoria to establish and maintain a specialist POCT service as part of a program entitled Diabetes

Management Along the Mallee Track. A Ruraf Chronic Disease lnitiatives (RCDI) program grant had

been secured by the MTH&CS to undertake this program. The health service wanted to implement a

community risk assessment program and establish an integrated, multidisciplinary'one-stop'service

for the management of people with diabetes which involved the local general practice and included

POCT for HbA1c, urine ACR and lipids as its centrepiece. Following the delivery of an education and

training program by the author, the MTH&CS community nurse acted as the local POCT operator.

As well as being responsible for the delivery of specialist POCT services, I developed a patient data

management system, designed and implemented patient satisfaction surveys (again with assistance

from the Flinders Centre for Bistatistics and Epidemiology) and, at the request of the MTH&CS,

wrote the final report on the Diabetes Management Along the Mallee Track program for the

Australian Government.

The results of the program were published in a peer-reviewed international journal in 2005 (32).

Statistically significant improvements in glycaemic control, cholesterol levels and blood pressure

were observed among the 54 patients with diabetes following the intoduction of the one-stop

management service and POCT. There was widespread support among the community's diabetes

patient group for the continued use of POCT as part of their management, while their level of

satisfaction with the new diabetes service was high.

At the conclusion of the RCDI funding period, the Australian Government selected the Diabefes

Management Along the Mallee lrack project as one of three demonstration projects from the RCDI

program grants for showcasing to all rural and remote health services in Australia through the

production of an education resource called Building Healthy Communities (33).
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Point-of-Care Testing (POCT) in General Practice Trial

Having supported and funded the Umoona Kidney Project and the QAAMS Program since the late

1990s, the Australian Government's Depaftment of Health and Ageing was becoming increasingly

aware of the practical application and effectiveness of POCT in the community setting. ln 2001, the

Government commissioned a report on the role and value of POCT in the general practice

environment (34), ln 200314, the Government recommended that a trial of POCT in general practice

be conducted and a Sydney-based consultancy firm was contracted to develop a hial design. The

18-month randomised controlled trial aimed to recruit approximately 60 general practices across

urban, rural and remote geographic regions, and approximately 5000 patients who had either

established diabetes, hyperlipidaemia or were receiving anticoagulation therapy,

The Government then established a series of Working Parties to determine the standards and

guidelines under which POCT would be conducted during the trial, I was an invited member of the

Government's Technical and Clinical Working Party of the PoCT Subcommittee, Quality Use of

Pathology Committee. ln this role, I conducted a literature review and wrote the recommendations for

the analytical goals to be achieved by the POCT instruments used for the trial. These

iecommendations were accepted and approved by the Government, published on the Government's

web site and are being utilised in the trial to formally assess the quality of the POCT devices used.

Using this review as a basis, I subsequently wrote a paper on analytical goals for POCT devices for

diabetes management, which was published in an international peer-reviewed journal (35). This is

the first published paper which specifically promulgates analytical goals for POCT in the non-

laboratory setting (as opposed to goals derived for laboratory methods and instruments).

ln 2004, the Australian Government called for separate tenders to implement the three major

components of the trial design, namely overall trial management; management of POCT devices and
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delivery of training and an internal quality control program; and management of an extemal quality

assurance program. On behalf of the Flinders University Rural Clinical School, I wrote the successful

tender for the management of devices and the delivery of the training and quality control programs. I

was appointed POCT Device Manager and my Community Point-of-Care Service unit was charged

with the delivery of this tender. I was also a member of the consortia which successfully tendered for

the trial management and quality assurance arms of the trial. The POCT instruments recommended

for use in the trial by our device tender were the Bayer DCA 2000 for HbAlc and urine ACR testing

on patients with diabetes, the Cholestech LDX Lipid analyser for monitoring lipids on patients with

hyperlipidaemia and the CoaguChek S analyser (Roche Diagnostics, Sydney, Australia) for

measuring the lnternational Normalised Ratio (lNR) on patients on warfarin therapy.

From the POCT device perspective, the key research objectives of the trial were:

environment,

recommended by the trial (through the results generated by the internal quality control

program), and,

regions,

The live phase of the Point-of-Care Testing in General Practice Trial commenced in September 2005

and concluded in February 2007. The education and training framework and the preliminary results

of the internal quality control testing program have been reported to the Australian Government

through a series of Progress Reports which I have written as POCT Device Manager, At the

invitation of the journal editor, a brief descriptive summary of the trial aims and objectives was

published in the peer-reviewed international publication Point of Care in 2006 (36). This journal is the
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official publication of the American Association of Clinical Chemistry's (AACC) Critical and Point of

Care Division. The results of this arm of the trial remain confidential and will not be published until

2008 at the earliest (which is beyond the time frame of this thesis).

Conclusion

The continuous program of research described in this thesis represents the first and most

comprehensive research assessment of the effectiveness of POCT ever conducted in Australia. The

significant contribution that my pioneering work has made to the field of POCT, padicularly the

lndigenous health sector, has been recognised nationally and internationally by Government, my

scientific peers and by the wider community.

The Australian Government will have continuously funded my main POCT model (The 'QAAMS'

POCT Program for diabetes management) for ten consecutive years at the completion of our current

contract, This longevity of funding support for a single project, particularly one conducted in an

lndigenous health care setting, is extremely rare. I am now also regularly consulted by the

Government's Pathology Section and the Office for Aboriginal and Torres Strait lslander Health on

general POCT matters.

ln 2004 I was appointed as Chairperson of the Auskalasian Association of Clinical Biochemists

(AACB) Working Party on Point-of-Care Testing and invited to be the MCB's lnaugural Regional

Travelling Lecturer (in which I lectured on my POCT models to 19 regionalcentres across Australia

and New Zealand).

Since 2000, I have been an invited speaker at 8 international conferences and meetings (delivering a

total of 11 lectures at these events) and 7 national conferences and meetings (delivering 8 lectures).
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These meetings have collectively encompassed the professional fields of clinical biochemistry,

lndigenous health and diabetes. At the XIX lnternational Congress of Clinical Chemistry IFCC/AACC

(lnternational Federation of Clinical Chemistry/American Association of Clinical Chemistry) Annual

Meeting, Orlando, Florida, USA, in July 2005, I was not only an invited speaker but also the poster I

prepared and presented on the QAAMS Program won the MCC Critical and Pointof-Care Testing

Division's Annual Meeting Abstract Award and was also the recipient of the National Academy of

Clinical Biochemistry's (NACB) Distinguished Abstract Award.

As mentioned previously, in 2004, I was also invited to write a chapter in the definitive global

textbook on POCT entitled Point-olCare lesfrng (14).

ln the wider community I was the recipient of an Australian of the Year Award in 2004, in recognition

of the contribution of my POCT work towards assisting Aboriginal communities to improve diabetes

management. I was also awarded the Order of Australia Medal (OAM) in the Australian Honours list

announced on the Queens Birthday June 2006, for service to public health through medical research

(as well as to the environment through conservation organisations, and to aviculture).
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CHAPTER 2: LITERATURE REVIEW

METHODOLOGY USED 
'TV 

TH'S LITERATURE REVIEW

The primary aim of this literature review was to identify published papers concerning the use and

application of pointof-care pathology testing (POCT) in the Australian lndigenous health care

setting.

To do this, a computerised electronic search covering the period 1988 to March 2007 was initially

undertaken with Ovid Medline using the search strategy and key words described in Figure 2.1.

Figure 2.1 Summary of search strategy used in this literature review

4and6I

4and57

Aborig$6

indigenous or exp Health Services, lndigenous/5

Limit 3 to English language4

1or23

((point-of-care or near patient or bedside or physician offìce or offsite or

alternate or ancillary or decentralised) and testing)

2

((point of care or near patient or bedside or physician offìce or offsite or

alternate or ancillary or decentralised) and testing)

1

Search HistoryNumber

ln total 2338 unique references were identified by this broad search strategy (#3 in Figure 2.1).

However apart from published papers which have been either (i) written by the author and presented

as part of this thesis or (ii) studies in which the author has collaborated and been a co-author (29,

30), only two papers on POCT and lndigenous health were found - neither of which were relevant to
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this thesis. One of these concerned a telemedicine clinic used in Aboriginal communities in Canada

(37) and the other related to a registry of stroke patients in South Africa (38).

To widen this primary search, supplementary searches of the Embase and Web of Knowledge

(incorporating Science Citation lndex, Current Contents and CINAHL) electronic databases were

undertaken using the same key words, phrases and timeframe. The lnformit database was searched

to cover the 'grey' medical and scientific literature with particular reference to Australasia. The

website Australian lndigenous Health/nfoNef (39) was also used to source material specifically on

Australian lndigenous health, Recent text books on POCT by Price, Hicks and St John (14) and Kost

(40) were also consulted. Two further papers which briefly describe the use of POCT for diabetes

management in Australian lndigenous medical services were identifìed; both of these papers were

from participants in one of the main research programs developed by the author (OAAMS) (41,42).

Thus, outside the research conducted directly or collaboratively by the author, no articles were found

in the literature concerning the use and application of POCT in lndigenous health.

However, the literature search did enable the systematic identiflcation of a number of important

themes which permit a fuller understanding of the field of POCT, These themes will be discussed

and appraised in this literature review, with the aim of identifying current gaps in the literature and

placing this program of research in the context of POCT. Papers relating to these themes were

consolidated into an EndNote reference library (43). Reference lists from these papers were

searched to identify further papçrs of relevance to these themes. The final EndNote library

constructed to support this literature review comprised 729 references.
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INTRODU CTr ON T O P OINT-OF-CARE rESrrfVG (POCT)

The origins of POCT can be traced to the very beginnings of diagnostic pathology in the 15tt' century

when urine specimens were tested and inspected at the patient's bedside, at their point of care (44-

46). Thus POCT is not strictly a new discipline of medical science but one which has made a

significant re-emergence over the past 20 years. There have been many different deflnitions of

POCT proposed by numerous authors and professional groups, a representative sample of which

are shown in Table 2.1. ln addition, a multitude of acronyms have been used to describe this mode

of health service delivery, These include cunent accepted terms such as point of care testing (with

or without hyphenation) and near patient testing (NPT), as well as a number of historical expressions

no longer used in the literature such as bedside testing, physician office testing, alternate or off-site

testing, ancillary testing, and decentralised testing (47-55).

The variety of definitions and lack of standardisation of a single accepted terminology for this mode

of health service delivery reflect the relative infancy of this field. No single definition has been

proposed that (i) adequately encompasses the scope of POCT, (ii) can be applied across all

applications of POCT, and (iii) reflects the now widely-accepted importance of linking POCT to

measurable outcome benefit(s).

For the purpose of this thesis, the author has developed his own definition of POCT as follows:

POCT is 'pathology testing which is peilormed on behalf of the treating medical practitioner by a

trained operator in an on-site clinicalseffing at the time of patient consultation, allowing the test

result of desired analytical quality to be generated and to be used to make an immediate informed

decision that contributes fo an improved health outcome for the patient.'

The various phrases in this definition can be broken down further to explain POCT more fully. Firstly

POCT is a pathology investigation, generally a clinical biochemistry, haematology or microbiology
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test. POCT is most commonly, but not exclusively, performed on small portable in vitro medical

devices that require a small sample volume (generally ranging from 5 to 50 pL of capillary whole

blood or urine) to conduct the test, making the sample collection process simple, convenient and

less stressful for the patient. The test should only be performed by a POCT operator who has

undergone an appropriate level of training and certification in performing the test and conducting

quality management procedures on the relevant POCT device; these practices ensure that results of

acceptable analytical quality (equivalent to that of the laboratory) are generated for patient care. The

POCT operator may be one of a number of healthcare professionals including a doctor, nurse,

primary health care worker, diabetes educator, pharmacist, paramedic and even the patient. The

clinical settings in which POCT can be conducted are numerous and comprise hospital-based,

community-based, and other diverse locations (as shown in Table 2.2). Prior to this program of

research, the Australian Aboriginal medical service was a notable absentee from the list of

community-based, primary-care locations in which POCT was practiced. The definition of POCT

implicitly excludes the test being performed by a trained medical scientist or technical officer in the

hospital laboratory. POCT also has both a spatial and temporal relevance (56). By conducting POCT

on-site at the time of consultation with the patient, POCT brings pathology testing closer or 'nearer'

to the patient and to the doctor. The speed at which the pathology result is available to the doctor,

who in turn uses the result to make an immediate informed clinical decision, is a primary objective of

POCT. With the development of evidence-based laboratory medicine, it is now widely recognised

that an overarching goal of pathology testing, whether it be POCT or laboratory-based testlng, is to

maximise the health outcome benefit to the patient as a result of the medical practitioner taking

appropriate action on the test resuìt (57). However, as will be discussed later in this chapter, the

speed of the POCT result alone does not necessarily confer an improved outcome for the patient.
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Table 2.1, Representative examples of different definitions of POCT
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Pearson (66)'Clinical laboratory testing conducted close io the site of patient care, typically

by clinical staff whose pr¡mary kaining is not in the clinical laboratory

sciences, and sometimes by patients themselves',

ISO Standard (65)'Testing that is performed near or at the site of a patient with the result leading

to a possible change in the care of the patient'.

Price and St John (64)'Any test that is performed at the time at which the test result enables a

decision to be made and an action taken that leads to an improved health

outcome'.

Kost (40)'Testing at or near the site of patient care'

Guibert (34)'A pathology investigation by or on behalf of the treating medical practitioner

on-site, at the time of and for use during consultation'.

Price (63)'Any type of testing undertaken close to the patient to enable a decision to be

made on the care of that patient.'

Hicks (62)'Testing that is performed close to the patient'

Mor (47)'Any kind of test performed outside the central hospital laboratory, usually at

the patient's bedside'.

Delaney et al (61)'Any investigation canied out in a clinical setting or the patient's home for
which the result is available without reference to the laboratory and perhaps

rapidly enough to affect immediate patient management'.

Nicholls (60)'Diagnostic testing conducted close to the site where clinical care is delivered',

College of American
Pathologists (59)

'Those analytical patient testing activities provided within the institution, but
performed outside the physical facilities of clinical laboratories ...'

Kost (58)'Testing at the point of patient care, wherever that medical care is needed'

Reference SourceDefinition of POCT

32



i

i

'{
t
{

il

tf
I

rt

{'

Table 2.2 Examples of health care settings where POCT is used.
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Space

Other Military

Disaster Management

Community-based

Sports Medicine

Leisure Facility

Veterinary Care

Workplace

Retrieval Unit

Home Care

Aboriginal Medical Service

Community Health Clinic

Pharmacy

General Practice/ Physician Office

Outpatient Clinic

Hospital-based

Ward

Operating ïheahe

Coronary Care Unit

Neonatal lntensive Care Unit

Adult lntensive Care Unit

Emergency Department

Health Gare SettingEnvironment

33



{

THE INCREASED GLOBAL UPTAKE OF POCT

Since the re-emergence of POCT in the late 1980s, the uptake of POCT in the health sector has

burgeoned, mainly in the Westem developed world. The USA now comprises approximately 60% of

the global POCT market share, followed by Europe 20%, Japan 10o/o and the Asia-Pacific region

including Australia 5% (67). ln the USA, POCT comprised a flfth of all diagnostic testing in 2000 (68).

Globally, the POCT market was estimated to be worth US$3 billion in 1997, $5.4 billion in 2002, $10

billion by 2005 and growing at an estimaled 12o/o per year (61, 67-69). The blood glucose self-

monitoring component of the POCT market however dominates these dollar figures, representing

60% of the global market value (67). There are no available data on the current market value of

POCT in Australia.

The upsurge of interest in POCT has been driven by several factors. Firstly, there is now greater

emphasis on placing the patient at the centre of the health care process. The patient of the 21s

century is more knowledgeable and aware of disease conditions and has higher expectations of the

health care system in terms of quality and convenience of care. Care of patients with chronic

conditions is being devolved away from the hospital to a range of community-based care-giving

environments conducive to POCT such as the general practice, pharmacies, one-stop community

health clinics, and lndigenous medical services (which is the specific subject of the cunent research)

(45, 70, 71), As will be discussed in this thesis, patient satisfaction with the convenience and

accessibility of POCT is generally high because pathology testing and consultation with the doctor

occurs in the same visit and obviates the need for a follow-up consultation to obtain pathology

results (22,72,73). With pathology testing being conducted'closerto'the patient, POCT facilitates a

greater sense of ownership of the pathology testing process and supports improved compliance by

the patient (22), lndividual patient and community ownership of POCT are particularly important

cultural beneflts of POCT in the lndigenous health setting.
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Secondly, the way in which laboratory services are provided has also changed. The majority of

hospital-based pathology testing is now performed on high throughput, batch-orientated analytical

systems in large core laboratories, creating a niche for smaller volume, needs-speciflc POCT to be

undertaken by regional satellite laboratories and community clinics (45).

Early critics of POCT argued that the speed of POCT analysis was compromised by lack of quality of

the result and reliability of the POCT device (48,74-79). However, over the last decade, POCT

device manufacturers have invested heavily in modern design, new technologies and Good

Manufacturing Practice to ensure most modern POCT devices are now analytically sound and 'fit for

use' by non-laboratory consumers (80), There have been significant advances in POCT technology

including:

¡tL(47,64, 81).

Some of these aspects will be addressed in more detail in the next section.
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ANALWICAL AND TECHNOLOGICAL ASPECTS OF POCT DEVICES

Introduction

The use of POCT devices for the prevention and management of diabetes and renal disease is a key

focus of this research program. This section of the literature review therefore discusses the scope of

POCT devices that are currently available and some of the recent innovative analytical and

technological advances found in contemporary POCT device manufacture and design.

A recent global compendium of POCT devices lists 90 devices that are cunently used in hospital and

primary care settings and over 1 10 devices that test for infectious diseases (82). While this list is the

most comprehensive and current in the published literature, these devices are not available in all

countries, and some remain under development or await approval by the U.S. Food and Drug

Administration (FDA). A list of POCT devices currently used in Australia is unavailable; however the

Auskalasian Association of Clinical Biochemists (AACB) Working Party on POCT (of which the

author is a member and former Chair) are currently conducting a national survey to source this

information.

POC devices can be classified as in vitro, in vivo, ex vivo or minimally invasive (47 ,64,82-85)

ln Vitro POCT Devices (IVD)

ln vitro devices (lVD), where the sample is collected from the patient and analysed externally, are by

far the most common type of POCT device (6a), /n ylTro devices can be classified by:
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Most in vrïro devices range in size from handheld, to small portable bench-top analysers, to mid-

sized analysers that can be transported (for example on a hospital trolley) to the site where POCT is

conducted. The analytical principle encompasses both the mode by which the analyte is recognised

(or sensed) and the resultant signal which is detected (or transduced). Chemosensors utilising a

chemical indicator or binding molecule to recognise the analyte are the most widely available sensor

type, Biosensors, which use a biological recognition molecule such as an enzyme or antibody, are

becoming increasingly popular in the design of POCT devices. A list of selected in vitro devices used

in Australia and their different device characteristics is shown in Table 2.3. The key devices used in

this program of research (the DCA 2000 [Bayer Diagnostics, Tarrytown, NY, USA] and the

Cholestech LDX lipid analyser [Cholestech Corporation, Hayward, CA, USA]) are small, portable,

single-use in vitro devices (that is, only one patient sample can be tested using each cartridge or

cassette),

Most rn vitroPOCT devices utilise whole blood for testing whereas corresponding laboratory analysis

is generally performed on a different matrix, most often venous plasma. This can lead to potential

differences in the accuracy of POCT and laboratory results. The best illustrative example is glucose

measurement where the lnternational Federation of Clinical Chemistry (IFCC) recommends that a

factorof 1.11 is applied to convert capillary whole blood measurements to an equivalent plasma

concentration (due to the lower concentration of water in erythrocytes) (86). Many POCT devices

now apply conection factors in their calibration procedures to covert a whole blood measurement to

a plasma equivalent value. However, this process assumes the patient has a normal haematocrit.

Many trauma, post surgical and oncology patients may have low haematocrits (in the 25-35%

range), while neonates and patients with polycythaemia may have high haematocrits (over 55%) (87-

89). As an example of how diagnostic companies are addressing this potential source of error, a new

glucose meter has recently been released that measures haematocrit and glucose simultaneously

and automatically conects for haematocrit (90).
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ln vivo, ex vivo and minimally invasive POCT devices

ln vivo, ex vivo and minímally invasive POCT devices remain largely in the developmental phase but

are likely to spawn a new generation of POCT devices and applications in the coming years. With rn

vivo devices, the sensing device is placed directly into the bloodstream enabling continuous

monitoring of the analyte under investigation. For ex vivo devices, blood is taken from the body

passed across an external sensor and then returned to the body in a closed loop. Minimally invasive

devices generally utilise a sensor placed sub- or trans-cutaneously. These devices are likely to find

widest application in the area of neonatal acute care (for blood gas, electrolyte, glucose and bilirubin

measurement for example) where blood conservation is critical (91, 92), or in the area of diabetes

management where continuous glucose measurement could assist tighter glycaemic control (64,82,

85, 93-96),

Advances in Connectivity Standards

Lack of documentation of POCT results was also an often-quoted limitation of POCT in the early to

mid 1990s, using the rationale that it is pointless performing a POC test if the result is not

incorporated into the patient's clinical flle nor acted upon clinically (97, 98). lndeed poor

documentation of and/or transcription enors with POCT results could potentially lead to increased

risk of medicolegal problems (99).

ln the late 1990s, a survey conducted for the American Association of Clinical Chemistry (AACC) in

over 500 US hospitals revealed that only 17o/o ol POCT data was transferred electronically while two

thirds of the data did not reach the laboratory information system (LlS) (100). By 2000, calls were

made in the literature to find an overarching solution to the connectivity problem which was

considered a major barrier to the future uptake and application of POCT (100-103).
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ln February 2000, a group of 49 POCT device vendors, diagnostic test system vendors, healthcare

institutions and informatics experts formed the Connectivity lndustry Consortium (ClC), The aim of

the CIC was to develop a global standard for connectivity which facilitated the seamless linking of

POCT devices to clinical information systems regardless of vendor, location or interface (104). The

standard addressed bidirectional communication between POCT device and information system,

device connection commonality, commercial software interoperability, user security and

confidentiality and QC/regulatory compliance (101, 104-107). ln 2001 the National Committee for

Clinical Laboratory Standards (NCCLS), now known as the Clinical and Laboratory Standards

lnstitute (CSLI), approved the connectivity standard (108). Benefits of the introduction of this

connectivity standard have already been reported; they include reduction of error rates, increased

operator compliance and decreased POCT management and nursing costs (109). The full beneflts of

connectivity may not been seen for some years yet but the bipartisan addressing of this key issue by

industry has unquestionably advanced the cause of POCT.
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Table 2.3, Examples of selected in vitro POCT devices in Australia and their characteristics,

Bayer RapidPoint 400

Abbott i-STAT

Cholestech LDX

Bayer DCA 2000

Roche CoaguChek S

Roche Cardiac Reader

Roche Trop T

Roche Combur-Test

Bayer Albustix

POCT Device/Strip

Reegent pack with benchtop
monitoring device

Cartridge with monitoring device

Cassette with monitoring device

Cartridge with monitoring device

Strip with monitoring device

Strip with monitoring device

lmmunosensor Strip

Complex Strip (multi-pad dipstick)

Single Strip (dipstick)

Technology

Multi use

Single use

Single use

Single use

Single use

Single use

Single use

Single use

Single use

Usage

Electrochemistry

Electrochemistry

Enzymatid refl ectance photometry

Latex agglutination inhibition/turbidimetry

lmpedance of magnetic particle motion/
reflectance photometry

I mmunoassay/reflectance photometry

Lateral fl ow ¡mmunoassay/optical

Chemical/visual

Chemical/visual

Analytical Principle
(recognition/detection)

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Semi quantitative

Qualitative

Qualitative

Result

Transportable

Handheld

Portable

Portable

Handheld

Portable

Handheld

Handheld

Handheld

Size/Format

Blood gas and electrolytes

Blood gas and electrolytes

Lipids and glucose

HbAl c

INR

Troponin T, myoglobin, D-dimer

Troponin T

10 urine analytes

Urine albumin

Analytes Measured
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ESTABI.'SH"VG AND MANAGING A POCT SERVICE

lntroduction

One of the primary aims of this research program was to develop, implement and manage POCT

models for the prevention and management of diabetes and renal disease in the Australian

lndigenous health care setting, The purpose of this section of the literature review was to identify

what are the key principles and current best practice standards for establishing and managing a

POCT service and to assure that the models implemented in this research program were closely

aligned with these principles and standards.

There is an often misguided perception among health professionals without a sound understanding

of the field of POCT that one simply needs to buy a POCT device from a vendor "off the shelf', take

it to the location where it is to be used, turn it on and start testing. The reality is that there are many

aspects to consider when setting up a POCT service and there needs to be a logical and systematic

approach to the organisation and management of POCT.

Sfandards and Guidelines for the Conduct of POCT

The lnternational Organisation for Standardisation (lSO), a worldwide federation of national

standards bodies, has recently published a standards document (lSO 222870), detailing

requirements for quality and competence for POCT (65), This document states that these standards

can be applied not only to the hospital setting but also to the clinic or health care organisation

providing ambulatory care. However the standards are written in a highly technical fashion and

require constant cross-referencing to a second set of standards (lSO 15189) which provides

requirements for quality and competence in medical laboratories; this makes the POCT standard

difflcult to understand, interpret and implement in a practical sense by non-laboratory trained health

professionals and in non-laboratory POCT environments,
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Multiple guidelines on how to establish and maintain a POCT service (both generally and for specific

tests) have been published by professional societies and expert panels representing many countries

and/or regions of the world (Table 2,4).

Most of these guidelines share common principles that can be applied logically and systematically

when establishing and maintaining a POCT service (84, 110-112). These principles are listed in

Figure 2.2 and summarised briefly in Table 2.5. However, like the ISO Standard, most of the

guidelines are focussed on hospital and laboratory based POCT applications.

There are no standards or guidelines written exclusively for conducting POCT in a non-hospital,

community-based setting, including the Auskalian lndigenous medical service. lnterim standards and

guidelines have been developed for the performance of POCT in general practice in Australia as part

of a major Government-funded trial of POCT cunently being undertaken in this sector (36, 113).

However, these standards and guidelines have not been introduced into routine general practice and

the decision to do so rests on the outcomes of the trial, which will not be reported upon nor assessed

by the Australian Government until 2008,

ln wider practice, the key principles recommended for establishing and maintaining a POCT service

must be tailored and adapted to meet local needs and specific POCT settings (114, 115). Working

examples of how to set up and manage POCT services used in both acute and chronic clinical

settings in the Australian rural community environment have recently been published (1 16, 1 17), The

support and knowledge of the local laboratory or specialist POCT provider (such as the unit directed

by the author, where scientiflc staff all originate from a strong laboratory background) is critical in

setting up a POCT service because many of the principles address speciflc analytical and laboratory

concepts which are outside the domain of the non-laboratory health professional (1 1 1 , 1 18).
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Device Selection, Training and Anaffical Quality Management- Key Elements of Establishing

and Managing a POCT Seruice

Device selection, training of POCT operators and performance of analytical quality management

piocedures (internal quality control and extemal quality assurance testing) are factors which have

been identifled as crucial but often neglected elements of a POCT service (101, 11 1, 1 19), lf these

elements are not addressed appropriately as part of an overall organisational and risk management

strategy, then there is increased likelihood that errors will occur in the conduct of POCT. For

example, Pearson stated the major sources of enor in conducting POCT include poor selection and

maintenance of POCT devices, incorrect storage of consumables, untrained operators performing

POCT, and errors associated with the total analytical testing cycle including pre analytical, analytical

and post analytical processes (66), Meier and Jones identified operator incompetence, non-

adherence to test procedures and the use of uncontrolled reagents and equipment by operators as

the three main sources of POCT error (120), Demers listed the 10 most cited deficiencies in POCT

as failure to: follow manufacturer's instructions explicitly; peÍorm quality control testing; document

quality control activities and take appropriate corrective action of quality control outliers; perform

external quality assurance testing; document personnel training and competency; provide continuing

education for POCT operators; and have a procedure manual for testing and result reporting (121). A

recent NCCLS guideline which utilises a source-of-error matrix (including categories for device

capabilities, training and applicable quality monitoring) identified more than 60 potential sources of

error in the total POCT testing process (122). Jones and Meier described the need for a'culture of

safety' for POCT by focussing on 'procedural consistency, operator competency, quality control and

result integrity, monitoring patient identification, specimen adequacy, and report accuracy'(123).

As will be described in the published papers in the next chapter, issues of device selection, training

and quality management have been foundation elements of the POCT models developed and

described in this research program. Key factors that need to be addressed in device selection and
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the training of POCT operators are summarised in Table 2,5, The development of models for the

monitoring of analytical quality of POCT through both internal quality control and external quality

assurance testing has formed a significant component of this research program and these practices

are therefore briefly reviewed below.

Internal Quality Control Testing for POCT

Traditional laboratory QC involves the testing of samples which have a known (or target) analyte

concentration, assigned by the manufacturer of the material (124). Samples are most commonly

lyophilised human blood, urine products or liquid solutions. Two or three levels of QC samples are

usually provided by the manufacturer, which enables analytical performance to be assessed within

and outside the reference interval for that analyte. The QC sample undergoes the same analytical

processes as the patient sample, including sample preparation, sensor recognition and signal

detection and readout, but this process is not able to assess pre-analytical steps (notably patient

sample collection) and post-analytical reporting steps in the total patient testing process (125,126).

Results of QC testing are compared against the target for the QC sample, and established

acceptable limits of performance above and below the target, immediately after the result is

available. Many simple and complex 'rules' have been developed for accepting and rejecting

laboratory QC results, the most widely accepted being those promulgated by American clinical

biochemist James Westgard (127). Westgard rules have been incorporated into many POCT devices

that have the capacity to electronically capture QC results (80).

lmprecision for QC testing, calculated statistically as the coefficient of variation (CV%) from the

formula CV% = (SD [standard deviation]/mean)*100, is widely used as a measure of analytical

performance and the CV% can be compared to defined analytical goals for the particular analyte to

objectively assess whether the analytical system has remained stable across time and whether

observed performance meets analytical expectations (1 28-1 32).
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ln relation to the practice of QC testing for POCT, two key questions have been widely debated in

the literature; namely: "Are traditional laboratory statistical QC procedures relevant to POCT?" and

"At what frequency should QC testing be used for POCT?"

For multi-use cartridge-based POCT devices, where all sensors and reagents are contained within a

cartridge pack which can be used to test a specified number of samples or last for a specified period

of time, there is general consensus that traditional statistical QC procedures can be applied in this

setting (64, 133). These devices, mostcommonly used in critical care settings, feature a degree of

automation in their QC process whereby the measurement of a liquid QC sample can be

programmed at specified time intervals. QC results can be electronically downloaded rn srïu and

assessed according to Westgard rules. lf QC results are unacceptable, then operators can be locked

out of being able to conduct further testing until corrective action has been taken. Systems using

automated QC also have the advantage that they can often be managed remotely by the POCT

Coordinator, thereby saving time and resources (134).

However, for single-use or unit-use POCT devices (such as those used in this research program),

only one sample test can be performed on each cartridge or strip which is then discarded, lt is now

widely acknowledged that traditional QC practices are not entirely appropriate for this mode of

device (124, 126,133, 135, 136), As Ehrmeyer states "the principles of traditional, statistical QC

need to be customised and adapted for the unit-use test system" (126).

To address the need for a different approach to QC testing, the NCCLS recently published an

approved guideline for quality management of unit-use POCT (122), This guideline recommends that

a combination of different methods of control be used maintain analytical surveillance of POCT

device operation and result quality. These methods include:
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device using a surrogate material [such as a reference cassette, coloured filter, coloured

solution or bar codel to generate an electric signal that would normally be produced by a

sensor responding to an analyte in a patient sample),

in the test system, for example when a new lot number of reagent is used for the first time

or when a new POCT operator commences POCT in the organisation),

sample by both the POCT method and by the local laboratory method that is traceable to a

recognised standard),

the patient). This technique is particularly useful in identifying gross errors in POCT

measurement where reported results do not match the patient's clinical condition, and,

The guideline also recommends that internal QC testing should be conducted with a minimum

frequency of no longer than 0.1 (1/1 Ott'¡ of the reagent stability as stated by the manufacturer. Thus if

a lot of reagents has a stability of 10 months, then QC testing should be performed at a minimum

once a month. ln practice, an optimal balance must be obtained between the frequency of QC

testing and the number of patients tested to ensure that QC testing does not become too time

consuming for POCT operators and too costly (137). This is particularly relevantto sites conducting

a low volume of patient tests. Prior to this research program, there have been no published papeß

documenting QC practices and procedures for POCT in the Australian lndigenous health care

setting.
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External Quality Assurance Testing for POCT

External quality assurance (QA), also refened to as external proficiency testing (EPT), involves

testing samples that are prepared and distributed to participating sites by an external source, most

commonly a national QA provider (for national programs) or a local hospital laboratory (for

regional/local programs). For QA testing, samples with analyte concentrations covering a wide

measuring range can be produced, with target values specifled by the províder or laboratory. ln

contrast to QC testing, the operator has no knowledge of the true value of the QA sample when it is

tested. Results are returned to a central location (QA offlce or laboratory) and a report is prepared

which identifies the range of results obtained by all participants for the testing of that particular

sample. The report is then sent to each participating organisation. ln this way, QA enables a

comparison of the analytical performance between participating sites, An assessment of both

imprecision and inaccuracy is possible for quantitative biochemical markers through QA testing,

Examples of national external quality assurance schemes for POCT include: the drugs of abuse

program in the USA (through the College of American Pathologists [CAP]), the cholesterol and

urinalysis programs in the United Kingdom (through the UK National External Quality Assurance

Scheme [UKNEOAS] and the Wales External Quality Assessment Scheme [WEOAS] respectively),

and, the QAAMS (Quality Assurance for Aboriginal and Tones Strait lslander Medical Service),

General Practice and Near Patient Testing Programs in Australia (the last two having being

developed by the author as part of this research program and in collaboration with the RCPA Quality

Assurance Programs Pty Ltd) (18, 19, 21, 138-141).

Locally run QA schemes generally use the split sample testing approach in which a sample is

aliquoted multiple times (according to the number of participants) and dishibuted for external testing.

ln contrast to national schemes where lyophilised samples and reconstitution fluid are generally

supplied to participants separated by long distances, fresh appropriately preserved whole blood or
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urine from patients can be used as a sample matrix for local schemes, An example of a cost

effective local QA scheme for POC HbAlc testing involving 23 sites in the county of Uppsala in

Sweden häs recently been published (a2). Split sampling using whole blood from diabetes patients

was used over a three-year period to verify the analytical performance of the POCT device.

Table 2.6 below provides a brief summary of the differences between QC and QA testing

Summary

ln summarising this section of the thesis on establishing and managing a POCT service, there were

no published papers found by this literature search on:

lndigenous health care sefting,

operators (and, as a corollary, whether Aboriginal Health Workers could indeed be

successfully trained as POCT operators), and

control or external quality assurance testing) of POCT devices in an lndigenous health care

setting.
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(156,157)Australasian Association of Clinical Biochemists (AACB)Australia

(154), (155),

(122\

National Committee for Clinical Laboratory Standards

(NCCLS), now known as the Clinical and Laboratory

Standards lnstitute (CLSI)

(1 53)National Academy of Clinical Biochemistry

(152)lnternational Federation of Clinical ChemistryUSA

(1 50, 1 5 I )New Zealand lnstitute of Medical Laboratory Scientists

and the Canadian Society of Laboratory Technologists

New Zealand and

Canada

(14e)German Society for Clinical Chemistry

(148)Dutch Association of Clinical Chemistry

(147)European Committee for Clinical Laboratory StandardsEurope

( 1 46 )Joint Working Group on Quality Assurance

(145,146)Joint Working Group on External Quality Assessment

(143,144)Association of Clinical BiochemistsUnited Kingdom

Reference SourceProfessional BodyCountry/Region

Table 2.4. Examples of professional bodies that have published guidelines on establishing and

maintaining a POCT service.
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Figure 2.2 Key principles for establishing and managing a POCT service.

1. BEFORE INTRODUCING A POCT SERY'CE

ldenttfy the Clinical Need

I
Selecting a suitable POCT device

Assessmenf of Cosf versus Benefiß

2. ORGANISATION AND MANAGEMENT OFTHE POCT SERVICE

Clinical Govemance/Organisation and Accountability

Documentation of POCT policy and Procedures

Continuing Ed ucation, T raining and Competency Assessmenf

lmplement Routine POCT Seruice including
Monitoring Analytical Quality through Quality Control and Quality Assurance Testing

Audit and Accreditation/Regulatory Compliance
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Table 2.5. Brief descriptive summary of key principles in establishing and organ¡sing a POCT service. (Table continues to page 55).

Selecting a suitable POCT device

BEFORE INTRODUCING A POCT SERVICE

ldentify the clinical need

Principle

consultation with laboratory, professional colleagues and/or vendo(s); or reference to evaluation reports by govemment agencies (158).

device must be able to achieve the same or at least equivalent level of analytical performance compared to that of the equivalent laboratory

instrument when it is used for the same clinical purpose. Source data on cunent analytical performance standards (analytical goals) for the analyte

(128-132).

common interferences, calibration requirements, availability and suitability of internal quality control (QC) and external quality assurance (QA)

materials, maintenance of the POC equipment, level of vendor support for servicing and/or repair, and reference intervals, clinical decision levels

and panic values,

intended site of use by the (trained) operator who would be expected to routinely use the deviæ, with the support of the laboratory or the specialist

service that cunently does not exist but for which there is an identifìed clinical need (65).

Summary of Principle
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ORGANISATION AND MANAGEMENT

Clinical Governance

Assessment of cost vs benefit

Principle

evidence-based medicine and ensuring the clinical effectiveness of POCT is maximised, (ii) the establishment of a welldefined organisation and

accountability structure for POCT and (iii) the minimisation of patient risk through the delivery of a quality POCT service (66, 68, 118).

service delivery benefìts of introducing such a system - is an implicit part of the decision-making process for the adoption of POCT (84, 162).

POCT service provider and the vendor. lf this is not possible, then the technology should be validated by the supporting laboratory or specialist

P0CT service provider.

the POCT device - sample type and volume, size and portability of the device, power source (battery, AC or both), degree of device automation and

connectivity, and turnaround time for result, (ii) expectations of the staff - user-friendliness of device, number of manual steps, complexity and labour

intensiveness of device operation, and reagent preparation time, (iii) projected future workloads and/or pattems of testing - there needs to be an

acceptable level of POCT activity over a defined time period to ensure maintenance of POCT operator skills, (iv) spatial requirements - adequate

space needed for patient preparation and sample collection, POCT equipment, ancillary equipment eg centrifuges and fridges, and storage of

reagent, quality testing kits and consumables. Fridge space may be a crucial element to consider, particularly in rural and remote settings, (v) health

and safety - a safe working environment for both patients and staff is needed for POCT; one that has adequate lighting, power, temperature control,

plumbing, waste disposal and infection mntrol.

Summary of Principle
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Documentation of POCT Policy and Procedures

0rganisation and Accountability

Principle

policy and procedures for delivering a quality POCT service.

ln an 'ideal' POCT setting, there needs to be a clearly defined organisational structure with lines of accountability for each and every facet of the POCT

service.

manage the POCT service (65, 66, 110).

Committeee) (65, 111, 164). This structure encourages a whole+f-system approach to POCT and ensures all stakeholders feel part of delivering an

effective POCT service (66). Stakeholders will vary acctrding to the nature and location of the specific POCT service being implemented but may

include health professionals such as other clinical staff, other laboratory scientists, nurses, nurse educators, diabetes educators, lT personnel,

pharmacists, finance and planning ofiìcers, risk managers (64, 66) and a patient or consumer representative.

Operator, who represents the person in the organisation who performs POCT at'the bench level' (165).

It should be emphasised that his 'ideal' organisational hierarchy may be impractical or impossible to implement in small services or in rural and remote

services with limited staff and should be tailored to local needs.

Summary of Principle
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lmplement Routine POCT Service including

Monitoring Analytical Quality

Continuing Education, Training and

Competency Assessment

Principle

Routine P0CT should proceed, paying particular attention to:

analytical (result turnaround time, reporting, interpretation and actioning) factors.

levels regularly assessed, and who participate in regular retraining and recertification sessions (65, 122, 166).

Coordinator,

POCT service being implemented and the needs of the organisation undertaking POCT; however, particularly in a non-hospital setting, candidate

POCT Operators are unlikely to have had access to any previous formal training in laboratory or analytical concepts (including quality control and

quality assurance),

Summary of Principle
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Audit and accreditation/regulatory compliance

Principle

accreditation by a regulatory agency. Where fìndings are below expectations or benchmarks, then continuous quality improvement measures should

be implemented.

Cunently in Australia, there are no specific government regulations or accreditation requirements for POC devices and POCT testing (167), otherthan a

provisional accreditation framework being trialled in the Australian Govemment's POCT in General Practice Trial (34, 36, 113, 168).

quality management procedures should be considered mandatory components of a POCT service. Quality materials, procedures and frequency of

testing will vary depending on the type of POCT device used and whether the service participates in local or national quality assurance programs.

Summary of Principle
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Table 2.6. Summary of main differences between QC and QA testing procedures,

Precision and AccuracyPrecisionAnalytical Performance lndictor
measured

Not known at time of testingKnown at time of testingTarget Values

Multiple levelsUsually two or three levelsSamples tested

External, delayed assessment

of analytical performance with

results compared to peers

(other participating POCT sites)

lnternal, immediate

assessment of analytical

performance specifically for

POCT site conducting the test

Assessment

Quality AssuranceQuality GontrolParameter
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CRITICAL APPRAISAL OF THE EVIDENCE BÁSE FOR THE EFFECTIVENESS OF POINT-OF.

CARE TEST'IVG IN DIFFERENT CLINICAL APPLICATIONS

lntroduction

One of the aims of this research program was to assess the effectiveness of POCT in the Australian

lndigenous health care setting, The purpose of this section of the literature review was to critically

appraise how the current evidence for the effectiveness of POCT has been studied in other clinical

settings and to assess whether these approaches could be applicable to the lndigenous health care

setting, The literature review focusses initially on the hospital in-patient setting (the most widely

studied setting for the effectiveness of POCT), followed by the primary care setting (as there is now

considerable current interest in this setting with health care being increasingly devolved to the

community). Finally the evidence base for the effectiveness of POCT for diabetes and renal disease

management in both primary and secondary settings is critically assessed, as this is the POCT

application of most relevance to this research program.

The growth of POCT during the 1990s occuned in parallel with the development of evidence-based

medicine and evidence-based laboratory medicine (57,169-172). The measurement of outcomes is

now viewed as an integral part of developing and maintaining an evidence base to support the use of

pathology tests, including POCT. Outcome measures in the literature reviewed as part of this thesis

have been categorised under the following broad headings: clinical outcomes (where a defined

benefit to the patient can be measured), operational outcomes (where there is a benefit for the

delivery of care) and economic outcomes (where benefits to the patient, healthcare provider or

society overall can be demonstrated) (45, 56, 63, 83, 169,173,174).

Mortality and morbidity are critical clinical outcomes by which to judge the overall effectiveness of

POCT. However, these are difficult to measure because (i) it may take a long time for these

endpoints to be reached and (ii) there are many elements of long term clinical care that impact on
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mortality and morbidity outcomes making it difflcult to determine the specific contribution made by

the pathology test alone (172). For these reasons, a variety of short-term, readily measured

'surrogate'outcome markers have been used to assess the effectiveness of POCT (169, 172),

Examples of these surrogate markers include clinical outcomes such as more rapid stabilisation of

an acute condition or more rapid and sustained optimisation of therapy for chronic diseases;

operational outcomes such as reduced surgery time and reduced patient waiting time; and economic

outcomes such as reduced use of medical products, ln many instances, outcome measures can

have benefits which overlap more than one category; for example reduced length of stay can have

both operational and economic benefits and reduction in disease complication rates can have both

clinical and economic benefits. These and other sunogate outcome measures will be described in

detail in the following sections of this thesis.

Most of the early POCT literature focussed on either (i) the speed (or faster turnaround time) of the

POCT result without relating speed to an outcome measure or (ii) the evaluation of a new POCT

device and/or application of POCT without conducting an outcomes assessment of the clinical,

operational or economic beneflts (62, 175). The lack of outcome-based studies on POCT led to

repeated calls in the literature for more research to be performed in this area and guidelines on how

to conduct such research in both primary care and hospital settings were proposed by several

authors (61, 176-179), Rainey and Scott (178,179) recommended that, to obtain maximum benefit

from a POCT outcome study, the following was required:

time frame should be selected,
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As shown in the following sections, improved studies of POCT outcomes can now be found in the

more recent literature.

POCT Outcome Sfudíes In the Hospital ln-Patienú Seffing

The most common and widely published application for POCT is the acute care hospital in-patient

setting, where POCT is used widely in the emergency department, critical care units (including adult

and neonatal intensive care and coronary care) and the operating theatre.

Even though acute care hospital-based POCT is not the principal focus of this thesis, a

representative sample of papers from this area have been selected for review because they report

on the effectiveness of a variety of POC tests, across a range of acute hospital settings, and using

different outcome measures. They also illustrate the diversity of study designs employed and results

found. The study methodology and key flndings of these papers is summarised in Table 2.7.

Study designs included randomised controlled trials (180-185), cohott studies (186-189), and pre

and post studies (190-193). Many of the studies examined POCT in a complex health setting where

other elements of the total clinical care process (notably time delays in waiting for the availability of

beds and other non POCT tests and medical procedures) were rate limiting steps in measuring

outcome benefits (183, 189, 191, 192). Others measured POCT outcomes in patients who were

admitted but not discharged from the emergency department (193). The small sample size of some

studies, including one randomised controlled trial, limited the generalisability of the benefits found

(180, 187). ln another study, improvements in technology and equipment across the lifetime of the

study confounded the differences in outcome measure observed between the historical and test

cohort (188).
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Results reported for specific outcome measures were variable, as summarised in Table 2.8. Some

studies reported positive beneflts following the introduction of POCT, while other studies

contradicted those findings even for the same test conducted in the same hospital location.

Length of stay (LOS) was examined as an outcome measure in four emergency department (ED)

studies (179, 183, 185, 192). Munay ef a/observed a reduction in LOS in ED patients having POC

elecholyte and blood gas tests; however this difference was only observed in patients who were

discharged from the hospital ED and not in those admitted (185). ln contrast Kendall ef a/found no

difference in LOS in ED patients undergoing the same tests (183); however Kendall ef a/ noted other

elements of clinical practice, particularly availability of inpatient beds, needed to be changed to take

advantage of the faster results by POCT. Similarly, Parvin ef a/ found no difference in LOS between

POC or laboratory electrolyte, urea and glucose measurement (192), although the applicability of

their findings were limited because the turnaround of laboratory results was significantly enhanced in

this study by the very close proximity of the laboratory to the emergency department and the use of a

rapid pneumatic tube for specimen transport to the laboratory (79,192).

Zarich et a/ found a reduced LOS in patients with and without acute coronary syndrome (ACS) who

had POC troponin T (cTnT) tests performed in addition to standard cardiac tests compared to

standard tests only (184), Singer ef a/ also found a reduced length of stay in ED patients with chest

pain receiving POC troponin I (cTnl) testing who were subsequently admitted to hospital; although

the impact of POCT was not examined in those discharged (193). ln contrast, Collison ef a/ found no

difference in overall LOS among all patients admitted to coronary care with chest pain and

suspected ACS who received cTnT POC or laboratory testing as part of a broad cardiac

management strategy. However, a reduction in non-coronary care unit stay and overall hospital stay

was observed in patients considered at low risk of ACS and ruled out of further intensive

investigation by a negative cTnT POCT result (181),
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Chen et a/ observed a reduced LOS in patients who had access to an intraoperative parathyroid

hormone (|PTH) assay as part of parathyroid surgery compared to those patients who did not have

access to this POC test. However the number of patients for whom |PTH was available was small

(over 5-times less than the number of conkol patients), making the generalisability of the findings

limited (186).

Total patient waiting time was examined as an outcome measure by the ED studies of Nicholls ef a/

and Van Heyningen ef a/ (189, 191). Nicholls et a/ found decreased patient waiting time for patients

needing renal testing but not in patients requiring coagulation studies until systematic changes in

patient management strategies were made, Van Heyningen et alfound no difference in patient

waiting time for POCT versus laboratory electrolyte results; but their finding was confounded by

reduced bed availability and delays associated with clinical investigations other than POCT,

Collectively the studies of Kendall et a/, Parvin ef a/, Nicholls ef a/ and Van Heyningen ef a/

emphasise that the capacity of POCT to deliver a positive outcome benefit is contingent on the

POCT result being acted upon in a timely and efficient clinical manner and the effective integration of

POCT with all other aspects of patient care (62, 83, 174). Kilgore ef a/ also highlighted an important

distinction between analytical turnaround time of the POCT result and therapeutic turnaround time,

which is the time taken between the decision to test (by POCT) and the initiation of therapeutic

intervention by the clinician (194). lmproved outcomes can only occur when POCT and therapeutic

intervention operate in conceft and the confldence and willingness of clinical staff to respond to and

make management decisions based on POCT is the ultimate driver for the implementation of POCT

(62).

Becker reported a significantly reduced time to achieve an optimal therapeutic state of systemic

anticoagulation in patients receiving an activated partial prothrombin time (APPTT) by POCT rather
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than the laboratory; nonetheless the study was conducted on a very small number of patients (as a

sub-study of a larger investigation) and the generalisability of its findings are therefore limited (180).

Reduced intra- and post-operative complication rates in patients having access to iPTH assays were

also found in studies by lrwin et al and Chen ef a/ but both studies were limited by the small numbers

ôf patients investigated (186, 187).

Rossi ef a/ found reduced mortality rates in a current, but not historical, cohort of paediatric intensive

care patients undergoing POCT lactate testing during cardiac surgery (188); however improvements

in technology and equipment used in cardiac surgery over the study period may have contributed to

the reduced mortality. ln contrast, no reduction in mortality following POCT was reported in the ED

studies of Kendall et al andCollison ef al (181, 183).

lncreased clinical and patient satisfaction was reported by Nicholls ef a/ but only in a qualitative

sense with no detailed results of clinical or patient satisfaction surveys being presented (191).

Clinical and patient satisfaction remains a valid POCT outcome measure despite being poorly

addressed in the literature.

The studies of Zarich ef a/ and Chen ef a/ and the randomised controlled trial conducted by

Despostis ef al show POCT can result in cost savings associated with reduced length of hospital

stay and more efficient use of resources, facilities, clinical and nursing time (182, 184, 186).

Nonetheless, the issue of cost effectiveness of POCT is highly contentious and remains widely

debated in the literature. 0n a purely cost per test basis, POCT is often cited as being more

expensive than laboratory services, This ís largely because laboratories have the advantage of

economy of scale by performing large numbers of a particular test in a single analytical run, whereas

POCT is mainly conducted with a single-use testing cartridge (195-200). Other authors have stated

that the ease of availability of POCT can lead to an over-utilisation of tests performed and an
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increased cost of care (60, 83). The longer-term economic benefits from POCT which may accrue as

a result of the delay in the onset of complications and the wider societal benefits through improved

quality of life and greater longevity remain extremely difficult to measure (174). As Freedman states:

'Few studies to date have taken a holistic view of the economic benefit of POCT. There is an urgent

need for research comparing the cost of the entire episode of care in patients with POCT versus the

same care in patients without POCT' (118). Each clinical situation must assess the cost-benefits of

POCT in its own unique circumstance (79).
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Table 2.7 . Selected POCT outcome studies in the acute care in-patient hospital setting. (Table continues to page 68)

Operational

Clinical and

Operational

Operational

0utcome
Category
Assessed

LOS

Change of
treatment in

which timing

was considered

critical to clinical

outcome

LOS

Mortality rate

LOS

POCT

Outcome
Measure(s)

ED

ED

Emergency

Dept (ED)

Location
of Study

Pre and

Post

RCT

RCT

Study
Design

Electrolytes,

urea & gluc

bv |-STAT

Electrolytes,

blood gas,

PCV and

haemoglobin

Elecholytes,

blood gas

and

metabolites

POC Test

Parvin

(1 e2)

Kendall

(183)

Murray
(1 85)

Author

4985 patients seen in ED. During two 5-week and 3-week control periods (before), tests were performed

by laboratory on 2918 patients. During 5-week experimental period (after), tests were performed by

POCT in ED on 2067 patients.

1728 patients were randomly allocated to having either ED POCT or laboratory tests.

Changes in management in which timing was considered to be critical occurred in 59 out of 859 patients

having POCT (6.9%, 95%Cl 5.3% to 8.8%). Decisions were made 74 minutes earlier (95%Cl 68 min to
80 min, p <0.0001) when POCT was used for haematology tests compared to laboratory testing, 86

minutes earlier (95%Cl 80 min to 92 min, p <0.0001) for biochemical tests, and 21 minutes earlier
(95%Cl -3 min to 44 min, p = 0.09, ns) for analyses of arterial blood gases.

lmportantly, there were no differences between the groups in the amount of time spent in ED, length of
stay in hospital, admission rates, or mortality.

180 patients randomly allocated to having either ED POCT or laboratory tests.

Patients randomized to POCT (n = 93) had a median stay of 3 hrs 28 min (lQR 2:28 to 5:30), while
those allocated to laboratory testing (n = 87) had a median stay of 4 hrs 22 min (lQR 3:04 to 5:47). This
difference in LOS was statistically significant (p = 0.02).

However, when all patients who were discharged or admitted where compared, the reduced LOS was

only significant among discharged patients (n='135). Median LOS in the discharged patients was 3.05

(lQR 2.22 to 4.08) in the POCT group and 4.17 (lQR 3.0 to 5.41) in the control group, p <0.001. Median

LOS in the admitted group was 6.07 (lOR 3.5 to 8.5) in the POCT group and 4.46 (lQR 3.2 to 6.1) in the

control group, p=0.25, ns).

Summary of Methodology and Key Findings
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Operational

Operational

and

Economic

0utcome
Category
Assessed

LOS

LOS

Hospital

charges

Hospital

admissions

POCT

Outcome
Measure(s)

ED

ED

Location
of Study

Pre and

Post

RCT

Study
Design

Tnl

TnT

POC Test

Singer
(1 e3)

Zarich

(184)

Author

336 consecutive patients with chest pain seen in ED and subsequently admitted over a one month
period. During the first 2-week period (before), only laboratory testing of Tnl was performed. During the
second 2-week period (after), treating nurses performed POCT Tnl, as well as laboratory testing. There
were 232 patients before and 1 34 after introduction of POCT.

ED length of stay (time from patient triage until patient left ED for the admitting floor) was significantly
reduced after inhoduction of POCT (5.2 hours [95%Cl 4.6 to 5.8 hours] versus 7.1 hours [95%Cl 6.6 to
7.7 hoursl; mean difference 1.9 hours [95%Cl 1.1to2.7 hours]).

856 consecutive patients with suspected Ml were randomised to a control group having standard tests
(ECG and CKMB) or TnT group (having standard tests plus TnT) performed at 3 and 12 hrs after
presentation.

Significant reductions in hospital LOS were seen in TnT patients both with (3.6 vs 4.7 days; p = 0.01)

[n=654] and without (1.2 vs 1.6 days; p = 0.03) ln=202j acute coronary syndromes compared with
controls.

Total hospital charges were reduced in a similar fashion in TnT patients with and without acute coronary
syndromes ($15,004 vs $19,202; p = 0.01, and $4,487 vs $6,187; p = 0.17, respectively)compared with

controls.

TnT patients without acute coronary syndromes had fewer hospital admissions (25% vs 31%; p = 9.94¡,
whereas TnT patients with acute coronary syndromes had shorter telemetry and coronary care unit
lengths of stay (3.5 vs 4.5 days; p = 0.03) compared with controls.

There was no difference in LOS (median time between triage and either admission/discharge) between

experimental and control groups (209 vs 201 mins respectively, p >0.05). Stratifying patients by
presenting condition or discharge/admission status did not result in difference in LOS.

Summary of Methodology and Key Findings
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Clinical

Clinical,

Operational

and

Economic

Operational

Outcome
Category
Assessed

Surgical

success

LOS

Total hospital

charges

LOS

Mortality rate

POCT

Outcome
Measure(s)

Operating

Theatre

Operating
theatre

Coronary

Care unit
(ccu)

Location
of Study

Cohort

study

Cohort

Study

RCT

Study
Design

PTH

PTH

TnT

POG Test

lrwin (187)

Chen

(1 86)

Collison

(1 81)

Author

Two groups of patients had re-operative parathyroidectomy for failed surgery or recurrent disease. ln

group 1 (n=31), intraoperative PTH (|PTH) assays were performed to assist localisation and confirm
excision, whereas in group 2 (n=17) this intraoperative PTH adjunct was not available.

ln group 1, IPTH assisted in localising and confirming complete excision of parathyroid glands in allbut

The length of hospital stay and total hospital costs were compared in two groups: Group 1 comprised 33
patients with hyperparathyroidism who undenrent minimally invasive parathyroidectomy with the
support of |PTH between March and Nov 1998, while Group 2 consisted of 184 consecutive patients

who underwent bilateral parathyroid surgery by the same physician between 1990 and 1996.

Group 1 with |PTH had a significantly shorter LOS than Group 2 (0.3 t 0.2 vs 1.8 + 0.1 days
respectively, p<0.001). Group 1 with |PTH had a significantly lower total hospitalcosts than Group 2

(US$3174 I $386 vs $6328 t $292 respectively, p<0.001).

263 consecutive admissions to CCU with chest pain and suspected acute coronary syndrome were
randomized to measurement of Tnï by POCT or by the lab only as part of a protocol-driven
management strategy including clinical features, ECG and other cardiac markers. Outcome measures
included mortality and length of stay in all patients and those considered at low risk and triaged for early
discharge.

Overall there was no difference in length of stay or mortality in all patient (overall hospital LOS 202 hrs
for POCT versus 218 hrs for lab; 6-month mortality 4/131 POCT vs 1/132 lab). However, in those
considered at low risk (n = 64) there was a significant reduction in median length of non-CCU stay (79.5

hrs POCT vs 145.3 hrs lab) and overall hospital stay (149.9 hrs POCT vs 209.3 hrs lab) in those
randomized to POCT (p<0.05).

The time until the admission was called in to bed control was also significantly reduced after introducing

POCT (2.7 hours [95%Cl 2.4 to 3.1 hours] versus 4.7 hours [95%Cl 4.3 to 5.0 hours]; mean difference
1.9 hours [95%Cl 1.41o2.5 hours]).

Summary of Methodology and Key Findings
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Clinical

Operational

Operational

and Clinical

0utcome
Category
Assessed

Stabilisation of

acute condition

Total patient

waiting time

Total patient

waiting time

Patient

satisfaction

POCT

Outcome
Measure(s)

ccu

ED

ED

Location
of Study

RCT

Cohort

Pre and

Post

Study
Design

Coagulation

Electrolytes

Coagulation

and renal

tests

POC Test

Becker

(1 80)

Van

Heyningen

(1 8s)

Nicholls

(1 e1)

Author

33 heparinlreated patients with active thromboembolic disease were randomised to activated partial

prothrombin time testing (APTT) by bedside POCT or by the laboratory. fhis randomised controlled
trial was a sub-study within a broader study on comparative TAT of APTT measurements by POCT and
lab on 120 patients).

ïotal patient waiting time for POCT results available in ED (n=131 patients) was compared to waiting

times resulting from either a porter to carry patient samples to lab (n=191 patients) or the use of a rapid
pneumatic tube to transport samples to lab (n=192 patients).

There was no difference in total patient waiting time for POCT results available in ED (median 219 mins)

compared to waiting times resulting from transport to the laboratory by the porter (median 212 mins) or
the pneumatic tube (median 258 mins); p value not stated.

216 patients requiring testing for coagulation (prothrombin time/activated partial thromboplastin time)

and/or renal function (urea, creatinine, sodium, and potassium) before elective invasive cardiac and

radiological procedures were studied over 7 months. Overall patient management and workflow were
examined in phase 1. POCT was implemented in phase 2 but laboratory results were used for patient

management. ln phase 3, POCT results were used for therapeutic decisions. Phase 4 optimised
workflow around the availability of POCT.

ln phase 1, Molo oÍ laboratory results were not available before the scheduled time for procedure (n =

135). Mean (SD) waiting times (anival to procedure) were 188 (t 54) min for patients who needed renal

testing (phase 2; n = 'l4l and 171 (t76) min for those needing coagulation testing (n = 24). POCT

decreased patient wait times for patients needing renal testing (phases 3 and 4 combined, 141 (t 52
min); n = 18; p = 0.02). However, for patients needing coagulation testing, wait times improved only
when systematic changes were made in workflow (phase 4, 1 09 t 41 min; n = '12; p = g.g1¡.

2 cases (94% success rate). ln group 2 without access to |PTH, there were four surgical failures (76%

success rate). Thus with intraoperative PTH available, the need for re-operative parathyroidectomy

reduced from 94% to 76%.

Summary of Methodology and Key Findings
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Clinical,

0perational

and

Economic

Clinical

Outcome
Category
Assessed

lntra and post

operative

complications

Operating time

Blood product

usage

Mortality rate

POCT

0utcome
Measure(s)

Operating

Theatre

Paediatric

cardiac

intensive

care unit

Location
of Study

RCT

Cohort

study

Study
Design

Coagulation

Lactate

POC Test

Despostis

(1 82)

Rossi

(1 88)

Author

254 patients requiring cardiopulmonary bypass (CPB) surgery were randomised to a control group

receiving fixed anticoagulation protocol following bypass or an intervention group receiving
anticoagulation and protamine therapy based on an intraoperative POC haemostasis testing system.

lntervention group had shorter operating time, half as many patients required peri-operative blood

products (fresh frozen plasma, platelets and cryoprecipitate) and had less chest drainage in the first 4
hours after surgery.

Annual cost savings in reduced blood product usage were estimated at $267,700 (at mid 1990s prices).

Mortality rates in 1656 paediatric patients undergoing cardiac surgery from 1995 to 2001 (historical

cohort) were compared with 710 patients undergoing the same surgery from 2001 to 2003 (test cohort).

ln the latter group, blood lactate measurements were performed serially for 24 hrs after surgery with

results being linked to goal directed medical therapy (GDMT). The authors state improvements in

technology and equipment used in cardiac surgery had occuned over the study period.

Mortality was lower for the test cohort (1.8 vs 3.7%, p = 0.02). A reduction in mortality between test and

historical cohorts was noted in neonates (3.4 vs 12%, p = 0.02), but not in older patients. Patients in the
test cohort undergoing higher risk operations had a significant reduction in mortality when compared to
the historical cohort (3 vs 9%, p = 0.006). No difference was noted in patients undergoing lower risk
operations.

The time to achieve an optimal therapeutic state of systemic anticoagulation was 8.2 hours for POCT
and 18.1 hours for the lab (p <0.005). The time from APTT determination to a management decision
regarding heparin titration adjustments was 14.5 minutes and 3 hours for POCT and lab testing,

respectively (p <0.001 ).

Summary of Methodology and Key Findings
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Table 2.8. Summary of reported outcome measures, illustrating variability in results

Collison (181)Coronary careTnT

Mortality

Kendall(183)EmergencyEleckolytes

Rossi (188)Paediatric ICULactate

Becker (180)Coronary careCoagRapid

Stabilisation of
Acute
Condition

Nicholls (Coag)(191)

Van Heyningen (189)

Nicholls (renal)(191)EmergencyRenal and

Coag

Patient Waiting

Time

Chen (186)

lrwin (187)

Operating

Theatre

PTH

Length of Stay

Collison (181)Coronary careTnT

Zarich (184)

Singer (193)

EmergencyTnT

Tnl

Kendall (183)

Parvin (192)

Murray (185)EmergencyElectrolytes

POGT Benefit Not

Found

POCT Benefit FoundAcute ln-Patient

HospitalSetting

TestOutcome

Measure
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POCT Outcome Sfudres In the Primary Care Seffrng

As mentioned earlier in this literature review, care of patients (particularly with chronic conditions) is

now being devolved away from the hospital to a range of primary care or community-based care

giVing environments conducive to POCT. Primary care represents the first point of contact for

individuals, families and the community with the health care system and includes all care that occurs

until referral to secondary and tertiary care providers (201), lnterest in the application of POCT in

primary care settings has continued to increase since the year 2000 (202).

The main health settings in which primary care POCT is conducted are general practice,

pharmacies, and community health centres, ln Australia, Aboriginal medicalservices (the majority of

which are managed and controlled by an Aboriginal Board of Directors representing the community)

constitute an important community-based primary carc setting for lndigenous people (5) (and will be

discussed in more detail later in this chapter). However, as stated previously, no articles on POCT in

Aboriginal medical services were found in this literature review other than those published as part of

this thesis by the author, those that relate to the research program described in this thesis (41,42),

or those in which the author has been a collaborative author or partner (29, 30).

ln the late 1990s, Hobbs ef a/ conducted a detailed systematic review of POCT in primary care for

the National Health Services' Health Technology Assessment (HTA) Program in the United Kingdom

(UK) (177), The major fìndings of this detailed review were summarised by Delaney ef a/ two years

later (61).

This HTA study identified just over 100 published papers covering POC biochemical, haematological

and microbiological tests used in primary care including tests for diabetes, haematuria, home

pregnancy, cardiac enzymes and allergy, anticoagulation, anaemia, deep vein thrombosis,

streptococcal throat, Chlamydia, urinary tract and HIV infections, as well as markers of general
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inflammation/infection (microbiological) (61 , 177). The quality of these papers was poor due to the

lack of reference standards and inappropriate statistical analyses being used. No randomised

controlled trials were sourced.

Only 32 papers, describing 209 comparisons, passed quality filters for detailed appraisal in the

systematic review. The large number of comparisons relative to the small number of papers arose

because (i) some studies assessed more than one POC test, (ii) others measured the same POC

test against more than one comparator and (iii) some investigated different aspects of the same

POC tests (177).

Over 70o/o of the studies assessed in detail related solely to the analytical performance of these

tests, without addressing an outcome measure. Some measured the same POC test but used

different reference standards, while others used only a small number of patient samples for

comparison, limiting the generalisability of the findings. Less than 10o/o of the studies reported both

test performance and an outcome measure; however these studies were described by the authors

as "extremely poor, seeming to be inadequately planned add ons" to test evaluations, while the

quality of outcome measures was "poor, with almost no objective measurement" (61). Patient

satisfaction was highlighted as an outcome measure that was poorly addressed by the reviewed

literature.

Regarding cost benefits of POCT, the systematic review identified 18 papers containing health

economic data. However, the quality of these papers was considered very poor, with most being

either feasibility studies rather than outcome trials or reporting simple direct costs only (177).

Delaney ef a/ summarised the evidence for the effectiveness of POCT in primary care in the late

1990s thus: 'Almost no reports were found of unbiased assessment of the effect of near patient tests

in primary care on patient outcomes,'organisational outcomes, or cost (61),'The lack of quality
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evidence for the effectiveness of POCT in the primary care setting at this time led to the publishing of

standards required for evaluations to be undertaken in this setting (176), As will be described shortly,

some improvements have been seen in primary care outcome-based studies in the recent literature.

POCT in general practice in Australia was the subject of an extensive recent literature review by

Guibert et al in 2001 (34,173). This review was commissioned by the Australian Government's

Department of Health and Ageing in response to a significant lack of information on POCT in this

setting in Australia. The review aimed to examine the role and value of POCT in general practice by

reviewing current literature, sourcing the opinions of key stakeholders in this field (eg consumers,

GPs and pathologists) and providing recommendations to the Government on policy and directions

for future research for POCT in this setting, The POCT tests reviewed were glucose, lipids,

potassium, haemoglobin, human chorionic gonadotropin (HCG), Helicobacter pylori Sheptococcus

A, micro-urine (dipstick urinalysis and urine microscopy), international normalised ratio (lNR),

haemoglobin A1c (HbA1c), microalbumin, C-reactive protein (CRP) and substances of abuse (with

the latter five being only superficially addressed). However the effectiveness of these tests was not

discussed in any detail in this review, other than to note the evidence for the clinical and economic

benefìts of using POCT in general practice was 'patchy and generally not high level by NHMRC

criteria'. ln relation to the survey of stakeholders, the authors acknowledged that their study was not

truly representative of national opinion as there was a decided 'urban Victorian bias',

Nevertheless, this timely review documented a number of key recommendations regarding how

POCT should be conducted in general practice in Australia, many of which have been subsequently

incorporated into the interim standards and guidelines developed for the POCT in General Practice

Trial which is currently being conducted in Australia (and which will be discussed later in this

research program).
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Pharmacy-based POCT is likely to be a growth area for the field of POCT during the next decade

(203,204).ln the UK, over 6 million people visit the pharmacist every day and almost three quarters

of all pharmacists cunently conduct basic POCT (albeit mainly pregnancy testing). A small but

expanding potential market exists for the use of pharmacy-based POCT for cholesterol and glucose

screening, diabetes and lipid management, and monitoring of anticoagulation therapy, particularly in

the USA, UK, Europe and Australasia (204) .

The current evidence base for the effectiveness of POCT in pharmacies is poor for a number of

reasons (203,2041. Firstly, the number of studies documenting outcome measures is very limited.

Secondly, most study designs focus on pharmacist-led interventions in which the introduction of

POCT is but one of a broad number of changes made to patient management, making it difficult to

attribute observed patient benefits to POCT alone (203, 204), Thirdly, as will be discussed

specifically in the following section on diabetes and renal disease, almost all published studies either

(i) do not document the POCT device used in the study or (ii) use laboratory and not POCT-

generated results in their assessment of outcomes (205-213). Thus it is likely that many of these

reported studies may not in fact represent POCT applications at all. This significant flaw in the

literature reflects the inability of authors in this field to make the important distinction between

pharmacist-led management interventions at the point of patient care and conducting pathology

testing using POC medical devices at the time of patient consultation,

Although acute primary care POCT and POCT for coagulation monitoring are not the principal focus

of this research program, a representative sample of papers from this area is briefly reviewed in

Table 2,9; as for hospital-based POCT, these papers have been selected because they:

practice and community clinics,
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marker CRP and time in therapeutic target range for the INR coagulation marker,

216), randomised crossover studies (217, 218) and cohort studies (219), with each study

design using sample sizes ranging Írom very small to large, and

setting although, as for the hospital setting, the overall quality of the reviewed studies was

variable and their results were in some cases contradictory.

Antibiotic prescription rate was examined as an outcome measure in three well-designed studies

involving POCT for CRP, Dahler-Ericksen et al did not find any difference in overall antibiotic

prescription rate between general practitioners (GPs) using or not using POC CRP testing, although

they did observe that patients with elevated CRPs greater than 50 mg/L measured by POCT did

commence antibiotic treatment earlier (217).ln contrast, Takemura et al and Bjerrum ef a/ did find a

reduction in antibiotic prescription in the POCT group (216, 219), However, Bjerrum ef a/'s cohort

study did not specify which POCT CRP method was used in this study and they could not conclude

with certainty that the positive beneflt found was not due to the causal relationship of the GP making

the decision to prescribe antibiotics and then adjusting the diagnosis to fit the decision to treat.

Regarding cost effectiveness, Dahler-Ericksen ef a/ reported net total cost savings despite POCT

CRP being more expensive than the laboratory. Takemura ef a/ reported a reduction in costs of

antibiotics within the POCT group but this was offset by the more frequent prescription of a newer

antiviral medication which pushed the totaloverallcosts slightly higher in the POCT group (215).

The Takemura et alstudies also highlight a recurrent issue identified in this section of the literature

review. The authors state that 'this study was carried out ... in a primary care setting'. However the

papers then assert that the patients selected for this study visited 'the General/lnternal Medicine
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Clinic of Nishi-Ohmiya Hospital (a regional/community 150-bed hospital treating approximately 500

outpatients per day)'. Whether this hospital outpatient clinic is a true primary care setting is

contentious. As the systematic review of Delaney ef a/ states: 'many papers were unclear about

whether patients were recruited from outpatient departments or from primary care. Some primary

care clinics seemed to be secondary-carc based or outreach clinics' (61),

Percentage of time in the therapeutic range was examined as an outcome marker in two well-

designed outcome studies by Fitzmaurice et al and Shiach et al (218, 220). Fi%naurice ef a/

reported a statistically significant increase in the percentage of time POCT intervention patients

spent in the therapeutic range. ln contrast Shiach ef a/ reported no signiflcant difference between

intervention and control groups with this outcome measure, although this was a low powered study

due to its small sample size. ln both studies, the actual percentage differences found between the

groups were small (7o/o ot less) and were unlikely to be clinically significant, These studies highlight

an important distinction between clinically significant and statistically significant differences in

observed results.

Shiach ef a/ reported greater patient satisfaction with community POCT monitoring but, apart from

the statement that 98% of patients expressed a preference for the community clinic, no specific data

is presented to justify this claim (218).

Outcome measures relating speciflcally to the use of POC tests for diabetes and renal disease (in

both primary and secondary care settings) will be appraised in more detail in a subsequent section of

this chapter due to their specific relevance to the this program of research.

{
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Table 2.9. Selected POCT outcome studies in primary care settings (excluding diabetes and renal disease). (Table continues to page 78).

Operational

Clinical,

Operational

and

Economic

0utcome
Gategory
Assessed

Acute

Acute

Clinical
Setting

Antibiotic
prescription

rate

Rate of
antibiotic
prescription

Time to

initiate

antibiotic

treatment

Total

operational

costs

Example of
POCT

Outcome
Measure

Regional

community

clinic

General
Practice

Location of
Study

RCT

Randomised

crossover

study

Type of
Study

CRP

CRP

P0c
Test

Takemura
(216)

Dahler-

Ericksen

(217)

Author

305 patients presenting with fever of less than I days duration and suspected of having infection.
147 patients underwent CRP and WBC testing before physician consultation (advance testing) and
154 patients did not receive these POC tests before consultation (control). (Patients with raised
CRP and WBC were more likely to have a bacterial infection and require antibiotics).

A significant reduction of 38% in prescription of antibiotics to acutely febrile patients was achieved
in the group receiving advanced POCT (50% of patients receiving antibiotics compared to 88% in
control group, p <0.001).

Comment 9% of patients in the POCT group received antiviral medication compared to 4% in the
conhol group (p = 0,08, ns).

29 general practices (GP)

(i) using POCT for CRP

and 1853 patients from a Danish county. GP randomised to two groups

[n=919] and (ii) mailing blood to lab for CRP [n=934]. Crossover at 3
months, for a further 4 months.

Cost savings of $111,160 per year for county overall, due mainly to reduction in use of laboratory
services by GPs. Net savings achieved despite CRP POCT being more expensive than lab CRP.

Patients with CRP>50m9/L had antibiotic treatment started earlier when measured by POCT in GP
(p = 0.02). However, there was no difference in antibiotic prescription rates between intervention
and control groups (31.8% vs 32.6%, p = 0.82). Authors argued that improved educatlon and
better clinical guidelines may result in more appropriate use of antibiotics.

Summary of Methodology and Key Findings
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Clinical

Economic

Operational

Outcome
Category
Assessed

Chronic

Acute

Acute

Clinical
Setting

Time in

therapeutic
range

Total costs

Antibiotic
prescription

rate

Example of
POCT

Outcome
Measure

General

Practice

Regional
community

clinic

General

Practice

Location of
Study

RCT

RCT

Cohort

Type of
Study

INR

CRP

CRP

POC

Test

FiÞmaurice
(214)

Takemura
(215)

Bjenum
(21e)

Author

367 patients recruited Írom 12 general practices (9 intervention and 3 control) in Birmingham, UK.
There were two control populations: patients randomly allocated as controls in the intervention
practices (intrapractice conhols) and all patients in control practices (interpractice controls).
lntervention practice patients were randomized to intervention (nurseled practice-based POCT
anticoagulation clinic with CDSS) or control (hospital clinic) groups. 367 patients were recruited
(122 intervention patients, 102 intrapractice control patients, and 143 interpractice control
patients).

Ïime spent in the intemational normalized ratio range showed significant improvement for patients
in the intervention group compared to the control group (69% vs 62%, p = 0.008).

There was no significant difference in mortality rates or serious adverse events.

Same patient group as in Takemura (216).

A 30% reduction in total costs of oral and parenteral antibiotics was achieved with advance testing
group compared to the control group (yen105,830 vs. yen151,102, p not stated). However, the
savings were largely offset by more frequent prescription of newer, expensive antiviral
medications. overall, total operational costs were slightly higher in the pocT group (yen1,028,827
vs. yen984,105, p <0.001).

1444 patients with suspected acute sinusitis where assessed over a three week period in late
2001learly 2002. A rapid CRP test was used by 281 (77% of GPs) to rule in or out antibiotic
prescription for those patients suspected of bacterial vs viral sinusitis respectively. 86 (23% of
GPs) did not use the POCT.

The rate of antibiotic prescription was 59% (95%cl 56-62%) in the group of Gps using the cRp
test compared to 78% (95%C173 lo 82o/o) in those GPs that did not use the POCT (p not stated).

Summary of Methodology and Key Findings
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Clinical

Outcome
Category
Assessed

Chronic

Clinical
Setting

ïime in

therapeutic

range

Example of
POCT

Outcome
Measure

Community

clinic

Location of
Study

Randomised

crossover

study

Type of
Study

INR

POC

Test

Shiach

(218)

Author

46 patients were randomized into two groups. At each visit, capillary blood was taken for the
CoaguChek POCT device and venous blood for the laboratory coagulometer. ln Group 1, for 6
months, dosage was based on the POCT result and for the second 6 months on the lab result. ln
Group 2, the order was reversed.

The time spent within the target therapeutic range was 60.9% and 63.4% in the two time periods
using POCT and 59.3% and 64.3% using the lab device (p = 0.2, ns). There was no significant
difference in mean INR between devices (2.48 POCT vs 2.50 lab, p = g.gg¡.

Comment The authors conclude that patient questionnaires show greater satisfaction with
community POCT monitoring but, apart from the statement that g8% of patients expressed a
preference for the community clinic, no specific data is presented to justify this claim.

Summary of Methodology and Key Findings

RCT = randomised controlled trial; CRP = C+eactive protein; INR = intemational normalised ratio

78



Table2.10. Summary of reported outcome measures, illustrating variability in results

Shiach (218)Community Clinic

CoagTime in
therapeutic
range

Fitzmaurice (214)GeneralPractice

Takemura (215)Community Clinic

CRPCost beneflt Dahler-Eríksen (217)GeneralPractice

Takemura (216)Community Clinic

CRPRate of
antibiolic
prescription

Dahler-Eriksen (217)Bjerrum (219)GeneralPractice

POCT Benefit Not FoundPOGT Benefit FoundPrimary Care
Setting

TestOutcome
Measure
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Globally

POINT.OF.CARE TEST'TVG FOR DIABETES AND RENAI. DTSEASE PREVENTION AND

MANAGEMENT

This section of the literature review is presented in more detail because the application of POCT for

the prevention and management of diabetes and renal disease represents the main focus of the

autho/s research.

The Prevalence Of Diabetes

Significant changes in human behaviour, lifestyle and the environment particularly over the past 20

years have seen a rapid escalation in the prevalence of diabetes worldwide, with predictions that

diâbetes will reach epidemic proportions during the early partof this century (221-22a). The global

prevalence of diabetes exceeded 150 million adults in the year 2000, but this figure is predicted to

riseto 220 million by2010 and to 300 million by2025(224).Zimmetef a/states: 'the prevention of

diabetes and its micro- and macro-vascular complications should be an essential component of

future public health strategies for all nations' (224).

Type 1 (or insulin dependent) diabetes, in which there is a complete lack of insulin production due to

the auto-immune mediated destruction of pancreatic beta-cell islets, comprises approximately 10%

of all cases of diabetes globally, with the majority but not all of cases presenting in childhood. Type 2

(or non-insulin dependent) diabetes is characterised by insulin resistance and/or abnormal insulin

secretion and accounts for the balance of cases which generally occur in patients greater than 40

years of age (224). However of particular concern is the increasing incidence of type 2 diabetes in

younger people, associated primarily with accelerating rates of childhood obesity in western

societies (222).
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Australia

Recently, the Australian Diabetes, Obesity and Lifestyle (AusDiab) Study was commissioned by the

Federal Government to conduct a national study of diabetes prevalence in this country (225), The

study measured blood glucose levels and glucose tolerance in 11,247 participants randomly

selected from 42 regions across Australia. The study's key findings included: (i) the number of

Australian adults with diabetes had increased three-fold since 1981, (ii) the national prevalence of

diabetes among adults aged 25 years and over in the year 2000 was 7,5% (amounting to 940,000

people), (iii) the prevalence of impaired glucose metabolism was 16.3% and, (iv) for every known

case of diabetes, there was estimated to be one undiagnosed case.

lndigenous Australia

Within Australia's lndigenous Aboriginal and Tones Strait lslander population, which numbers

approximately 460,000 people and accounts for 2.4o/o of Australia's total population, rates of type 2

diabetes are significantly higher than those reported for the AusDiab study (226). The overall

prevalence of type 2 diabetes among Australia's lndigenous people varies between 10-30% and is

generally 3-4 times higher at any age than the general population, with an earlier age of onset,

lndigenous Australians also experience 12-17 times more deaths due to diabetes than non-

lndigenous Australians (227-229). ln response to the significant burden of diabetes experienced by

Australia's lndigenous people, the Federal Government's National Diabetes Strategy and

lmplementation Plan 1998 recommended that, to optimise the quality and accessibility of diabetes

prevention and care for lndigenous Australians, the clinical utility of providing lndigenous health

services with a point-of-care DCA 2000 analyser (Bayer Australia) to perform HbAlc POCT should

be examined. This decision led to the development and establishment of the national Quality

Assurance for Aboriginal and Tones Strait lslander Medical Services (OAAMS) Program which forms

a signiflcant component of this research program.
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Globally

The Prevalence Of RenalDisease

Like diabetes, the burden of renal disease is continuing to rise globally for both patients and

healthcare services. There has been a two-fold increase in the number of patients undergoing

treatment for end-stage renal disease (ESRD) in the USA, Europe and Australia over the past

decade, with diabetes being the primary cause of ESRD (230, 231).

Australia

The AusDiab Kidney study found that 16% of the 11,247 parlicipants studied had at least one

indicator of kidney damage, with the markers of damage being proteinuria, haematuria or reduced

glomerular filtration rate (GFR) (231). ln Australia, the treatment of renal disease has been estimated

to account for 5.7o/o of the total health care budget (231).

lndigenous Australia

ln lndigenous Australians, recent data from the Australian and New Zealand Dialysis and Transplant

Registry (ANZDATA), covering the period 1997-2001, indicated overall age-standardised rates of

ESRD were 645 per million, almost 9-times the rate of 75 per million for non-lndigenous Australians

(232).ln many remote regions and in northern Australia, ESRD rates in lndigenous people reached

epidemic proportions across this same period (1471 per million in the Northern Tenitory and 906 per

million in Western Australia) (233-236), Rates of ESRD in lndigenous Australians also doubled every

4 years from 1985 to 1996 (235). The reasons for the significant burden of lndigenous renal disease

are complex, inter-related and multifactorial, and include low birth weight, post streptococcal

glomerulonephritis in childhood, obesity, alcohol, hypertension and repeated acute bacterial

infections, However diabetes is without doubt the primary cause of ESRD in lndigenous Australians,
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wilh 47o/o of all cases of ESRD in lndigenous people being directly attributed to diabetes compared

to 17o/o for non-lndigenous Australians (234, 236,237).

Overuiew Of POC Tests For Diabeúes and Renal Disease and Their Clinical Utility

The main biochemical tests used in the prevention and management of diabetes and renal disease

management, for which POCT devices are available, are haemoglobin A1c (HbA1c), microalbumin,

lipids, glucose, electrolytes and creatinine, ketones and lactate (222).Ihe first three tests will be

specifically discussed as these are most relevant to this thesis, with a brief summary of glucose also

provided.

Haemoglobin A1c

What is HbAlc?

Haemoglobin A1c (HbA1c) is formed by the attachment of glucose specifically to the N-terminal

valine of the beta chain of haemoglobin. HbAlc is also often refened to loosely in the literature as

glycated haemoglobin or glycohaemoglobin but these terms refer more generally to the attachment

of glucose to haemoglobin at a range of sites including not only N-terminal valine but also side chain

lysine groups of the two alpha and beta chains of adult haemoglobin A (238, 239).

ClinicalUse of HbAlc

HbAlc has now become the universally accepted 'gold standard' pathology test for monitoring

glycaemic control in patients with established diabetes. HbAlc provides a long{erm measure of

glycaemic control over the preceding 3-4 months (reflective of the progressive glycation of

haemoglobin during the mean life span of red blood cells) (240).

The clinical utility of HbAlc was firmly established in two landmark randomised controlled trials

conducted during the 1990s; namely, the Diabetes Control and Complications Trial (DCCT) and the

United Kingdom Prospective Diabetes Study (UKPDS). The methodology and key findings of these
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studies is summarised in Table 2.11 (241-247). Both studies highlighted the importance of tightly

controlled glycaemia, as assessed by HbA1c, in reducing long-term microvascular complications of

diabetes.

HbAlc targets have also been proposed to guide clinical management. Since 1997, the Amerlcan

Diabetes Association (ADA) recommended a target HbAlc of less than 7o/o for optimal glycaemic

control, whereas an HbAlc of greater than 8% indicated the need for more intensive clinical therapy

(248, 249). An HbAlc of 7o/o currently remains as the optimal glycaemic goal for lndigenous

Australians with diabetes (228, 250). However, the most recent ADA guidelines for standards of

medical care in diabetes recommend the optimal HbAlc target for individual patients should be as

close as possible to a normal HbAlc of less than 6%, without significant hypoglycaemia(251,252).

Current ADA and Australian guidelines recommend that HbAlc should be performed G-monthly in

patients who have stable glycaemia and are meeting treatment goals, and 3-monthly in patients who

are not meeting glycaemic goals or whose therapy has changed (251). More frequent monitoring of

HbAlc is recommended for all lndigenous Australians with diabetes due to the high percentage of

patients with poor control, with 3 to 4-monthly HbAlc testing being the default frequency (228,250).

As Jeffcoate states: 'The place of HbAlc in diabetes management has become firmly accepted,

established, even entrenched overthe past 25 years'to the point where'HbA1c assays play central

roles in patient management, clinical guidance and audit, and clinical trial design' (253).

Limitations of the HbAlc test

Nonetheless, in critically appraising the clinical utility of the HbAlc test, there remain a number of

issues which confound its effectiveness (253). There is significant analytical variability associated

with laboratory (and POCT) methods for measuring HbAlc which has resulted in concerted efforts by

the lnternational Federation of Clinical Chemistry (IFCC) to introduce a reference system for the
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global standardisation of HbAlc methods (239, 254-260). This system, which will involve the

introduction of a new set of units for reporting of HbAlc values, is close to completion but not yet in

place in routine pathology practice,

While HbAlc generally reflects mean glucose over the past 3-4 months, red cell turnover is

exponential rather than linear and hence HbAlc concentration is weighted to recent glycaemia with

50% being formed in the most recent 30 days,25o/o in the previous month and 25o/o in months three

and four (261,262).ln addition, any condition which enhances erythrocyte destruction or reduces

ied cell survival such as haemolytic anaemia, hypersplenism or liver cirrhosis can cause falsely low

HbAlc results to be repoded (240),

ln patients with end-stage renal failure, urea may dissociate to form cyanate which in turn condenses

with the N-terminal amino groups of haemoglobin to form carbamylated haemoglobin. This

carbamylated haemoglobin may co-migrate with HbAlc in charge-dependent methods causing

falsely elevated HbAlc concentrations in renal patients (263).

Exact correlations between HbAlc and various components of glycaemia (fasting, post prandial and

overall) remain uncertain while variable estimates of within- and between-subject biological variation

make it difflcult to extrapolate with certainty the predictive role of HbAlc across the general

population (253,262,264-267). HbAl c values may also appear to be falsely near normal in a patient

with exkemely poor conkol who has recurrent alternating episodes of both severe hypoglycaemia

and hyperglycaemia (252).

Structural variants of haemoglobin, including those found in haemoglobinopathies of both

homozygous (HbSS, HbACC, HbAEE) and heterozygous (HbAS, HbAC and HbAE) origins as well as

patients with persistently increased foetal haemoglobin (HbF), can cause spurious falsely low or

falsely high HbAlc results, depending on the method used (252,268,269).
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The association between glycaemic control and risk of microvascular complications in both type 1

and 2 diabetes has been firmly established and recent evidence from long{erm follow-up of patients

in the DCCT study suggests intensive therapy reduces the risk of cardiovascular disease in type 1

diabetes (243). However the evidence that monitoring of HbAlc can predict or prevent

macrovascular diabetic complications (coronary artery disease, cerebrovascular disease or

peripheral arterial disease) in patients with type 2 diabetes remains uncertain and controversial (238,

253).

Finally, while the clinical utility of HbAlc is firmly established in the management of diabetes, both

ADA and National Health and Medical Research Council (NHMRC) Australian guidelines currently

preclude the use of HbAlc as a screening test for the diagnosis of diabetes due to the its low

sensitivity (251,270). Nonetheless there is some recent evidence to support the further investigation

of HbAlc as a potential diagnostic test, pailicularly in the rural and remote Australian lndigenous

community setting where access to laboratory testing is difficult and the oral glucose tolerance test is

impractical and inconvenient to perform (271).

Despite these limitations, HbAlc remains unchallenged as the most widely used and commonly

accepted marker of glycaemic control in patients with established diabetes.
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Table 2.11. Study Methodology and Key Findings of the DCCT and UKPDS Clinical Trials.

UKPDS

DCCT

Study

3867

1441

No. of Patients

Iype2

Type 1

Diabetes Type

3867 patients with type 2 diabetes were randomly allocated to intensive treatment with a sulphonylurea drug or insulin, or

conventionally treated with dietary advice alone. The aim of the intensively keated group was to achieve a fasting plasma

glucose concentration of less than 6 mmol/l, while the aim of the group treated conventionally was to achieve the best

fasting plasma glucose possible with diet alone.

After 10 years, the intensively treated group had a mean HbAlc of 7.0% compared to conventionally treated group mean

of 7.90/o (p <0.0001). The risks of developing retinopathy and microalbuminuria were reduced by 210/o and 34%

respectively (246).

1441 patients with type 1 diabetes were randomly assigned to receive either intensive or conventional treatment.

lntensive therapy involved the administration of insulin at least three times daily by injection from an external pump, with

dosage guided by self-monitoring of blood glucose at least four times per day. Conventional therapy comprised one or

two daily injections of insulin and daily blood or urine glucose self-monitoring and did not involve daily adjustments of

insulin dose.

After 6.5 years, the intensively heated group had a mean HbAlc of 7.2o/o compared to the conventionally treated group

mean of 9.1% (p <0.001). The risks of developing microvascular complications of diabetes, namely retinopathy,

microalbuminuria and neuropathy, reduced by76o/o,39% and 60% respectively in the intensively treated group (241).

These reductions in risk of progressive retìnopathy and nephropathy resulting from intensive therapy in patients with type

1 diabetes have been sustained for a further 4 and I years following the cessation of the original DCCT kial (242,244).

Methodology and Key Findings
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Microalbumin

What is Microalbumin?

Microalbumin refers to the presence of subclinical amounts of albumin in the urine which exceed

normal excretion but are undetected by conventional urine dipsticks. As will be discussed shortly,

microalbuminuria is now a recognised early phase of diabetic nephropathy and indicates initial

structural damage to the kidney causing loss of selective glomerular permeability (230,272).

Microalbumin in urine has been measured either as (i) urine albumin excretion per day, (ii) urine

albumin excretion (AER) in a timed (4hr or ovemight) urine sample or (iii) the urine

albumin:creatinine ratio (ACR) on a spot urine sample, as outlined inTable 2.12.

The 24-hour urine albumin excretion is considered the 'gold standard' for urine microalbumin

measurement; however this specimen type is generally impractical to collect in an outpatient setting

and is subject to timing and collection inaccuracies (238). The timed overnight urine requires the

measurement of urine volume to calculate excretion, exhibits greater biological variation than the

urine ACR measurement and is also subject to timing inaccuracies (273). Urine ACR conelates well

with the 24 hour albumin excretion, is simple and convenient for the patient to collect, and the

measurement of urine creatinine corrects for variation in concentration of the urine (251, 273).Ihe

2006 American Diabetes Association (ADA) guidelines on the standards of medical care for diabetes

state that the analysis of the urine ACR is 'strongly recommended by most authorities' (251).

The first morning urine is the preferred specimen for urine ACR measurement because the wide

diurnal variation in albumin excretion is minimised and it is more likely that a false positive urine ACR

result could occur with a random spot sample (274),
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f able 2.12. Different measures of urine microalbumin.

Clinical Utility of Microalbumin

As mentioned previously, microalbuminuria is a recognised early phase of diabetic nephropathy and

the measurement of microalbumin has become an important test in both the prevention and

management of renal disease in patients with (and without) diabetes (230,272).

Microalbuminuria is a predictor of the progression of renal disease to clinical albuminuria (also

known as macroalbuminuria, overt proteinuria or overt nephropathy) and ESRD in type 1 and type 2

diabetes (and in non-diabetic kidney disease) (234). Without treatment, 80% of patients with type 1

diabetes and microalbuminuria progress to overt nephropathy with 50% of these developing ESRD

within 10 years. ln unheated type 2 diabetes patients, 20-40o/o progress to overt nephropathy and

20% of these develop ESRD within 20 years (274).ln addition, there is a strong correlation between

the degree of albuminuria at baseline and both the magnitude of decrease and rate of decline in

renal function over time (238).

> 300 pg/min> 200 pg/min> 34 mg/mmol
(>300uq/mq)

American Diabetes Association
(2511

Macroalbuminuria nla>200 pg/min> 25 mg/mmol M

>35 mg/mmol F

Diabetes Auskalia and RACGP

(275)

30-299 pg/min20-199 pg/min3.41o34 mg/mmol;
(30-299 uq/mq)

American Diabetes Association
(2511

Microalbuminuria nla20-200 pg/min2.61o25 mg/mmolM;
3.6 to 35 mq/mmol F

Diabetes Auskalia and RACGP
(275\

<30 pg/min<20 pg/min<3.4 mg/mmol
(< 30 uq/mq)

American Diabetes Association

Q51)

Normal nla<20 pg/min< 2.5 mg/mmol M;

<3.5mo/mmolF
Diabetes Auskalia and RACGP

Q75\

24 hr Albumin

Excretion
(mo/24 hrs)

Timed Albumin
Excretion Rate
(AER)(uo/min)

Urine ACR (mg/mmol)SourceCategory of
albuminuria
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Microalbuminuria is also a predictor for risk of cardiovascular morbidity and mortality in patients with

either type 1 or type 2 diabetes (and non-diabetic patients with hypertension) (234, 238, 272,274,

276).

The importance of detecting microalbuminuria in patients with diabetes lies in the fact that the

progression of renal disease can be delayed or prevented through early treatment with

antihypertensive agents that target the renin-angiotensin system such as angiotensin converting

enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) (238, 272,277).

Çurrent best practice clinical guidelines recommended by the ADA state that patients with type 1

diabetes of greater than 5 years duration should have an annual test for microalbuminuria, while

patients with type 2 diabetes should be tested for microalbuminuria at onset of diagnosis of diabetes

and thereafter annually (251). An initial urine ACR in the microalbuminuric range should be repeated

on at least two occasions over 3-6 months, with two out of the three results in the microalbuminuric

range before a diagnosis can be confirmed (251,274). This recommendation has been made not

only because of the wide biological variability in albumin excretion as discussed previously but also

because other confounding factors such as exercise within 24 hours, fever, infection, congestive

heart failure, pyuria, haematuria, marked hypertension or hyperglycaemia can also cause a false

positive urine ACR result (278).

Once microalbuminuria is confirmed, most guidelines recommend continued surveillance of patients

to assess the response to therapy and progression of disease (251), For lndigenous Australians,

recent recommendations state that urine ACR should be measured 6-monthly for diabetes patients

with microalbuminuria and every 3-6 months for diabetes patients with microalbuminuria undergoing

therapy (279).

i
¡

I

t

1

i'

¡.
':t

11'

ï

I

4
I

90



Limitations of the Urine ACR fesf

ln critically appraising the utility of the urine ACR test, there are several areas of concem, Firstly

there is no international consensus on the units for urine ACR measurement. While most countries

report urine ACR in units of mg albumin/mmol creatinine, the ADA still quotes pg/mg creatinine in its

recommendations.

A single specimen of choice needs to be adopted globally for both screening for and monitoring of

microalbuminuria. lt is the author's view that the first moming sample should be recognised

universally as the preferred specimen, but current ADA recommendations allow for a random spot

urine sample or'uniformity in timing for different collections in the same individual' (274).

Cut-offs for classification of albuminuria categories need to be standardised globally, Australian

recommendations specify gender-specific cut-offs while the ADA has a single cut-off criteria with no

gender difference (Table 2.12). A recent paper documents increased urine ACR levels with age and

suggests that age- as well as gender-specific cut-offs should be reported (280).

The time frame for confirmation of the diagnosis of microalbuminuria following a single raised urine

ACR is variable. For example the ADA allows 3-6 months for verification of microalbuminuria, but

earlier guidelines recommended by the America National Kidney Foundation and the New South

Wales Department of Health state that repeat testing for urine ACR should be conducted within 3

months and 6 weeks respectively for confirmation of microalbuminuria (281,282).

As mentioned previously, false positive urine ACR measurements can occur due to a range of

factors including urinary tract infections. Conversely a false negative urine ACR result can occur

when a patient has gross proteinuria, due to the flooding of available antibody by an abundance of

albumin (antigen excess). For these reasons, a urine dipstick test should always be performed prior
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to conducting the urine ACR test to ensure the patient sample is suitable for analysis. Urine ACR

testing is effectively ruled out if nitrites or leucocytes (indicating urinary tract infection) or excessive

pioteinuria (2+ or greater protein) is detected by the dipstick.

Recently, the reporting of a previously unknown non-immunoreactive form of urine albumin in

diabetes patients separated by size exclusion HPLC has raised concerns about the accuracy of

urine albumin measurements and a Working Group of the IFCC has been formed to address the

issue of global standardisation of urine albumin (283-286),

From a clinical perspective, it should be noted that some patients with type 1 and type 2 diabetes

can have a decreased glomerular filtration rate (GFR) in the absence of increased urine albumin

excretion (251,287 ,288). For this reason, serum creatinine should be measured at least annually for

the estimation of GFR in all patients with diabetes regardless of their urine microalbumin status

(251). As a result of a recent recommendation by the Australasian Creatinine Consensus Working

Party, most Australian laboratories now report an estimated or'eGFR' based on the penson's age,

sex, race and serum creatinine (289). eGFR does not require body surface area measurements

required by the previously and widely used Cockcroft-Gault formula (290, 291).

Despite these limitations, the urine ACR test is now widely accepted as a marker of early and

progressive renal disease in patients with diabetes.

Lipids

The lipid profile of tests, namely total cholesterol, high density lipoprotein (HDL) cholesterol, low

density lipoprotein (LDL) cholesterol, and triglyceride, are commonly measured as part of the

prevention and management of patients at high risk of cardiovascular disease (CVD), The Australian

Lipid Management Guidelines 2001, produced by the National Heart Foundation of Australia and the{
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Cardiac Society of Australia and New Zealand,list both patients with diabetes mellitus and people of

Aboriginal and Torres Strait lslander descent as such high risk groups (292). Other high risk groups

include patients with known coronary heart disease (CHD), those with either familial

hypercholesterolaemia or combined hyperlipidaemia, and people with levels of total cholesterol > 6.0

mmol/L or LDL cholesterol > 4.0 mmol/L plus any two or more risk factors from the following: HDL

cholesterol < 1,0 mmol/l, age > 45 years, significant family history, hypertension, overweight or

obesity, smoking, impaired glucose metabolism, microalbuminuria and/or renal impairmenl(292).

As for microalbuminuria, the importance of measuring lipids stems from the fact that lipid profiles can

be significantly altered and improved through both diet and lifestyle intervention and the use of lipid

lowering pharmacological agents, notably the HMG (hydroxymethylglutaryl) CoA reductase or'statin'

class of drugs (251). ln patients with type 2 diabetes, who often have the combination of low HDL

öholesterol and high triglyceride levels, treatment with statins has been shown to significantly reduce

both the coronary and cerebrovascular events (293-296).

Testing for lipids is recommended annually for all patients with diabetes (251). For management of

diabetes patients on lipid lowering medication, recommended treatment goals vary between

professional groups, but cunent Australian guidelines (275,292) state targets of:

LDL cholesterol < 2.5 mmol/L

HDL cholesterol > 1.0 mmol/L

For lndigenous Australians, screening for lipids is also recommended annually for all adults over 18

years of age with or without diabetes (228,297). Due to their high number of co-existing risk factors

for cardiovascular disease, statin treatment is now recommended in all lndigenous Australians with

I

I
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either a total cholesterol > 6,5 mmol/l, total cholesterol > 5.5 mmol/L and HDL cholesterol < 1.0

mmol/l, or total cholesterol > 4.0 mol/L and pre-existing coronary heart disease (298). The same

treatment goals listed above are recommended for fndigenous Australians with either diabetes

and/or existing card iovascular d isease (228, 298).

Lipids should ideally be measured on a fasting venous blood sample (minimum 8 hours overnight

fast), as the triglyceride concentration can be falsely raised by recent dietary intake if a non-fasting

sample is analysed. An inaccurate triglyceride will also affect the LDL cholesterol result when LDL

cholesterol is calculated from the Friedewald formula (LDL cholesterol = total cholesterol - HDL

cholesterol - [triglyceridel2.2]) (299). The Friedewald formula provides an adequate surrogate

measurement of LDL cholesterol when the sample has a triglyceride of 4.5 mmol/L or less and the

sample is free of chylomicrons.

POCT devices generally measure blood lipids on a capillary whole blood sample; detailed

instructions in how to conectly collect a capillary lipid sample is a crucial component of POCT

training for this test as poor collection technique and the mixing of interstitial fluids with the capillary

blood can lead to poor quality POCT lipid results.

Glucose

Glucose measurement is an integral test for screening, diagnosis and management of diabetes.

Diabetes Australia lists the following groups as being at high risk for lype2 diabetes: (i)Aboriginal

and Tones Strait islander people over 35 years of age, (ii) people over 45 years of age with a one or

more of the following risk factors: obesity, hypertension or family history of diabetes (fìrst degree

relative), (iii) all people over 55 years of age, (iv) people with impaired glucose metabolism, (v)

{
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women with a history of gestational diabetes, and (vi) all people with clinical cardiovascular disease

(275).

A diagnosis of diabetes can be made if one of the following criteria is satisfied:

symptoms of diabetes, or

test using a 759 glucoseload (251,275).

A repeat laboratory test should be performed on a separate day to confirm the diagnosis in all

asymptomatic individuals whose results are suggestive of the diagnosis of diabetes (251,275).

Current Aushalian guidelines recommend that capillary whole blood testing on POC glucose meters

should not be used for the diagnosis of diabetes, due to the difference in results between whole

blood and plasma glucose and the largely historical concerns regarding the diversity, reliability,

accuracy and reproducibility of POC glucose devices (270). Nonetheless, many POC blood glucose

devices are now able to report a plasma equivalent value and, particularly in rural and remote

lndigenous communities, a random capillary whole blood POC glucose measurement may be useful

as part of a general diabetes risk assessment that incorporates other risk factors including blood

pressure, body mass index, urine testing, family and personal history, smoking and alcohol status

(32), A random capillary whole blood glucose of > 11,0 mmol/L suggests that the patient is likely to

have diabetes and the patient should have follow-up confirmatory laboratory tests as outlined above

(270).
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Blood glucose self monitoring (BGSM) also plays a role ín the management of type 1 and type 2

diabetes although, as will briefly be discussed later in this section, the evidence base for the

effectiveness of BGSM is not strong.

Crifical Appraisal Of POC Devices For HbAlc, Microalbumin and LipidTesting

This section of the literature review was undertaken to determine which POCT devices are available

for conducting HbA1c, urine microalbumin and lipids, and to assess how the analytical performance

of these devices compared.

As mentioned under Organisation and Management, a POCT method should be validated against a

well-established laboratory method before it is introduced into routine service. ldeally validation

should take place at the intended site of use by the (trained) operator who would be expected to

routinely use the device, with the support of the laboratory, the specialist POCT service provider and

the vendor. lf this is not possible, then the technology should be validated in a laboratory setting by

the supporling laboratory or specialist POCT service provider,

A minimum analytical assessment, consistent with that routinely conducted by laboratories and

recommended by professional societies/expert groups, should include the determination of accuracy

and precision of the test system (300-303). Accuracy is the closeness of agreement between the

value (measured by POCT) and the true value of the analyte (measured by an established laboratory

method which is traceable to a recognised reference method), Precision is the closeness of

agreement between replicate measurements of the same analyte on the same sample (and is often

refened to as the reproducibility or repeatability of these measurements). Coefficient of variation

(CV%) is the statistical measure of imprecision and is calculated, as mentioned previously, from the

formula CV%= SD/mean 
-100 (302).
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To assess whether observed analytical performance is acceptable in the laboratory setting, there is

now an internationally recognised, multi{iered hierarchical approach to setting and defining desirable

analytical performance standards (hereafter refened to as analytical goals) based on clinical

outcome studies, biological variation, opinions of professional groups, data from proficiency testing

programs and the general literature (129, 130, 132, 159). Fraser states that, as an overarching

principle, the POCT device should be able to achieve the same or at least equivalent level of

analytical performance compared to that of the equivalent laboratory instrument when it is used for

the same clinical purpose (128, 131). However, this literature review found no published papers

which specifically investigated or defined analytical goals for POCT for diabetes and renal disease

(or any other POCT application), apart from an article published by the author and presented in

Chapter 4 of this thesis (35),

Haemoglobin Alc

Devices Available

This literature search identified seven devices capable of conducting HbAlc testing at the point of

patient care (255, 304). The specifications of these devices are summarised in Table 2.13. Four of

these devices - the DCA 2000, Micromat 11, A1c Now and Nycocard Reader - are true POCT

devices being small, readily portable, and consisting of either a device with a single-use cartridge or

a single use device. (The Micromat 11 is identical to the following devices marketed under different

names and by different companies: the Cholestech GDX, Provalis Glycomat and Provalis

HaemaquanUGlycosol). The remaining three devices - Diastat, PDQ and 010 - are designed mainly

for laboratory use but can be transported (on a trolley) to a hospital diabetes clinic and used on-site;

these devices are technically sophisticated and can perform tests in a batch mode. Based on cunent

data provided by the RCPA Quality Assurance Programs Pty Ltd, the DCA 2000 is the POCT device

most widely used by Australiasian laboratories participating in the Glycohaemoglobin QAP (Table

2.13\.
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Comparative Analytical Performance of POCT HbAlc Devices

The literature review found three evaluation reports by government agencies (305-307), three papers

that compared two or more POCT devices (308-310), 10 papers that evaluated the DCA 2000 only

(including one co-authored by the author (30)), one that reported on the performance of the A1c Now

device (311) and two on the Glycosol system (312, 313). Two further papers written by the author on

POCT HbAlc device evaluations are presented in Chapter 3 (28, 31).

ln 2003 the US government agency known as the ECRI (formerly the Emergency Care Research

lnstitute) conducted a comparative evaluation of 5 POCT HbAlc devices - the DCA 2000, Diastat,

Micromat 11, A1c Now and Nycocard Reader - focussing on accuracy, precision and ease of use

(305), The results of this evaluation are summarised in Table 2.14.The DCA 2000 device scored the

highest overall rating for the three parameters evaluated. The DCA 2000 was also selected as the

preferred device for use in the POCT environment (as well as the laboratory setting where it shared

the prefened device rating with the Diastat).

The UK government's Medical Devices Agency (MDA) conducted two evaluations in 200213, the first

specifically on the DCA 2000 and the second comparing three POCT devices - the A1c Now, the

Nycocard Reader and a device identical to the Micromat (called the Haemaquant Glycosol analyser)

(306, 307). As with the ECRI report, the DCA 2000 received the highest overall rating for accuracy,

precision and ease of use (Table 2.14). Whilst these evaluations were comprehensive, a major

limitation was the lack of quantitative data provided on accuracy. Linear regression and Bland

Altman plots were presented for accuracy assessment, but quantitative data on regression equations

or mean differences between POCT and comparator methods were not reported.

The results of the multi-device studies of St John ef a/, Greaves ef a/ and Hawkins, which have all

been published since 2003, are summarised in Table 2.15 (308-310). The well-designed study of St
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John ef a/ obtained data on accuracy, precision and user friendliness using both laboratory

technicians and nurses as POCT operators. The authors concluded that only the DCA 2000 could be

recommended for HbAlc testing outside the laboratory, with this device being the only one capable

of achieving a between-batch imprecision of less than 5%. The analytical performance achieved by

nursing staff was similar to laboratory technicians for all devices, except the Nycocard where

performance was poorer (310). The DCA 2000 was rated by nurses as the most user friendly device.

Greaves ef a/compared the DCA 2000, D10 and PDQ devices against each other, but did not use

an independent comparative laboratory method. While the mean difference between all three

analysers was <0.1%, the authors concluded the PDQ device was the prefened instrument for use in

their hospital-linked paediatric diabetes clinic because it had the fastest turnaround time and

exhibited the best imprecision (308). Hawkins concluded the DCA 2000 and Diastat devices

produced the best performance, with total imprecision < 3% and close agreement with the

comparator laboratory method and each other (309).

The results of single device evaluations undertaken on the DCA 2000 (10), the A1c Now (one) and

the Glycosol(two) are summarised in Table 2,16.

Overall, the DCA 2000 device received widespread support in the published literature for its

analytical performance and user-friendliness; while the Nycocard rated poorly for both parameters in

most studies. However, it is difficult to synthesise firm conclusions on comparative performance

between these studies because of the following limitations:

analytical performance in the hands of the non-laboratory trained POCT operator,

for the assessment of this performance indicator. For example, across the studies

identifled, imprecision was reported as within-run, between-run, between-batch, between-
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day and total imprecision. Sample matrices on which imprecision studies were conducted

included patient, quality control and external quality assurance samples. ln addition, the

number of repeated measures of imprecision varied from 6-26,

method while, in the case of Greaves et al,lhe three POCT devices were compared to each

other. There was no consistency in the number of patient samples used for the method

comparisons. Some papers reported linear regression equations and correlation coefficients

as their measure of accuracy, some reported the mean bias (and limits of agreement), while

few reported both.

example, in the two major governmental agency studies, the ECRI considered acceptable

imprecision to be <4% (conforming to NGSP method certification requirements), while the

MDA used <5% to represent acceptable performance. This observation highlights the need

for analytical goals specific for the use of POCT in the non-laboratory setting to be

developed (which was a focus of this research program (35)),

3), none of the studies validate the use of POC HbAlc devices under Australian conditions.

These issues are also common to studies reporting analytical performance for POC urine albumin

and lipid measurement, as discussed below.
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Table 2.13. Device specifications for HbAlc POCT devices

H bA'l c variant interference*

NGSP certifìed

Measurement Range

Device registered in 2006

RCPA QAP

Glycohaemoglobin Program

lcunent number)

Year fìrst marketed

Connectivity

Ability to walk away once

samole loaded

Time to result (mins)

Sample size (pL)

Method Principle

Technology

Primary site of use

Manufacturer

Device Name

HbF>10%*

Yes

2.5-14Y"

Yes (69)

1992

Possible

Yes

b

I

lmmunoassay (latex

agglutination inhibition)

Device with single use

cartridge

POCT or lab

Bayer

DCA 2000

None*

Yes

3-18o/o

Yes (1)

2002

Possible

No

5

10

Boronate affinity

chromatogaphy

Device with single use

cassette

POCT

Bio-Rad

Micromat 11'

HbS. HbC, HbF*

Yes

3-150/o

No

2002

Poor

Yes

I

10

lmmunochromatography

Single use deviæ

POCT

Metrika

Alc Now

None*

Yes

3-'18%

No

2000

Possible

No

5

5

Boronate affìnity

chromatography

Reader, reagent kit and

single use card

POCT

Axis Shield

Nycocard Reader

HbF*

Yes

nla

No

n/a

Possible

Yes

10

20

Cation exchange LPLC

Device and reagenb,

multiuse, 15 samples in

batch

Lab, but æn have POCT

application

Bio-Rad

Diastat

None

Yes

Approx 3-33%

Yes (10)

2003/4

Yes

Yes

2

10

Boronate affinity
chromatogaphy

Device and reagenb,

multiuse,30 samples in

batch

Lab, but can have POCT

application

Primus

PDQ

None

Yes

na

Yæ (5)

2003t4

Yes

Yes

3

5

Cation exchange HPLC

Device and reagenß,
multiuse, 10 samples in

batch

Lab, but can have POCT

application

Bio-Rad

Dl0
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Aæeptable with conditions

Acceptable

Prefened

Rating

Nycocard

Micromat 11, A1c Now

DCA 2000, Diastat

For use in Hospital environment

Nycocard

Micromat 1'1, Alc Now

DCA 2000

For use in POCT envíronment

Table 2.14. Summary of findings from Govemmental Agency evaluations.

A. Overalldescriptive rating from ECRI study.

B. Summary of HbAlc POCT devices, as assessed by three performance indicators, in both ECRI and MDA studies.

Ease of use

Precision*

Aæuracy.

Category

MDA

ECRI

MDA

ECRI

MDA

ECRI

Study

Good

Excellent

BD CV 2.4-2.70/": BB CV 2.8%

Excellent; CV 2.5-3.6%

Very good;

no quantitatjve data

Good; 88% of resulb within 5%

of reference value

DCA 2000

Good, but sticl time limib

Fair

BD CV 3.2$.5%; BB CV 6.7%

Fair; CV 4.4-5.3%

Very good;

no quantitative data

Good; ô0% of resulb within 5%
of reference value

Micromat ll (ECRI/
Glvcosol IMDA)

Generally good

Good

BD CV 4.5-12.0%; BB CV 7.0%

Fair; 5.2$.5%

Satisfactory; small negative bias;

no quantihtive data

Fair; 53% of resulß within 5% of
reference value

Alc Now

lnitially daunting, multiple steps

Good

BD GV 3.3{.9%; BB CV 2.5%

Good, CV 2.84.4%

Good; small positive bias;

No quantiÞtive data

Poot,21o/o of resulß within 5%
of reference value

Nycocard

Not evaluated

Good

Not evaluated

Excellent; 2.2-3.4%

Not evaluated

Good; 70% of resulb within 5%

of reference value

Diastat

Research and Quality focuss¡ng on healthcare technology.

with the Medicines Control Agency to form the Medicines and Healthcare Products Regulatory Agency (MHRA) for the UK govemment.

laboratory reference method (Menarini HPLC), but no quantitative data given.
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Table 2.15. Summary of general papers that compared two or more HbAlc POCT devices.

Comparator

Precision (Total CV, 2 patients twice per

davfor6davs:&2QC)

Accuracy (mean bias, LOA)

Patients in method comparison

Evaluation performed bv

Sfudv 3. Hawkins (309)

Comparator lab method

Precision (Between-run CV, 2 QC, n=20)

Accuracy (mean bias between devices)

Patients in method comparison

Evaluation performed bv

Study 2. Greaves (308)

Comparator lab method

Precision (Between batch CV, 2 QC, n=20)

Accuracy (mean bias; LOA)

Patients in method comparison

Evaluation performed by

Studv 1. SúJoån (310)

Parameter

Roche Tinaquant

2.6-2.9Y0

0.20 rc12-0.27\

114

Lab

None

2.4-2.80/o

<0.1

228
Lab

Primus HPLC

Lab 3.3-4.9%

Nurse 3.7-4.8%

0.16 (-0.63 to 0.96)

114

Nurse and lab

DCA 2000

Primus HPLC

Not done

Nurse 7.2-8.1%

-0.31 (-1.73 to 1.11)

114

Nurse and lab

Cholestech GDX

Primus HPLC

Lab 6.6-7.7%

Nurse 6.5-8.4%

0.01 (-1.01 to 1.03)

114

Nurse and lab

A1c Now

Roche Tinaquant

8.5-8.670

0.40 (0.28-0.52)

114

Lab

Primus HPLC

Lab 5.8-10.8%

Nurse 8.4-13.1%

0.39 (-0.98 to 1.76)

114

Nurse and lab

Nvcocard

None

1.6-2.8%

<0.1

228
Lab

PDQ

None

3.4-3.5%

<0.1

228
Lab

D10

Roche Tinaquant

1.6-2.20/0

0.17 ß.07-0.27\

114

Lab

Diastat
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Table 2.16. Summary of papers reporting on a single POCT HbAlc device.

Glycosol

DCA 2000

A1c Now

Device

Stevenson
(313)

Gebrekidan

ß12\

Manero (321)

Pope (320)

John (319)

Carter (318)

Guerci (317)

Fonfrede (3'16)

Metteucci (315)

Arsie (314)

Shemesh (30)

Shemesh (29)

Klonoff (311)

Author

na

Diabetes clinic

Lab

Lab

Paediatric clinic

Obstetric clinic
GP outoatient

na

Community

workers

na

na

Lab

na

na

na

Part 2. Patients

Part 1. Nurse

Part 1. Patients

Evaluation
Performed

by/in

62

100

207

48

19

24

15

na

43

14

(1

(1

ee4)

ees)

1016

across 5

sites

300

161

171

1 17 lndig

39 lndig

30

297

297

No. of

Patients

Accuracy*

0.80

1.12

na

0.98

na

0.70

na

1.01

na

0.89

0.911

na

na

0.95

0.965

0.988

Slope

0.85

4.23

na

1.12

na

1.18

na

{.233

na

0.56

0.462

na

na

0.28

0.4

0.168

lntercept

0.983

0.98

0,96

0.97

na

0.90

0.968

0.95

na

0.95

0.923

na

0.96

0,95

0.94

0,93

r

na

na

na

{.69
4.93
{.29
4.77

na

na

{,116

8 > 1o/o

higher; 6

<1% lower

0.3

na

4.02

{.1
0.07

na

na

Mean Diff

na

na

na

-1.4 to 0,04
-1.93 to 0.07

-1.09 to {.51
-1.3 to 4.24

na

na

-1.23 to 0.998

na

na

na

-0.65 to 0.61

-1,1 to 0.8

{.78 to 0.92

{.81 to 1.1

{.9 to 1.06

LOA

na

na

na

na

na

na

na

na

< 0.001

< 0.0001

0.947

> 0,05

0.85

0.21

0.50

p

HPLC 1

HPLC 2

HPLC

Cation

exchanqe

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

HPLC

Comparative

Method

BD

Not studied

WR

BR

BR

WR

WB

WR

BR

BR

Not studied

BR

WR

BR

WR

Not studied

Not studied

Not studied

Type

Precision*

3QC

3QC
3QC

2QC

2 Patients

2 Patients

2 Patients

2 QC 1994

2 QC 1995

2QC

2 Patients

2 Patients

3 Patients

Material

4.5-11,0

4,9-1 1.6

4.9-1 1.6

5.2, 13.0

4.3,12.1

na

4,7,9.7

4,8,10.9

5.5

9.7

na

na

5.0-9.5

HbAlc
conc (%)

2.04.5

1.7.3.5

2.1-2.3

1.6,2.4

1.9,3.1

2.2,2.2

3.0,2.8

3.2,4.1

3.2,2.8

2.5-2.8

3.5.4.6

1.1,1.0

2.3,4.2

3.2.3.9

CVo/o

10

26

b

15

15 over 3d

na

na

na

Weekly for
6m

na

na

10

No. of

replicates
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Footnote to Table 2.16

the mean of POCT and lab results.

*100; 
no. of replicates = no. of repeated measurements performed to assess imprecision.

Total analytical erTor can be calculated from the formula Total Enor (TE) = Bias + 1.65*precision (159).

na = information not available in paper.

lndig = ¡¡6¡n.nous Australian patients recruited for study.
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Urine Microalbumin

Devices Available

This literature review identifled four POCT devices that measure urine microalbumin quantitatively. The

DCA 2000 measures urine albumin and creatinine and reports the urine ACR, while the remaining three -

the Nycocard, HemoCue and Quik-Read - report urine albumin only (304, 322). The specifications of

these devices are summarised in Table 2.17. The DCA 2000 is the only POCT device used by

laboratories participating in the RCPA Quality Assurance Programs Basic Urine Chemistry QAP (with 9

devices registered in 2006).

Comp arative An alytical Peíorm ance of POCT Microalbumin Devices

This literature review found one evaluation report by a government agency (322), fiue papers that

evaluated the DCA 2000 (30, 323-326) and one that investigated the analytical performance of the

HemoCue urine albumin device (327). A paper written by the author on an evaluation of the Bayer DCA

2000 urine ACR method (the first conducted in Auskalia) is presented in Chapter 3 (9).

The UK government's Medical Devices Agency (MDA) undertook an evaluation of all four POCT devices

in 2004 (322). The authors concluded that the DCA 2000 and the QuikRead were the most precise

devices, achieving CV%s of less than 7% lor all modes of imprecision evaluated. (lmprecision was

assessed in three ways; total CV% using a single commercial quality control material assayed on all

devices (2 separate runs for 20 days), SD using duplicate analysis of 40 patient samples, and between-

day CV% using each supplie/s quality control material [number of repeats varying from 21 to 37]). The

DCA 2000 was judged to have exhibited the best accuracy in a 40-patient method comparison versus the

reference laboratory method (Bayer ADVIA 16500). The Nycocard and Hemo0ue devices exhibited

concentration dependent negative biases in this comparison. However, as for HbA1c, a major limitation

of this MDA repoft was the lack of quantitative data provided on accuracy.
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The results of the single device evaluations undertaken on the DCA 2000 and HemoCue are summarised

in Table 2,18. Overall, the DCA 2000 performed well in the five reported studies although, as for HbA1c,

differences in the reported measures and sample matrices used for precision studies, different laboratory

comparator methods for urine albumin, different number of patients studied in method comparisons and

lack of consistency in reported accuracy measures limited the generalisability of these findings.

One study by Shemesh et al, in which the author of this thesis was a co-author, and another evaluation

conducted by the author and presented in Chapter 3 represents the only studies of the DCA 2000

undertaken under Australian conditions (9, 30),

The HemoCue performed well for urine albumin measurement in the only paper found in this literature

search, but a drawback of this device is that its upper measuring range only extends to 150 mg/1. Given

that the upper cut-off for microalbuminuria is 300 mg/1, the device provides no quantitative measure of

urine albumin in the upper half of the microalbuminuric range, limiting its use for management, No

individual papers were found on the other two devices evaluated by the MDA,
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Iable 2.17 . Device specifications for urine microalbumin POCI devices

CRM = certified reference material; NIST = National lnstitute of Standards and Technology; SRM = standard reference material

lnterferences

Antigen excess

Measurement Range

Year first marketed

Connectivity

Calibration reference material

Time to result (mins)

Sample size (pL)

Method Principle

Technology

Measure of Microalbumin; units

Manufacturer

Device Name

Urine glucose >139 mmoUl

>2000 mg/L urine albumin

Urine albumin: 5-300 mg/L
Urine creatinine: 1.344.2 mmoUL

1 998

Possible

Urine albumin: CRM 470

Urine creatinine: NIST SRM 914a

7

40

Urine albumin: immunoturdimetric
[Jrine creaünine: colorimetric

Device with single use cartridge

Urine albumin:creatinine ratio (ACR);

mg/mmol

Bayer

DCA 2000

Urine glucose >1'10 mmoUL

>2000 mg/L urine albumin

Urine albumin: 10-150 mg/L

2003

Possible

Urine albumin: CRM 470

2

15

lmmunoturbidimetric

Device with single use microcuvettes

Urine albumin; mg/L

HemoCue

HemoCue Udne Albumin

Urine glucose >50 mmol/L

Not affected by excess urine albumin

Urine albumin: 5-200 mgiL

2000

Possible

Urine albumin: CRM 470

4

50

lmmunocolorimetric

Reader and reagent kit

Urine albumin; mg/L

Axis Shield

Nycocard Reader

Urine glucose >50 mmol/L

Not specified

Urine albumin: 5-150 mg/L

2002

na

Urine albumin: CRM 470

3

20

lmmunofurbidimetric

Device with single use cuvette and

reagenß

Urine albumin; mg/L

0rion Diagnostica

QuikRead
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Table 2.18. Summary of papers reporting on a single POCT Urine Microalbumin device

the mean of POCT and lab results.

measurements performed to assess imprecision.

lmmunoneph = immunonephelometric method; lmmunoturb = lmmunoturbidimetric method; Conc* Alb mg/L; Creat mmol/L; ACR mg/mmol.

HemoCue

DCA 2000

Device

Von

Schenk

ß27\

Poulsen
(326)

Parsons

(325)

Collins

(324)

Khawali

(323)

Shemesh

(30)

Author

Lab

3 nurses

Lab

Trained

diabetes

nurse

Lab

Field

Eval'n
by/in

Atb

Atb

Creat

ACR

Atb

Creat

ACR

Atb

Creat

ACR

Atb

Creat

ACR

Atb

Creat

ACR

Test

137

137

195

96

96

96

133

152
132

55

78

100

76

No. of
Patients

Accuracy

1.06

1.08

na

1.02

1.06

0.97

1.09

1.04

1.06

na

na

Slope

-7.2

-3,1

na

1.4

0.13

0.13

-2.9

na

4.29

na

na

lntercept

0.94

0.94

0.987

na

0.997

0.997

0.993

0.98

na

r

na

na

na

na

-3.2

{.33
4.10

na

3.05

4.19
0.28

Mean Diff

na

na

na

na

4.8 to 1.6

-0.4 to 0.25

{.31 to 0.12

na

0S to 14

-1.29 to 0.9

{.38 to 0.94

LOA

na

na

na

na

na

na

na

p

lmmunoturb

lmmunoneph

lmmunoturb

lmmunoassay

Kinetic Jaffe

lmmunoturb

Kinetic Jaffe

lmmunoturb

Kinetic Jafie

lmmunoneph

Kinetic Jaffe

Comparative

Method

WR

BR

Not studied

WR

WR

BR

Not studied

Not studied

Type

Precision

I Patients

2QC

2 QC, 2 Patients

2QC

2 QC, 3 Patients

2QC

Material

Atb 28-10s

Arb 12,65

Arb 6-266

Creat 8-31

ACR 0.4-30

Atb 30,190

Creat 8,31

ACR 3.8-6.1

Atb 6-192

Creat 6-32

Atb 34,197

Creat 9.32

Conc*

4.3.13.8

18.2,6.1

2.6-7.3

1.8-1.9

1.8.8.0

0.+4.8
0.+2.1
2.3.5.4

1.9.7.1

1.6-3.7

3.0,4.3

2.1,3.7

CVo/o

24

24

15

20

10

15

No. of
repeats
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Lipids

Devices Available

This literature search found two POCT devices capable of measuring the full lipid profile of tests, namely

the Cholestech LDX and the CardioChek PA. The speciflcations of these devices are summarised in

Table 2,19. The Vitros DT60 (marketed by Ortho Clinical-Diagnsotics, USA), and the Reflotron and the

Accutrend (Roche Diagnostics, Basel, SwiÞerland) POCT devices conduct individual lipid tests but not

the complete lipid profile using a single cassette/strip. As such, these devices will not be discussed further

in this thesis.

Comparative Analytical Peíomance of POCT Lipid Devices

The literature review found two evaluation reports by govemment agencies (one on the Cholestech LDX

and one on the CardioChek PA device) (328,329), two additional papers on the Cholestech LDX (29,

330) and one paper comparing both devices (331). A paper written by the author evaluating the

Cholestech LDX analyser for the first time in Australia is presented in Chapter 3 (25).

The Medical Services Advisory Committee (MSAC) conducted a detailed assessment of the Cholestech

LDX device on behalf of the Australian Government's Department of Health and Ageing in 2001 (328).

Using a literature search they identified 19 studies on the accuracy and precision of the Cholestech LDX,

seven of which were published papers (332-338) with the remainder being technical reports, company

bulletins or conference abstracts. Data from these studies on accuracy, precision and total enor (159) for

total cholesterol, HDL cholesterol and triglyceride were pooled to determine an overall estimate of these

performance indicators, The pooled estimates were compared to the analytical goals set by the National

Cholesterol Education Program (NCEP) for laboratory measurement of lipids (339). (Analytical goals for

lipid measurement, including the NCEP goals will be discussed in detail in a paper published by the

author and presented in Chapter 4 of this thesis).
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The key findings of the MSAC report are summarised as follows:

the desired goals; however the pooled estimate of total error for each test did meet the goals

(Table 2.20).

concluded there was no difference between lipid cholesterol concentrations measured on

venous or capillary whole blood (pooled bias 0.35%).

goals when used in a non-laboratory clinical setting, due to the small number of studies in which

this was investigated. The report recommended that POCT lipid testing should be restricted to

settings where there is adequate training, quality assurance and accreditation,

The UK government's Centre for Evidence-based Purchasing (CEP) undertook an evaluation of the

CardioChek device in 2005 (329). They conducted a method comparison between the CardioChek

device and laboratory methods (Vitros 950 [Ortho Clinical-Diagnostics] for cholesterol and triglycerides

and lL 600 finstrument Laboratory, USA] for HDL cholesterol) using 106 patient samples. They also

measured imprecision by repeated analyses (n=22 on each of two CardioCheks) of three patient samples

wíth different lipid concentrations, This study found the CardioChek exhibited a statistically significant

overall mean bias of 0.23 mmol/L for total cholesterol which was inversely related to concentration, and a

statistically significant mean bias of 0.11 mmol/L for triglyceride which was concentration dependent. The

small bias recorded for HDL cholesterol was not statistically significant, nor concentration dependent.

lmprecision (total CV%) averaged 8.2%, 23.6o/o and 23.4% for total cholesterol, HDL cholesterol and

triglyceride respectively, which were all well outside the NCEP goals,
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The results of other recent device evaluations undertaken on the Cholestech LDX (since the MSAC

study) and the CardioChek are summarised in Table 2.21. The Cholestech LDX study of Shemesh ef a/

was conducted among Australian lndigenous participants in a remote community (30). The Stein ef a/

evaluation of the Cholestech involved older patients (mean age 75 years) with hyperlipidaemia (330).

Panz et a/ tested both POCT devices using patients from a South African lipid clinic who had mainly

familial hypercholesterolaemia and were from different cultural backgrounds (331). These different

patient groups, representing varying ages and races, limit the applicability of the study findings, as does

the fact that the studies used different sample types and different POCT operators (Table 2.21).

Both Shemesh et aland Stein ef a/ reported no bias for total cholesterol measurement on the Cholestech

LDX (mean difference <0.02 mmol/L), yet Panz ef a/ found a positive bias for this analyte particularly at

concentrations up to 7.5 mmol/l, Shemesh ef a/ reported a signiflcant inverse concentration dependent

bias with HDL cholesterol measurement but Stein ef a/ found the bias was positively correlated with HDL

concentration . Panz ef a/ reported an overall negative bias for HDL cholesterol but did not state whether

this was concentration dependent. All three authors found an overall positive bias with higlyceride

measurement with the Cholestech device, ln relation to the CardioChek PA, the findings of Panz et al

conflict with the CEP study because Panz et a/ reported a positive bias for HDL cholesterol and much

improved imprecision (albeit on quality control samples rather than patient samples),

Overall, the analytical studies on POCT lipid devices have produced conflicting evidence on their

performance characteristics, due to the diversity of study designs and results found. However, most

studies have reached similar conclusions; namely that POCT lipid testing has a role in general

community risk assessment but whether the analytical quality of these devices is sufficient for use in the

management of patients with hyperlipidaemia has yet to be confirmed.
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Table 2.19. Device speciflcations for POCT devices measuring full lipid profiles.

.{t

I
t
{

AC or battery (300 tests)ACPower source

Chol 1.3 to 10.4 mmol/L

HDL Chol 0.4to2.6 mmol/L

Trig 0.3 to 5.65 mmol/L

Chol 2.6 to 12.9 mmol/L

HDL Chol 0.4 to 2.6 mmol/L
Trig 0.5 to 7.3 mmol/L

Measurement Range

Approx 2004Approx 1994Year first marketed

NoNoConnectivity

Code chipCassettes pre-calibratedCalibration reference material

2 mins4-5 minsTime to result (mins)

40pL35pLSample size (pL)

Enzymatic with refl ectance
photometry

Enzymatic with reflectance
photometry

Method Principle

Device with reagent shipDevice with single use cassetteTechnology

Polymer Technology SystemsCholestech CorporationManufacturer

CardioChek PAGholestech LDXDevice Name

113



{

Table 2.20. Comparative analytical performance of the Cholestech LDX, as assessed by the Medical Services

Advisory Committee (MSAC) (328).

14.813,355.254.1Triglyceride

12.811.751.545.1HDL cholesterol

8.98.632.133.4Cholesterol

NCEP
qoal

Cholestech
LDX

NCEP

ooal

Cholestech

LDX

NCEP

ooal

Cholestech

LDX

Analyte

TE (%)Bias (%)lmprecision (CV%)

114



Table 2.21. Summary of papers reporting on analytical performance of POCï lipid devices.

the mean of POCT and lab result. Precision: WR = within run imprecision.

CardioChek

PA

Cholestech

LDX

Device

Panz (331 )

Panz (331 )

Stein (330)

Shemesh

(30)

Author

Lab using VWB

Lab using VWB

Trained nurse

using CWB

Field using VWB

Evaluation
Performed

by/in

Trig

HDL.C

Chol

Trig

HDL-C

Chol

Trig

HDL-C

Chol

Trig

HDL-C

Chol

Lipid

100

100

100

100

100

100

63

63

63

71 lndig

73 lndig

74 lndig

No. of

Patients

Accuracy

na

na

na

na

na

na

0.98

1.29

0.84

na

na

na

Slope

na

na

na

na

na

na

0.33

{.133

0.463

na

na

na

lntercept

0.934

0.724

0.832

0.983

0.872

0.914

0.97

0.96

0.88

na

na

na

r

{.094

0.160

0.096

0.086

{.113

0.218

0.296

0.015

0.016

0.06

0.10

0.003

Mean

Diff

na

na

na

na

na

na

na

na

na

{.18 to 0.30

4.10 to 0.30

4.68 to 0.69

LOA

na

na

na

na

na

na

< 0.00'l

0.026

0.492

na

na

na

p

Non{DC
certifìed

Non-CDC

certified

Non-CDC

certified

Non-CDC

certified

Non-CDC

certified

Non-CDC

certified

Non-CDC

certifìed

Non-CDC

certified

Non-CDC

certified

cDc
certifìed

CDC

certifìed

cDc
certifìed

Comparative

Method

WR

WR

WR

WR

WR

WR

Not studied

Not studied

Type

Precision

2QC

2QC

2QC

2QC

2QC

2QC

Material

1.6,2.7

2,5,2.6

4.5,6.3

1.7,2.9

0.91,1.9

4.4,6.5

Lipid conc
(mmol/L)

5.2,5.6

3.9,0.1

2.5,2.4

1.8,2.1

'1.1,3.2

5.0,4.5

CWo

7

7

7

7

7

7

No. of

reolicates
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Critical Appraisal Of The Evidence Base For The Etfectiveness Of POCT For The Management Of

Diabetes and Renal Dísease In The Ambulatory Care Sefúrng

Haemoglobin Alc

Excluding papers published by the author and presented in Chapter 6, this líterature search identified

seven papers conducted in a number of ambulatory settings which report on different outcome measures

for POC HbAlc testing, The methodology and key flndings of these studies are summarised

chronologically in Table 2.22. Five of the seven studies used the Bayer DCA 2000 as the POCT device.

Study designs included two randomised controlled trials (340,341), one quasi-randomised controlled hial

(342), one pre and post study (341) as a sub-study of a larger randomised controlled trial, two

retrospective cohort studies (343,344), one retrospective audit (42) and one early observational study

(320).

Ambulatory settings comprised primary care and secondary care diabetes clinics, and a specialist

diabetes clinic integrated into a primary care setting. The latter was an Australian lndigenous medical

service in rural Victoria, which is a participant in one of the main research programs developed by the

author (OMMS) (42).

The results reported in these seven papers support the assertion that POC HbAlc testing at the time of

consultation can both optimise clinical care and improve glycaemic control (as measured by a reduction

in HbAlc). As shown in Table 2.23, ltue of the seven studies concluded that POC HbAlc testing

positively influenced clinical management, while another flve reported statistically significant reductions in

HbAlc over time following the introduction of POCT. (Further studies conducted by the author and

presented in Chapters 6 and 7 also report improved glycaemic controlwith POCT (13,22,26,32)).
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However, the validity of the findings presented in these seven papers is limited by the following factors,

All of the studies were conducted over a relatively short time frame of one year or less. Almost half of the

studies presented involved speciflc cultural groups (African Americans [2] and Australian Aboriginal

people l1l (42,341,342)), thereby potentially restricting the applicability of the study results to the

general population, The small sample size (30 or less) in two studies also limits the generalisability of the

findings of these studies (42,320).

The study by Pope ef a/ is the earliest report of POCT HbAlc in the literature which concluded that POCT

influenced clinical management, without supporting data (320). The major aim of this paper was to report

on the analytical performance of the POCT device which was used in four different clinical settings on a

larger patient sample base (n=106), The reporting of an outcome measure was of secondary concern

and represents a good example of an 'inadequately planned add on', as described earlier by Delaney ef

a/ (61),

ln the often-cited study of Thaler ef al, the only reference to the HbAlc method used stated: 'HbA1c was

determined by a Boehringer Mannheim turbidimetric immunoinhibition assay' (341). This assay is

performed on a laboratory analyser and is not available by a POCT method - thus it is unclear whether

an in-clinic POC device was in fact used in this study or whether all HbAlc tests were performed in the

laboratory, with the turnaround for analyses occurring more rapidly than normal (for the rapid group) or

being available in a conventional time frame (24 hrs) in the control group. Thus this study most likely

assessed the impact of the availability of results at the point of care rather than having the result

conducted on-site by a specific POC device.

The power and validity of the Ferenczi et alstudy (343) is limited by several factors. Firstly, there were

only small numbers of patients (n=22) in the control group. Secondly, the paper does not specify whether

the three laboratories, where samples from the control group were tested, used the same or different

analytical methods. lf the latter, there would be greater between-method variability and bias in HbAlc
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results, which could affect the mean (and SD) of the HbAlc values reported in this group, Thirdly, the

study was retrospective.

ln the Simmons study conducted in the Australian lndigenous setting (42), the authors attribute the

observed improvement in glycaemic control to a signiflcant increase in insulin use and self monitoring of

blood glucose but make no reference to the contribution of POCT to this improved outcome.

The studies of Caligero et al and Grieve ef a/ were both well designed (340, 344). Grieve's study was

conducted as a Health Technology Assessment (HTA) Program for the National Health Service in the

United Kingdom. Their study documents additional clinical and operational outcome benefits of POCT

including increased patient satisfaction and reduced hospital visits, while also reporting equivalent costs

between POCT and laboratory HbAlc services, No other papers that reported on the economic outcomes

of POC HbAlc testing were found in this literature review.

It should be noted that this literature search did identify several other well-designed studies that

integrated laboratory-based HbAlc testing into diabetes care programs for lndigenous Australians (345-

348); however only the study of Simmons used POC HbAlc testing (42).

ln addition to the papers assessed thus far, a further nine papers were sourced which described

pharmacistled interventions that documented improved glycaemic control (as assessed by reduction in

HbAlc) in both the primary and secondary care settings (205-213). However, none of these studies (i)

specifically stated that the HbAlc tests were performed by a POCT device or (ii) identified when the

HbAl c result was provided to the patient (that is, at the point of care during consultation or reported back

to the patient at a later date). While this subset of papers highlights that the community-based pharmacist

can have an integral role in improving diabetes management, the studies almost certainly did not involve

POCT; as such, they will not be discussed further in this thesis.
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Both the American Association of Clinical Chemists (MCC) and the National Academy of Clinical

Biochemistry (NACB) have recently published recommendations on diabetes care that endorse the use

of POCT HbAlc testing for diabetes management (251, 349). Nonetheless, as Winter states, more large

scale randomised controlled studies are needed to further verify the clinical effectiveness of POCT for

HbAlc (252).
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Table 2.22. Outcome studies for POC HbAl c testing for diabetes management in ambulatory care settings. (Table continues to page 124).

Clinical

Clinical

0utcome
Category
Assessed

lnfluence on

clinical

management

decisions,

Glycaemic
control

lnfluence on

clinical

management

decisions

Example of
POCT

Outcome
Measure

Diabetes

outpatient

clinic
(secondary

care)

Primary and

secondary

care diabetes

cliniæ

Location of
Study

RCT, and pre

and post

Observational

Type of
Study

HbAlc

HbA1c,

DCA

2000

P0c
Test,

and

Device

Thaler
(341)

Pope

(320)

Author

1138 urban, economically disadvantaged African Americans with type 2 diabetes were randomised
to receiving their HbAl c result rapidly at the point of care (rapid group, n=575) or delayed by 24 hrs
(control group, n=563). Adjustment of therapy was considered appropriate if therapy was intensified

in patients with HbAlc >70/o oî not intensified if HbAlc was <7%.

Overall, rapid availability of HbAlc resulted in more appropriate management compared to the
control group (79% vs 71o/o, p = 0.003). This improvement resulted mainly from a reduction in
inappropriate intensification in therapy for patients with HbAlc s7% from 22o/oto 10To (p <0.0001).

For patients with HbAlc >7% a slight, but not significant, increase in intensification was observed
(67% vs 63%, p = 9.33¡.

A post hoc analysis, which was not part of the original RCT design, was conducted on 574 patients

who had subsequent HbAlc tests performed 2 to 7 months after the baseline testing. Paüents in the
control group had a mean initial HbAl c oÍ 7 .2o/o and a follow-up HbAl c of 8.0% ie a rise of 0.8% (p
<0.0001). Patients receiving rapid results had a mean initialHbAlc oÍ7.5o/o and afollow-up HbAlc
of 7.90/o, ie a rise of 0.4% (p = 0.0005). Thus follow-up HbAlc values rose in both groups.

18 patients with type 2 diabetes randomly selected from obstekic and general practice diabetes
clinics for assessment of clinical utility of POCT HbA1c.

ln 9 (50%) patients, knowledge of the HbAlc result influenced management decisions made at time
of consultation eg initiated insulin therapy in patients with gestational diabetes and prescribed oral

hypoglycaemic drugs when increased HbAlc was found by POC.

Summary of Methodology and Key Findings
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Clinical and

Operational

Outcome
Category
Assessed

Glycaemic

control

Number of
contacts

between

visits

Example of
POCT

Outcome
Measure

Academic

hospital

diabetes

centre
(secondary

care)

Location of
Study

RCï

Type of
Study

HbA1c,

DCA

2000

POC

Test,

and
Device

Caligero
(340)

Author

201 patients with type 1 (56%) or type 2 (440/0) diabetes were randomised to receiving immediate
feedback on their HbAlc result (following on-site POCT) or receiving their result from the laboratory
aæording to standard practice (control group). HbAlc levels were measured in both groups after 6
and 12 months, To avoid bias in the treatment of patients, physicians were informed of the nature of
the study but not aware that that data on outcomes were being collected.

ln the group receiving immediate feedback, HbAlc levels decreased significantly by 0.57%
(SDÈ1.44) [from 8.67 to 8.1%] at 6 months (p = 0.001) and by 0.40% (t1.65) ffrom 8.ô7 lo 8.270/ol

at 12 months (p = 0.013). ln the control group, HbAl c levels did not change significantly, decreasing
by 0.11o/o (10.79) þm 8.49 to 8.38lat 6 months and by 0.19% (r1.16) þm 8.49 to 8.30%lat 12
months (both decreases were reported by the authors as not significant, although specific p values
were not stated). The difference between the groups was statistically significant at 6 months (p =
0.029) but not at 12 months (p = 0.346).

The changes in HbAlc levels were similar for type 1 and type 2 patients at both time points. There
was no difference between the POCT and conhol groups in either the number of episodes of severe
hypoglycaemia and visits to the emergency department.

The availability of immediate POCT result did not decrease the number of contacts (phone or letter)

with the heath care providers between clinic visits. The authors postulate that this may have been

due to the need to report other laboratory data. As described previously for inpatient hospital

setting, factors other than POCT may limit the effectiveness of POCT.

Summary of Methodology and Key Findings
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Clinical,

0perational,

& Economic

Outcome
Category
Assessed

Glycaemic

control

Patient

satisfaction

lnfluence on

clinical

management

decisions

Frequency of
hospital visits

Cost of
Healthcare

services

Example of
POCT

Outcome
Measure

2 hospital

based

diabetes

clinics
(secondary

care)

Location of
Study

Retrospective

cohort study

Self

administered
questionnaire

Controlled

Trial (not

randomised)

Self

administered
questionnaire

Resource use

data

Type of
Study

HbA1c,

DCA

2000

POC

Test,

and
Device

Grieve

(344)

Author

A range of different outcome measures were assessed when comparing POCT for HbA'lc in two

hospital diabetes clinics (hospitals 1 and 2) with cenkal laboratory HbAlc testing at hospital 1.

Testing at hospital 1 was provided by nurses, while testing at hospital 2 was provided by lab
personnel. Results of POCT HbAlc were available prior to doctor consultation, while results of lab

HbAl c testing took 5-7 days.

1000 patients having HbAlc measured by laboratory POCT at hospital 2 (n=500) or the laboratory
at hospital 1 (n=500) across 1995 and 1996 were included in the study. The mean HbAlc was

significantly lower in the patients having their HbAlc measured by POCT vs laboratory, after
controlling for case-mix (8.260/0!0.144 vs 8.61%t0.156, p <0.001). However the authors note that
their study design was unable to conhol for all confounding factors such as differences in clinical
protocols and experience of the managing physicians at the two hospitals.

Patients (n=595 and 280)who received their HbAlc result by POCT (either by lab or nurse-based
POCT at hospitals 1 and2 respectively) were significantly more satisfied (p <0.004 and p <0.001)

with the test information compared to those who received their result later from the laboratory at
hospital 1.

A subset of 599 patients were alternatively allocated to HbAlc POCT measured by nurses (n=302)

or by the lab (n=297) at hospital 1. The number of management changes related to insulin or oral

therapy and diet were recorded. Overall, patients in the POCT group were more likely to have

management changes than the control group (Odds ratio [OR] 1.52, 91ToCl 1.02-2.26). When
patients were split into those with good conkol (HbA1c <7.5%) and poor control (HbA1c >7.5%), the
patients with poor control were more likely to have management changes if they were in the POCT
group rather than the control group (0R 1.72, C|1.12-2.211. For patients with good control the

number of management changes did not differ between testing methods (OR 0.92, Cl0.35-2.24).

Summary of Methodology and Key Findings
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Clinical

0utcome
Category
Assessed

lnfluence on

clinical

management

decisions

Glycaemic

control

Example of
POCT

Outcome
Measure

Private

endocrinology
practice

Location of
Study

Retrospective

cohort

Type of
Study

HbA1c,

Diastat

ion

exchange
LPLC

P0c
Test,
and
Device

Ferenczi
(343)

Author

Study participants were 1 15 patients with type 2 diabetes over the age of 65 who were referred to a
private endocrinology practice between early 1997 and 1998. Patients were classified into two
groups; group A had immediate HbAlc results available during visit (n=93), while group B (n=22)

had HbAl c tested by one of three laboratories with results available 2-3 days later.

ln group A using POCT, therapeutic interventions occurred in 40% of visits (145/362), while in group

B changes of therapy occurred in 24% of visits (1 9/80), p = 0.006.

ln both groups, HbAlc was measured at the first visit and 12 months later. ln group A, mean HbAlc
levels decreased by 1.03% (t0.3) from 9.5% to 8.470/0. ln group B, mean levels fell by 0.33%
(t0.83) from 8.3% lo 7.97Y0. However the decline in HbAlc was not significantly different between

the two groups (no p value was provided).

Patients using the lab POCT service at hospital 2 had significantly fewer hospital visits per annum
than those using the lab service at hospital 1 (1.81 visits per patient per year ISD 1.20]) vs2.28
visits per patient per year [SD 1.01]). However, it was not possible to conclude this difference was a
direct result of POCT or due to other factors such as the need to visit hospital 1 more frequently to
collect results or differences in clinical practices between the two hospitals.

The mean visit costs were Ê3.80 higher for lab POCT and Ê12.60 higher for nurse POCT than the
laboratory, due to the higher number of POC tests performed and the higher capital costs of the
POCT devices. However, the mean difference in annual costs between POCT and the lab was not
significant because, as mentioned above, the mean number of visits per patient per year was lower
for lab POCT.

Summary of Methodology and Key Findings
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Clinical

Clinical

Outcome
Gategory
Assessed

Glycaemic

control

lnfluence on

clinical

management

decisions

Glycaemic

control

Example of
POCT

Outcome
Measure

Specialist

diabetes clinic

integrated into

primary care

Aboriginal

Community

Conkolled

Health

Service

Primary care

clinic

Location of
Study

Retrospective

audit

Quasi

randomised

Type of
Study

HbA1c,

DCA

2000

HbA1c,

DCA

2000

POC

Test,
and

Device

Simmons
(42)

Miller
(342)

Author

30 Aboriginal patients with type 1 or 2 diabetes had HbAlc measured by POCT at baseline and at
(a median of) 10 months after commencing POCT. POCT was part of a new weekly integrated

specialist diabetes clinic conducted in a primary care Australian Aboriginal health service,

Mean HbAlc of group decreased from 10.4% (t2.2) at baseline to 7.9% (t1.9) at 10 months (p
<0.001).

597 patients with type 2 diabetes, 79% female, 96% African American, of older age (mean 61

years). Patients (n=317) were assigned to having POCT HbAlc if baseline visit fell on even

numbered day and routine HbAlc lab testing (visit on odd day).

POCT group had more frequent intensification of therapy when HbAlc was 17% than control group

at their baseline visit (51% vs 32% of patients, p = 0.01).

HbAlc was measured in 275 patients (POCT n=141 and lab n=134) at two follow-up visits 2-4
months apart. ln the POCT group, the mean HbAlc levels decreased modestly but significantly by

0.3% from 8.4% to 8.1% (p=0.04). ln the conhol group, mean levels fell by 0.1% from 8.1% to 8.0%
(p=0.31, not significant). The authors make the observation that 70% of patients in the POCT group
and730/o of patients in the control group remained inadequately conholled (HbA1c >7%).

Comment Glycaemic control in both groups was only followed prospectively for a very short time
period of 4-6 months, which severely limits the impact of the findings. The authors note the study
population was African-American and the findings may not be generalisable to other ethnic or
cultural groups.

Summary of Methodology and Key Findings

RCT = randomised controlled trial
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Table2.23. Comparison of studies documenting the effectiveness of POC HbAlc testing.

Simmons (42)

Miller (342)

Ferenczi (343)

Grieve (344)

Cagliero (340)

Thaler (341)

Pope (320)

Reference

Audit

Quasi-RCT

Cohort, rehospective

Cohort, retrospective

RCT

RCT/ pre and post

Observational

Study design

30

597

115

1000

201

1138t574

18

No. of patients

Yes

Yes

No

No

No

Yes

No

Was Study Population
lndigenous?

10

4-6

12

Not reported

6&12

2-7

Not reported

Duration of
study, months

Yes; HbAlc fell by 2.5%

Yes; HbAlc fell by 0.3%

Yes; HbAlc fell by 1.03%

Not reported

Yes; HbAlc fell by 0.57% & 0.4%

No; HbAlc rose by 0.4%

Not reported

Statistically significant decline in

HbAlc with POGT
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Urine Microalbumin

This literature search found no papers that reported on the effectiveness of POCT for urine microalbumin

in either primary or secondary care settings, apart from articles published by the author and presented in

Chapter 7 which showed POCT urine ACR testing was culturally and clinical effective in both community

risk assessment and the stabilisation of renal function in lndigenous patients at high risk of renal disease

(10-12,16), As mentioned in Chapter 1, these studies arose following calls in the literature in 1996 forthe

use of urine ACR testing in lndigenous community-based screening programs for the early detection of

renal disease (235, 350); they provided the impetus for the initial program of research described in this

thesis, namely the Umoona Kidney Project (11, 12).

While no POCT studies have been reported other than those presented in this thesis, it should be noted

that laboratory urine ACR measurements have been widely used in studies of the prevalence, natural

history and the multidimensional nature of renal disease in lndigenous Australians (235, 350-364).

The urine ACR test was also selected for the monitoring of microalbumin in diabetes patients recruited for

the Australian primary care PoCT in General Practice Trial (36). However the results of the outcome

assessments from this Trial will not be available until late 2007/2008.

Lipids

This literature search identified four papers that reported the effectiveness of POCT lipid measurements

in ambulatory care settings; two in community pharmacies (365, 366), one in general practice (73) and

one involving pharmacist-led home visits (367). The methodology and key flndings of these studies are

summarised in Table 2.24. Study designs included two randomised controlled trials (366, 367) and two

observational studies (73, 365). None of the studies focussed exclusively on patients with diabetes; two

involved varying proportions of patients with this disease (11% and 44o/o)(73,365,366), the othertwo
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studies made no speciflc reference to patiehts with diabetes. All except Cohen et al (73) used POCT as

part of multidimensional patient management plans.

Outcome benefits reported in these studies included improved clinical and patient satisfaction (73),

improvements in the management process for cardiovascular risk (CVD) (366), improved compliance and

achievement of therapeutic targets (365) and reduction in CVD risk (367).

The randomised controlled trial of Tsuyuki ef a/ (366) was a well-designed study although the authors

acknowledge it was undertaken by a highly selected group of pharmacists, which may have limited the

generalisability of the findings. The lack of a control group in the Bluml ef a/ study (365) and the fact that

only 69% of patients completed the study limits the conclusions that can be drawn from this work. The

high proportion of Asian participants may also limit the applicability of the study results to the general

population. Peterson et al (367) noted that their Australian randomized controlled trial was confounded by

the analytical sensitivity of the POCT device (Accutrend) which had a lower limit of measuring range of

3.88 mmol/1. Twenty three and 24 patients across both the intervention and control groups had

cholesterol levels below this limit at baseline and at 6 months respectively,
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Table 2.24. Outcome studies for POC lipid testing for diabetes management in ambulatory care settings. (Table continues to page 129).

0perational

Clinical,

Operational

Economic

Outcome
Category
Assessed

lmprovement in

process of
managing CVD

risk

Clinical

appropriateness

of POCT

GPr and patient

satisfaction

Example of
POCT Outcome
Measure

Community
pharmacies

GP

Location
of Study

RCT

Observational

Type of
Study

Chol,

using

Accutrend

Chol,

using

Reflohon,

Vision

and

Kodak

POC Test

Tsuyuki
(366)

Cohen (73)

Author

675 patients at high risk for cardiovascular events (including 44% with diabetes mellitus) attending

54 community pharmacies ftom 1998-2000 were included in the study.

Patients were randomised to either (i) pharmacist intervention, receiving education and a brochure

on risk factors, POCT for cholesterol, refenal to their physician, and regular follow-up for 16 weeks

or (ii) usual care with patients receiving the brochure and general advice only, with minimal follow-

up. The primary end point was a composite measure representing improvement in the process of
cholesterol risk management which included (i) performance of a fasting cholesterol panel by the
primary care physician or (ii) addition or increase in dose of cholesterol-lowering medication.

13 GPrs (from Category 5 accredited practices in Victoria, Aushalia) and 206 patients conducting

and having POC cholesterol testing respectively completed quantitative satisfaction surveys about

POCT. Of the 206 patients, 11% had diabetes.

POCT cholesterol testing was appropriately used by GPrs and recommended management

guidelines for lowering cholesterol were followed.

GPrs and their patients reported a strong preference for POCT in all attitudinal scales of
convenience, issues of patiènt care, professional factors and cost. For GPrs, the highest positive

attitudinal scores (mean >4,4 out of a maximum score of 5) related to the convenience of having

results available at consultation, the opportuni$ to discuss results immediately and fie contribution

of POCT to preventative and overall patient care. For patients, highest positive attitudinal scores

related to the convenience and reduced stress in having results available at consultation, the

opportunity to discuss results immediately, and their satisfaction with the GP performing the tests

and understanding their needs.

A descriptive account of the main cost differences between POCT and laboratory cholesterol

measurements was provided but this was not a fulleconomic analysis.

Summary of Methodology and Key Findings
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Clinical

Clinical

Outcome
Category
Assessed

Reduction in CVD

risk

Achievement of
therapeutic

targets

Compliance

Example of
POCT Outcome
Measure

Pharmacist

led home

care

Community
pharmacies

Location
of Study

RCT

Observational

Type of
Study

Chol

Full lipid

profile

POC Test

Peterson

(367)

Bluml (365)

Author

81 patients with a cardiovascular+elated diagnosis and discharged from hospital, between April and

October 2001, on lipid-lowering drug therapy were studied. They were randomized to (i) monthly

home visits by a pharmacist, who provided education on diet and lifestyle and monitored the
patient's response to therapy using POCT Chol levels for 6 months or (ii) a control group who

received standard medical care over 6 months.

Chol in the intervention group showed a statistically significant reduction from 4.8 mmol/L (SD 0.7)

to 4.4 mmol/L (SD 0.6) after 6 months, P <0.005), whereas there was no change within the control

group (4.8 mmol/L (SD 0.9) to 4.6 mmol/L (SD 0.8), p = 0.26). At follow-up, 44% of the intervention
group and 240/o otlhe control group had Chol levels below 4.0 mmol/L (p = 0,06).

597 patients attending 26 community pharmacies from 1996 to 1999 were initially enrolled in the

study. 397 (69%) completed the study; of these 85% were Asian and were either newly diagnosed
with dyslipidaemia or already receiving lipid lowering medications but were poorly conkolled. The

paper does not state how many patients had diabetes. Patients visited the pharmacist every 3
months and then quarterly thereafter for 2 years. They were given advice by the pharmacist on

therapy, treatrnent plans and goal setting (using NCEP goals). POCT lipids were measured at
baseline, mid-study and after 2 years (mean 24.6 months).

62.5% of the 397 patients who completed the entire study patients reached and were maintained at
their NCEP lipid goal by the end of the project. Overall, there was a 13% decrease in Chol from

baseline, 10% decrease inTG,22o/o decrease in LDLC and 140/o increase in HDLC. Compliance rate

at the end of the study was 90.1%.

Overall, the primary end point was reached in 57% of intervention patients vs 31% in usual care
(odds ratio, 3.0; 95% confidence interval, 2.2-4.1; p <.001). ln the subgroup of patients with

diabetes, the primary end point was reached in 62% of intervention patients vs 25% in usual care
(odds ratio, 4.8; 95% confidence interval, 2.9-8.0; p = 0.01).

Summary of Methodology and Key Findings

NCEP = National Cholesterol Education Program
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Glucose

The evidence base for the effectiveness of POCT glucose measurement will be summarised briefly. Self

monitoring of blood glucose (SMBG) is generally accepted as a crucial component of the management of

patients with type 1 diabetes to minimise the risks of hypo- and hyper-glycaemic episodes (222).

lntensively heated patients with type 1 diabetes who undertook self monitoring of blood glucose at least

four times a day had reduced risk of developing microvascular complications of diabetes in the DCCT

study (241),

The beneflts of SMBG in patients with type 2 diabetes are contentious and widely debated in the literature

(368). Coster ef a/ conducted a meta-analysis of data from seven randomised controlled trials involving

SMBG and concluded there was no evidence of improved glycaemic control associated with frequent

blood glucose testing (369), However the studies included in the meta-analysis were methodologically

poor, lacking in statistical power and three of the trials had follow-up of 6 months or less. The authors also

acknowledged that the effectiveness of SMBG was largely dependent on the type and quality of diabetes

education which patients receive. The findings of Coster ef a/ were supported by the cross-sectional

study of Patrick ef a/, which involved 200 non-insulin treated patients with type 2 diabetes (370).

ln contrast to these findings, the large cohort study of Karter ef a/ involving over 24,000 patients with type

ll and type 2 diabetes found that SMBG was associated with clinically and statistically better glycaemic

control regardless of diabetes type or therapy (371). Murata et alalso found intensified SMBG improved

glycaemic control in 201 insulin-treated veterans with type 2 diabetes, with SMBG providing a strong

stimulus for improved self care (372), ln a large observational study of 2855 patients with type 2 diabetes,

Franciosi ef a/ found a higher frequency of SMBG was associated with better glycaemic control in patients

who were able to adjust insulin doses, whereas no relationship was found in all other patients inespective

of treatment type (373).
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Thus the value of SMBG in patients with type 2 diabetes remains controversial although it is likely to be

of benefit in selected patients, particularly in those on insulin therapy or those where safe$ is a prime

indictor for SMBG (222).

Summary of POCT Súudles for Diabetes and Renal Disease in Ambulatory Sefúrngs

While there is a clear need for further outcome studies especially randomised control trials, there is

sufficient evidence to conclude that POCT, particularly for HbAlc and lipids, can be effective in

monitoring response to therapy and achievement of therapeutic targets at least for diabetes management

in ambulatory care settings. There is limited evidence to support the observation that POCT increases

clinician and patient satisfaction, but no evidence on the clinical or cultural effectiveness of POCT for

diabetes and renal disease management in the Australian lndigenous health setting apart from the study

of Simmons (42) and papers published by the author in this research program,
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SUMMARY. GAPS IN LITERATURE AND HOW THESE ARE ADDRESSED BY THIS PROGRAM OF

RESEARCH

Table 2.25 summarises the main flndings of this literature review and identifies the cunent gaps in the

POCT knowledge base that are relevant to this thesis.

POCT now has a major role in the primary care setting where the care of patients with chronic disease is

being increasingly devolved, POCT devices are available for diabetes and renal disease management

although, apart from the study of St John et al (310) and those of the author (presented in Chapter 3 of

this thesis), their analytical performance has not been evaluated under Australian conditions, POCT can

also have clinical and operational benefits under appropriate conditions.

The Australian lndigenous medical service is an important primary care setting in Aushalia and the

burden of diabetes and renal disease represents one of the greatest contemporary challenges facing the

health care system in this country, Therefore, intuitively the Australian lndigenous health service would

appear to represent a very appropriate setting in which to conduct POCT,

Other factors which suggest that the Australian lndigenous health service would be a suitable niche for

POCT include:

access to mainstream laboratory services is ofien poor,

had never been undertaken before and they have had no previous knowledge or formal training

in diagnostic pathology testing,

prove attractive for lndigenous patients, Western standards of laboratory practice are often
{
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culturally inappropriate because lndigenous patients have difflculty attending follow-up visits to

receive laboratory results (and hence treatment) due to other social and cultural priorities,

uptake of health programs; with POCT being conducted by the Aboriginal Health Worker on-site

in the community, the sense of community control is fostered and enhanced.

Nonetheless, despite this potentially exquisite cultural fit of POCT, the Australian lndigenous health care

setting also presents one of the most challenging environments in which to conduct POCT, Most rural

and remote lndigenous health services endure difficult working conditions, including extremes of heat,

humidity and dust, regular power fluctuations, inadequate lighting and refrigerator space, and poor

access to lT services, support and infrastructure. Staff turnover among both health professional and

administrative staff is extremely high, making health programmes (including POCT) difflcult to sustain

(1 3)

However, as reiterated many times in this chapter, this literature review revealed that the application of

POCT had not been previously addressed in the Australian lndigenous health care setting. The key

research question examined in this thesis was thus: Could POCT models for the prevention and

management of diabetes and renal disease be developed and implemented in the Australian lndigenous

medical service setting, models that would prove analytical sound and both clinically and culturally

effective? The papers presented in the subsequent chapters address and answer this question.

The literature review also revealed that chronic disease is a major health problem for non-lndigenous

Australians (albeit not to the same significant levels as lndigenous people). Many of these patients,

particularly in rural and remote communities, srJffer similar access barriers to pathology and other

specialist services. As a concluding component of this research program, the transferability and

adaptability of my lndigenous POCT models to other primary care settings was investigated, with these

findings presented in Chapter 7.

{
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research. (Table continues to page 136).

Evidence base for effectiveness of POCT

Organisation and Management

Definition of POCT

Primary aim of literature review - search

for the evidence for the use and

application of POCT in the primary care

Australian lndigenous health care setting

General

Topic

While some evidence was available for the broad

effectiveness of POCT in hospital and primary care

settings (excluding diabetes and renal disease), no

studies have been conducted in the Australian

lndigenous primary care setting.

There were no standards or guidelines exclusively

written for establishing and managing POCT in a

primary care community-based setting, including the

Australian lndigenous health setting; apart from the

interim standards and guidelines being trialled in the

POCT in General Practice Trial.

No single definition was available that appropriately

addressed all aspects of POCT.

The literature was totally replete of published papers on

POCT in Australian lndigenous health care setting, apart

from the research conducted directly or collaboratively

by the author.

Key Findings/Gap ldentified in the Literature

Studies of clinical and cultural effectiveness of POCT in

different Australian lndigenous health settings have been

undertaken.

Models for establishing and managing POCT in the

Australian lndigenous health setting were developed for the

Umoona, QAAMS and POCT in Aboriginal Hands

Programs, with particular focus on training Aboriginal Health

Workers as POCT operators and managing analytical
quality.

Definition proposed in the literature review

The purpose of this program of research was to develop

and implement models for the application of POCT for
diabetes and renal disease in the Australian lndigenous
health care setting.

How Gap Addressed in
this Thesis/Program of Research

Chapter 6

Chapters 5 and 6

Chapter 2

Chapters 3-7

Relevant
Ghapte(s)
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4. Evidence for the effectiveness of POCT

for diabetes and renal disease

management

3. POCT devices

C. Analytical performance in the Australian

lndigenous health setting

3. POCT devices

B. Analytlcal goals for POC tests for

diabetes and renal disease

3. POCT devices

A. Analytical evaluations

2. Overview of tests available and clinical

utility

1. Prevalence

POCT for Renal Disease and Diabetes

Topic

No evidence was found in this literature search for the

clinical or cultural effectiveness of POCT for diabetes

and renal disease management in the Australian

lndigenous health care setting, apart from the study of

Simmons (42).

There are no published results from external Quality

Assurance Programs on analytical quality of POCT for

diabetes and renal disease in Australian lndigenous

medical services.

No analytical goals are available specifically for POC

tests for diabetes and renal disease.

Apart from St John ef a/ (310), no evaluations of POCT

analysers for diabetes and renal disease have been

reported under Australian conditions - either in the

laboratory or the field.

Although the clinical utility of HbA1c, urine microalbumin

and lipids is well established, the measurement of these

tests by POCT has not been previously undertaken in

the Australian lndigenous health setting.

There is an exhemely high burden of diabetes and renal

disease in lndigenous Australians.

Key FindingslGap ldentified in the Literature

Studies of clinical and cultural effectiveness of POCT in

different Australian lndigenous health care settings have

been undertaken.

National Quality Assurance Programs were established for
HbAlc and urine ACR POCT for diabetes and renal disease

and data on analytical performance collected and analysed

over 7 years.

Paper was written promulgating analytical goals for the use

of POC tests for diabetes management in non-laboratory

settings.

Field and laboratory evaluations of POCT analysers were
undertaken in Australia to validate this technology.

POCT for HbA1c, urine ACR and lipids was implemented in

Australian lndigenous medical services.

POCT programs have been implemented to prevent and

manage these major contemporary diseases.

How Gap Addressed in

this Thesis/Program of Research

Chapter 6

Chapter 5

Chapter 4

Chapter 3

Chapters 5 and 6

Chapters 5 and 6

Relevant
Ghapte(s)
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5. Transferability of POCT Models

Topic

No evidence on the transferability of POCT models to

other clinical settings was found,

Key FindingslGap ldentified in the Literature

POCT models in Australian lndigenous health services were
adapted for use in a rural country hospital and General
Practices in Australia.

How Gap Addressed in
this ThesislProgram of Research

Chapter 7

Relevant
Chapte(s)
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SECTION 2: PUBLISHED PAPERS
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INTRODUCTION TO PUBLISHED PAPERS

The 19 peer-reviewed papers presented in the following five chapters were published in national and

intemational journals specifically selected by the author because they targeted the professional

audiences of most relevance to, and with greatest interest in, the field of POCT.

The Clinical Biochemist Revlews and the Australian Journal of Medical Science are the offlcial

journals of the Australasian Association of Clinical Biochemists (AACB) and the Australian lnstitute

of Medical Scientists (AIMS), the professional bodies representing clinical biochemistry and

laboratory medical scientists in Australasia and Australia respectively, The Annals of Clinical

Biochemistry is the international journal of the Association of Clinical Biochemists in the United

Kingdom. Point of Care is a new international journal affiliated with the Critical and Point-of-Care

Testing Division of the American Association for Clinical Chemistry (AACC) and it is the only journal

with a specific focus on POCT.

Rural and Remote Health is the only international electronic journal focussing on rural and remote

health research, education, practice and policy, The Medical Journal of Australia is Australia's

premier journal of medical practice and clinical research.

The Aboriginal and lslander Health Worker Joumalis the oldest and principal peer-reviewed joumal

representing the Aboriginal Health Worker professional group in Australia.

ln addition to these papers, a peer-reviewed book chapter the author was invited to write in the

second edition of the book Point of Care Testing is included in the published works. Point of Care

Testing, edited by Price, St John and Hicks (14), is widely regarded as the definitive global text book

on the subject of POCT.

138



Collectively these papers and the book chapter have enabled me to strategically disseminate my

research findings to a wide audience of clinical biochemists, medical scientists, experts in the field of

POCT, clinical researchers, health professionals working in the fleld of rural and remote health

where the application of my POCT models has most relevance and, importantly to the wider

Aboriginal Health Worker profession in Australia.

As first author of these papers, my publication philosophy has been to be as inclusive as possible

with co-authors to foster the spirit of collaboration and a sense of collective ownership of the POCT

models I have implemented in the lndigenous health care setting. As emphasised throughout this

thesis, the engagement and empowerment of Aboriginal Health Workers and the lndigenous

community in general has been absolutely pivotal and crucial to the success of my POCT models in

this setting.
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CHAPTER 3

ASSESSMENT OF ANALYTICAL PERFORMANCE OF POCT DEVICES USED IN THIS

PROGRAM OF RESEARCH
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INTRODUCTION TO CHAPTER 3

The four papers presented in this chapter describe studies undertaken by the author in both the

laboratory and the field to evaluate and validate the analytical pelormance of the POCT devices

used in this research program (both prior to their introduction into a POCT model and in an on-going

sense). These studies principally involved an assessment of the analytical accuracy and/or

precision of the POCT device(s).
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IS THE BAYER DCA 2()()(l ACCEPTABLE AS A SCREENING INSTRUMENT FOR THE EARLY

DETECTION OF RENAL DISEASE?

M.D.S. Shephardr, L.J. Banattr, W. Simpson-Lyttlez

rRenal Unit, Flinders Medical Centre, Bedford Park, South Australia, 5042

2Umoona Tjutagku Health Service, Coober Pedy, South Australia, 5723

Annals of Clinical Biochemistry 1999; 36: 393-394.
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Is The Bayer DCA 2000 Acceptable As A Screening lnstrument For The Early Detection Of

Renal Disease?

The urine albumin:creatinine ratio (ACR) test first became available as a POC test on the Bayer DCA

2000 in Australia in 1998, This study was undertaken to answer the research question: Was the

analytical performance of the urine ACR test acceptable for potential use in the lndigenous medical

service setting (specifically the Umoona Tjutagku Health Service at Coober Pedy in South Australia's

far north)? The study represented the first scientific evaluation of this POC test in Aushalia. The

study was also particularly timely because there were calls in the literature in the late 1990s from

leading Australian clinical researchers advocating the urgent need to develop simple community-

based screening programs (including the measurement of urine ACR) for recognising and managing

renal disease risk factors in an Australian lndigenous population that had become burdened with

escalating rates of renal disease (235, 350, 352).

The study validated for the first time under Australian conditions that the urine ACR test on the DCA

2000 was precise, accurate and diagnostically reliable and, with its simple operation and the

availability of an on-site urine ACR result in 7 minutes, the DCA 2000 would be an ideal device for

use in the remote lndigenous community setting, The study thus provided the impetus for the use of

the urine ACR POC test in the Umoona Kidney Pro¡ect.
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Short Report Ann Clin Biochem 1999;36:393-394

Is the Bayer DCA 2000 acceptâble as a screening instrument for the
early detection of renal disease?

M D S Shephardl, L J Barrattl and W Simpson-Lyttle2
From the tRenal Unit, Flinders Medical Cenlre, Bedford Pork, South Australía 5042 and the
zIlmoona Tjutagku Health Service, Coober Pedy, South Australia 5723, Australia.

Additional key phrases: early renal disease: urine
albumin.creatinine ralio; specifcity; predictive
value lor microalbuminuria

The analytical capabilities of the Bayer DCA
2000 System point-of-care instrument (Bayer
Australia Ltd, Pymble, NSW, Australia) have
recently been upgraded to include the measure-
ment of the urine albumin:creatinine ratio
(ACR).' Microalbuminuria, defined as a urine
ACR between 3'4 and 34mglmmol for females
and between 2'5 and 34 for males,2 is a well-
established predictor fcir diabetic nephropathy
and clinical proteinuria in the non-diabetic.3 The
use of the urine ACR measurement as a

screening test for the early detection of renal
disease in high-risk population groups, such as

Aboriginal Australians, has recently been ad-
vocated,4'5

Through a co-operative partnership with the
Umoona Tjutagku Health Service, the Renal
Unit at Flinders Medical Centre has recently
begun a program for the early detection and
prevention of renal disease with the 50O-strong
Umoona Aboriginal community at Coober Pedy
in South Australia's far north. The first phase of
the study involves screening the community for
its risk factors for renal disease, the cornerstone
o[ which is the measurement of urine ACR. The
Bayer DCA 2000 instrument was selected as the
instrument of choice for this phase of the
program, but prior to its implementation, the
analytical and diagnostic performance charac-
teristics of the machine were evaluated.

METHODS AND PATIENTS

The Bayer DCA 2000 instrument uses a reagent
cartridge (Bayer DCA 2000 Microalbumin/
Creatinine Catalogue Number 061l) which
provides a quantitative measurement of albumin

Corrcspondence: Mark Shcphard
E-mail: Mark Shephard@flindcrs cdu,au

(by immunoturbidimetry, using a polyclonal
goat anti-human albumin antiserum) and crea-
tinine [by spectrophotometry using 3,5-dinitro-
benzoic acid (DNBA) at alkaline pHl, as well as

calculation of the ACR, all within a 7-mi¡
window. Common potential interfering sub-
tances with colorimetric urine c¡eatinine meth-
ods, such as glucose, acetoacetic acid, bilirubin
and cephalolothin, were shown by Bayer to
produce a bias of less than *5% using the
DNBA method.6 The measuring ranges of the
instrument are: urine albumin 5 to 300mg/L,
urine creatinine l'3 to 44'2mmol/L, and urine
ACR 0'll to 226mglmmol. Calibration para-
meters are encoded onto a calibration card
provided with each reagent kit (which contains
ten cartridges). Urine albumin, creatinine and
ACR results are displayed lor each test sample.

Low and high control samples (Bayer DCA
2000 Microalbumin/Creatinine Low and High
Control kit, Catalogue Number 6012) were
analysed daily on the DCA 2000 over a l5-day
period to assess between-run imprecision.

Sixty random; spot urines lrom diabetic
subjects (64% males and 367o females) were
analysed over a 30-day period by both the DCA
2000 (using six reagent kits) and by routine
methods at the SouthPath laboratory, Flinders
Medical Centre [urine albumin by nephelometry
using the Beckman Array (Beckman Instru-
ments Inc, Fulle¡ton CA, USA) and urine
creatinine by a kinetic Jalfe method on an
Hitachi 917 (Boehringer Mannheim GmbH,
Mannheim, Germany)1. These urines had a

range oI concentrations/ratios (by the South-
Path methods) of urine albumin 4 lo 235mglL,
uline creatinine 2to74mmollL, and urine ACR
0.4'to 34mglmmol.

RESULTS

Between-day coefficients of variation (z: I 5) lor
each measurement on the DCA 2000 were:3 07o
and 2'4o/o lor urine albumin (at levels of 34 and
201 mglL, respectively), 2'1"/o and l'8o/o for
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rouline melhods. See lext'for mønuloclurers' detøils-

urine creatinine (8.8 and 36.7mmol/L), and
3'4Yo and 2.3o/o lor urine ACR (for ratios of
3'8 and 5'5). These levels of imþrecision are
better than those achieved by thé top 20Vo ol
laboratories participating in the Royal College
of Pathologists of Australasia-Australasian
Association of Clinical Biochemists Chemical
Pathology Quality Assurance Programs group
(8'2% for urine albumin, 2.4%o for víne
creatinine, June 1998 cycle) (J Gill, personal
communication).

For the ó0 urines tested, the DCA 2000
showed excellent correlation with the SouthPath
methods (regression analysis slopes : 1.05, 1.03
and 0'99, and r:0.99, 099 and 1.00 for urine
albumin, urine creatinine and urine ACR,
respectively).

The frgure displays the dilference in results
between the two metbods for urine ACR. The
overall mean difference for ACR between the
two methods was 0'll9 (standard error 0.071);
P:0'100, not significant

Of the 60 urines tested, 34 (57Yo) were
classified as normal and 26 (43%) as micro-
albuminuric (ACR between 3'4 and 34 mg/mmol)
by the SouthPath methods. There was only one
urine sample where a difference in diagnostic
classification for microalbuminuria would have
been made using the DCA 2000 (SouthPath

Ann Clit Biochent 1999:

ACR 2'8, normal; DCA 2000 ACR 3'8,
microalbuminuria-false positive). The DCA
2000 thus exhibited the following comparative
diagnostic peilormänce characteristics for mi-
croalbuminuria:. sçnsitivity 100%, specificity
97Yo, predictive value of a positive test 96yo,
and predictive value of a negative test 100%.

CONCLUSION

This evaluation showed that the Bayer DCA
2000 provides a precise, accurate and diagnos-
tically reliable measurement of urine ACR In
addition to its analytical capabilities, the DCA
2000 has many other characteristics which make
it an ideal screening instrument for the early
detection of renal disease in a remote clinical
settin'g, such as the Umoona Aboriginal com-
munity at Coober Ppdy; it is portable; simple to
use, requires no sample or reagent plepar¿tion,
provides quick turnarounä of results (7 min) and
is cost effective (an ACR on the DCA 2000
being over three times le¡s expensive than the
standard government reimbursement for a
laboratory urine albumin and urine creatinine
determination).
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Assessment Of The Point-Of-Care Cholestech Lipid Analyser For Lipid Screening ln

Aboriginal C om mu nities.

Following the successful application of POCT in the Umoona Kidney Pro¡ect and the QAAMS

Program, the author received many enquiries from lndigenous medical services about the

measurement of blood lipids by POCT. At this time, the Cholestech LDX device was the only POCT

device available in Auskalia that performed a full lipid profile on a single blood sample but there were

no published evaluations on its analytical peÍormance in this country. This paper therefore

examined the research question: Was the analytical performance for lipid testing on the Cholestech

LDX acceptable for potential use in the lndigenous medical service setting?

The study validated for the first time under Australian conditions that lipid testing on the Cholestech

was analytically sound, particularly for use in cardiovascular risk assessment. This study provided

the impetus for using the lipid POCT device, in conjunction with the DCA 2000, for chronic disease

risk assessment and management in the Point-of-Care Testing in Aboriginal Hands Program.

t.
¡

I

I
i
/,

i

il
1i
I

I

{u

i'

145



( )r iqirrrrl \r'ticle

Assessment of the point-of-care
Cholestech lipid analyser for lipid

screening in Aboriginal communities
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t'Renal Unit, Flinders Mcdical Centrc, Bedþrd Parþ, Soutb Australia
¿'Dcpartment of Medicøl Biochemistry and Endoøinolog1, Flinders Medicøl Cenne,

Bedford Parþ, South Austalia

Abstract
Cardiovascular disease is the leading cause of mortality in Aboriginal Australians.
Screening for cardiovascular disease risk factors, notably elevated blood lipids, is urgently
needed. The small, portable Cholestech machine (Point-of-Care Diagnostics) can
enzymatically measure total cholesterol, triglyceride and HDL cholesterol (without the
prior need for precipitation of other lipoproteins) on 35¡rL of capillary or venous whole
blood in under 5 minutes. It also calculates LDL cholesterol. Its suitability for use in
Aboriginal communities was assessed. Fifty-one voluntêers had their lipids measured on
capillary and venous whole blood samples on the Cholestech. These results were compared
with ¡hose obtained by Center for Disease Control (CDC)-certiñed methods on the Hitachi
917. The correlation (r!) between the Cholestech and Hitachi machines for both capillary
and venous whole blood samples was 2 0.96 for total cholesteiol, >0.99 for triglyceride,
and 20.92 for HDL- and LDL cholesterol. The mean percentage difference between results
on the Cholestech and Hitachi for both sample types was less lhan 2Vo for total cholesterol
and triglyceride analyses and less than 5Vo for HDL- and LDL cholesterol. A positive bias
oÍ 6To was observed on the Cholestech at HDL cholesterol concentrations greater than 1.2
mmoVl-. Within-day precision (CV7o) on whole blood samples ranged from 0.9 to3.SVo for
total cholesterol, l.óto2.57ofor triglycerideandó.3 to7.9Vo forHDLcholesterol.There
was no significant difference between capillary and venous whole blood lipid measurements
performed on the Cholestech. With its simple operation, fully automated nature, sound
analytical performance and ability to produce a full lipid profile in under 5 minutes, the
Cholestech would be suitable for the Aboriginal health care setting.

Kclvords - Cholestech, point-of-care tcchnology, screening, lipids

Introduction
Cardiovascular disease is the leading cause of

mortaliry in Aboriginal .A,usrralians, with mortaliry

Correspondcncc ro: Mark Shephard
Reoal Unit, Flinde¡s Medical Centre,
Beford Park, Sourh Âustralia 5042

Fax: (08) 8374 0848 Email:Mark.Shcphard@flinders.edu.ou
Acccpted: 21 August 2001

rates due to coÍonary heart disease and stroke being

twice those of non-Âboriginal Âust¡alians (1-3). Of
particular concern are the high death rates from
coronary heart disease among young and middle-
aged Aboriginal people, q'ith death rates for people

aged 25-44 years being more than l0-times those of
other Australians (2). Risk factors for ca¡diovascular

disease in Aboriginal people include hypertension,
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diabetes, obesiry, tobacco and alcohol consumptiotr,

lack of physical activity and high blood lipids (2-7)'

Screening for cardiovascular disease risk factors,

notably elevated blood lipids, has been carried out

in selected Aboriginal communities and parts of
Australi¿. For example, the prevalence of
dyslipidaemia was examined in a study of over 1000

Aboriginal people from Central Australia, the

Kimberley in Western Ausualia and Cape York in

Queensland was 360/o (4).

In another snrdy of over 350 Aboriginal people

from a community west of Alice Springs, 680/o ol
men and 460/o of women over 35 years of age had

raised cholesterol levels, while 517o of men t¡d 27o/o

of women had elevated triglyceride concentrations

(5). In a country Victorian scteening program,3OVo

of over 120 Aboriginal males tested had cholesterol

levels greater than 6.5 mmol/L rvhile 567o had

triglycerides greater than 2.0 mmol/L (6). In the Tiwi
Islands, 50o/' of over 850 adults screened had

dyslipidaemia, notably high triglycerides (7).

Perhaps even more disturbing is the prevalence

of lipid disorders found in a recent study in the

Kimberley region of 74 Aboriginal children and

adolescents (mean age 18.5 years). Nearly a quartet

of these young Aboriginal people had

hypercholesterolaemia, while 72o/o had elevated LDL
cholesterol concentrations (8). Clearly, futther rvell

co-ordinated, community-controlled and culrurally-
appropriate lipid screening programs are urgently
needed in Aboriginal commuoities nationally to
identify people with disorders of lipid metabolism

and to provide these people with the opportunity
to participate in intervention programs aimed at

lowering thei¡ risk for cardiovascular disease.

A maior barrier to effective lipid screening in
many rural and remote Abodginal communities is

limited access to pathology laborato¡ics. Aboriginal
health setvices may be several hundred, even

thousands, of kilometres ftom the nearest pathology

service and blood samples may take up to several

days to reach that service, particulady if air uansport
is limited or unavailable. The return of results to

the communiry and then to the i¡dividual patient

incurs further delays, while patient follow-up may

not be possible.

The ability to perlorm on-site testing for blood
lipids using poínt-of-care tcchnology would address

many of the current problems associated with
cffcctive dclivery of a lipid screening service. The

small, portable Cholestech machine @oint-of-Care
Diagnostics) c^rr measure total cholesterol,
ttiglyceride and HDL cholesterol, without the prior
necd for precipitation of other lipoproteins, on 35p.L

of capillary or venous whole blood in under 5

minutes. It also calculates LDL cholesterol. The

analytical performancc of the Cholestech machine

was assessed in the laboratory, with the view to
testing the machine in the Aboriginal health care

setting for lipid screening and on-going manâge-

ment.

Materials and Methods

Satnples
Fifty-one volunteers had their lipid levels

measured on capillary (fingerprick) and venous

whole blood samples on the Cholestech @oint-of-
Care Diagnostics, Artarmon, NSV) and oo venous

plasma by the SouthPath laboratory, Flinders

Medical Centre, South Australia.

After sitting for 6ve miriutes, each subiect had a

capillary and venous rvhole blood sample collected

less than Írve minutes aPart. The capillary sample

for the Cholestech was taken from the upper side

corner of the chosen finger, with the fust drop of
blood being wiped away. Venous whole blood rvas

collected by venepuncture into a heparinised blood

cube. After tesdng the venous whole blood sample

on the Cholestech, the remaining blood was seot to

SouthPath, where it rvas centrifuged for Eve minutes

at 5,000 rpm and venous plasma separated for

subsequent analysis.

Tbe Cholestech system

Thirty-five microlitres of sample (capillary or

venous whole blood) is placed in the sample well

of the Cholestech reagent cassette, and loaded into

the instrumcnt. Once in the machine, plasma is

separated f¡om red blood cells using a glass fibre
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screen. Plasma is di¡ected to individual anal¡c-speciñc,

solid phase teagent pads conraining reactants. Resultant

colour is measured by reflectance photometry.

Total cholestcrol and triglyceride are measured

enzymatically using a Ttinder's indicator system with
N-ethyl-N-sulfohydroxyp ropyl-zr- toluidine . sodium

salt (9).

HDL cholesterol is isolated from othe¡
lipoproteins following their precipitation in thc
cassette using dextran sulphatc/magnesium acctrite

(10). The filtratc containing HDL cholcstcrol is thcn
di¡ected to the HDL cholesterol rcaction pad, whcre
cholesterol in this fracúon is measured enzymatically
as above.

LDL cholesterol is calculated using the Friedervald

formula (I-DL cholesterol = Total Cholesterol -

HDL cholesterol - Triglyceride/2.2) (11). This
formula provides an adequate indirect estimate of
LDL cholesterol, provided the sample has a

triglyceride concentration less than 4.5 mmol/L and
is free of chylomicrons (1 1). For these reasons, fasring
samples are the specimen of choicc for LDL
cholesterol calculation by the Friedewald formula.

Caübration information is cncoded on a magnctic
strip on each casserre and is read by the analyser during
each analysis. Calibrarion is set by the manufacrurer
using pooled hum¿n whole blood or sela rhat have
assþed values traceable to the National Committcc
for Clinical Laboratory Standrrds (for total
cholesterol) and Centres for Disease Control
Reference lvferhods (for triglyceride and HDL
cholesterol).

The Cholesrech is capable of measuring analyte
concentretions within the following ranges: total
cholcsterol 2.6 to 72.9 mmol/L, triglyceride 0.5 ro
7 .3 mlmol/L, and HDL cholcsterol 0.4 to 2.6 mmol/
L. Patients wirh results exceeding the instrumcnt's rvide
assay limits for any of these analytes should h¡ve a

fresh, fasting vcnous samplc collected and sent to the
laboratory for accuratc quantitation.

Comparative method
Total cholesterol, triglyceridc and HDL cholesrerol

were also measured on separatcd venous plasma by

routine methods at the SouthPath laborator¡ Fli¡ders

Medical Cenue. Total cholesterol and triglyceride were

measured enzym ¡rcally on the Hitechi 917 analyser

(Roche Diagnostics, Germany). HDL cholesterol was

measu¡ed eîzym^rica,lly on the Hitachi following
precipitation of vcry low and low density lipoproteins
from plasma with phosphotungstic acid/magnesium

chloride (12).

All methods are ccrtiÍled through participation in
thc Centcrs for Discase Control- National Heart, Lung
and BIood Institute (CDC-NHLBI) Lipid
Standardisation Program (Centcrs for Disease Control
and Prevcntion, Atlanta, Gcorgia).

P¡ecisíon studies
\ùüithin-day precision studies (n= 10) were

performed on fresh vcnous q¡hole blood samples

from three volunteers. Between-run precision srudies

(n = 10) were conducted using liquid quality conuol
materia.l (Cholestech LDX Conttols, Level 1 and Level

2, Catalogue Number 10-983). During the evaluarion,

Level 1 ¿nd Level 2 cont¡ols were run in an alternate
mannc¡ every fime a neur reagent kit was opened. A
singlc lot number of reagent was used throughout
the evaluation.

Statistical analyses
Passing/Bablock linear regression analysis was used

to âssess the correlation between analytical
measurements on the Cholestech and Hitachi analysers

(13,14). Slope, intercept, correlation coefficient (r) and

standa¡d error (Sy.x) are calculated using the Passing/
Bablock analyiis. If the test merhod (Cholestech)
showed good agreement with the comparative
method (Hitachi), the slopc rvould be close ro 1.00,

the intercept ncar to 0, the correlarion coefficient close

to 1.00, and the standard error small.

Results

Range of analyte concentlat¡ons tested
'fhe range of analyte concent¡arions found in the

51 subiects tested in this study was: rotal cholesterol
3.1 to 8.5 mmol/L, triglyceride 0.5 to 7.8 mmol/L,
Hf)L cholesterol 0.7 to 2.6 mmol /L a¡d LDL
cholcstcrol 1.6 to 5.1 mmol/L (Ilitachi, venous plasma
values).
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Method comparison
The co¡relation betveen the Cholestech and

Hitachi machines is shown for each analyte and each

sample rype using Passing/Bablock linear regression

plots (Figure 1).

The correlation (É) between the Cholcstcch and

Hitachi for both capillary and venous n¡hole blood
samples rvas >0.96 for total cholesterol, )0.99 for
triglyceride, arÀ>0.92 for HDL cholesterol and LDL
cholesterol,

The mean 7o difference betrveen results on the

Cholestech and Hit¿chi for both sample rypes was

less than 2o/o f.or total cholesterol and trigylceride
analyses and less thaa 5.5% for HDL cholesterol and

LDL cholesterol. A positive bias of 60/owas observcd
with capillary HDL cholesterol on thc Cholestech at

concentrations greater than 1.2 mmol/L.

Comparicoa between capÍIlary and venous whole
blood

The mean percentâge difference berween capillary
and venous rvhole blood lipid measurements
performed on the Cholestech was 0.870 for rotal
cholesterol, 0.4o/o f.ot triglyceride, 2.3o/o Lor IF^DL
cholesterol and 2,7o/o for LDL cholesterol (p>0.05,
not significant by the paired l-test, excepr for HDL
cholesterol where p=Q.Q29). This indicates that
capillary sampling provides lipid results equivalent to
those obtained using venous whole blood.

P¡ecisÍon

tù(iithin-day precisioo (coefficients of variaúon) on
three fresh whole blood samples ranged from 0.9 to
3.5o/o f.or total cholesterol, 1.6 to 2.5o/o for trigtyceride
and 6.3 to 7.9%o for HDL cholesterol. Between-run
precision on the rwo liquid controls (Levels 1 a,nd 2)
were 3.2 a¡d,3.4o/o for total cholesterol, 3.1 and,3.0Vo
for triglycerid e, 2.2 a¡d, 2.4o/o for HDL cholesterol.

The median imprecision achieved by all
Australasian laboratories using all merhods in rhe
most recent cycle of the Royal College of
Pathologists o f ¡{ust¡alasia-Aus tralasian Association
of Clinical Biochemists General Scrum

Chemistry Quality Ässurance Program w^s 2.5Vo

fot total cholcsterol, 3.8o/o for triglyceride md 5.2o/o

for HDL chole sterol (I Gill, personal
communication).

Przcticabilìty of the Cholestech
The Cholestech machine proved very robust

during the laboratory evaluation. Âcross more than

200 analyses, no instrument breakdowns or cartridge
error rhessâges were recorded. An administrative
staff member with no previous laboratory
experience performed much of the evaluation. This
person was able to conduct analyses after less than

half an hour's training, and commented on its ease

and simplìcity of use.

Discussion
With heart disease being today's greatest single

câuse of Aboriginal mortaliry the need to characterise

cardiovascular risk profiles among Aboriginal people

is clearly a pressing concern. Screening for elevated

blood lipids is an important component of identi!'ing
risk.

The ability to perform on-sire lipid tesring in the
Aboriginal community setting offers conside¡able
advantages to both Aboriþal patieot and docto¡. In
particular, the abiliry to conduct testing and have the

result immediately available to the paticnt means rhat

the results a¡e more ¡elevant and timely for the patient,

while the doctor can act more expediently on the

results and tailor iubsequent management accordingly.

In our Iabo¡atory evaluation, the Cholestech point-
of-care lipid analyser demonstrated excellent analytical

performance characteristics for total cholesterol and

uiglyceride. HDL cholesterol measurements on the

Cholestech shorved a small positive bias at
concentrations greater than 1.2 mmol/L and greater

imprecision than total cholesterol and triglyceride
analyses on rvhole blood samples. Horvever, overall

performance for this analyte was considered
satisfâctory for screeniog purposes where the
combination of lorv HDL cholesterol (less than 1.0

mmol/L) and high triglyceridc (greatcr than
2.0 mmol/L) is of particula¡ çliniçf concetn.

I
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The machinc's ability tc-r mcasurc HDl, cholcstcrol
in lcss rhan frvc minr¡tcs, rvithout thc nccd for prior
prccipitation of othcr lipoprotcins, is r maior prâcricnl

advantage for fìcld usc.

Prcvious srudics havc suggested thar lipid analyscs

performed on capillary fìngerprick samples produccd
rcsults that wcrc lowcr than those found on c<¡uivalent

vcnous whole blood samples (15). 'l'his rvas

considered tr¡ be duc in part to contaminatiolt
(dilurion) of cepillary wholc blood rvith tissuc fluid,
and to the dependence of fingerprick sampling on

good technique.

However, rvith thc dcvelopment of bcttcr
guidelines for fingerprick sampling (including
adherence to wiping awey the first drop of blood),
recent dâtâ, including the prcsent srud1', shorvs that
the more convenient capillary (fingerprick) wholc
blood sampling is a suitable analytical surrogatc for
the morc invasive, more rechnically difficult
venepuncture sampling (l 6).

With its simple opcradon, fully automared nârure,

sound analytical performance and abiliry to produce
a frrll lipid profile in under 5 minutes, the Cholestech

offers a robust, practical option for firsr-line lipid
screening in the Aboriginal health ca¡e serring.

Together r¡,'ith the concu¡renr development of
communiry education programs targeting nurrition,
exercise and smoking and alcohol reduction strategies,

the Cholestech machine has the potenrial to play an

integral role in reducing the burdcn ofcardiovascular
risk that currently afflicts Aboriginal people.
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Point-Of-Care Testing Of HbAlc And Blood Glucose ln A Remote Aboriginal Australian

Community.

Prior to commencing this research program, the author had considerable experience in using the

Bayer DCA 2000 for POC HbAlc testing in the diabetes clinic and in the laboratory at Flinders

Medical Centre. lts analytical quality had been validated by regular (unpublished) patient comparison

and precision studies conducted in the laboratory setting and through its consistently sound

performance in the RCPA Glycohaemoglobin extemal quality assurance program for laboratories

(141).

This paper described a collaborative research study which addressed the research question: Was

the DCA 2000 robust enough to maintain analytical accuracy for HbAlc POCT when testing was

conducted in very remote lndigenous medical service which experienced extreme conditions of heat

and humidity? The study was undertaken by the author and researchers from the Princess Margaret

Hospital for Children, the Western Australian Country Health Services - Kimberley Region, and the

School of Population Health and Telethon lnstitute of Child Health Research from the University of

Western Australia. The author co-wrote this paper with Dr David Martin as joint principal authors.

A second POCT device, the HemoCue glucose analyser, was also evaluated as part of this study but

was not used in any of the POCT research models presented in this thesis.

This study verifìed the robustness of the DCA 2000 and confirmed its sound analytical quality in the

remote lndigenous setting, with results obtained by comparative POC and laboratory testing being

statistically, analytically and clinically similar.
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Point-of-care testing of HbAr. and blood glucose in a remote
Aboriginal Australian community

COMMUNITY GARE - RESEARCH

ABSTRACT

Objectives: Toassesstheaccuracyofpoint-of-care(POC)measurementsofcapillary
blood glucose and glycosylated haemoglobin (HbA1.) levels in a remote Aboriginal
community with high diabetes prevalence.
Design: Cross-sectional study comparing POC capillary glucose and HbAl. results with
those from corresponding venous samples measured in a reference laboratory
Participants and setting: 152 residents aged 11-76years (representing 7ó% of
population aged over 1 1 years) had POC glucose measurement in November 2003; 88
with POC glucose level > 5 0 mmol/L, or self-reported diabetes, had POC HbA,. and
laboratory glucose and HbA1. measurements.
Mainoutcomemeasures: POCfastingcapillarylevelsofglucose(HemoCueGlucose
201 analyser, Medipac Scientific, Sydney) and HbA1. (DCA 2000+ analyser, Bayer
Australia, l\4elbourne); correlation and mean difference between capillary POC and
venous blood Iaboratory measurements of glucose and HbA1.,
Results: Mean and median POC capillary glucose levels were 7.99 mmol/L and
6.25mmol/L, respectively, while mean and median laboratory venous plasma glucose
concentrat¡ons were 7 ó3 mmol/L and 5.35 mmol/L. Values for POC capillary HbA1.
and laboratory HbAl. were identical: mean,7.06o/o; and median, 6.0o/".The correlation
coefficient rfor POC and laboratory results was 0 98 for glucose and 0.99 for HbA.'..
The mean difference in results was 0 3ó mmol/L for glucose (95% Cl, O 13-0.ó2; limits
of agreement ILOA), -2 07 to 2.79 mmol/L; P= 0.0071and < 0.01% for HbAl. (95% Cl,

-O.O7% to O.O7%; LOA, -0 6óo/o to 0.66"/"; P: 0 95), respectively.
Conclusíons: POC capillary HbA,.testing, in particular, offers an accurate, practical,
community-friendly way of monitoring diabetes in rural and remote clinical settings
POC capillary glucose results should be confirmed by a laboratory test of venous plasma
if the results are likely to significantly influence clinical decisions.

MJA 2005: \82 52,1-5?l

David D Martin, Mark D S Shephard, Hayley Freeman, Max K Bulsara, Timothy W Jones, Elizabeth A Davis and Graeme P Maguire

T tO.2 diabetes mellitus and its seque-

$ lae are a major cause of premature
-r- mortality in Aborigrnal Australians

and Torres St¡ait lslanders today.l Whereas
this disease did nor seem to exist in Australia
before European sertlement,2 reported prev-
alence ¡ates in the last decade have ranged
beween I0% and 30oÁ, depending on the
study populations and screening merhods,
and have shown an increasing trend l

Effective diagnostic and managemenl
tools are needed. F¡om the viewpoints of the
community members and their on-site car-
ers, an ideal diabetes monitoring program
would combine immediare and easily inter-
pretable results with direct feedback to the
individual, and would be linked to an effec-

tive long-term follow-up program Point-of-
care (POC) tesring of blood glucose and
glycosylated haemoglobin (HbA,.) levels
would meet these requirements if sho\4'n to
be accurate and reliable in the remo¡e, hot
and humid conditions characteristic of
many lndigenous communities

The Bayer DCA 2000+ glycohaemoglobin
analyser (Bayer Australia, Melboume, Vic) is
being increasingly used [or POC HbA1. test-
ing in remote and rural clinical settings,
through the Australian Govemment's Qual-
ity Assurance for Aboriginal Medical Serv-

ices (QMMS) Program,a'5 which now
involves over 60 services across Australia,
The HemoCue Glucose 201 analyser (Medi-
pac Scientific, Sydney, NSW) is a new-
generation, hand-held glucose meter that is
now widely used in Australia

We conducted a study in a remote lnd'ige-
nous community in northern Western Aus-
tralia to examine the accuracy of POC
capillary HbA,. and glucose measurements
for monitoring diabetes in diflicult environ-
mental working conditions, with extreme
heat and humidity.

METHODS

This project was part o[ a community-based
capacity-building program designed by the
Unity oI First Peoples of Australia (UFP.A)

and Westem Australian Country Health
Services - Kimberley region, to improve
primary and secondary prevention of
chronic metabolic d'iseases in Indigenous
Aus¡ralian communities.

Setting and participants

The study was part oI a larger study investi
gating the prevalence of diabetes, obesity
and related health problems Ir was con-
ducted between 25 October and 2 Novem-
ber 2003 in a remote Aborigrnal Ausrralian
community, located abou¡ 300km inland
from Broome in the Westem Kimberley
region. The community has a population oI
2OO-250 ,{ll residents aged 12 years or
older were encouraged to participate in the
study. Cooperation with the community

Endocrinology and Diabetes, Princess Margaret Hospital for Children, Perth, WA.
David O Martin, MB BS, PhD, Research Fellow; T¡mothy W Jones, DCH, FRACP, Director of
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1 Characteristics of study partic¡pants (n=1521, and point-of-care (POC) and
laboratory results for those who had both POC and laboratory testing (n= 88)*

Adults Children

Variable D'tbtt''t lttt"d'"b"t'" (non-diabetic)

Total

No of females (%)

Age in years l,/ean (5D)

Rang e

D¡abetes or POC glucose > 5 0 mmol/L*

POC glucose (mmol/L) Mean (SD)

Median (range)

Laboratory glucose Mean (SD)

(mmol/L) Median (range)

POC HbAr. (%) lvlean (SD)

Median (range)

Laboratory HbA1" (%) Mean (5D)

Median (range)

(n: 3ó)

27 Q5%')

50.5 (14.1)

('t8 4-76.3)

(n:3ó)
11 1ó(4s8)

1't 0 (3 4-22 1l

1 1.s0 (s ó2)

1 1.8 (3 0-28.3)

9.17 (2.221

9 s (s ó-13 2)

91s 12.40)

9 4 (5.5-1 3.4)

(n=76)

42(s3%)

37 s (1s 4)

(27 3-76.3)

(¡ = 38)

s 87 (1 04)

5 s (4 !10.1)
5.23 (1 00)

5.0 (3 9-9.1)

s 80 (0 41)

s.8 (4 9-6.71

s 74 (0 38)

s7 (4.9-6.61

(n - 40)

23 (s1%l

13 7 11.7)

(1 1 0-1 7.s)

(n= 14)

s 87 (1 .30)

5.3 (5.1-10 1)

4.71 (1 03)

4.5 14.o-A 2)

s 33 (0.42)

5.4 14.2-5 8\

s.s3 (0.34)

s ó (4.7+ 1)

¡ POC assay of HbA1. and laboratory assay of both glucose and HbA1. were conducted only for people with
self-repoded d¡êbetes or POC glucose level > 5 0 ñmol/L HbA,. = glycosylated haemoglobin

COMMUñIITY CARE - RESEARCH

school enabled 40 school children aged I 1-
18 years to participate

Informed wri[ten consent wâs obtained
from each participant in the weeks before
the monitoring week, For those aged under
I6 years, informed written consent was âlso
obained from a legal guardian (usually the
mother or grandmother). Approval was
obtained from the local community council
to use pooled data.

Protocol

For the 2 months preceding the srudy week,
three experienced UFPA carers (D D M, H F and
GPM) lived in the community to establish a

good relariorrship with community members,
gather population statistics, assess and optimise
krowledge about diabetes and lifestyle, and
preparc the community for the assessment

Participants were interviewed to obtain a

basic medical history and underwent a physi-
cal examination They were asked to fast
ovemight (unless cunently receiving medica-
tion lor diabetes) before collection of blood
ând urine samples the following moming for
POC and laboratory investigations

All participans had POC measuremenr of
fasting capÍllary glucose level Those wirh a

glucose level <5 OmmoVl (equivalent to fasr
ing venous plasma glucose level <5.5mmol/
Ló) were assumed not Lo have diabetes and not
tested funher (unless known to be taking
medication for diabetes)

Panicipants with a fæting capillary glucose
level >5.0mmol/L, and those wirh sel[-
reported diabetes, were immediately followed

up with POC capillary HbAlc assay of the same

capillary blood sample and with venepuncture
for subsequent measurement of HbA¡. and glu-
cose levels in a rcfercnce laborâtory

Participants with a laboratory venous
plasma glucose level in ¡he ran4e 5.5-
I I I mmoVL underwent an oral glucose tol-
erance test (OGTT) with 75 g oI diluted
anhydrous glucose on a subsequenI day.

Diabetes was defined as:
. fasting plasma glucose level > 7 0 mmoVl:
OR
. 2-h plasma glucose level > ll I mmol,/L
by OGTT: OR
. existing diagnosis of diabetes confimed
in medical chart 7 8

Glucose and HbAlc measurements

Point-of-care methods
Capillary glucose level was measured on site
in a 5 pL fingerprick blood sample by a

Hemocue Glucose 20I aîalyser. This meas-

ures glucose enzymalically using glucose

dehydrogenase and produces a result within
4 minutes

Capillary HbA,. was measured on site in a

I ¡rL sample of whole blood by a Bayer DCA
2000+ analyser This measures HbA1.
immunochemically, producing a result in 6

minures.e Blood samples for HbAr. testing
were transferred ro reagent cartridges and
analysed immediately after collection to
ensure they did not dry out, causing meas-

urement errors.
POC analyses were performed in a room

open to the outside environment, in which
temperature varied between 27"C and 3l'C,
For HbA¡. measurement, which can be
affected by high temperature, we followed
the manufacturer's recommendations to
check that reagents had not been exposed to
excessive heat (indicated by a heat-sensitive
colour pad on the front oI each reagent box),
and to recalib¡ate the analyser and test a

quality control sample each time a new box
oI reagents was opened

Laboratory methods
Laboratory tests were perfomed at Derby
PathCentre, Derby, WA (glucose), and the
Western Australian Cenrre for Pathology
and Medical Research, Perth, WA (HbAt.).

For glucose analysis, venous whole blood
samp'les were collec¡ed in containers with
fluoride-EDTA as preservative, then centri-
fuged at room temperature for I0 minutes at
>800g Supernatants were stored at OoC for
Iess than 4hours before being trarsponed on
ice by road to Derby (3-4hours' dríve).
Venous plasma glucose level was measured

enzymarically on the Vitros 250 Analyser
(OrthoClinical Diagnostics, Rochester, NY,
USA) using glucoæ oxidase spectrophoto-
metrÍc dry chemistry.

For HbA¡. measurement, part of each
original whole blood sample was transferred
to a container with EDTA as presewative,
and llown on ice 2000km to Perth. HbA,.

2 Comparison of point-o{-care and laboratory results for 88 participants w¡th
capillary glucose level .> 5.0mmol/L or known diabetes

Glucose (mmol/L) HbAr" (%)

POC Laboratory POC Laboratory

Mean

Median

Range

Mean difference (95% Cl)

Lim¡ts of agreement

*By paired ttest POC = point of care HbA,. = glycosylated haemoglobin

799

625

3 4-222

5.35

3 0-28 3

706

ó0

4.2-13.2

7.06

ó.0

4.7-13 4

+ 0.3ó (0.1 3.{.ó2) (P = 0.007)-

-2.07 to 2 79

0 002 (-0 07 to 0.07) (P = 0.95)*

-0óóto0óó

MJA r V6l¡¡¡s 182 Number'lQ o 16 May 2005 52õ



3 Bivariate plot comparing point-of-
care and laboratory results (n = 88)

A, Glucose asæy

o Diabetes
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Laboratory HbA,. (%)

POC = point of care

HbAr. = glycosylated haemoglobin

was measured using cation-exchange high
performance liquid chromatoEraphy
(HPLC) on the Bio-Rad Variant 1l (Bio-Rad

Labo¡atories, Hercules, USA). This has mean
intra- and inter-assay precision (coefficients

ofvariation) <2% This assay is certified by
the US National Glycohemoglobin Stand-
ardization Program as traceable to the Diâ-
betes Control and Complications Trial
reference method to

l-aboratory results were available after I
day for glucose, and after 3 days for HbA'.

Statistical methods
Data were analysed using JMP sofrwarell
anà are presented as mean and 95% conf!
dence i.ntewals unless otherwise stated Lin-
ear regression anaÌysis was perfomed and
Pearson's correlation coefficient (r) was cal-
culated for each analyte, The two-tailed
Student's t test was then used to compare
POC and laboratory measurements for
paired samples, with P<0.05 representing
statistical significance. Bland and Altman
plotsl2 were used to calculate mean differ-
ence .(bias) and limis of agreement (LOA)
berween che two methods, Regression analy-
sis was performed on the Bland and Altman
plots to detemine whether bias was con-
stant or propo¡tional to concentration

Power calculations using 0 05 for a and p
suggested that 26 participants would be
required to detect a l mmoVl difference in
means between laboratory plasma glucose
and POC capillary glucose levels, and that
12 panicipants would be required to detect
a 0.57o difference between laboratory and
POC HbA,. results

RESULTS

POC capillary glucose measuremenß were

made in 152 individuals, including 40 chil-
dren aged between lI and l8 years (Box I).
These I 52 represented 76% of the population
aged over 11 years in the community, and
included 82% of residents with known dizbe-
tes POC capillary HbAr. measurements and
laboratory analyses of venous blood were

subsequently performed in 88 o[ these people
(all with capillary glucose level Þ 5 OmmoVl
or self-reported diabe¡es)

Prevalence of diabetes was found to be 32o/o

in aduhs (36 of t 12) and 0 in children The
prevalence of impaired fasting glucose could
not be reliably assessed as 40% of panicipants
were not properly fasting. Similarly, the preva-
lence of impaired glucose tolerance was not
calculared as the OGTT was performed only
in participans with fasting plasma glucose

levels in the range 5.5-lImmoVL None o[

526
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the patients with diabetes were receiving renâl
dialysis treatment at the time of the srudy.

Comparison of glucose results

POC capillary glucose level is compared with
laboratory plasma glucose level Io¡ the same

patients in Box 2. Glucose concentraúoru
de¡ermi¡ed by the two methods were signifi-
cantly correlated (r= 0,98; P<0 00I) (Box 3A)
Howeve¡, actual values dilfered significantly
between the two methods (P=0007 by
paired t rest). The mean difference was
+0 36mmoVl (95Yo Cl,0.l1-0 62mmoUl),
with lower and upper LOA, -2. O7 and
279mmol/I- (Box 4A) The difference Ín glu-
cose concentration between the two methods
was concentrat.ion dependent (r=0 69;
P< 0 001), with the POC measurement gener-

ally higher ùran the labo¡atory measureinent
at glucose concentrations <I0mmol,/L by
POC measurement, and lower at concentra-
tions > lOmmoVl

Comparison of HbA1. results

POC capillary HbA,. concentration is com-

pared with laboratory plasma HbA¡. concentra-

tion in the same patients in Box 2 Median
values for HbAr. concentration by the rwo
methods were identical (6 0%), as werc mean

values (7.t%) Resuls by the two methods were

sþificantly correlared (r=0.99; P<0.001) (Box

3B), and the mean difference berween them was

neither statistically nor clinically significant
(0.002Vo',9J1' Cl, -O.07% to 0.07%; LOA,

-O 66% ro 0.660/o: P =0.95 by paired t tesÐ

(Box 48) The diffe¡ence was greater than
0 5% in five of the 88 samples, only one of
which was in the HbAl. range 6Vo-10%'.

The very small bias observed was constant
across the range of HbAr. concenlrations
measured (r=0.05; P=0 I4)

DtSCUSSTON

lndigenous Ausrralians in regional Australia
often live in isolated communities that are a
sþi-ficant distance from pathology laborato-
ries For example, in our study, the nearest

laboratories able ¡o measure glucose and HbAt.
concentrations were 300km and 2000km
away, respecrivel)¿ Poc pathology testing is
therefore a desirable altema¡ive to laboratory
testing, provrded it gives comparâble results

Our study aimed to assess the accuracy and

reliability of POC glucose and HbAt. æsts

compared with laboratory tess of venous sam-

pìes transponed to the nearest laborâtory

For HbA,., the values obtained by POC and

laborarory testing were statisticâlly, analyti-
cally and clinica'lly identical Thus, POC test-

ing for HbA,. using the Bayer DCA 2000+
analyser has demonst¡ated acceptable accu-

racy for fieìd use in this remote Arrtralian
Aboriginal communiÐ¿ However, we could
not assess the precision (or reproducibility) of
these tests, because o[ the small number of
quality control samples tested Cenainl¡ it is
imponant that the precision of HbAr. meas-

urement approaches 3% or less, to ensure that
clinically signiÊcant changes in serial HbAr.
concentrations can be detected.ll ln the

QAAMS Program (currently being conducted
in 60 Aboriginal medical services across Aus-

tralia), precision of HbA¡. measurement using
the Bayer DCA 2000+ is monitored continu-
ally. e median berween-

site 3.5%,4 while du¡-
irg l{

We found that the POC and laboratory
results for glucose concentration were reason-

ably correlated but showed a concentration-
dependent diflerence. Many variables could
account for this The time available for ¡rain-
ing local staff to use the HemoCue glucose

MJA . Volume 182 Number"lQ o 16 May 2005



4 Difference (Bland and Altman) plot
for point-of-care versus laboratory
results
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PloÌ of the díflerence benveen results for
each pat¡ent (POC -laboratory result)
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Horizontal lines represent bias (mean
difference between POC and laboratory
resu,ts) and ¡ts limits of agreement (LOA),
while sloping lines represent the regressíon
line and its 95% confidence limíts.

For glucose measurement, b¡as was
+ 0 36 mmol/L. The regression line
(difference = 1.88-0.19 mean) indícated
that bias varied significantly wîth glucose
concentration k = 0.69; P < 0.001 )

For HbAr, measuremenl, b¡as was
close Ìo 0, and the regression line
(difference = 0 16- 0.023 mean) indicated
that it did not vary significantly with HbAr,
concentrat¡on (r =0 05: P = 0.14)

POC = point ol care

HbA,. = glycosylated haemoglobin

meter was very limited; appropriate and
deøiled training is cri¡ical for staf conducring
tests outside the laboratory environment.
Other factors potentially contriburing to the
observed difference include the different sam-
ples collected (capillary versus venous blood)
and tested (whole blood versus centrifuged
plasma), and the effects of transportation on
the laboratory samples.6 A furthei study com-
pa¡ing glucose concentrâtiotLs measured by
the HemoCue meter and rhe Vitros Analyser
using the same venous samples âIter appropri-
ate sraff training \¡/ould be necessary to fully
investigare the observed diferences.

We did not formally survey the satisfaction
of padents and health professionals wirh POC
testing. Howeve¡, nonlaboratory stafl in the
community (Aboriginal hea'lth workers and
nurses) were able to operate the DCA 2000+
afte¡ on-site training. POC testing provides the
opportunity for immediate feedback and
counselling, making it an ideal tool for inex-
pensive on-site motivational management o[
diabetes. Patiens expressed their appreciation
of the simultaneous education and opponu-
nity to "see what happers with their blood".
They generalþ prefeÍed fingerprick collection
to venepuncture Other studies in both lndige-
nous and non-lndigenous settings h.ave âlso
shown ûtat POC HbAlc testing can improve
diabetes control when linked with aggressive
clinical management regimens and specialìst
suPporr.l 5-l 7

This study shows that HbAr. can be conven-
iendy and accurateþ measurcd by POC testing
with the Bayer DCA 2000+ anaþer in rural
and Ìemote clinical serringp This form oI resr-

ing is suitable for regular HbA,. morutoring
across all concentrations. The study also opens
the way to investigate the contriburion of POC
HbA¡. testing to diâgnosis of diabetes when it
is uncenain whethe¡ the patient has fasted
POC glucose testing has a useful role in screen-
ing for diabetes risk, as well aç selËmoniroring
for people with known diaberes, and it is
imponant that the performance of differenr
glucoæ meters is lmown in specific ciinical
settings. However, the diagnosis o[ diabetes
should still rely on confirmarory resrs ofplasma
glucose conceniration in the laboratoryo
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Assessment Of The Practicability And Analytical Pertormance Of A Point-Of-Care Affinity

Chromatography Haemoglobin Alc Analyser For Use ln The Non-Laboratory Seffrng.

When this research program commenced in 1997, the Bayer DCA 2000 was the only POCT device

for HbAlc measurement in Australia. However, with the increased interest in POCT in Australia

generated by my work and the impending POCT in General Practice Trial, a new POCT device for

HbAlc - the BioRad Micromat 11 - was brought onto the Australian market around2002.

This study was conducted to answer the following research questions

the established DCA 2000 and the routine laboratory method used for HbAlc measurement

at Flinders Medical Centre?

The results of this research study confirmed the sound analytical performance of the DCA 2000, but

showed that the Micromat's poor imprecision and the high degree of technical expertise needed to

operate the device limited its reliability and practicability in rural and remote settings.
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Short Report

Assessment of the practicability and analytical performance of a
point-of-care affinity chromatography haemoglobin 41" analyser for
use in the non-laboratory setting
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lntroduction

Diabetes rnellitus. rvitlr its associated long-term micro-
vascular complications, is a major gìobal health pro-

blem. The measuremenl of haemoglobin Ar. (HbAr.)

provides an assessment of glycaemic control over the
preceding threc months and is a pivotal pathology test

for the long-term managcmcnt oI patients with dia-
betes. The analytical impcrativc lor precise anrl accu-
rate HbA¡. measutements ariscs from its clinical
use in tracking changes in glycaenric control over time
and determining whether patients have achicved,
Australia clinical targets.

In Australia, thc DCA 2(X)0 point-of-czrre analyser
(BayerAûstralia, Melbournc, Australia) has been used

widely in rural and remote locations and in indige nous

Background Haemoglobin Aic (HbA1") is a pivotal pathology test used around

the world for the longlerm management of patients with diabetes. Point-of-care

testing (POCT) provides a convenient means for conducling HbAl" testing outside

the laboratory.

Methods The practicability and analytical peÍormance of the Micromat ll POCT

HbA1. analyser (Bio-Bad Laboratories, USA), which has atfinity chromatography as

its methods principle, was evaluated in Australia and compared with the DCA 2000

POCT device (Bayer Australia) and a laboratory-based high-performance liquid

chromatography (HPLC) method,

Fesults Overall between-day imprecision over 10 days was 1 .9% for the laboratory

HPLC method, 2.2oklor the DCA 2000 and 7.0%lor the Micromat ll. ln a second

study overlhe same lime period, the Micromat ll's imprecision was 6,4%' The mean

difference between lhe Micromat ll and the laboratory method in a patient comparìson

(n:100) was -0,25% (lower and upper limits of agreement -1.79 to 1'30).

Conclusions The imprecision obtained with the Micromat ll was inferior to both

the DCA 2000 and laboratory melhods and did not meet current inlernationally

accepled precision goals for this analyte. The Micromal ll's poor imprecision can be

explained by the high degree of technical experlise needed to perform the test; its

use by nonJaboratory health professionals such as nurses and Aboriginal health

workers in rural and remote Australia cannot be recommended.

Ann Clin Biochem 2006; 43: 513-515

and non-indigenous health settings for monitoring
HbA1,. levcls through point-of-care testing (POCT)

models including the national Quality Assurance lor
Aboriginal Medical Services (QAAMS) Programme

and the Diabetes Management Along the Mallee'frack
project.l-2 The DCA 2000 measures HbA¡. by immu-
noassay on I ¡rI- of capillary whole blood in (r min and,

in these programmes, this instrument has proven

reliable and analytically sound in the hands of non-

laboratory POCToperators.
It 2OO2 a new POCT HbA1. antrlyser, the Micromat [l

(Bio-Rad Laboratorics, CA. USA), r,r'as introduced into
Australia. The small bench-top device uses affinity
chrornatography to measure HbA1. on 10 ¡rL of capil-

lary whole blood in approximately 5 min. This study

was conducted to cletermine its practicability and
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514 Shephard and Whiting

analytical performance relative to the DCA 2000
analyser and a laboratory-based high-perlormance
liquid chromatography (HI'LC) rnethod, and to assess

its potential application as a POCT HbA1" anaÌyser in
rural and remote Australia.

Methods

Analytical principle of Micromat ll POCT haemoglobin
41" method
The capillary blood sample was initially diluted. lysed to

reìease haemoglobin, mixed with a boronate affinity
resin to bind the glycated haemoglobin fraction, and
then loaded onto the lVlicrom¿rt fl analyser. The non-
glycated fraction was collected in an optical chamber
and the total haemoglobin concentration determined
spectrophotometrically Thc bound HbA¡. fraction was
washed and eluted, and its concentration also was

measured spectrophotometrically. Thc f{bA¡" fraction
was expressed as a percentage ofthe total haemoglobin.

The Micromat II n-rethocl is not subjcct to interler-
cnce by uraemia or the hacmoglobin variants HbS,

HbC and Hbl.'and. like the DCA 2(X)0. is traccable to
the Diabetes Control and Complications'l'rial t'eference

rnethod.

Comparative POCT and laboratory methods
At the SouthPath laboratory at Flinders Medical Centre.

Adelaide, comparative POCT and laboratory HbA¡.
measurements were pcrformed using the Bayer DCA

20(X) and cation-cxchange HPLC with a Pharmacia
Mono-S column, respectively. I

Assessment of precision
Between-day imprecision rryas assessed using daily ana-
lysis of thrcc patient samples with HbA¡" concentra-
tions of' 5.5'k,,6.911,' and 9.[J(I' over a 1O-ilay pe riod. r\n
HbA¡. oiless than (r'2, gencrallS, indicates a person does

not have diabetes: an HbA¡" ol7"/,,is a target lor optimal
glycacmic control in patients with diabetcs, whilc an
HbA¡.. o[ 10'),{' is reflective ol'a pcrson with diabetes

whose glycaemic control is poor. A second assessmcnt

o[ imprecision was also rnacle with tl're Micror¡at II
only, using three fulther patient samples with sin-rilar

HbAl¡ concentrations across thc same time period.

Assessment of accuracy
Blood sanrples tvere collectccl lronl l(X) patienf.s witli
and vi¡ithout dial¡etes (urediat-r HbA¡.7.1: range
4.6-2O.1'L,) ¿tnd u'ere analysed over a l0-day period by

thc three n-rethods, according to the rnanufacturer's
specitications. Agreement betvr'een methods vr¡as

assessed by Passing llablock regrcssion analysis and
Bland-Altmar-r plots t-tsing the Analyse-lt statistical
package (Analyse-lt Soltwarc Ltd, Leeds. l]l().

Results

Assessment of precision
The between-day imprecision recorded by each instru-
ment for the three different patient HbA¡" levels is

shown inTable I.
The overall between-day imprecision was 1'9r)/o for

the laboratory HPLC method, 2'2'Yn lot the DCA 2000
and 7.0% for the Micromat IL Due to the poor imprec!
sion exhibited by the Micromat II, a second precision

study was undertaken for this instrument using three
lurther patient samples with HbA¡" concentrations of
i.4, (r.9 and 9.7"/,,.The overall imprecision recorded by

the Micromat II for these samples was 6.4n/,,.

Assessment of accuracy
The Passing Bal¡lock correlation coemcient (r] was 0.94

lor thc Micromat II versus the laboratory method, and

0.96 tor the DCA 2000 versus the laboratory. Using

Bland-Altman analysis, the mean difference between

the Micromat II and the ìaboratory method was

-0.23'y,, (lower and uppcl lirnits o[ agleement [LOA]

-1.79 to 1.30) (Figure 1), For the DCA 2(XX) and the

laboratory method, mean difference was -O,J(r'l'l' (LOA

- 1.ì4 to 0.62).

fable 1 Belween-day ¡mprecis¡on obseNed at lhree differcnt

HbAb concenlrat¡ons

Patient HbAr" concentration (%)

Analysers 5.5 6.9 9.8

HPLC MonoS

Bayer DCA 2000

Micromat ll

o Zero bias

2.2

3.1

9,0

2,2

1,8

5.8

1.2

1,7

6.1
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Figure 1 BlandAltman diflerence plot for comparing lhe

Micromat ll versus the laboratory'based cation exchange

HPLC melhod
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Discussion

This study investigated the analytical performance oIa
POCT analyser for HbA¡" that used afflnity chromato-
graphy as its methods principle and compared it with
current POCTand laboratory benchmarks. The ovetall
between-day imprecision ol¡tained with the Micromat
II across two separate precision studies (6.7%) was

inferior to both the DCA 2000 and laboratory methods
and did not meet internationally accepted precision
goals for this analyte (less than 3'iln ).4 Tight imprecision
is critically important when monitoring glycaemic

control in diabetes patients over timc, and this clinical
requirement demands that POCT HbA¡" methods must
exhibit precision equivalent to laboratory-based HbA¡"
methods. Methods with poor imprecision (or high
degree of analytical noise) can potentially mask clini-
cally signifìcant changes in glycaemic status and their
use in the POCTenvironment cannot be recommended.
The poor imprecision exhibited by the Micomat II in
our hancls can largely be explained by the high degree

oItechnical expertise needed to perform the test. There
are a number of manual steps requiring precise timing
and the POCToperator is not al¡le to leave the instru-
ment during the entire reaction sequence.

Accuracy of HbA1. nÌeasurement is important
because there are set targets for the management of
diabetes: for example, an HbA¡" o1 7"/,, or less is consid-
cred to represent optimal glycaemic control in a dia-
betes patient. The mean bias observed with the
Micromat II was slightly less than that obscrved lor
the DCA 2000 in this study; however', the LO¡\ between
the POCTdevice and the laboratoly rnethod were much
tighter with the DCA 2000 compared with the Micro-
mat IL 'l'his evaluation represents the fourth patient
comparison between the DCA 2O00 ancì the laboratory
undertaken by our group (two being conducted in
laboratory settings and two in field settings), The over-
all bias recorded by the DCA 2000 relative to the MonoS
laboratory method across these [our studies was

0.O8'f' (-0.3(r9,6 presert study, 0.189(' ILOA -0.9 to 1.2]

in a previous unpublished laboratory comparison

þ:a21. -0.1 '/n [LOA -1.1 to 0.8) in field study 1

[n: 39] and -0.02%' [LOA -0.65 to 0.fi1] in fìeld study
2 [rr:118]).5-r'

The Micromat [I system is innovativc in its design,
uscs a well-esLablished methods principle of affinity
chromatography and is not subject to interlerence by

Assessment of a poinÞof-care atfinity chromatography HbA1" analyser 515

uraemia or haemoglobin variants. Other POCT HbAl.
devices available in the market (such as the Cholestech
GDX and Provalis Glycosol HbA1. tester) also use a

methods principle identical to that of Micromat II. Like
the Micromat II, poor imprecision was also observed
with the Cbolestech GDX device in a recently published
study.'

In conclusion, the poor imprecision observed with
the Micromat II, together with the labour-intcnsive
and technically demanding nature of its test proce-
dure, severely limits the device's practicability in the
community setting. Its use by nonìaboratory health
prolessionals such as nurses and Aboriginal health
workers in rural and remote Australia cannot be

recommended, based on the results of this study.
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Analytical Goals For Point-Of-Care Testing Used For Diabetes Management ln Australian

Health Care Seffrngs OutsideThe Lahoratory.

The setting of analytical goals for the performance of routine pathology tests is an important

component of laboratory practice and there is now a considerable published literature on goals for

most laboratory tests (130, 132, 159). However, despite the increase in global uptake of POCT

devices and their use in primary care, the setting of analytical goals specifically for the non-

laboratory POCT environment remained largely unaddressed in the published literature.

This landmark paper therefore answered the key research questions:

laboratory? and

urine ACR) used for diabetes management in Australian health care settings?

The paper systematically discussed cunent approaches to analytical goal setting for laboratory

methods, reviewed published data on analytical goals for the candidate tests, examined current

state-of{he art laboratory performance, and recommended for the first time analytical goals for the

precision, accuracy and total error of these POC tests which were designed to be relevant, practical

and attainable in the non-laboratory environment.

Most of the goals recommended in this article have been used to assess the analytical performance

of the POCT devices employed in the Australian Government's POCT in General Practice Trial (36,

113), lndeed the impetus to publish this paper came from the authois involvement with the

Aushalian Government's Technical and Clinical Working Party of the POCT Subcommittee, Quality

Use of Pathology Committee, where I was invited to review current literature and make

recommendations on analytical goals for use in the Trial.

ts2
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Analytical Coals for Point-of-Care Testing Used
for Diabetes Management in Australian Health Care

Settings Outside The Laboratory
Mark D. S. Shephard, MSc, MAACB

Abstrsct: Diabetes mellitus is a major global health problem.

Pathology tesring for hemoglobin Alc (HbAlc), lipids, and urine

albumin/creatinine ratio (ACR) has an important role in the

management of diabetes patients. Each of these markers can be

perfomed by point-of-care testing (POCT). This article focuses on

setting analytical goals (quality specifications) for the imprecision,

bias, and total allowable enor of these selected POC t€sts in the

public health env¡ronment in Australia. The article reviews
published data on analytical goal setting for labomtory tesls,

considers the factors that set POCT apart ÍÌom the labomtory,
compares laboratory-based analytical goals with statc-of-the-art
perfomance, ând then sets analytical goals that are designed to be

r€l€vant for nonlaboratory POCT environment. The desirable

analytical goals for imprecision are lhe following: HbAlc, 3%;

cholesterol, 3%; triglyceride, 5%; high-density lipoprotein choles-

lerol, 4o/o, low-density lipoprotein cholesterol, 4%; uríne albumin,
l0%; urine creatinine, 6%; and urine ÃCR, l2o/o. The analytical
goals for total allowable eÍor are the following: Hby'.lc, 4%;
cholesterol, l0%; triglyceride, l5%; high-density lipoprotein
cholesterol, l5%; low-density lipoprotein cholesterol, l5%; urine

albumin, 12.5%; urine creatinine, 7 5o/o; and urine ACR, l5%. The
recommended analytical goals are designed to be flexible and

refinable as more data, particularly from clinical outcome studi€s,

become available, Ihey have the potential to be adopled by countries

outside Austmlia, given the limited published data on anal¡ical
goals specifically for the nonlabo¡atory POCT sector.

Key Words: analytical goals, point-of-care testing, diabetes

management, non labomtory setting

(Point of Core 2006;5: I 77-l 85)

l-\ iabetes mellirus is a major global health problem that has
lJ reached epidemic proportions in many parts of the
world. It was estimated that there were 160 million people
with diabetes worldwide in the year 2000, and this figure was
predicted to climb to more than 280 million by the year 2025,

From the Community PoinFof-Care Seruices, Flinders Univeßity Rural

Clinical School. Adelaide, South Australia, Ausral¡a
Reprints: Mark D, S Shephard, MSc, MAACB, Community PoinLof-Care

Services, Flindere University Rural Clinical School, GPO Box 2100,
Adelaide, South Ausmliâ 5001, Aushal¡a (e-mail: mark.shephard@
flinden,edu,au).

Copyright O 2006 by Lippincolt Williams & Wilkins

the majoriry of whom will have type 2 diabetes.r'2 Diabetes
causes significant morbidity and mortalify among people with
this disease, primarily from the cardiovascular and renal
complications and retinopathy arising from the disease. In the
United Søtes, diabetes-related costs account for approxi-
mately 12Vo ofthe national health budget.2

In Australia, the number of adults with diabetes has

trebled since 1981. A major recent shrdy (the Australian
Diabetes, Obesity and Lifestyle Study) reported a prevalence
rale of7 .5%o in people older than 25 years. In addition, the rate
of impaired glucose metabolism was 16%, and it was
estimated that for every known case of diabetes, there was
I undiagnosed 

"u.".' 
In Australia's indigenous population,

prevalence rates ofdiabetes are ofparticular concem, being 2

to 3 times that of non-Aboriginal Australians.'
Pathology testing has ân important role in the mdn ge-

ment of patients with established diabetes and in the
monitoring of complications of the disease. Hemoglobin
Alc (HbAlc) and urine albumirVcreatinine ratio (ACR) are

well-established biochemical tests that form part of a
patient's regular diabetes review, as is the lipid profile of
tests (total cholesterol, high- and low-density lipoproteins
[HDL and LDL, réspectively] cholesterol, and triglyceride).
Hemoglobin Alc provides a long-term measure of a patient's
glycemic control, urine ACR can detect early stages of
diabetic nephropathy, whereas dyslipidemia characterized by
high plasma triglyceride and low HDL cholesterol concen-
trations is common in type 2 diabetes. Each of these markers
can readily be performed by point-of-care testing (POCT),
During the past 7 years in particular, there has been
considerable uptake of POCT for diabetes management in
Australian public health care settings outside the laboratory,
particularly in Aboriginal medical services, country hospitals,
ãnd, more recently, general practice.Le There has been also
been an increase in the number ofPOC instruments available
in the diagnostic market place offering the ability to conduct
tests in public health care settings. When selecting a POCT
instrument for use outside the laboratory, it is crucial to
consider its analytical performance and to be aware of
analytical concepts such as precision, accuracy, and total
error (refer to Glossary of Key Terms). It is therefore also
crucial that analytical goals are set to critically assess the
competency of POCT instruments being used for clinical
decision making for diabetes management in settings outside
the laboratory in Australia,

This ar.ticle therefore focuses on setting analytical goals
(or analytical quality specifications) for the performance of
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HbAlc, urine ACR, and lipid POC tests used for diabetes
management in Aushalia. The article describes current
approaches used to set analytical goals for laboratory
methods, discusses the relevance of these approaches to
POCT, reviews available published data on analytical goals
for the candidate tests and how these goals relate to cuûent
state-of{he-art performance in Australia, and makes recom-
mendations on anal¡ical goals for these tests that are relevant
and appropriate for the POCT public health environment in
Aushalia. Goals have been set for the imprecision, bias
(inaccuracy), and total allowable error for each POC test
(refer to Glossary of Key Terms). Many of the anal¡ical
goals recommended in this article have been adopted for use
by the Aushâlian Govemment's Department of Health and
Ageing in a major new nial of POCT in General Practice in
Aist alia (see a-ccompanying article in this issue).r0

Approaches Used to Set Analytical Performance
Standards in Laboratories

There is an intemationally accepted, 5-tiered hierarchi-
cal model for the setting of analytical goals for the
imprecision, bias, and total allowable error of laboratory
tesis (Table l).rl-r3 where data are available from more than
I approach, models higher in the hierarchy are considered to
hold greater weighting than those from lower levels.

The highest quality standard is required when analytical
quality has a direct effect on medical decision making in a

specific clinical situation. As described later, HbAlc is an

example of a test where this standard should be applied.
Anallical goals for broader clinical need can be derived from
biological variability or from clinical survey on how
clinicians use test results. Biological variation data (both
within individual and between individuals) are now available
on more than 300 anal¡es.la'15

Three classes of analytical goals (minimal, desirable,
and optimal), based on fractions of within-individual
biological variation, have also been developed for the

imprecision of commonly measured tests. ''-'' The desirable
analytical goal for most biochemical analytes is that the
analyticaì imprecision (coefficient of variation, CVa) should
be less than one halfofthe average within-person biological
variation (0.5 CVw).12 However, for those analytes for which
the desirable goals derived using this formula are readily
achievable with current methodology, it is recommended that

TABLE 1. Hierarchical Approach for Procedures to Set
Analytical Goals

Procedure

an optimal analylicll goal be used, based on the formula
CYa < 0.25 CVw.'' For those anal¡es for which desirable
goals are not readily attainable using cunent methodology, a
minimum analvtical soal is recommended, based on the

fomula cVa jo.zs c1r*.''
Many national and intemational groups have also set

profession-defined analytical goals (eg, the recommendations
ofthe National Cholesterol Education Program |NCEPI in the

United States, which have been widely used to set goals for
lipid analyses).

Government or external quality assurance program

organizers also set analytical quality specifications. In
Australia, the Royal College of Pathologists of Ausralasia
(RCPA) Quality Assurance Programs Pty Ltd Chemical
Pathology Group is the major provider of extemal quality
assurance (proficiency testing) programs for clinical chem-
istry laboratories. This group sets analytical goals for total
allowable error (which they call "allowable limits of
performance") for all biochemical tests offered through
their programs.rÓ

How Relevant Are Laboratory-defined
Analytical Goals for POCT Settings Outside
the Laboratory?

As an overarching principle, analytical goals for POCT
should be equivalent to those used for laboratories to ensufe

the use of POCT does not compromise standards of patient
care and clinical decision making. Fraser has stated that the
intemationally accepted hierarchical approach to setting
analytical goals should be adopted in, and is appropriate
for, all settings in which laboratory medicine is practiced,
including POCT."

However, it is important to acknowledge that the POCT
environment, particularly in rural and remote Australia, is
often very different to the laboratory setting. First, long-term
retention of staff as POCT operators is an ever-present
problem for rural and remote health services, creating
diffrculties in sustaining not only POCT but other health
programs in general. For many rural and remote health
services using POCT, refrigeratoÍ space, efficient and timely
delivery of reagents and quality products, regular power
fluctuations, poor lighting, heat, dust, and humidify within the
working environment are all real issues that can impact on the

ability to deliver and sustain a quality POCT service. Second,

there needs to be a balanced approached to goal setting. There
is limited value in setting anal¡ical goals that are too
stringent and which current POCT (and/or laboratory)
instruments cannot achieve. On the other hand, there is a
clinical imperative to ensure that excessive anallical noise

from POCT methods does not mask clinically sigrificant
changes in patient results. Minimum analytical goals for the
imprecision of nonlaboratory-based POCT should be set
(along with desired and optimal goals) where sufficient data

are available with the proviso that performance outside the
minimum goal should be investigated and acted upon by the

clinician responsible for clinical govemance of POCT and

the POCT site operator. Third, when assessing analytical
performance in .POCT environments against published
literaore, it should be noted that the majority of published
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evaluations ofPOCT instruments have been conducted in the
laboratory setting (ie, away from the field site where the
POCT instrument is to be used) by trained laboratory staff
(rather than the staff who would normally be required to
perform POCT in the field). Anal¡ical goals may also vary
depending upon the intended purpose of the test. For
example, different goals may be needed for diagnosis versus
monitoring of test results and for monitoring an individual
patient at I health service compared with different sites. The
analytical goals recommended in this article are for goals for
patient management witbin a given health service.

HEMOGLOBIN A1C

Goals for lmprecisíon
Results fiom clinical outcome studies such as the

Diabetes Control and Complication Trial (DCCT) and the
United Kingdom Prospective Diabetes Shrdy (UKPDS) have
firmly established the importance of tight glycemic control in
reducing the complications of diabetes.ls,le

In the DCCT study, for example, l44l patients with
type I diabetes were randomly allocated to either an
intensively treated or a conventionally heated group. The
intensively treated $oup had a mean Hb{lc level of 7.2Vo
during a 6.5-year period, whereas the conventionally treated
group had a mean HbAlc of 9.lo/o. The risks of developing
retinopathy, microalbuminuria, and neuropathy (all compli-
cations of diabetes) were reduced by 760/o,39%o, and 60Vo,
respectively, in the intensively treated group.ls In the UKPDS
study, 3867 patients with type 2 diabetes were randomly
assigned to intensive and conventionally treated groups. Over
l0 years, the mean HbAl c level was 7.Oo/o in the intensively
treated group an'd 7.9o/o in the conventionally heated group,
Although the difference in mean HbAlc levels was not as
striking as in the DCCT trial, there was still a 2lVoand34o/o
reduction in retinopathy and microalbuminuria end points in
the intensively treated group from the UKPDS trial.le

From 1997 to 2002, the American Diabetes Association
(ADA) recommended a target HbAlc of less than 7%o for
optimal glycemic control, whereas treatment with more
intensive therapv was recommended for HbAlc levels of
greater then 87o.20 More recently, the ADA have recom-
mended the optimal HbAlc target for individual patients
should be as close as possible to normal (HbAlc, <6%)
without significant hypoglycemia.''

Collectively, the DCCT and UKPDS clinical outcome
studies and the ADA recommendations conceming glycemic
targets emphasize the critical requirement for low impreci-
sion in monitoring serial HbAlc measurements in the
individual patient with diabetes.

This has led professional bodies and expert goups to
recommend a general tightening of analytical goals for
imprecision of HbAlc assays during the past decade. The
National Glycohemoglobin Standardization Program in
America requires that an HbAlc method must have a total
(between-run) imprecision of 4%o or less to achieve National
Glycohemoglobin Standardization Program certification.22
Many expert groups representing clinical and chemical
pathology organizations from the United States, Un¡ted

Kingdom, and Austra¡ia have recommended imprecision
goals of 3% (within laboratory) and 5% (between laboratory)
for HbAlc,23-26 More recently, an intemational workshop
representing distinguished bodies including the International
Diabetes Federation, the International Federation of Clinical
Chemistry (IFCC), and the ADA produced a consensus

statement advocating an optimal imprecision goal for HbA I c

of 2%o.27'28

Only methods with an analytical imprecision, or
coefficient ofvariation (CYTo), of 3o/o or less can distinguis-h
statistically between HbAlc treatment goals of TVoandS%oze;
coefficient ofvariation is a statistical measure ofimprecision,
calculated as the SD divided by the mean of replicate
measurements and expressed as a percentage. At the ADA
target oî 7Vo HbA I c, an analytical CY% oî 3% equates to an
SD of 0.21. Thus, the true result has a 95%o probability of
lying within the range of 6.58yoto'1.42o/oÍIbAlc (12 SD). At
an HbAlc of 8%, the level formerly recommended by ADA
for a change in therapy, an analytical CYYo of 3Yo equates to
an SD of 0.24. Here, the true result has a 95o/o probability of
lying within the range of 7.52o/o ao 8.48yo HbAlc. For
methods with an analytical imprecision gteater than 3ol0, there
will be an increasing degree of overlap in these values.
Further, 2 serial HbAlc results must differ by greater than
2.77 SD for there to be at least a 95o/o probability that they are
analytrcally different.ra For an HbAlò assay with a CY%o of
50lo, this means that the 2 HbAlc results would need to differ
by >1.0o/o (at a level of 7%) for the physician to be confident
that a clinically significant change has occurred in the patient.
For methods with CV%s of 4o/o and 3%, results would need
to differ by more than 0.8% and more than 0.6010, respec-
tively, to be confident there has been a clinically significant
change in glycemic stahls.

Data on biological variation of HbAlc is limited. Early
published estimates list the within-person biologisal variation
of glycated hemoglobin in blood as 5-6, from which .a
desirãbte imprecision goal of 2.80/o can be derived.l3'la
Howeve¡ more recent estimates indicate the within-person
biological variation of HbAlc is 1.9%, leading to a tighter
desirå'ble goal of L0ol0.ls'30'31

Clearly, an imprecision goal of less than 3% is the
desirable analytical goal for laborâtory HbAlc methods, based
on clinical requirement, with an optimal imprecision goal of
2o/o now being recommended by leading professional groups.

Can these anal¡ical goals be achieved in Australia by
laboratory (and POCT) methods? The average imprecision
(CV%) recorded by the top 20o/o, 50o/o (median), and 90o/o of
laboratories participating in the 2005 RCPA Quality Assur-
ance Programs Glycohemoglobin ProgÍam was 1.9Yo,2.7Vo,
and 5.lo/o, respectively (Table 2). Only approximately 55% of
anal¡ical systems used in Australia achieved a precision of
less than 3%0, most of which are high-performance liquid
chromatography (HPlCfbased methods. The main POCT
device used by laboratories in Australia (the DCA 2000;
Bayer, Tarr¡own, NY) recorded a CYVo of 2.9% in this
program during 2005.r'State-ofihe-art data on POCT HbAlc
testing outside the laboratory are available through the
national Quality Assurance for Aboriginal Medical Services
(QAAMS) P¡ogram. The Bayer DCA 2000 recorded a median
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TABTE 2. lmprecision Observed in 2005 by
Assu rance Chemical

Ânqlyte Program
2005 Cycle 2005 Cycle
Number Per¡od

in Quality Assurance Programs Adm¡nistered by the RCPA

cvv"
r"pro"/*r so'/*rl i""å"""#Ë'lï"i:T::
Laboratorl6 (Median) L¿borrtorles S¡mpl6

HbAlc Clycohemoglobin

Choleste.ol Special lipids

Triglyceride Speciallipids

HDL cholesterol Special lipids

Urine albumin Geneml urine
chemistry

Urine creatinine General urine
chemistry

22

23

28

29

28

29

28

29

4l
42

4t
42

Jan-Jun

Jul-Dec
Jan-Jun

Jul-Dec

Jan-Jun

Jul-Dec

Jan-Jun

Jul-Dec

Jar-Jun

Jul-Dec

Jan-Jun

Jul-Dec

2.0

t.8

1.5

t.7
).9

t.'l
3.9

3.5

3.4

3.6

2.0

2.0

2.1

2.6

2.3

7.t

28
23
5.6

41
5.8

5.'l

33
3.1

5.1

5l
57
3.6

5.¡

4.6

10,0

't 'l

t26
t26
't.2

7.4

5.3-t3.00/ô

2.5-10 5 mmol/L

0.5 3.2 mmol/L

0.'1-2.2 nmollL

l0-130 mg/L

2-4-22 mßol/L

Data are presented for rhe Mo ó-monrhly reil¡ng cycles completed by labonlories during 2005

CV% of 3.2o/o for quality assurance testing in the QAAMS
Program during 2005." A recent comparison of 4 POCT
devices for HbAlc in the hands of hospital nursing staff
revealed that only the Bayer DCA 2000 was able to achieve a
within-batch CV% of lesì than 3o/o.33

With many laboratory systems cunently unable to
attain the desirable analytical goal of3Vo for HbA I c testing, it
would therefore seem inappropriate to impose this goal on
POCT devices measuring HbA I c outside the laboratory. It is
therefore recommended that a minimum imprecision goal of
4o/o for POC HbAl c testing be set for this analyte, along with
a desirable goal of 3/o and an optimal goal of 2o/o.

Goals for Bias
Routine laboratory methods for HbAlc are based on 3

different analytical principles: those that measure HbAlc by
difference in charge (eg, cation exchange HPLC), structure
(affinity chromatography) or antigenicity (immunoas-
say).23'2ó Methods based on these principles measure slightly
different glycation products and hence generate slightly
diffe¡ent HbAlc results. Some methods may also be subject
to interference by fetal hemoglobin, abnormal hemoglobin
variants, and uremia seen in renal patients (as a result of
carbamylation of hemoglobin from urea-derived isocyanate)
or in patients on long term-salicylate therapy.

From a clinical perspective, the use ofglycemic targets
for assessing management and therapy dictates that there
should be no difference between the accuracy of anal¡ical
methods. This clinícal requirement has led to a pressing need
among clinical biochemists to standardize (or harmonize) all
HbAlc methods globally. There has been considerable work
devoted to this task during the past decade by the IFCC
Working Group on HbAlc Standardization,21'34 The pre-
paration of pure IlbAlc calibration material, the establish-
ment of international refe¡ence methods, and a reference
syslem is well under way and should lead not only to a

minimization of analytical bias between methods but also a
reduction in between-method imprecision. With the new
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reference system close to being implemented globally, the

analytical goal for both laboratory and POCT HbAlc
methods should be to have zero bias.

Goals for Total Allowable Error
In Australia, the RCPA Quality Assurance Programs

Chemical Pathology Group has set an analytical goal
("allowable limit of performance") for HbAlc measurement
of10.5 at HbAlc concentrations of 10.0o/o or less and f50¿ at
HbAlc concentrations of more than 10.0% for their
laboratory-based glycohemoglobin program.l? A goat for
total allowable enor of HbA I c analvsis of 2.7% can also be
derived fiom recent biological var-iation data.l5 However,
given the goal for accuracy is to have no bias and the clinical
imperative for HbAlc to have minimal anal¡ical impreci-
sion, it is recommended that the goals for total allowable error
for HbAlc POCT measurement should be the same as those
set for imprecision.

Although the Bayer DCA 2000, which is the most
widely used POCT instrument in Aushalia, can achieve
performance close to the desired goals, many other current
POCT analysers will unquestionably have difficulty achiev-
ing the recommended anallical goals. Ho\r¡ever, the clinical
requirement for precise and accurate results dictates that
stringent goals need to be set for POC HbAlc testing to
ensure patient management is not compromised,

LIPIDS

Goals for lmprecision
Most of the data concerning analytical goals for

laboratory lipid analysis comes from biological variation
studies or is profession derived.

Minimum, desirable, and optimal imprecision goals for
lipid testing based on biological variation data are available
fro. ."v"*l sources and aie summarized in Table 3.13-15

Published data on anal¡ical goals for lipids is available from
2 American expert groups, namely the Centers for Disease
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TABTE 3. Goals fo¡ lmprecision of Lioid Testino Derived from Biological Variationrs and the Recommendations of the NCEPao

Biological
Var¡oaior

(Cvw) M¡n¡mum Des¡rable Optim.l

Impreclslon
Gorl from

NCEP
(cvo/o)

Derived Imprecision Goal (CV%)

Analyae

Cholesterol

Triglyceride

HDL cholesterol

LDL cholesterol

6.0

2t.0
1t
8.3

3.0

t0.5

36
4.2

t.5

53
t8
3.6

30
50
40
40

45
t5 8

53
62

Control and Prevention (CDC) through its CDC National
Heart, Lung, and Blood Institute Lipid Standardization
Program and the NCEP. The CDC-National Heart, Lung,
and Blood Institute Lipid Standardization Program arose in
the late 1980s out of a desire to improve the analytical
performance of specialist lipid laboratories around the
world." The CDC analytical goals are complex because
they are concentration dependent and couched mainly in SD
rather than CV% terms. The NCEP have been reporting
analytical goals for imprecision, bias, and total allowable
error for cholesterol since 1988 and for trielvceride. HDL
cholesterol, and LDL cholesterol since lõ95.3ê3e Goals
recommended by the NCEP for the imprecision of lipid
analyses is shown in Table 3.at

For total cholesterol, an imprecision goal of 37o is the
desirable specification for laboratory methods, Is this goal
achievable by Iaboratories in Auskalia? The average impreci-
sion (CV%) recorded by the top 20% ,50%o (median), and90o/o
of laboratories participating in the RCPA Quality Assurance
Programs Special Lipid Program was 1.6%, 2.2o/o, and 4.70/o,

respectively, in 2005 (Table 2). Most, but not all ofthe current
laboratory analytical systems, achieved the desirable impreci-
sion goal. For POCT outside the laboratory in Aushalia, a
minimum imprecision goal of 50l0, based on rounded biological
variation, is therefore recommended, An optimal goal of 2o/o

can also be set based on the current performance base achieved
by the better Australian laboratories.

For triglyceride, the desirable goal for imprecision
derived from biological variation (10.5%) is twice that
recommended by the NCEP (5%) because triglyceride
exhibits a large degree of within-person biological variation
(21%). The average imprecision (CV%) recorded by the top
20%, 50% (median), and 90o/o of laboratories participating in
the 2005 RCPA Quality Assurance Programs Special Lipid
Program was 1.8%, 2.6Yo, and 4.90%, respectively, in 2005
(Table 2). It is the¡efore recommended that the NCEP-derived
desirable imprecision goal of 5% is more appropriate for this
analyte than the conesponding goal from biological variation.
A minimum imprecision goal of 7.5o/o for POCT outside the
laboratory, which represents the approximate midpoint
between goals of 10.5%o from biological vanation a¡d 5%o

from the NCEP is also recommended and should readily be
achievable in the nonlaboratory environment. An optimal
goal of 2o/o can also be set based on the current performance
base achieved by the top 20% of Australian laboratories.

For HDL cholesterol, an imprecision goal of4% is the
desirable performance standard from both NCEP and
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biological variation data, However, the average imprecision
(CV%) recorded by the top 20%, 50% (median), a¡d 90o/o of
laboratories participating in thc RCPA Quality Assurance
Programs Special Lipid Program w as 3.'l Vo, 5.2%o, and 8'9o/o,

respectively, ín 2005 (Table 2). These data indicate that

current laboratory methods struggle to meet the desirable goal

and this goal is too tight to be imposed on POC HDL
cholesterol testing outside the laboratory. Historically, HDL
cholesterol has been a technically demanding and time-
consuming assay in the laboratory environment, and the fact
that HDL cholesterol can be performed by POCT at all is

quite a remarkable technological feat. In Australia, HDL
cholesterol concentrations are also generally reported to I
decimal place. For these reasons, it is ¡ecommended that a

minimum goal for imprecision of POC HDL sholesterol
testing be sel at 6Vo (which is slightly higher than the

minimum goal derived for biological variation). An optimal
goal of 3.5Vo can also be set based on the cunent performance

base achieved by the top 20% ofAustralian laboratories.
LDL cholesterol is not measured directly by routine

laboratory or POCT lipid analysers, rather it is a calculated
value based on the Friedewald formula."' This formula
provides an adequate surrogate measurement of LDL
cholesterol only when the sample has a triglyceride con-
centration less than 4.5 mmol/L and is äee of chylomicrons'
Analytical errors in each of the tests measured in calculating
the formula (total cholesterol, HDL cholesterol, and trigly-
ceride) are additive. It is therefore recommended that a

minimum imprecision goal of 60/o (from biological variation)
and a desirable imprecision goal of 4o/o (from both biological
variation and NCEP recommendations), respectively, be set

for LDL cholesterol. An optimal goal of 3.5o/o can be set from
biological variation but would be extremely difficult to
achieve with laboratory, let alone, POCT methods.

Goals for Bias
The following goals can be derived from biological

variation data and NCEP recommendations: total cholesterol,
4.0o/o aod 30lo, respectively; triglyceride, 10.7% and 5Vo,

respectively; HDL cholesterol, 5.ZVo and 5%, respectively;
LDL cholesterol, 6.8%o a¡d 4%, respectively. However, the
profession-driven NCEP recommendations would seem more
appropriate to apply to laboratory and POCT methods.

Goals for Total Allowable Error
A comparison of goals for total allowable error derived

from biological variation and the recommendations of the
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TABLE4. CoalsforTotal
Recommendations of the

Allowable Error of Lioid Testino Derived from Biolooical Varíationrs and the Profession-based
NCEPao and the RCÉn Quality:Assurance Programs"Pty Ltdr6 in Australia

Analyte Blologlcal Varlatlon (%) NCEP (%) RCPA Qurlity Assurance Pfogr¡ms

Total cholesterol

Triglyceride

HDL cholesterol

LDL cholesterol

10.50 <10 mmoYL
l57o >10 mmol/L
10.20 

=2 
mmollL

lloYo >2 mmollL
lO 20 

=2 
mmovL

xlïVo >2 ññollL
Not available

9.0

280

ilt

t36

89

t4.8

t2.8

t2

NCEP and the RCPA Quality Assurarìce Prograrìrs ale sbown
in Table 4.

Using the first 2 approaches, goals for total allowable
enor are generally comparable for cholesterol (approximately
9%), HDL cholesterol (12V.), arnd LDL cholesterol (13%).
For triglyceride, the goal from biological variation is
influenced by large within- and between-person variation
and is therefore much wider than the NCEP goal. Given that
most sunent methods for triglyceride (including POCT) are
of good quality, the NCEP goal for total allowable enor of
I 50á is considered most appropriate. To allow for the vagaries
of the nonlaboratory POCT environment outlined in the
introduction, recommended total allowable enor goals have
been rounded to l0% for total cholesterol and l5% for both
HDL and LDL cholesterol.

URINE ACR
Microalbuminuria can be defined in terms of eithe¡ a

urine ACR in a first morning urine, a urine albumin excretion
rate (AER) in a timed (overnight) urine sample or urinary
albumin excretion per day. The measurement of urine ACR
on a first morning sample has proven clinically popular in
Australia because it is convenient for the patient and does not
require a timed collection or measurement of urine volume.

Goals for lmprecision
The following minimum, desirable, and optimal

imprecision goals for urine albumin and creatinine can
be derived from biological variation data:27o/o, lSVo and
9% for urine albumin and l8o/o, l2Vo, and 60lo for uríne
creatinine. l4' ls

Given the wide within-person biological variation
observed with urine albumin, the National Academy of
Clinical Biochemistry (NACB) has argued rhat a lesser
degree of precision is required for this anal¡e. They have
¡ecommended that "the anal¡ical imprecision (CV%) of
methods to measure microalbuminuria should be <l5Yo]26

From state-of-the-art laboratory data, the average
imprecision (CV%) recorded by the top 20Yo, 5\o/o (median),
and 90Vo of laboratories participating in the 2005 General
Urine Chemistry Program run by the RCPA Quality
Assurance Programs Chemical Pathology Group was 3.5ol0,
5.8Vo, and 12.60/o, respectlely (Table 2). All but a small mi-
nority of infrequently used methods achieved the profession-
based NACB goal.
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In the natioual QAAMS Plogram for urine ACR POCT
on the Bayer DCA 2000 in Australian Aboriginal medical
services, participatìng services (n = 30) achieved an average
imprecision of 8.3% for urine albumin (as well as 4.6Vo lor
urine creatinine aîd 4.4yo for uríne ACR) during the past 3

years.32
These 2 sets of data indicate the goal for uúne albumin

proposed by the NACB can readily be achieved using cunent
laboratory and POCT methodology. It is therefore recom-
mended that the desirable goal be set at l0%, closer to the
optimal goal derived fiom biological variation data.

For urine creatinine, the desirable imprecision goal
from biological variation data is l2yt However, once again,
cunent Auslralian laboratories can readily achieve this goal.
The average imprecision (CV%) recorded by the top 20%,
50% (median), a¡d 90o/o of laboratories participating in the
2005 RCPA Quality Assurance Programs General Urine
Chemistry Program was 2.0/o,3.2o/o, and 7.3%, respectively
(Table 2). As mentioned above, the average imprecision for
POC urine creatinine testing in the national QAAMS Program
for urine ACR was 4.6%. It is therefore recommended that the
desirable imprecision goal for POCT urine creatinine be set at
6010, consistent with the optimal goal derived from biological
variation data.

To calculate the desirable imprecision goal for the urine
ACR, it is necessary to add the recommended goals for urine
albumin (10%) and creatinine (6%) according to the
following formula:

Torat cV% for ACR: (CVo,i +CVc,"?)t/2

Thus, the calculated desired goal for imprecision for
urine ACR is l2%. This was readily achieved by the DCA
2000 POCT instrument in the QAAMS Program, but detailed
data on the performance of other POCT microalbumin
analysers is not available in Australia as yet.

Goals for Bias
There is only extremely limited data available on

accuracy goals. Goals calculated from biological variation
data appear to be too wide to be of practical or clinical use
(urine albumin, 16.40/o; ]'lr.ne creatinine, 8.6%).

Traditionally, almost all laboratories have used immu-
nochemical methods to measure urine albumin. However, the
recent reporting of a previously unrecognized nonimmuno-
reactive form ofurine albumin in diabetes patients separated

@ 2006 Lippincott lVillians & llilkins
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,{nalyte

TABLE 5. Summary of Analytical Coals Recommended for
POCT lnstruments Used for Diabetes Management in the
Public Health Setting in Australia

Gosl for

Co¡l for Imprec¡sion (cv7o) 
otl"rj;tbt.

Mlnimum Des¡rsble Opalm8l Error
(./") (%) (%) (%)

HbAlc
Total cholesterol

Triglyceride

HDL cholesterol

LDL cholesterol

Urine albumin

Urine creatin¡ne

Urine ACR

and ensure that the quality ofpatient care is not compromised,
Analytical goals have been set for the imprecision, bias, and
total allowable eÍor for each POC test where sufficient data
are available. A minimum imprecision goal has been
recommended for each blood anal¡e. Poinþof-care testing
methods that are unable to achieve these minimum goals
should be used with caution.

The goals for analytes such as triglyceride and urine
albumin shou¡d be readily achievable by most POCT
analysers. At the other extreme, the goals for HbAlc will
undoubtedly present a challenge for POCT manufacturers to
develop more innovative and advanced technological and
methodological systems to meet the clinical imperative to
minimize total analytical error. Diagnostic companies will
need to pay particùlar attention to the automation and quality
management of manufacturing processes to ensure within-
and between-batch variation in reagents is minimized. The
tight goals for HbAlc will also demand that nonlaboratory
POCT operators have continuous access to on-going educa-
tion and kaining for POC HbAlc testing to ensure com-
petency standards and skills are maintained at optimal levels.

The analytical goals recommended for POCT in this
article should be regarded as a starting point for further
profession-based discussion, with the goals needing to be
flexible and continually reviewed and refined as further
relevant data (particularly from clinical outcome studies)
become available. The current Australian Point-of-Care
Testing Trial in General Practice will provide a suitable
environment in which to rigorously assess the validity and
appropriateness of the goals recommended by this article.
While the purpose of this article was to recommend goals for
POCT conducted in the nonlaboratory setting in Aust¡alia, it
is also envisaged that the promulgated goals will be broadly
applicable and relevant for countries conducting POCT in the
public health carè setting outside Australia.

GLOSSARY OF KEY TERMS
Accuracy The closeness ofthe agreement between the mea-

sured value and the true value ofan analyte.
Analyte The pathology test that is being measured.
Analytical goal The level ofperformance required to ensure

that a pathology test fulfills its stated or implied
purpose. The terms analytical goals, analytical quality
specifcations, and allowable limits of performance ale
used interchangeably in this article.

Between-person biological variation The difference
between the homeostatic setting points of individuals.

Bias (or inaccuracy) The numerical difference between the
measured value and the true value ofan analyte.

Coefficient of variation (CYo/o) A stat¡stical measure of
imprecision, calculated as the standard deviation divided
by the mean ofreplicate measurements and expressed as

a percentâge. Thus, CV% = (SD/mean) t 100.

CVa Anal¡ical coefficient of variation.
CVw Within-person biological coefficient of variation.
Imprecision (or analytical imprecision) The standard

deviation or coefficient of variation of the results in a
set ofreplicate measuremenls ofan analyte.
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2

2

2

3.5

3.5

3

3

5

4

4

l0
6

t2

4

5

7.5

6

ó

4

l0
l5
r5

t5
125

1.5

t5

by size-exclusion HPLC has raised considerable global
debate amons clinical biochemists about the accuracv of
urine albumiñmeasurements.4215 The IFCC has now foimed
a working group on the standardization of the microalbumin
assay in urine.aó Their charter is to establish a reference
procedure and reference methods for the measurement of
urine (micro)albumin, to undertake a chemical and immuno-
chemical char^cteriz tion of the various forms of albumin in
urine, and to decide upon the optimum analyte for the
assessment of microalbuminuria.

Goals for Total Allowable Error
Analytical goals for total allowable error derived from

biological variation data are too wide and of limited clinical
relevance (urine albumin, 46Yo; ]u;nne creatinine, 28%).

In the RCPA Quality Assurance Programs' General
Urine Chemistry Program, "allowable limits of performance"
of t4 for concentrations of up to 20 m{L and l20o/o at
concentrations greater than 20 mgl have been set for urine
albumin and t0.5 at 5 mmol/L or less and rljyo at
concentrations greâÎer than 5 mmol/L for urine creatinine.

In the QAAMS urine ACR Program, goals for total
allowable error of 12.5%o for urine albumin, 7.5o/o îo¡ tnne
creatinine, and l5Vo for urine ACR have been set by tbe
program organizers.5 They would seem relevant, uppropìiut",
and readily achievable for the POCT environment.

DtscusstoN
This article focuses on setting analytical goals for the

performance of selected common POC tests used for diabetes
management in Aushalia. The article reviews the current data
on analytical goal setting in laboratories, addresses the factors
that set POCT apart from the laboratory environment,
compares laboratory-derived analytical goals with cunent
state-of-the-art performance, and then sets goals for POCT
conducted in the nonlaboratory environment. The analytical
goals recommended in this article are summarized in Table 5.
They aim to be appropriate and achievable for diabetes
management in the nonlaboratory POCT setting in Australia

@ 2006 Lippincoil Wtilliqns & Wilkins
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Point-of-care testing Pathology testing that is performed by
or on behalf of the requesting clinician at the time of
consultation with the patient, allowing the test result to
be used to make immediate, informed decisions (in the
context of this article) about patient management.

Precision The closeness of agteement between replicate
measurements on the same analyte under specified
conditions; precision is also often refened to as the
reproducibility, repeatability, or scatter of a set of
replicate measurements.

Standard deviation A statistical measure of imprecision (or
the dispersion of replicate measurements on the same
analyte), calculated as the square root ofthe sum of the
squares of the difference between each data point and
the mean divided by the total number of data points
minus l.

Total (analytical) error The sum ofthe bias and imprecision,
usually defined by the formula TE: þiasl + 1.65 *
precision, where bias does not have a sign.

Total allowable error The analytical goal or qualify
specification for total error.

Within-person biological variation The inherent biological
variation of an analyte around the hom€ostat¡c setting
point for that individual.
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CHAPTER 5

DEVELOPMENT OF A QUALITY FRAMEWORK FOR POCT AND ASSESSMENT OF

ANALYTICAL QUALITY OF POCT IN INDIGENOUS MEDICAL SERVICES

ls3



INTRODUCTION TO CHAPTER 5

The three papers presented in this chapter described the development and implementation of the

education, training and quality management framework that underpinned the QAAMS program (and

which formed the foundation of all the POCT models described in this research program), The

papers also reported, for the flrst time, on the analytical quality of POCT for both HbAlc and urine

ACR conducted nationally by Aboriginal Health Workers as POCT operators. While Aboriginal Health

Workers play a crucial role at the coalface of lndigenous health care, they had never before been

trained as POCT operators.

As mentioned in Chapter 1, the QMMS program, which I conceived, initiated, developed,

implemented and have managed for the Australian Government since its inception in 1999, has a

national focus currently involving 80 lndigenous medical services across Australia (as at March

2007).
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RESULTS OF AN INNOVATIVE EDUCATION, TRAINING AND QUALITY ASSURANCE

PROGRAM FOR POINT-OF-CARE HbAlc TESTING USING THE BAYER DCA 2000 lN

AUSTRALIAN ABORIGINAL COMMUNITY CONTROLLED HEALTH SERVICES.

Mark D. Shephard and Janice P. Gill
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Resulfs Of An Innovative Education, Training And Quality Assurance Program For Point-Of-

Care HbArTesting Using The Bayer DCA 2000 ln Australian Ahoriginal Communig Gontrolled

Health Seryhes.

This paper reported on the research findings from the first 3.5 years of operation of the QAAMS

Program for HbAlc POCT.

It described, for the first time, the development of a culturally appropriate national education and

training program for POCT HbAlc testing by Aboriginal Health Workers that included a quality

management framework comprising both quality control and quality assurance testing.

The key research question addressed in this paper was: Could Aboriginal Health Workers from a

wide range of lndigenous medical services across Australia perform POC HbAlc quality assurance

testing to an analytical standard that was equivalent to laboratory users of the DCA 2000 and which

met or approached analytical goals set by the clinical biochemistry profession?

The research findings presented in this paper confirmed, for the first time, that Aboriginal Health

Workers conducting POCT on a national scale could indeed achieve an analytical performance that

matched laboratory scientists and approached profession-derived analytical goals for laboratory

HbAlc testing.
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Results of an Innovative Education, Training and Quality Assurance
Program for Point-of-Care HbAr"Testing using the Bayer DCA 2000
in Australian Aboriginal Community Controlled Health Services
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Abstract

This study describes the development, implementation and management of a multi-faceted quality assurance program called

Quality Assurance for Aboriginal Medical Services (QAAMS) to support point-of-care HbAr. testing on the Bayer DCA 2000

in Aboriginal people with diabetes from 45 Australian Aboriginal Community Controlled Health Services.

The quality assurance program comprised four elements: production of culturally appropriate education resources, formal
training forAboriginal Health Workers conducting HbAr. testing, an extemal quality assurance program and on-going quality

management support services including a help hotline and an annual workshop. Aboriginal Health Workers were required to

test two quality assurance (QAAMS) samples in a blind sense every month since July 1999. Samples were linearly related and

comprised six paired levels of HbA¡". The short and long term performance of each service's DCA 2000 was reviewed

monthly and at the end ofeach six month testing cycle.

The average participation rate over 7 six-monthly QAAMS testing cycles was 88%. 84%o of 3100 quality assurance tests

performed were within preset limits of acceptability. The median precision (CV%) for HbA,. testing has averaged 3.8olo across

the past 5 cycles (range 3.4 to 4.0%) and is continuing to improve. The introduction of a medical rebate for HbA'" testing has

ensured the program's sustainability.

Through continuing education and training, Aboriginal Health \{orkers have achieved consistent analytical performance for
HbAr. testing on the DCA 2000, equivalent to that of laboratory scientists using the same instrument. This unique quality
assurance model can be readily adapted to other Indigenous health settings and other point-of-care tests and instruments.
(Clin Biochem Rev 2003; 24:124-31)

Introduction

Type 2 diabetes is a significant cause of morbidity and

mortality among Aboriginal Australians. Aboriginal people

suffer between 12 to 17 times more deaths due Io aype 2

diabetes than non-lndigenous Australians, while overall
prevalence rates are within the range of 10-30% and at least

two to four times that of the non-Aboriginal population.''

Studies such as the Diabetes Cont¡ol and Complications Trial
(DCCT) and the United Kingdom Prospective Diabetes

Study (UKPDS) have confirmed that good control ofdiabetes

I

I
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is critical to prevent the long-term debilitating complications

of this disease such as nephropathy, neuropathy and
retinopathy.'o Haemoglobin Ar. (HbA,") is a well-established

biochemical marker of diabetes control and can be

conveniently measured on the small, portable DCA 2000
point-of-care analyser (Bayer Diagnostics, Melbourne,
Australia).

In 1998, the National Diabetes Strategy and Implementation

Plan, Aushalia recommended that a trial of the DCA 2000 for
HbA'" testing be conducted in Aboriginal primary health care

services.'The DCA 2000 was considered to have paficular
application in the Aboriginal health care setting, notably in
rural and remote locations, where access to basic health care

is often limited and services may be several hundred
kilometres from the nearest hospital laboratory.u

In June 1999 the Australian Government's Department of
Health and Ageing, through its Office for Aboriginal and
Torres Strait Islander Health (OATSIH) and in partnership
with the National Aboriginal Community Controlled Health
Organisation (NACCHO), commenced a pilot program for
on-site HbAr. testing using the DCA 2000. Forty-five
Aboriginal Communify Controlled Health Services
(ACCHS) around Australia participated in the pilot.
Aboriginal Health Workers (Aboriginal people hained in
primary health care and living in the community setting)
performed the testing on behalf of their local or visiting
medical ofücer. Testing was only conducted on Aboriginal
people with known diabetes, with a maximum of four HbAr"
tests being performed annually on each person. An HbAr. of
70% was considered the target for good control of diabetes in
Aboriginal people."

As a requirement of the pilot, the Department of Health and

Ageing determined that an on-going surveillance mechanism
was needed to ensure point-of-care HbAr. results generated in
the field were acceptable for patient care. As a result, the

RCPA Quality Assurance Programs Pty Ltd was initially
contracted by the Department of Health and Ageing to
develop, implement and manage a multi-faceted quality
assurance program to support HbAr. testing by Aboriginal
Health Workers. (The RCPA Quality Assurance Programs Pty
Ltd provides quality assurance programs to laboratories in
Australasia in collaboration with the Royal College of
Pathologists of Australasia and the Australasian Association
of Clinical Biochemists). The Department of Health and

Ageing (through its Diagnostics and Technology Branch)
have subsequently extended this contract to the end of 2005
and the program has now been integrated into mainstream
Aboriginal health care.

The quality assurance program developed by our group is

believed to be the first of ifs type for Indigenous people

anywhere in the world. We describe the novel aspects of this

program, present the scientific results obtained over its first
three and a half years of operation, and comment on the

potential of this model to assist ch¡onic disease prevention

and management in other Indigenous countries and

communities.

Research Design and Methods

Bayer DCA 2000 lnstrument

The DCA 2000 point-of-care analyser is small (25cm high by

2lcm wide by 25cm deep) and portable (weighing 5 kg).

Only one microlitre of whole blood (capillary or venous) is

required for the test, with the result available in 6 minutes.

The DCA 2000 determines both the concentrations of HbA,"

and total haemoglobin, with the ratio being expressed as the

percentage HbA'". HbA," is measured immunochemically by

a method based on inhibition of latex agglutination. Total

haemoglobin is measured spectrophotometrically following
its oxidation to methaemoglobin by potassium ferrocyanide

and the subsequent complexing of methaemoglobin with
thiocyanate to form thiocyan-methaemoglobin.'

Participation

Forty-five Aboriginal Community Controlled Health
Services formed the initial intake of program participants
(Figure 1). Eveq/ State and Territory of Australia was

a
a

o

a

w

Figure l. Location of Aboriginal Community Controlled
Health Services participating in the QAAMS program
during2002.
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represented and the location of participants encompassed a
broad spectrum of urban, rural and ¡emote Aushalia. There
have been minor changes to the mix ofparticipants over the

past three and a half years due to changing health service
priorities and/or Aboriginal Health Worke¡ staff resources.

Fifty sites were enrolled in the program at the beginning of
2003.

Quality Assurance Program

Tbe quality assurance program to support HbAr. testing in the

Aboriginal community was called QAAMS (Quality
Assurance for Aboriginal Medical Services). As tests were
being conducted using a point-of-care medical instrument in
the community setting by Aboriginal Health Workers, the

design of the program needed to be broader and more
intensive in its focus than a conventional laboratory-
based quality assurance program. Four key elements, namely
education, training, quality assurance, and on-going
management support sewices for communities, formed the

comerstone of the QAAMS program.

Education

A culturally appropriate set of education resources was
developed in conjunction with senior Aboriginal health
representatives, Aboriginal Health Workers, diabetes
specialists and scientists. The resources comprised a

laminated book, video and a series ofposters. Topics covered
included diabetes and its complications, the importance of
controlling diabetes, the HbAr. test, the DCA 2000 machine
and the principles and practice of quality confrol and quality
assurance. The posters included step-by-step guides on how
to perform the HbAr" test on the DCA 2000 and how to

conduct quality assurance testing on the DCA 2000.

Training
Formal training sessions for 84 Aboriginal Health Workers
(and other allied health professionals) from every
participating site were held at eight regional centres around
Australia over an eight week period from May to July 1999.

Training focussed on hands-on practical instruction in how to
use the DCA 2000 machine, perform the HbAr. test, and

conduct quality assurance testing. Each service also received
their education resource kit at the training session. Once back
in the community, these resources were used as a refresher
course, to train other Aboriginal Health Workers, or for
general community education about diabetes.

Quality Assurance

A quality assurance program commenced in July 1999 to
monitor the performance of DCA 2000 machines across all
participating sites. Since that time, 7 six-monthly testing
cycles have been completed to the end o12002.

At the beginning of each year, all participants were sent a

package containing the materials needed to conduct their

QAAMS testing. The package included a testing kit
containing 24 lyophilised QAAMS samples, each numbered

and dated, vials ofwater for reconstitution ofthose samples,

an information sheet, testing schedule and result sheets. An
intemational Reference Laboratory for Glycohaemoglobin

produced the samples for the program. The samples

comprised paired and linearly related levels of HbAr" across

a range of concentrations from 5 to l4%. Services were

required to test two QAAMS samples per month, according

to the defined testing schedule that comprised two
six-monthly testing cycles per year. Testing could be

performed at any time during the month that was convenient

to the service, provided the results were received at the

QAAMS reporting office by fax or post by the last day of
each month. To ensure confidentiality of results, each

sewice was allocated a specific community code number that

was stamped on their result sheets and all other printed

matter.

Within a week after the closing date for return of results for
each month, the QAAMS reporting office sent a graphical

repol to each individual service (Figure 2). The report

compared the results rehrmed by that service with the pre-set

target values for each sample and with the range of results

from all other services. In addition, the report displayed
graphs that documented all previous results retumed by the

Figure 2. Example of the monthly summary report sent to all

QAAMS participants.

Footnote t4 Figure. For Cycles 1 and 2, the

international reference Iaboratory set target values. For
Cycles 3 to 7, the median of all results submitted was used
as the target.
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service for that particular testing cycle. Through this method
of reporting, each service received regular monthly
information on the short and long term performance oftheir
DCA2000 machine.

At the end of each cycle, summary analysis of six months of
data (12 specimens) was used to comment on each individual
site's precision and accuracy. This data was used to identifl
individual services that \À/ere experiencing sígnificant
analytical problems. Services were contacted and an action
plan implemented to redress poor performance.

Olher Management Services
A help hotline telephone service was established whereby
Aboriginal Health Workers could phone the QAAMS ofüce
immediately a problem arose, particularly in relation to
instrument breakdown or other technical problems and

interpretation of quality assurance results. A regular
newsletter was also sent to all participants to update them on
current issues. Workshops for participants were held in
November 2001 and September 2002 and have now become

an annual feature on the program's calendar. The workshop
provides Aboriginal Health Workers with opportunities for
rehaining, networking, interactive discussion on all aspects

of the program and presentations from participants on how
their service is using the program. Representatives from the
Department of Health and Ageing and Bayer Australia also

attend the workshop. In addition to external quality assurance

assessment, the QAAMS program also monito¡ed internal
quality conhol testing conducted by services using kits
provided by the manufacturer (Bayer Normal and Abnormal

Qualiry Control kits, catalogue number 5068001, Bayer

Australia).

Results

Participation

An overall participation rate of 88o/o (range 8l% to 93o/o) has

been maintained across the first three and a halfyears (7 test-

ing cycles) of the program. This represents the retum of 3 1 00

QAAMS results from a possible 3524. On average, Sl%o oî
participating services retumed between l0 and a maximum of
l2 results each cycle.

Performance Indicators

Across three and a half years of testing, the percentage of
returned results that were within preset limits for
acceptability was 84o/o (range SlVo to 86%) (Table 1). This

represents 2590 acceptable results from 3100 results

retumed. The limits of acceptability, called allowable limits
of performance, were set by the QAAMS program organisers

at 10.5 up to an HbA'" of 10% and !5Vo at HbArc >10Vo.

These are the same limits used for the parallel
Glycohaemoglobin Quality Assurance Program run by the
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Table l. Key performance indicators in the QAAMS Program, 1999 - 2002
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Cvcle Nr¡mber

Performance lndicator 1 2 345 6 7

Acceptable Results, %

Median Precision, CV%*

Median Biasr, %HbArc

8484838/-818384

4.3 4.4 4.0 3.7 4.1 3.9 3.4

0.36 0.38 0.18 0.19 0.26 0.19 0.23

+ CcæfÏcient ofvarialion (CV9á) is calculated by dividing the standârd deviation by the rnid-point oflhe service's range

ofconcentrations, ex¡rressed as a percentage. The standard devi¡¡t¡on ¡s the ero¡ ofthe est¡tnsle Sy.r and represents the

average standard deviat¡on across the range ofconcentrations analysed,

fBias is the average ofbiases ofthe service's line ofbest fit at rhe lowes(, highesr añd mid-point. inespective ofsign.
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RCPA Quality Assurance Program Pty Ltd for laboratories in
Australasia and other parts ofthe world.

As stated earlier, the 12 samples in each cycle comprised six
paired levels of HbA'. concentration that were tested in
random order pre-determined by the program organisers.

The use of paired and linearly related samples for QAAMS
testing also enabled a direct measure of the precision and
accuracy across time of both individual DCA 2000 machines
and the group as a whole. The median coefücients of
variation (CV%) and bias achieved by services participating
in the program is shown for each testing cycle in Table l. The
median precision (CV%) for HbAr. testing has averaged

3.8%o across the past 5 testing cycles, with 3.4% being
recorded for the most recent testing cycle. Notably the
precision achieved by QAAMS participants has been

steadily improving since the program began.

How does this level of performance compare to laboratories
using the DCA 2000? The RCPA Quality Assurance
Programs also runs a laboratory-based Glycohaemoglobin

Quality Assurance Program, which uses the same mate¡ial as

that for the QAAMS program. There are approximately 75

DCA 2000 laboratory users in this program. The comparative
analytical precision (median CVTo) recorded for the QAAMS
and the laboratory-based Glycohaemoglobin programs since
the QAAMS program began shows that, for the past four
testing cycles in particular, Aboriginal Health Workers
achieved an analytical performance equivalent to that of
trained laboratory scientists and technicians (Figure 3).

Figure 3, Precision achieved by QAAMS participants and
laboratory users of the DCA 2000 across the past seven
testing cycles.
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How does this performance compare to international
consensus criteria on desirable performance standards for
HbAr" analysis? The importance of imprecision as a key
component of HbAr" analysis is being increasingly
recognised by the medical and scientific community
world-wide. Based on clinical need from studies like the

UKPDS and DCCT and recent recommendations from key
professional bodies, there is now widespread international
consensus that the desirable precision goal for HbA,.
analyses is a CV of less than 3%.'''' while there is little
specifìc published information on desirable performance

standards for point-of-care HbAr" analysis, it is a generally

accepted principle that analytical performance goals for
point-of-care testing should be close or equivalent to those

used for laboratories. In the most recently completed

QAAMS testing cycle (Cycle 7), the point-of-care DCA 2000
analysers in the QAAMS program achieved a median CV of
3.4yo, with 43o/o of QAAMS sites attaining the desired
precision goal of less than 3Vo during this cycle. Whilst
acknowledging that the point-of-care DCA 2000 analyser
cannot achieve the performance base of state-of-the-art
laboratory HPLC technology, the DCA 2000 is

unquestionably the most practical and robust HbAr. analyser
for use in rural and remote Australia where access to
laboratory services is often very limited or non-existent.

Other Management Sewices

A total of 419 calls were received by the QAAMS hetp
hotline over the past three and a half years, 49Vo of which
were iaken during,the frrst year ofthe program as teething
problems and issues of process were being addressed. In
addition to incoming calls, the QAAMS Program Manager
provided on-going advice and follow-up action for sites

whose DCA 2000 machines exhibited poorer performance.

1235 Bayer HbA'" quality control results were retumed to the

QAAMS reporting office across the three and a half years of
the program. As up to seven different lot numbers of Bayer
quality control material were being used by QAAMS
participants at any one time, it has not been possible to

conduct detailed statistical analysis of Bayer quality control
results. In the most recent cycle of testing, 95Vo of all Bayer
quality control results retumed were within the acceptable
limits for the particular lot number of control tested (with the

limits of acceptability the same as those used for the testing
of QAAMS samples). During 2003/4, a single lot number of
Bayer HbA," control will be sourced for use in the program.
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Medicare Rebate for HbAr.Testing

In December 2000 Australia's Federal Health Minister
announced that a rebate could be claimed under the
govemment's Medical Benefits Schedule (MBS) for HbA¡.
tests conducted on the DCA 2000 in Aboriginal Community
Controlled Health Services. Provision of this rebate has
facilitated the program's integration into mainstream
Aboriginal health care by ensuring there was a long-term
sustainable funding mechanism for the program. The rebate
remains conditional on services continuing to participate in
the QAAMS program.

Field Usage of HbAr" Testing

The charter of the QAAMS Program has been to provide
education, training and quality management services to
support community HbA," testing rather than to collect or
analyse patient data, which remains the property of the
participating services. However, participant discussion at

QAAMS workshops has revealed HbAr. testing is being
carried out in a variety of different communit¡r settings.
These include the diabetic clinic (with some services
establishing new diabetic clinics as a result of being able to
perform the test on-site), opportunistic testing in the health
service, home visits for patients with diabetes who are unable
to attend clinics, community functions and health promotion
activities, and field visits to outstations and distant
communities sewiced by health services.

Furthe¡ data collected independently by NACCHO in the
first 18 months of the program indicated 2315 Aboriginal
people with diabetes were monitored using the DCA 2000
during this period.'o Subsequently data derived fiom reagent
consumption figures indicate approximately 3000 HbAr.tests
were performed in each of the second and third years of the
program.

Discussion

Significant advances in medical technology over the past

decade have seen the development of point-of-care
instruments such as the DCA 2000 that can perform tests for
the early detection and management of chronic diseases in
the community. Apart from advantages such as portability
and small sample size, the DCA 2000 has other advantages
that make it p¿rticularly applicable to the Aboriginal health
care setting.'' Through appropriate training, Aboriginal
Health Workers can perform HbAr. tests, thereby
empowering them to take greater responsibility for the health
of their own community members. By conducting the tests
on-site, ownership and control of health information remains

ì¡/ith the community, a factor crucial to the accepfance and

success of Indigenous health programs. Immediate
availability of a result means that the Aboriginal patíent with
diabetes does not have to retum for a follow-up visit.

The usefulness of the DCA 2000 machine for the early

detection of renal disease in a single remote Aboriginal
community has been previously demonstrated.'''" Ho*"u"r,
the QAAMS program represents the first time the DCA 2000

instrument has been used in a multi-centred, nation-wide
program for monitoring control of diabetes in Aboriginal
people.

In March 2001 NACCHO released an independent

evaluation on the first l8 months of the QAAMS progrur.'o
The executive summary of this report viewed the use of the

DCA 2000 point-of-care technology as a major opportunity
to better care for and manage Aboriginal clients with diabetes

within the community setting. It stated that the ability of the

point-of-care technology to generate rapid results served as a

catalyst to enhance patient self-management, while simplicity
of use led to high levels of acceptance by Aboriginal Health
Workers nationally. It concluded that the sense of community
control was enhanced as a result of management of diabetes

becoming more focussed within Aboriginal medical services.

Participation rate and all key performance indicators
measured in the QAAMS program have remained constant

across the program's three-and-a half year duration. Tight
precision for HbAr"measurements in patients with diabetes is

particularly important because clinicians monitor serial

measurements across time and adjust treatment according to
changes in control of diabetes. If the analytical imprecision

of the HbA'. method is too wide, it may mask a clinically
significant change in control of diabetes. With appropriate
education, training and on-going support, Aboriginal Health
Workers have shown they can consistently achieve a level of
analytical precision for HbAr" testing using the DCA 2000
point-of-care analyser that is equivalent to that of laboratory

scientists and technicians using the same instrument. Further,
the analytical performance base achieved by QAAMS
participants using point-of-care technology is close to current
internationally recommended precision goals for HbA'". We

believe this is reflective of the program's intensive on-going
commitment to continuing education, training and support
for the participating services. Given the geographic isolation
of many Aboriginal health services and their often poor

access to laboratory services, the point-of-care DCA 2000
clearly represents thê most practical and culturally
appropriate òption for community-based on-site HbA'"
measurements on Aboriginal patients with diabetes.
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The greatest challenge to the sustainability of the QAAMS
program is Aboriginal Health Worker turnover in
participating sites and theprovision ofeducation and training
for new health workers who come into the program from
those sites. Since the program's inception in June 1999, 33

sewices now have a different health worker responsible for
the QAAMS progam; in 10 of these services there have been

more than one health worker change across this period. lt is

a remarkable testament to the goodwill and vision of the

participating services and to the dedication and commitment
of the Aboriginal Health Workers concerned that the
program's major performance indicators have remained
stable across this period in spite of such change. The

QAAMS workshop provides at least one opportrunity for
formal training in a group envjronment every ye r.

The QAAMS HbAr. model, based on education, training,
quality assurance and on-going quality management support
services, provides a sound framework for the appropriate and

sustainable use of point-of-care technology outside the

laboratory environment. The model can be readily adapted

and is transferable to both Indigenous communities in other
parts of the world and to other point-of-care instruments and

tests. ln 2003 an intemational participant from the Western

Pacific has joined the QAAMS HbAr. program. Vr'ith further
Govemment support, a new QAAMS program for the

measuroment of urine albumin:creatinine ratio on the DCA
2000 commenced in February 2003, thereby maximising the

analytical capabilities of this point-of-care analyser and

facilitating further on-site management for Aboriginal people
with diabetes.
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An lnnovative Australian Point-Of-Care Model For Urine Albumin:Creatinine Ratio Testing

That Supports Diabetes Management ln Indigenous Medical Services And Has International

Application.

ln 2003, the Australian Government approved a proposal written by the author to develop a new

QAAMS program for urine ACR testing on the DCA 2000, which would facilitate enhanced clinical

management of lndigenous diabetes patients. This approval reflected the confidence of Government

in the QMMS model, its acceptance of the research flndings to date, and its recognition that POCT

was a valid means of health service delivery for lndigenous Australians.

However, the research question that needed to be addressed was: Could the key elements of the

QAAMS HbAlc program be successfully adapted for the new urine ACR tests and could Aboriginal

Health Workers perform this POC test to an acceptable analytical standard?

This paper described the education, training and quality management framework implemented for

this new test, reported on the results of both quality control and quality assurance testing across the

first two years of the program, and conclusively validated for the first time that Aboriginal Health

Workers could be successfully trained as POCT operators for urine ACR POCT and maintain high

levels of analytical competency. The paper also provided preliminary comment on the potential

internationalapplication of the QMMS model,

As for HbA1c, the multi-centred, large scale implementation of quality assurance testing for urine

ACR represented a world first for lndigenous peoples.
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lntroduction

In rural and remote areas of Australia, the geographi-
cal isolation of many health centres, particularly those
responsible for indigenous (Aboriginal and'tbrres Strait
Islander) communÍties, means access to laboratory ser-
vices is often limited, while time delays in transporting
samples and receiving results may lead to delayed clin-
ical management and poor rates of patient follow-up,
Point-of-care (POC) testing (POCT) provides a practical
option for the provision of pathology services in both
the acute and chronic cllnical contexts as results are
available on-site, enabling clinical managcmcnt to be
initiated immediately.

Background Type 2 dlabstes is lhe leading cause of end-stage renal lailure in

Australia's indigenous people, The measurement of ur¡ne albumin:crealinine ratio
(ACR) as a marker for early renal disease is an ¡mpodant component of the

managemsnt of indigenous patienls with diabetes.

Methods An innovalive national program (Quality Assurance lor Aboriginal Medical
Services [QAAMS]) for polnþof-cars (POC) urine ACB testing on the DCA 2000
analyser (Bayer Diagnoslics) was established lo monitor microalbuminuria in
indigenous people wilh diabstes in 30 Aboriginal and Torres Strait lslander medical
seryices across Auslralia, Aboriginal heallh workers perform lhe ACR test. The
QMMS model provides ongoing educatlon and training, an annual workshop,
monlhly quality assurance testing and a telephone help holline. Quallly assurance

testing ¡s conducted using paked, linearly related samples with a wide range of
ACR concentrat¡ons (1-25 mg/mmol).

Fesulte The average parlicipation rale across four slx.monthly OAAMS ACR
tosting cycles was 830/0. ln all, 94olo of 1 1 63 qqalily assurance tests pelormsd wero
within the presel limits of acceptability. The median precision (coefficient of variatloß
parcent for ACR quality assurance testing averaged 5.4%, well within desirable
pertormance specifications. Between-site accuracy was excellent.

Conclusion This unique POC model for suppoding diabetes management is the
first of its type to be developed for indigenous communilies and has considerable
polential to bo adopted worldwide.

Ann Ct¡n B¡ochen2005; 42: 20È215

In rural Australia thcre is a strong clinical need for
effective POCT programmes for chronic disease man-
agement, in particular ln indigenous Australians, with
prevalence rates o[ adult dlabetes as high as 30% and
rates of end-stage renal disease (ESR'D) reaching epl-
demic proportions in many communi¿ies,r'2 While
acknowled ging the multifactorial nature of progressive
renal failure, diabetic nephropathy ls by far the lead-
ing cause of ESRD in Australian indlgenous people,
accounting lor. 47n/o of casets compared with L7o/o in
non-indlgenous Áustralians.l

To address the ever-increasing burden of morbidity
and mortality caused by diabetes and its renal compli-
cations, the feasibility o[ using on-site POC pathology
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testing for biochemical markers of diabetes manage-

ment and locally trained personnel was lnvestigated

for the first time.
In 1998, Australia's National Diabetes Strategy and'Im-

plementation PIan recommended that a trial of the DCA

2000 analyser (Bayer Diagnostics, Tarrytown, NY
USA) be conducted for POC glycated haemoglobin
(HbAd testing in indigenous primary health-care ser-

vices,a The trial aimed to provide a more accessible and

convenient clinical service for monitoring diabetes

control and to facilitate greater community control
and ownership of diabetes services within indigenous
communities. As a result, a natlonal programme for
POC HbAr" testing on the DCA 2O00 was developed

and lmplemenf.ed irr 45 Aboriginal Cornmunity Con-
trolled Health Services (ACCHS) in Australia in mid-
1999. The Australian Government's Department of
Health and Ageing funded the programme, which was
named Quality,{ssurance for Aboriginal Medical Ser-

vices (QAAMS). The programme was based on four key

elements: education, training, quality assurance and

ongoing support services. The quality assurance com-
ponent of the programme was developed in partnership
with the RCPA QualityAssurance Programs Pty Ltd.,

which provides quality assurance programmes to
laboratories in Australasia in collaboration with the
Royal College o[ Pathologists of Australasia and
the Australasian Association of Clinical Biochemists'
The QAAMS programme for HbA¡" has now become
embedded within the health-care system for indigen-
ous people with diabetes, and the DCA 2000 has pro-
ven safe, robust and clinically anrl culturally effective

within this setting.5-7 The QAAMS model is believed
to be the first of its type for indigenous people any-
where in the world.

In 2003 the Australian Government's Department of
Heatth and Ageing introduced POCT for urine albu-
min:creatinine ratio (ACR) on the DCA 2000 within
the QAAMS integrated training and quality assurance
framework, to provide further management support
for indigenous people with diabetes. Urine ACR is a
well-recognlzed biochemical ma¡ker for early renal
disease (microalbuminuria), as well as an independent
risk factor for cardiovascular disease,s-1(' and can
conveniently be measured on the DCA 2000. A sys-

tematic review on clinical guidelines for diabetes man-
agement in the Australian indigenous population

recommends that urine ACR is measured annually for
all indigenous people with diabetes, six-monthly in
those with established microalbuminuria and three-
to six-monthly for patients on therapy for established
microalbuminuria.lT

This paper describes the novel aspects ofthe 0AAMS
model lor POC urine ACR testing on the DCA 2000 in
Australian Aboriginal and Torres Strait Islander Medi-
cal Services (AMS), which is the first integrated train-

Australian poinl'of'care model lor uine albumin 209

tng and quality assurance programme to be developed

and implemented for the monitoring of microalbumi-
nuria in indigenous dlabetes patients, The paper also

reports on the key outcome measures, including
ongoing participation rate and results from the first 24

months of quaÌity assurance testing.

Methods

Bayer DCA 2000 lnstrument
The DCA 200O analyser is small (25 cm high x 21cm

wide x 25 cm deep) and portable (weighing 5 kg). In
all,4O ¡tL of urine is required for the ACR test. The fìrst
morning urine is recommended as the specimen of
choice for ACR measurement, due to its greater sensi-

tivity and specificity and lesser variability compared

with the random spot urine,is'r" The urine sample is

loaded into a single, disposable rcagent cartridge (DCA

2000 Microalbumin/Creatinine kit, catalogue number
0611, BayerAustralia), which is then inserted into the

lnstrument. The DCA 2000 provides a quantitative

measurement of urine albumin by immunoturbidi-
metry (using polyclonal goat antiserum) and urine
creatlnine by spectrophotometry (using 3,S-dinitro-
benzoic acid at alkaline pH)' as well as calculation of
the urine ACR. The result is available in 7 min. The

measuring range is 5-300 mg/L for urine albumin
and 1-44 mmol/L tor creatinine. The DCA 2000's lower
limlt of detection for urine albumin (5 mg/L) is 60

times more sensitive than conventional dipsticks for

this analyte. The analytlcal performance characteris-
tics for ACR measurement on the DCA 2000 have been

verified in prevlous studies in a rcmote Australian indi
genous community setting2o-22 and in the labora-

tory,2'-zr' but not on a comprehensive national scale,

Participation
The QAAMS urine ACR progr¿¡mme commenced in
February 2O03, The initial intake of AMS was capped

at 30 under the conditions of the 0AAMS contract with
the Australian Government' The location of these parti-
cipants (all of whom were existing QAAMS HbAr"
sites) encompassed urban, rural and remote iocations

across every mainland .Australian State and Territory
(Fieure l). These sites service an estimated 2000 indi-
genous people with diabetes.

Principles of the oAAMS model

The QAAMS model enables POCT for ACR to be con-

ducted on-site within the AMS by an Aboriginal Health
Worker (an indigenous person trained in primary

health carb who lives and works within the commu-
nity). As health workers are not familiar with labora-

tory practices and they conduct POCT outside the

Ann Cln Bíochen 2005: 42: 20&€15
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w
Flgure 1 Localion ol Aboriginal comnunity-controlled health
services parlicipaling in QAAMS HbA¡ and ACR progrannes
duríng 2004, Sites in both the ACR and HbAl"progranmes arc
indicted wilh an open circle (o), while sites in the in the HbA¡
prcgnmme only are narked by a clæed circle (.).

laboratory framework, the QAAMS model provides a
comprehensive ongoing education and training pro-
gram, supported by continuous quality assurance test-
ing and other associated management servlces.

Educatlon
A set of education resources, comprising a training
manual and a series of posters, was developed for the
QAAMS urine ACR programme, The training manual
includcd the following l.opics: an ovcrview of renal dis-
ease in indigenous Australians, the functions of the
kidney, the major causes of renal disease, the natural
history of renal disease and the importance of early
detection, urine tests for renal dlsease, the ¡{CR test
and the classtflcation of microalbuminuria, how to per-
form the urine ACR test on the DCA 2000 machine, and
the principles and practice ofquality control (eC) and
quality assurance. Three A3-sized laminated posters
with step-by-step instructions on how to perform the
ACR test on the DCA 2000 and how to conduct QC
and quality assurance testing for ACR on the ihstru-
ment were produced to consolidate and simplify infor-
mation presented in the training manual. The training
manual was designed to be the primary education
resource, while the posters were for day-to-day use
with the DCA 2000 machine,

Training
An initial training workshop was held for Aboriginal
health workers (and allied health professionals) from
participating services in Adelaide, South Australia, in
February 2003. Representatives from the Australian

Government's Department of Health and Ageing and
Bayer Australia also attended the workshop. Partici-
pants were glven their education resource package
and received theoretlcal and practical instruction from
the QAAMS management team about renal disease and
the ACR test, how to perform an ACR test on the DC,{
2000 machine, and how to conduct quallty assurance
and QC testing forACR. Following the workshop, parti-
cipants returned to their respective medical services
and commenced ACR testing on patlents with diabetes,

An annual naining workshop is also held for partici-
pants in the QAAMS ACR Programme. This workshop
provides an interactlve forum for participants to meet,
network, undertake initial or refresher training, deliver
presentatioDs about how the plograurrne is being used
in their service, and learn about lnteresting clinical
cases from different services. Participants also under-
take a practical test and written assessment supervised
by the QAAMS Programme Manager and his scientific
team and, if successful, they receive a certificate of
competency as an approved operator of the DCA 2000
analyser. Only certified operators are able to conduct
POCT in participating services. A register of certified
operators is held at the central QAAMS office and con-
stantly updated,

The QAAMS Programme Manager also conducts on-
site fleld vislts between workshops to sites experiencing
dlfficulties with the programme and/or needing more
immediate help with training, as requlred.

Ouallty assurance programme
An external quality assurance programme to support
ACR testing on the DCA 2000 machines across all par-
ticipating sites started immediately following initial
training in February 2003. Since that time, four
six-monthly testing cycles have been completed to
December 2004.

An annual package of materials needed to conduct
QAAMSACR testing was scnt to each participating site
at the beginning of 2003 and 20O4. The package
included a QAAMS ACR testlng klt containing 24
lyophilized samples of human urine, each numbered
and dated for testing across two six-monthly testlng cy-
cles;24 sealed plastic pipettes each contalning 2 mL of
water for reconstitution of the lyophilized samples; an
information sheet; testing schedule and result sheets,
Australian Scientific Enterprises (ASE) of Sydney,
Australia, prepared the samples for the QAAMS ACR
programme. The 12 samples per cycle comprise six
paired and linearly related levels ofACR that are tested
in a random order pre-determlned by the program
organizers. The samples have a range of values from
I to 25 mglmmol for urine ACR (20-230 mg/L for urine
albumin and 9-26mmollL îor urine creatinine),
These ACR values cover the full range oflevels likely to
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be observed in patients with normoalbuminuria
(<3.4mg/mmol) or microalbuminuria (3.5-34mel
mmol).r'78 Services are required to test two QAAMS
samples per month, according to the defined testing
schedule. Monthly testing can be performed at any
time that is convenient to the service, provided their
results are received at the QAAMS reporting office by
fax or post by the last day of each month. To ensure the
confrdentiality of results, each service has been allo-
cated a specific community code number that is

stamped on their result sheets and all other printed
matter.

Within a week after the closing date for return of
results for each month, the QAAMS reporting office
send a simpliffed graphical report to each individual
service (Figure 2). The report compares the results re-
turned by that service with the target (median) values
for each sample and with the range of results submitted
by all other services. In addition, the report displays
graphs that document all previous results returned by
the service for that particular testing cycle, Through

Prlnled
Sop 02 08r'15:59 2004

@RCPA Quality Asurancs Programe Pty, Linll€d
ABN 32 003 520 072
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this method of reporting, each service receives regular
monthly information on the short- and long-term per-

lormance of their DCA 2000 machine for ACR testing,
Monthly reports for urine albumin and urine creati-
nine are also generated, but not sent to participants.
The OA.AMS Programme Manager holds these reports
and uses them, where appropriate, to investigate com-
ponents of poor analytical performance.

At the end of each testing cycle, summary analysis of
six months of data (12 specimens) is used to calculate
and rank each individual participant's precision and
accuracy for ACR testing. These data are also used to
identify individual services that are experiencing sig-
nificant analytical problems. Services are contacted
and a tailored action plan implemented to redress poor
performance.

Other management servlces
In addition to external quality assurance assessment,

services are required to conduct internal QC testing to

Prspar8d by:
BcPA.AACB Ch€mlcal Palhology OAP Group

Due Date : 30/06/2004

Allowsbls llmlls ol psrlormance
r0.5 up lo 3.5i il5% > 3,5 mg/mmol

OUALITY ASSURANCE FOR OAAMS

URINE ALBUMIN:CREATININE FATIO (mgl/mmol)
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Figure 2 Exanple oÍ the nonthly sumnaty repoft sent to all QAAMS ACF pârlicipants. As an internalional pt¡nary reÍerence

maler¡al¡s not currcntly available for uine ACB, the nedian of all rcsulls submitted lor each sample was used as lhe laryet value lor

lhal sample,
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provide an immediate on-site assessment of their
instrument',s performance. Bayer DCA 2000 Mlcro-
albumin/Creatinine Low and High Quality Control kits
(catalogue number 69L(rtl03, BayerAustralia) are used
for this purpose. These kits contain lyophilized human
urine samples with two ACR levels, approximately 3.5
and 6,5 mg/mmol, depending on the lot number.
Services are required to test one of these samples (in
an alternating fashion) each time they open a new
ACR reagent kit. They are provided with a Bayer
Urine ACR QC result sheet showing acceptable limits
for each control, preset by the QAAMS management
team. Results of QC testing are written on the result
sheet and faxed to the QAAMS office. The QAAMS Pro-
gramme Manager reviews the results and calculates
the precision (coefficient of variation percent [CV%])
for each QC sample for each site. Three different lot
numbers of Bayer microalbumin/creatinine QC rnateri
als have been used across the ñrst 24 months ofopera-
tion (lot numbers 23, 24 and 9026), providing a sound
basis for assessing analytical performance for internal
QC testing.

A telephone help hotline service was established
whereby Aboriginal health workers could contact the
QAAMS office immediately a problem arose, particu-
larly in relation to instrument breakdown or other
technical problems and interpretation of quality assur-
ance or QC results. A regular newsletter was also sent
to all participants to update them on current issues,

Results

Participation
An overall participation rate of 83% (ran1e 74-97o/o)
has been maintained across thc first 24 months (four
testing cycles) of the programme, This represents the
return of 1163 QAAMS results from a possible 1404. On
average, 807o of particlpating servlces returned be-
tween 10 and a maximum of 12 results in each cycle.

Key analytical perlormance indicators
Across the first two years of quality assurancc testing,
the percentage of returned results that were within
preset limits for acceptability was 94o/o for urine ACR
(range 88-99Vo), 84'lo for urine albumin (range
77-9OVo) and 857o for urine creatinine (range
83-88%;Table 1). The limits of acceptability or allow-
able Iimits of performance, set by the QAAMS program
organizers, were *15o/o for urine ACR, +12,5% for
urine albumin and +7,5o/r, for urine creatinine. These
limits are the same as those recommended in the
Australian Government Department of Health and
Ageing's interim Standards lor Point-ol-Care Tcsting
ìn General Practice,2T These limits represent a consen-
sus from information on quality specifrcations derived

'fable 1 Percentage aoceptable resulß lor ur¡ne ACR, albumln
and creallnlne durlng lhe lirst lour QAAMS lestlng cycles

% Acceplable results

2003 2004

Analyte Cycle 1 Cycle 2 Cycle 3 Cycle 4

ACB
Albumin

Creatinine

91o/.

80lo
89Yo

88lo
77Io
83o/o

99o/o

89lo
87Io

98o/o

90lo
88lo

-lable 2 Median prec¡s¡on ach¡eved lor urine ACR, albunin
and creal¡n¡ne acrcss tha lirst lour test¡ng cycles in the QAAMS
urine ACB programme

Median precision observed (CV%)

2003 2004

Analyle Cycle 1 Cycle 2 Cycle 3 Cycle 4 Desired

Preclsion
goal (cvo/"')

ACR 7,2%

Albumin 11.8%

Creatinlne 4,3%

7,7%

13,2Io

5,9To

12o/o

10%
60/o

3 6lo 3.01o

677o 5.91o

421o 4,5%

'Coefllcient of var¡atlon (CV%) is calculated by dividing tho slandard
deviatlon ol the mldpoint of lhe ssrvice's range of concentrations,
oxpresssd as I porcontago, The standard devlalion is thê €ror of lho
estimats Sy.x and repros€nt8 the averago Êtandard doviation åcross
the rânge ot conoentråtions analysed,

from biological variation, guidelines from international
expert groups and committees, and specifications pro-
mulgated by external quality assessment scheme orga-
nizers.28-31

The use of paired and linearly related samples for
QAAMS ACR testing enabled a direct measure of
the precision and accuracy of individual DCA 2000
machines and thc group as a whole,

The median preclsion (CV'l/o) achieved by services
has averaged 5.4n/o lor urine ACR, 9.4n/o lor urine albu-
min and 4.6o/<, for urine creatinine across all four test-
ing cycles. The desirable performance specifications for
the precision of urine ACR, albumin and creatinine
measurements recommended by the Australian Gov-
ernment Department of Health and Ageing's interim
Standards Jor Point-oJ-Qsre Testing in General Practice
are il2o/o, *1oo/o and *60lo, respectively. Precision
goals for urine ACR were comfortably met by QAAMS
participants across all four testing cycles (Table 2) and
also at each óf the six levels of ACR tested (Figure 3).

Analytical performance for urine creatinine also con-
sistently met performance standards. Precision goals

Ann Clin Biochen 2005i 42: 208+15
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for urine albumin were achieved for cycles 3 and 4
(during 2004), but not for cycles 1 and 2 (during 2003).

This latter findlng can be explained by a stability pro-

blem identiffed with the 2003 QAAMS urineACR mate-

rial. Improvements were made to the 2OO4 QAAMS
urine ACR material and no stability issues were re-
ported with thls material during 2004' The significant
improvement observed in both the percentage accepta-

ble results and precision for urine albumin measure-

ment in Cycles 3 and 4 reflects, at least in part, the

improved quality of material used for quality assutancc

testing.
Accuracy plots for each servlce participaLing in

Cycle 3, displaying the line of best frt across the full
range of ACR values tested, are shown in Figure 4.

The distribution of regression lines is very consistent,

indicating good between-site accuracy over a wide
range of ACR values. This performance has been

repeated in Cycle 4.

Olher managêment serv¡ces
Since the QÁ,AMS ACR programme began, 340 llayer

QC tests have been performed (175 low and 165 high
controls, across three different lot numbers of materi-
al), The precision (CV%) recordcd for internal Bayer

QC testing across all the four cycles is shown in Table 3

and is compared with the desired analytical perfor-

mance goals for precision for each analyte. Preclslon
has generally remalned well wlthin performance speci-

ffcatlons for all analytes.
Over 400 calls were receíved by the QAAMS help

hotline over the past 18 months: the majority of
calls related to the stability problem with the QAAMS
material during Cycle 2 and a maior audit of each par-

ticipating site undertaken during Cycle 3' The OAAMS
Programme Manager also continues to províde

ongoing advice and follow-up action for sites whose

DCA 2000 machines exhibit poorer performance,
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Figure 4 Accurucy plols lor each ol the 30 Aboriginalmedical

sev¡ces during Cycle 3.

Table 3 Precrsion observed wilh Bayer internal QC lesl¡ng lot utine ACB on lhe DCA 2000

Test

Precision observed with Bayer QC lestlng

2003 2004

Cycle 1 Cycl€ 2 Cycle 3 Cycle 4

Level LN 23 LN 23 LN 24 LN 24 LN24 LN 9026 Preclsion goal (CV%)

Urine ACR (mgimmol)

Urine albumin (mg/L)

Urine creatinine (mmoUL)

5.7

4,1

6.6

6.2

5.1

4.0

6,3

5.1

4.4

4,0

6.3

5.1

12%

10To

6o/o

3.7

6.0

35.0

215.0

9.0

35.5

6.5

5.3

7,4

4,9

5.2

5.0

8,2

4.8

8.1

4,3

4.4

5.1

8.8

4.3

1 1.0

4.7

5,4

3.7

6.0

4.8

8.8

4.3

6,5

4.1

Thres d¡fferent lot numbers (LN) of QC matorial have been used across four testing cycles.
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Discussion

Type 2 diabetes continues to have a devastating impact
on the health of Australia's indigenous people, particu-
Iarly through the development of serious complications
ofdiabetes - most notably nephropathy.

Tþe progression ofdiabetic nephropathy from micro-
albuminuria and overt proteinurla to ESRD can be
an incipient, asymptomatic process over many years,
However, a number of studies have shown that the
early detection of diabetic renal disease, followed by
subsequent aggressive clinical management with anti-
hypertensive agents (angiotensin-converti ûg errzyme
inhibitors and/or angiotensin receptor blockers), can
often delay thc progression to renal failure,T'32'33 The
role and value of urine ACR testing in detecting micro-
albuminuria and predicting progression to renal fail-
ure in type 2 diabetes ls now well established,
particularly in the Australian indigenous health set-
ting,2'7'1 

tt'1 6'2tt - z z

In rural and remote indigenous communities in par-
ticular, on-going quality-assured POC biochemical test-
ing has considerable potential to assist in better
management of diabetes, thereby potentially reducing
the morbidity and mortality of this debilitating condi-
tion. The POC DCA 2000 analyser offers a convenient,
accessible, timely and practical way of monitoring
urine ACR levels in patients with diabetes. The DCA
2000 has the ability to detect very low levels ofprotein
loss (to 5 mg/L albumin), well before the presence of
renal disease can be identified by conventional dipstick
urinalysis (at a level of 30O mg/L of urinary protein) or
before a rise in blood creatinine occurs (when approxi-
mately 50(l/o of nephron function is lost). UrineACR test-
ing is also a useful management adjunct to blood HbA1"
monitoring of glycaemic control performed on the
same analyser.

The QAAMS model, which has proven successful for
POC HbA ¡" testing, now provides an opportunity for in-
digenous medical services across Australia to use the
DCA 2000 to monitor albuminuria in their diabete s pa-
tients within a quality-assured framework, With its
strong emphasis on continuing education and training,
Aboriginal HealthWorkers have demonstrated a levelof
analytical competency for urine ACR quality assur-
ance and 0C testing that consistently meets current
desirable performance standards. This should ensure
that results of optimal quality are being generated for
patients with diabetes being monitored for albuminuria.

The DCA 2000 has again proven reliable and robust
in the indigenous setting and has particular applica-
tion for use in rural and remote locations that are dis-
advantaged by distance, have limited access to
laboratory services, or currently rcceive unacceptable
turnaround times for results from their nearest labora-
tory.

The QAAMS model, based on education, training,
quality assurance and ongoing support services, has
been shown to be adaptable to POC pathology
tests other than HbA1., while the Bayer DCA 2O0O's
ability to perform both a blood test for diabetes control
and a urine test for microalbumin on-site within
a short time interval (15-20 min) provides a powerful
and culturally effective platform to improve the man-
agement of diabetes in Australia's indigenous medical
services,

Challenges confronting the sustainability of the
QAAMS ACR programme include malntaining educa-
tion, training and quality management support ser-
vices for those sites experiencing high staff turnover
and developing a sustainable fundlng mechanism for
the program.

In conclusion, the QAAMS model, with its commit-
ment to providing culturally appropriate education
and trainíng, its emphasis of empowering community
health workers and community ownership, and its
focus on conducting POC testing within a quality
assured framework, has significant potential for use in
other indigenous community settings around the
world where diabetes is a significant health problem
and where health services have limited access to
laboratory services or are geographically isolated,
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The Anaffical Quality Of Point-Of-Care Testing In The 'QAAMS' Model For Diabetes

Management In Australian Aboriginal Medical Selvlces.

This recently published paper presented updated research data on the analytical quality of POC

testing for both HbAlc and urine ACR in the QAAMS Program. lt confirmed consistently high levels

of analytical quality had been sustained, and continued to improve, over periods of six and a half

years for HbAlc and three years for urine ACR.

The paper concluded that the ability to perform both tests by POCT provided a powedul and

culturally effective platform to improve diabetes management in Australia's lndigenous people and

argued further that the QAAMS model could be expanded internationally.
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Abstract
Type 2 diabetes mellitus and its major cornplication, renal disease, represent one ofthe most significant contemporary health

problems facing Australia's Indigenous Aboriginal People. The Australian Government-funded Quality Assurance forAboriginal

Medical Services Program (QAAMS) provides a framework by which on-site point-of-care testing (POCT) for haemoglobin

Alc (HbA,") and now urine albumin:creatinine ratio (ACR) can be performed to facilitate better diabetes management in

Aboriginal medical services. This paper provides updated evidence for the analytical quality of POCT in the QAAMS Program.

The median imprecision for point-of-care (POC) HbA,. and urine ACR quality assurance (QA) testing has continually improved

over the past six and halfyears, stabilising at approximately 3% for both analytes and proving analytically sound in Aboriginal
hands. For HbA,", there was no statistical difference between the imprecision achieved by QAAMS and laboratory users of the

Bayer DCA 2000 since the QAAMS program commenced (QAAMS CV 3.6% + 0.52, laboratory CY 3.4%o + 0.42; p = 0.21,
paired t-test). The Westem Pacific Island of Tonga recently joined the QAAMS HbA,. Program indicating that the QAAMS
model can also be applied intemationally in other settings where the prevalence ofdiabetes is high.

Introduction
Type 2 diabetes mellitus and its major complication, renal

disease, represent one of the most significant contemporary

health problems facing Australia's lndigenous Aboriginal
People.r-r The overall prevalence of type 2 diabetes is at

least three to four times that of the general population.l

Hospital¡sation rates for diabetes are four times higher for
Aboriginal males and six times higher forAboriginal females

compared to non-Aboriginal people, AcrossAustralia, diabetes

is responsible for 10.6 times more deaths in Indigenous
males and 17.6 tirnes more deaths in Ìndigenous fernales

than the broader Australian community.2 Rates of end-stage

renal failure (principally as a result ofdiabetic nephropathy)

have risen almost unabated across the past I 5 years in many

Aboriginal communities.+e

As part of an Australian Govemment-funded national
program called QAAMS which began in 1999, Aboriginal
Health Workers from 65 Aboriginal medical services across

Australia conduct on-site POCT for HbA," on the DCA 2000

analyser (Bayer Diagnostics, Tarrytown, NY, USA) to monitor
glycaemic control in Aboriginal people with established

diabetes.r0'r2 Aboriginal health workers are Aboriginal people

living and working in the community who have a basic

qualifi cation in primary health care. 7 5o/o of the participating

Aboriginal medical services are located in rural and remote

Australia,

In 2003, the QAAMS program expanded to include POC

urine ACR testing on the DCA 2000 to further support

diabetes management.13 Urine ACR is a biochemical marker

for microalbuminuria or early stages of renal disease which,
as mentioned previously, is the major complication of diabetes

in Aboriginal people. The initial intake ofAboriginal medical

services into the QAAMS urine ACR prograrn was capped by

the Australian Government at 30, all of whom were existing

sites within the QAAMS HbA," program. From January

2006, this capping has now been increased to a maximum of
100 Aboriginal medical services for both the urine ACR and

HbA," programs.

The ability to perform both HbA," and urine ACR tests on-

site by POCT provides a powerful and culturally effective

platform to improve diabetes management in Australia's
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Aboriginal people.¡a However, it is also crucial that analytical

performance for conducting POCT in the Aboriginal (non-

laboratory) setting meets acceptable analytical performance

standards. To measure and maintain the anal¡ical quality of
POCT in the QAAMS Program, a broad quality management

framework was established. This included a culturally

appropriate education and training program with practical

and written competency assessment for POCT operators, an

intemal quality control program and extemal quality assurance

(EQA) testing for HbA,. and urine ACR, This paper provides

updated evidence on the analytical quality of POCT in the

QAAMS Program, specifically assessed by the results of EQA

testing, and also mentions the international applicability of
the model.

Methods
The QAAMS Program is a collaborative partnership between

the Community Point-oÈCare Services Unit within the

Flinders University Rural Clinical School and the Royal

College of Pathologists of Australasia (RCPA) Quality
Assurance Programs Pty Ltd, Chemical Pathology Group,

Adelaide, Australia. The QA component of the QAAMS
HbA,. and urine ACR programs is modelled on the same

principles used by the RCPA Qualiry Assurance Programs in

delivering QA programs for laboratories. However selected

design elements have been modified to suit the Aboriginal

POCT environment, which, for example, does not have access

to deionised water or volumetric pipettes for reconstituting

quality assurance samples. Each QAAMS participant is thus

provided with lyophilised quality assurance samples and

either eye droppers (for HbA,") or sealed plastic tubes (for
urine ACR) with a specific volume of deionised water for
making up the samples. Two samples per month are tested

across two six-monthly testing cycles per year. The samples

fcir each cycle comprise paired and linearly-related levels of
analyte across a range of concentrations from 5 to l4o/o for
HbA," and I to 25 mg/mmol for urine ACR. The use of paired

samples enables calculation of imprecision for QA testing on

the DCA 2000 for both individual services and the group as

a whole.

Services receive a monthly summary report shortly afterthe end

ofeach month. The report format, which has been published

previously, summarises both short and long term analytical

performance.r013 Each site has its own Community Number
to ensure confidentiality ofresults. At the end ofeach month,

the QA results from all participating seruices a¡e reviewed. If
the QA results returned by a particular service are outside lhe

limits of acceptability established by the program organisers
(+ 0.5 up to an HbA,. of l0% and + 5% at HbA,. >l0olo, and +

1 5% for urine ACR), the service's previous results are assessed

for trends over recent months, the service is contacted and the

possible reasons for the poor performance are discussed with

the POCT operator. Poorly performed services are monitored

closely until their performance improves. The QAAMS
Program also has a telephone support service (attended during

normal business hours). Using this service, POCT operators

can contact a member of the QAAMS management team to

discuss any technical or analytical issue as it arises.

At the completion of each six-monthly cycle, key performance

indicators are calculated including:

Participation Rate (number of QA results returned as

a Vo of the maximum number of results that could be

returned).

Vo Acceptable Results (the %o of results within preset

limits of acceptability set by the QAAMS management

team, as stated previously).

Median within-site imprecision (CV%|, calculated

by dividing the standard deviation of the midpoint

of the service's range of concentrations, expressed

as a percentage. lmprecision is considered a crucial

performance indicator because serial POCT HbA," and

urine ACR measurements are conducted for patient

management in the QAAMS program. It is important

that analytical noise is minimised and does not mask

clinically significant changes in patient results across

time. Current guidelines forAboriginal and Torres Strait

Islander Peoples recommend that HbA," is conducted

every three months, while urine ACR is performed

annually if the patient has a normal ACR and six monthly

if the patient has microalbuminuria.rs

Median within-site bias, which is the average of biases

of the service's line of best fit at the lowest, highest

and midpoint concentrations, inespective of sign. For

HbA," samples, a target value was assigned to each

sample using an intemational primary reference method

for HbA," (DCCT Biorex 70 I{PLC).'6 For urine ACR

samples, the median of all results submitted for each

sample was used as the target because no international

primary reference measurement systems are currently

available.

Results

For HbA,. QA testing, the paficipation rate across l3 six-

monthly testing cycles from July 1999 to December 2005

has averaged 86%o (range 73 to 89Vo). Eighty five percent of
6148 QA results submitted over these l3 testing cycles were

within the preset limits of acceptability. The median within-

site imprecision (CV%) achieved by services has consistently

improved over the six and a half years since the program

began (Figure l), averaging.3.67o across the lifetime ofthe
program and 3.2%o across the past three years. lüithin-site

a

a

a
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accuracy has remained steady, with the median bias averaging

0.22%o(range 0.17 to 0.38%) across the l3 testing cycles.

It is possible to directly compare the performance of QAAMS
Aboriginal medical services with laboratory users of the

DCA 2000 (of which there are approximately 70) because the

QAAMS and the laborâtory-based RCPA Glycohaemoglobin

QAP use the same material. The performance achieved for QA
testing by Aboriginal medical services and laboratories using

the DCA 2000 across the past six and a halfyears are shown

in the Table. The median CY%o fo¡ laboratory users of the

DCA 2000 has averaged 3.4%o since 1999 and 3.2o% across the

past three years. There was no statistical difference between

the median CVTo achieved by QAAMS and laboratory users

of the DCA 2000 since the QAAMS program commenced

(QAAMS 3.6yo + 0.52,laboratory 3.4yo + 0.42i t : 1.96, df :
12, p = 0.21, paired t-test).

For urine ACR QA testing, the participation rate across six
6-monthly testing cycles from January 2003 to December

2005 has averaged 85Vo (range74 to 9l %). Ninety six percent

of 1754 QA results submitted over these six testing cycles

were within the preset limits of acceptability. The median

imprecision (CY%o) achieved by services for urine ACR
testing has consistently improved over the three years since

the program began (Figure 2), averaging 4.47o across the

lifetime of the program and 2.9Vo over the past two years.

Within-site accuracy has remained steady, with the median

bias averaging 0.42Vo (range 0.28 to 0.620/o\ across the six
testing cycles.

Discussion
The results presented in this paper confirm that the QAAMS
model for POCT HbA,. and urine ACR testing provides

a health service delivery system that is analytically sound

in Aboriginal hands. The imprecision achieved for HbA,.

QA testing by Aboriginal health workers has continually

improved across the duration of the QAAMS Program and was

statistically equivalent to that achieved by trained laboratory

scientists and technicians using the DCA 2000 point-of-care

analyser.

Precision goals for HbA,. methods have continually been

refined downwards over the past decade as the clinical

requirement for tight imprecision has been highlighted

through the results of international studies such as the

Diabetes Control and Complications Trial (DCCT) and the

UK Prospective Diabetes Study,tr tt The minimum precision

goal for POC HbAr. testing recommended by the Australian
Government Depaftment of Health and Ageing's Interim

Standards for Point-of-Care Testing in General Pracrice is 4%o

and represents a consensus ofpublished information.re Many
professional bodies have recommended a desired precision

goal of 3o/o for laboratory HbA," methods, as this degree of
precision can statistically distinguish between recommended

HbA," treatment goals of 7o/o and 8%o.20'22 A recent ìnternational

workshop advocated the optimal precision goal for laboratory

HbA," methods should be 2%obecause this level of precision

Justifies clinicians acting on differences of 0.35o/o to 0.5%o as

being significant'.2r'24 As cán be seen in Figure l, QAAMS
participants achieved a precision base which wasjust outside

the minimum goal Ín the first year of the program, Over the

next three and a halfyears, services achieved a precision base
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Figure l. Median Precision Achieved by Aboriginal Medical Services in the QAAMS Program for POC HbAlc testing from
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Table, Comparative precision base (median CV%) over the last equivalent l3 testing cycles: Aboriginal Medical Services (AMS)
versus laboratories using the Bayer DCA 2000.

Program Y€a r 200s

Cycle

Type ofScnice

l2 13l0 ltE9674523

20032002 2004200120001999

QAAMS

Glycohaemoglobin

AMS

Labs

40

30

43

4t

44

30

37

14

4t 39 34 38 3.2 28

4t 3't 35 )6 33 3I

29

32

32 32

27 3t

t
tii{
i,¡
:t1

,:l

that was well within the minimum goal. In 2004, they achieved
better than the desired goal of3oZ. Over the past year, median
performance for HbA,. QA testing in the QAAMS program

has stabilised at around the 3%o mark, potentially reaching
the maximum analytical capability of the DCA 2000 POCT
analyser.

The minimum precision goal for POC urine ACR testing
recommended by the Australian Govemment's Department

of Health and Ageing's Interim Standards for Point-oÊ
Care Testing in General Practice is l2%o, with this goal also

representing a consensus of published information.re.zl As
seen from Figure 2, this goal has also been readily achieved
by Aboriginal medical services in the QAAMS program.

The analytical performance recorded by QAAMS participants

for these two tests represents an outstanding achievement,
acknowledging that POCT in the QAAMS program is

being undertaken by non-laboratory trained health workers

from services scattered across Australia with many services

enduring difficult working conditions, particularly in remote

Australia, and high rates of stafftumover. It reflects an on-
going commitment not only by the QAAMS management

team to continuing education, training and competency

assessment but also by the dedicated teams of Aboriginal
health workers conducting POCT in their services. Whilst
this paper has focused specifically on observed improvements

in analytical quality, it should be noted that the QAAMS
program has also been shown to be both culturally appropriate

and clinically effective in improving glycaemic control in
Aboriginal hands.r{ In the long term, the QAAMS program

aims to collect data on the impact ofthe program on reduction

of morbidity and mortality.

The successful adaptation of the QAAMS model for
urine ACR testing.in 2003 demonstrates that the model is

transferable to other POC tests. The Diabetes Centre from the

Western Pacific island of Tonga recently joined the QAAMS

QAAMS ACR Program
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Figure 2' Median Precision Achieved by Aboriginal Medical Services in the QAAMS Program for urine ACR testing from
2003-2005
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network, with the approval of the Australian Government. The

QAAMS Program Manager trained a team of health workers

from Tonga at the Australian Centre for Diabetes Strategies.

A high prevalence of diabetes (15%) has been reported in
Tonga, where the disease causes similar problems to those

faced by Aboriginal Australians.2s The Bayer DCA 2000
offered a practical option for the Diabetes Centre to provide

better care and monitoring for many of its diabetes patients.

The results ofrecent QA testing in Tonga indicates that sound

analytical performance for POCT HbA," testing can also be

obtained in Indigenous health services outside Australia that
have access to the same education, training and QA testing
framework provided by QAAMS. This finding also confirms
the transferability of the QAAMS model to other health

settings and illustrates the potential ofthis POCT model to be

expanded intemationally to support diabetes management in

other countries where the burden of diabetes is similarly high

or where health services have limited access to laboratory

services due to geographic isolation.
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CHAPTER 6

EVIDENCE BASE FOR THE CULTURAL AND CLINICAL EFFECTIVENESS OF POCT IN

INDIGENOUS MEDICAL SERVICES

l6l



INTRODUCTION TO CHAPTER 6

The 10 papers presented in this chapter are grouped according to their program of origin and in the

following order - the Umoona Kidney Project, the QAAMS Program and the Point-of-Care Testing in

Aboriginal Hands Program. The fìnal two publications, categorised under the 'General' heading,

describe all three lndigenous programs. Collectively, these 10 papers describe the cumulative

evidence base for both the cultural and clinical effectiveness of the POCT models in this research

program. As mentioned earlier in this chapter, the critical importance of evaluating the cultural

appropriateness of my POCT models as a research outcome cannot be over-emphasised for,

without the engagement of Aboriginal Health Workers as POCT operators and the willingness and

acceptance of lndigenous community members to participate in POCT, the POCT models described

in this research program would have unquestionably failed.
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THE UMOONA KIDNEY PROJECT.

Mark Shephardl, Michael Brown2, Maryanne Hudson2, Cissie Riessen2 and Janice Braun2

lRenal Unit, Flinders Medical Gentre, Adelaide

eUmoona Tjutagku Health Service, Coober Pedy, South Australia

Aboriginaf and lslander Health Worker Journal 2000;24:.12-15.
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The Umoona Kidney Project.

This early peer-reviewed paper provided initial evidence of the cultural approach adopted by the

author. lt was written collaboratively with the Umoona Aboriginal Health Worker team and

deliberatively featured quotations from the team members to illustrate their views on the cultural

advantages and effectiveness of POCT.

This paper was intentionally written as a descriptive commentary on the Umoona Kidney Project

rather than as an academic tome because I wanted to (i) demonstrate the inclusive nature of the

research being undertaken and (ii) ensure that the paper would be readily understood by its target

audience - the Auskalian Aboriginal Health Worker fraternity.

The joint publishing of this paper with Umoona's Aboriginal Health Workers contributed significantly

to the cultural acceptance of the Umoona Kidney Pro¡ect by both the health service and community

members and enabled the research outlined in subsequent papers on this program to be conducted

in a spirit of mutual trust and respect,

Footnote: The signature of co-author Maryanne Hudson was not able to be obtained due to a severe and long-standing

illness rendering her unable to sign her name. The CEO of the Umoona Tjutagku Health Service at the time this project was

underlaken (Anne Vanajek) signed the preceding Statement of Authorship on Maryanne's behalf.
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The Umoona Kidney Proiect
Project Manager,

Ll moo n a Ki d ney P roi ect,
Renal Unit,

Flinders Medical Centre,
Adelaide

How the Umoona Kidney Project
Came About

ln mid1997, a partnersh¡p was
formed between the Umoona lutagku
Health Service (UTHS) and the Renal
Un¡t at Fl¡nders Medical Centre to con-
duct a renal d¡sease screening and
prevention program for adult members
of the Umoona Aboriginal community
at Coober Pedy in far north South
Australia (some 850 kilometres from
Adelaide). The request to conduct the
project came from the then Director of
the UTHS, Waluwe Simpson-Lyttle.
(Janice Braun has since replaced
Waluwe as Director.) ln mid 1998, the
partnership was extended to include
the Renal Unlt at the Women's and
Children's Hospital (WCH). This fol-
lowed the community's des¡re to
include children in the screening and
prevention program. As a result, the
Umoona Kidney Project provides an
integrated family or holistic approach
to addressing the community's renal
health.

A Real Team Effo¡t
The team working on the project is

large and continues to grow. The

Aboriglnal Health Workers,
Umoona Tjutagku Health Service

lnùoductlon
Kidney disease is one of the rnost seÍious problems facing Aborlgnal

Austafians!6. Natlonally the number of Aboriglnal people wtth advanced,
or endstage kidney dlsease ls six times that of norÞAÞorlginal

Australians'a. lt has recently been predicted that a further 50O Aboriginat
people will develop enôstagê kidney disease by the year 2OO4'þ.lhe
only treatment options for Abori$nal people with advanced kidney dis.
ease are dialysis or transplantation, both of whlch cause significant
social and cultural trauma forthe indivldual and for their familf.

Early deteotion of renal dfsease is critical because, if identiñed earty
enough, progression to enó'stage kidney disease can be slowed or
even prevented. As a result, eerly deteotion has the potential to síg-
nificantly reduoe the number of Aboriginal people who may ultimately
require dialysis or transplantation.

Director,
Umoona Tjutagku
Health Service,
Coober Pedy, SA

Nadia Cerro.
Prior to commenc¡ng the project,

six months of groundwork was spent
with the Umoona Community, listen-
¡ng to the community's thoughts and
aspirat¡ons about renal disease, and
working together to formulate the
aims and objectives of the Umoona
Kidney Project. This period of com-
munity consultat¡on and liaison,
facilitated mainly through a series of
open community forums during field
visits to Coober Pedy, was critical in
forming the foundation on which the
project has been built. The renal
team also consulted with staff from
the Coober Pedy Hospital, particular-
ly the Senior Medical Offìcer, the
Director of Nursing and CEO, as well
as the local general practitioner at
Coober Pedy in the lead uP to com-
mencement of the Project. ln addi-

tion, Catherine Morgan, Manager of
Karpa Nfarrattendi Aboriginal Health

Unit at Flinders Medical Centre, gave

important cross-cultural training to
the renal team.

Umoona Tjutagku Health Service
team ¡s Janice Braun (D¡rector), a
clinical nurse (Vicki McOormack, who
has recently been replaced afler 25
years sterling service to the commu-
nity by Chris Durdin), and Abor¡ginal
health workers (Michael Brown,
Maryanne Hudson and Cissie
Riessen). The Commonwealth
Department of Health and Aged Care
(through its Office for Aboriginal and
Torres Strait lslander Health) has
recently provided additional health
worker salary support specifically for
the renal project, and a fourth health
worker (Gay McLeod) has now joined
the team.

The Flinders' renal team comprises
Project Manager and Scientlst, Mark
Shephard, two renal doctors, Lindsay
Barratt and Kathy Paizis, a nutrition-
ist, Sally Zeunert, data manager Glen

Allen, with computing and adminis-
tratìve support from David Heard and
Karan Lavender respectively. The
WCH team is made up of two renal
doctors (Fred Jureidini and Margie
van Renen), sen¡or technical offìcer
Sandra Harris, and a nutrition¡st

ABORIGINAL AND ISLANDER HEALTH WORKER JOURNAL, VOLUI"IE 24 NUMBER 2. N4ARCH/APRIL 2OOO
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OwnetshlP and DÍ¡ectlon of the
ProJect

The foundation on which this work

is based is that the Umoona com-

munity owns the renal project. lt is a
major long-term objective of the pro-

ject that a strong sense of Aboriginal

ownership continues to be fostered
and advanced.

The FMC/WCH renal teams are

responsible to the Board of the
Umoona Tjutagku Health Service,
and report directly to the Director of
the Health Service, TheY work with
the communitY, being resPeotful of
Aborigìnal time and sPace, and
remaining sensitive to the cultural
priorities of the commun¡ty.

All data collected during the Pro-
ject (for example on screening,
patient management and health pro-

motion activities) remains the proÞ
erty of the Umoona community con-
cerned.

Through community information
sessions, community members
receive feedback on how the program

is progressing, what results have
been generated and how the overall
health of the community is improving
over time. These forums are viewed
as a critical pr¡ority to reinforce com-
munity ownership of the project and
as a key strategy in ensuring long-
term sustainability.

How Does the Umoona Kidney
Project Work?

A major aim of the project is to iden-
tiry those members of the Umoona
community, both adults and children,
who may be at risk of developing
advanced renal disease. This has
been achieved by implementing a

screen¡ng program that began for
adults in June 1998 and for children
in November 1998. Participation in
the screening program is on an entire
ly voluntary basis.

The Flinders and WCH renal teams
visit the community on a regular
basis, around every six weeks during
1999, to carry out the screening
(which is conducted at the Umoona
health clinic). They work closely with
the nurse and health worker team

during these field visits. The health
screen not only provides information
about risk factors for developing
renal disease but also the risk of
cardiovascular disease, diabetes,
and the state of nutrition. lt ¡ncludes
a full medical assessment, a family
history, and a blood pressure, blood
sugar and weight check, ln addition,
each person also brings along a first-
morning urine or "kumbu" sample,
which is tested on-site for the urine
albumin:creatinine ratio or ACR,
using a machine called the DCA
2000. The ACR test is very much the
cornerstone of the screening pro-
gram. lt detects low levels of protein
in the urine (microalbuminuria), indi-
cating early evidence of renal dis-
ease. The DCA 2OOO instrument,
marketed by Bayer Australia, is
portable, simple to use, and pro-

vides a quantitative measurement of
ACR in seven minutes'. Used for the
first time in situ in an Aboriginal com-
munity, it has proven both robust
and reliable in this setting. Following
a consultation and after reviewing all
the screening results, the renal doc-
tor gives each community member
immediate feedback on his/her risk
factor profiles for renal and other
lifestyle diseases.

The role of the health worker team
¡n the screening process is pivotal.

As Cissie explains: "We make
appointment times for the people to
see the renal doctors, we see the

people and give them a reminder
notice about their appointment, and
we give each person a urine contain-
er (to collect their specimen for ACR

testing) and a brown paper bag to
keep the specimen in. On the day
the person sees the doctor we pro-

vide transport to the clinic if needed,
and we measure heights and
weights and do fingerprick blood
sugar tests."

Between field visits by the renal
team, there is also much to do, with
the Umoona health team carrying
out further screening tests request-
ed by the renal doctors (such as
repeat blood pressures, blood sugar
levels and dipstick urinalyses).
During field visits over the past six
months, the health workers have
been given regular tra¡ning sessions
about how to use the DCA 2000.
Since September last year, the
health worker team has been Per-
forming urine ACR testing on the
DCA between visits of the renal
team. This is seen as a crit¡cal step
in the evolution of the project
because it has always been a long-

term aim of the project to facilitate
Aboriginal control and empowerment
of renal screening.

As Michael and Maryanne explain:
"Doing the ACR test¡ng ourselves
really streamlines the project and

spreads out the workload. lt gives

the community members more
choice as to when theY have their

almoona's Aboilgtnat Health Wo¡ker team: Mlchael Btown' Maryanne Hudson and

Clssle Rlessen wlth îomü cllntcat nuÊe Ststet Vlckl McCo¡mack
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urine tested, TheY can come ¡n at
any t¡me and not just when the renal
team vis¡ts,"

By late 1999, 15O adults and L40
children in the communþ had been

screened. Some of the ¡mportant
findings from the screening of adults
include:
I Fourteen percent of People had

early evidence of early kidney dis-

ease or "microalbuminuria", as

well as having other risk factors
for renal disease. All are either
diabetic, diabetic with high blood
pressure, or hypertensive. This
group is a special focus of the
project because we hope to Pre
vent or retard the progression of
renal disease ¡n these people
through early intervent¡on strate
gies (as outlined below).

f E¡ght percent of people had (pre
viously unknown) established
renal disease, indicating the criti-
cal need for screening and early
detection of renal disease in
Aboriginal communities.

I Forty two percent of people were
not hypertensive or diabetic, but
had other risk factors for renal dis
ease, cardiovascular disease and
d¡abetes such as obesity, smok-
ing, and strong family h¡story.
Most people in this group were
between 20 and 3O years of age,
and they will need to be closely
mon¡tored in the next ten years for
the ñ¡ture development of these
so{alled "lifestyle diseases".

I Screening has also identified
three adults with previously undi-
agnosed diabetes, 38 adults with
previously undiagnosed hyperten-
sion, one new case of hepatítis B
and one new pregnancy.

Looking at the children,
I At present 14 children/young

people are being followed for
renal abnormal¡ties detected by
the screening project. These
abnormalities include signifìcant
proteinuria, signifÌcant micro-
haematur¡a and recurrent urinary
tract ¡nfections.

I Ten children, who were found to

have a raised ACR, are undergo
ing approprlate renal investiga
tions and two ch¡ldren with mildly
elevated blood pressure readings
on screening are under regular
review.

I ln addition, 28 children with min-
imally elevated ACR levels on ini-
tial screeninÉ are belng followed
regularly by analysis of an early
morning urine specimen. This
enables track¡ng of ACR levels
over time to determ¡ne whether
they have a potent¡al ongoing
renal problem. E¡ght children
have also been identified with
s¡gn¡f¡cant microhaematuria and
are currently being investigated.

I Four children with previously diag-
nosed renal problems are now

under regular review at the
Health Service.

¡ A new noninsulin dependant dia
betic (NIDDM) has been diag-
nosed as a result of screening
and a further adolescent is cur-
rently be¡ng investigated for dia-
betes. These young people will
be managed in the long-term by

the regional pediatric¡an from
Port Augusta, Nigel Stewart.
Several more young people have
been identified as having signifì-
cant risk factors for Type ll dia
betes and are receiving approprÈ
ate management including dietet-
ic advice.

I Five children with previously
unrecognised medical problems
(namely, type 2 diabetes, heart
murmur, asthma, endocrine and
eye conditions) have been found
during screening and have been
relerred to the pediatrician for
ongoing management. Eight over-
weight/obese children are receiv-
ing adv¡ce and are being reviewed
by the WCH nutritionist, both in
family and school groups. Many
non-renal problems identified dur-
¡ng the screening phys¡cal exami-
nat¡on have been referred to the
local general practitioner and/or
the regional pediatrician. Many of
the children in the communitY
have been found to have a strong

family history of signif¡cant meé
ical problems, for example hyper-
tenslon (54%), d¡abetes (62%1,

renal disease (32%l and cere
brovascular dlsease (41%).

Screening will continue to be an
on-going priority of the project over
the next year. The community has
accepted the renal teams from
FMCIWCH well. Maryanne says:
"The communiÇ love the doctors
and the whole renal team. They have
good trust and respect for the team.
Mothers are very keen to come
because our children are very impor-
tant to our community. Having seen
the doctors working with the¡r chil-
dren, many of the parents have now
come to see the adult renal team."
Michael adds: "The old people also
like to see the doctors. Even if they
don't have an appointment, they still
come in and like to be checked out."

Helplng those People At Rlsk lot
Kidney Dlsease
A medication called Coversyl

(made by Servier Laboratories) is
being offered, aga¡n on an ent¡rely
voluntary basis, to those adult corn
munity members who have been
identified during screening and fol-
low up assessment as hav¡ng high
blood pressure, diabetes with early
renal disease, or established kidney
disease. This medication helps pre
tect both the heart and the kidneY.

There have been quite remarkable
drops in blood pressure in the group

of 36 people who have been takinÉ,

the medication consistentlY (for
example, average lying blood Pres-
sures of th¡s group have fallen from
].53/92 to normal values of
t37 /83). There has also been no
increase in the degree of microalbu-
minuria in the grouP.

Again, the health worker team has
a vital role in managing the medica
tion. As Cissie explains: "We deliver
tablets as part of a dailY morning
tablet run to particular clients, and
we bring other people to the clinic to
collect their weeklY dosette of
tablets. "

ABORIGINAL AND ISLANDER HEALTH WORKER JOURNAL. VOLUME 24 NUMBER 2. MARCH/APRIL 2OOO
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A range of culturafly appropriate
health promotion strategies has
been inltiated concurrently with the
provision of medication. These
strateg¡es are seen as vitally impor-
tant for the long-term sustainability
of the project and for the improve
ment of the general health and
lifestyle of the communiÇ as a
whole. They focus on nutrition,
hygiene and exercise. The FMC and
WCH nutritionists provide individual
nutrition counselling following refer-
ral by the renal doctors and work
with a range of community members
and groups in response to particular
requests for information and educa-
tion (notably the Coober Pedy Area
School and the Aboriglnal Meals
Program).

A recent initiative has been the
introduction of a Nutrition Training
Program for the health worker team.
(This is in addition to kidney educa
tion sessions that are regularly run
by the renal doctors for the health
workers, with the topics for discus-
sion and the agenda be¡ng set by the
health worker team.) Cissie explains
the background behind this Nutrition
Training Program. 'Our health work-
ers have been keen to work with the
commun¡ty to improve nutrition, but
we felt that we d¡d not have an
appropriate level of knowledge and
skills to do this. So we identified for
the renal nutritionists some areas
where we felt we needed further edu-
cation. These were general nutrition,
nutrition for infants and children,
nutrition during pregnancy, nutrit¡on
for obesity and heart disease, and
nutrition for diabetes and renal dis-
ease. (Representatives from the
Umoona Child Care Centre, the Child
and Youth Health nurse and
Aboriginal Education Workers from
the Coober Pedy Area School were
also invited for the Nutr¡t¡on for
lnfants and Children session,)
Maryanne continues: 'The renal
nutr¡tion¡sts have Clone away and
prepared education sessions on
these five topics, and they come up
to Umoona for separate visits to
teach us about these areas. We can

now pass this information on to the
community in our own time, and we
can focus on those people who need
specif¡c help such as young moth.
ers," Michael states: "As part of the
first session, we are runn¡ng a
'healthy tucker' poster competition
at the school with a range of sport-
ing prizes including a signed Port
Power guernsey."

While discussing sport, the com-
munity as a whole is very keen to
improve the level of f¡tness among
their children in particular and to
promote sport as a healthy activ¡ty.
Michael has taken a leading role in
this area, Recently the renal team
has joined forces with the University
of South Australia's Physical
Education, Exercise and Sport un¡t,
headed by Jim Dollman and David
Stuart, who have had a long stand-
ing ¡nterest in the f¡tness of South
Australian schoolchildren. The
University team has begun some
preliminary work with the Coober
Pedy Area School with a view to
improving fitness and awareness of
the benef¡ts and opportunities that
sport may provide.

Continually mindful of the commu-
nity ownership of the project, the
renal team has enlisted the heath
workers' support ln conducting a
survey within the community to
assess attitudes and perceptions of
the project. The project must contin-
ually evolve and develop in direc-
tions that the Umoona community
views as appropriate to its needs
and priorities.

Summary
ln summarising the project to date,

Maryanne states: "The Umoona
Kidney Project is culturally appropri-
ate for our people. lt's been suc-
cessful largely because of the edu-
cation we have received from the
renal team. We can now go and talk,
in an informed way, to the communi-
ty about kumbu, our kidneys, diet
and tucker. We've now got the
chance to educate our young chil-
dren early about k¡dneys and nutri-
tion. Everyone is happy workiné with

the kidney team."
Just to finish on a rather

humourous note wlth a story that
indicates the messages about
healthy kidneys are beíng taken to
heart by the community. The chil-
dren's renal team recently screened
a young boy. The next day he turned
up at the health clinic with his dog.
He wanted the doctor to check his
dog's kidneys. The nurse wouldn't
let the dog into the clinic, but Dr Fred
came outside and put his stethe
scope onto the dog. The dog was so
surprised, it ran across to the near-
est post, cocked its leg and did a
kumbu sample on the spot!
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Screenrng For Renal Dlsease ln A Remote Ahoriginal Community Using The Bayer DCA 2000.

This paper described the initial results of the adult renal disease risk assessment arm of the Umoona

Kidney Project, which utilised POC urine ACR testing for the first time in the Australian lndigenous

community setting. The key research flnding presented in this paper was the high prevalence of

previously undiagnosed micro- and macroalbuminuria, as measured by urine ACR POCT. This

finding provided initial evidence to support the clinical effectiveness of POCT in the lndigenous

setting, specifically in the context of risk assessment. The paper also reported acceptable analytical

performance for urine ACR POCT, as assessed by quality control testing, and described the process

by which responsibility for community POCT was handed over to Umoona's Aboriginal Health

Worker team.
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Screening for renal disease in a
remote Aboriginal community

using the Bayer DCA 2000

M. Shephard and G. Allen

Renal [Jnit, Flinder¡ Medical Centre, Bedford Parþ, South Ausnaliø

Abstract
End-stage renal disease among Aboriginal Australians has reached alarming
proportions during the past decade. The early identification of this disease through
community screening programs is a key strategy in reducing the long-term financial
and cultural burden of the disease. The small point-of-care Bayer DCA 2000 analyser,

which tests for urine albumin:creatinine ratio (ACR), was used as a marker for early
renal disease in an adult screening program in a remote South Australian Aboriginal
community. Nineteen percent of I49 adults screened had previously undiagnosed
persistent microalbuminuria (ACR between 3.4 and 33.9 mg/mmol), while a further
9Vo had persistent overt albuminuria (ACR greater than or equal to 34 mglmmol).
Aboriginal health workers were trained in the operation of the DCA 2000 to enable

screening to be an on-going, sustainable activity within the community setting.
The DCA exhibited excellent analytical perforrnance characteristics and was robust
and reliable throughout the study period.

Ke_yuortlt - DCA 2000, point -of -ca.te tcchnology, scrcening, urinc
albumin:creatinine ratio, microalbuminuria, macroalbuminuria, sustainability

Introduction
During the 1990s there has been a rapid escalation

in the number of Aboriginal Australians rvith end-

stage renâl disease. Recent age- and sex-adiusted
figures jndicatc Aboriginal people have around nine-

Correspondence ro: Mark Shcphard
Renal Unir, Flindcrs Medical Ce ntrc,
Bcford Park, South Âustralia 5042

Fax: (08) S374 0S48 Email:Mark.shepharcl@ fl inders.cdu'au

Acceptcd for Publication: 21 r\ugust 2001

tìmes greater risk of developing end-stage renal disease

than all other Australians (1). In some parts of
Australia, notably the Tirvi Islands, rates of this
disease have now reached epide mic proportions and

up to 500 new cases oIend-stage renal disease among
Aboriginal people are predicted by 2004 (2--5). Renal

disease in Aboriginnl people arises from a

combination of metabolic and environmentâl fâctors
including strong associations with diabetes, high
blood pressure, mnternal and infant malnutrition,
high rates of obesiry, low birthweight and recurrent
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childhood infections (5). Many of these factors reflect
poor socio-economic status and social disadvantagc
of Aboriginal people (6,7). The most common fo¡m
of ¡enal disease in Aboriginal people is glomerular
in origin (8) and characterised by albuminuria, as

measured by the urine albumin:c¡eatinine ratio
(ACR).

There is an urgent need to develop and implement
community-controlled, self-sustainable screcning
programs for the early detection of renal discase in
Aboriginal communities nationâlly, using simple,
non-invasive and cost-effective tests, such as urine
ACR.

Early detection is critical because albuminuria
progfesses as a continuum over time, with an increase

in urine ACR of l5o/o per aûnum being reported in
one Âboriginal cohort (9). Further, the magnitude
of albuminuria predicts not only end-stage renal
disease but also generalised cardiovascular disease and

mortaliry (10,1 1). The eadier renal disease is detected,

the greater the potential to modify the course of the
disease through clinical intervention.

Tre¿tment programs using the ACE inhibitor
Coversyl (Servier Laboratories) have proven effective
in slowing the progression of renal disease in
Aboriginal people (12,13). Coversyl not only
stabilises renal function but also reduces
hypertension, itself a risk factor for renal disease

progression. In addition to its value as a screening
tool for early detection, the measurement of ACR
levels are also important in monitoring the effìcacy
of treatment.

In the long-term, early intervention should lead
to a reduction in the number of Aboriginal people
requiring dialysis - at a conservative cost of$75,000
per patient per year (4) - and having to endure the
considerable social and cultural trauma associated
with family dislocaúon during this treatment (7).

The point-of-care DCA 2000 @ayer Australia) is
a small, portable instrument that can measure the
albumi¡:creatinine ratio on 40 pL of urine in iust 7

minutes. The analytical and diagnostic performance
ch¿racteristics of the DCA have recently been
validated (14) and the instrument was considered
suitable fo¡ screening for renal disease in the
Âboriginal community setting.

In mid 1997, the Rcnal Unit at Flinders Medical
Centre in South Australia formed a partnership with
a remote Aboriginal Community Controllcd Health
Senrice, 850 kilometres norrh of Adelaide, to conduct
a renal disease screening program among the adult
members of the local A,boriginal community,

The program followed a formal requesr from the
Director and Board of this A,boriginal health service
to the Flinders'Renal Unit. The screeniog program
aimed to identify those adult members of the
community who werc at risk for developing end-
stage renal disease, and to offer these people the
opportunity to part¡cipate in tailored intervention
pfograms at both clinical and community levels. The
screening program was extended to include children
from the community in late 1998, with the Renal
Unit from the \üíomen's and Children's Hospital in
South Australia ioining the partnership.

The measurement of urine ACR on the Bayer
DCA 2000 was the cornerstone of the adult screening

program. This paper presents an âssessment of the
clinical, prâctical and sustainable use of the
instrument in the adult renal screening program.

Methods

Tbe kyøDCA2dX)
The DCA 2000 (Bayer Ausualia, Pymble, NSW)

uses a reagent cartridge (DCA 2000 Microalbumin/
C¡eatinine kit, catalogue number 0ó11, Bayer
Australia) which provides a quântitative
measurem€nt of urine albumin (by immuno-
turbidimetry, using a po\'clonal goat antiserum) and

urine creatinine (by spectrophotometry using 3,5-

dinitro-benzoic acid at alkaline pH), as well as

calculation of the urine ACR, all within a 7-minute
turnaround time. There are 10 reagent cartridges per

kit. The measuring range for urine albumin is 5 to
300 mg/L, and for creadnine 1 ro 44 mmol/L. The

DCA's lower limit of detection for urine albumin
(5mg/L) is ó0-times more sensitive than conventional

dipsticks for this analyte.

Lorv and high control samples (DCA 2000

Microalbumin/Creatinine Low and High Control
kit, Catalogue number 6012,Bayer Australia) were

used to asscss day to day precision with, in general'

each control beiog used alternately to test the first
cartridge ofa new reagent kit.
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At the request of the communiry, adult screening

was conducted in the health service clinic'
Participation in the screening Program was entircly
voluntery, with each pârticipânt giving prior
informed consent,

For the first 18 months of the progtam, a field
tcam from Flindcrs Mcdical Ccntre comprising a

nephrologist, scicntist, nutritionist and information
technologist visited the community at approximately
six-week intervals and worked closcly with the
clinical nursc and Abori¡¡inal hcalth worker tcam

from the Aboriginal health scrvice to conduct adult
screening sessions. Durìng this period, the scientist
performed the majority of thc DCA testing on
adults.

For the next l8 months, Aboriginal hcalth
s'orkers conducted most of the adult screening,
following a detailed skills transfer progrem
(described later). Throughout the three-year study
period, the Flinders Medical Centrc rcnal team was

responsible to the Director of the Aborigina.l health

service and its Board.

The adult screening program involved a full
medical assessment including a family history, a

height and weight measu¡ement for calculation of
body rnass index, a blood glucose test by glucometer
and a blood pressure measurement (both lying and

standing). ln addition, each participant brought with
them a first-morning urine specimen, which was

tested on-site for urinc ACR on the Bayer DCA
2000 machine and lor pH, protein, glucose, blood,
leucocytes, nitrite, urobilinogen and bilirubin by
qualitative dipstick urinalysis on the Clinitek 50

@ayer Australia).

The first morning urine was the specimcn of
choice because it has greater sensitiviry and spccificiry
for microalbuminuria than the random spot urine
(15). The latter is subicct ro a higher degree of
variability due to postural lacto¡s such as physical
âctivity or exercise and hence a highcr rate of false

positive te st results (15). If the urine spccimen rl'as

found to be dipstick positive for blood, nitritc or
leucocytes (other conditions leading to false positive
results), urine ACR analysis u,as not perfcrrmed and

the patient w¿s asked to rcturn with a fresh first-
morning specimen in around two weeks.

ø*#øt$tutm
Thc following levels of urine ACR were adopted

in asse ssing risk for renal discase: ÂCR less the'n 3.4

mg/mmol, normâl; ,{CR bctween 3.4 tnd 33'9 mg/
mmol, microalbuminuria indicating early rcne,l

disease; and ACR Ereater than or cqual to 34 mS/
mmol, macrÕalbumiouria indicating overt renal

disease (16).

If a raísed urine ÂCR (¡¡rcatcr than or equal to

3,4 mg,/mmol) was found on initial assessment, then

thc participant vas required to submit ¿ furthe r first
morning urine spccimcn for repeat anâlysis of urine

ACR. Both spccimens necdcd to bc bcrween 3.4 and

33.9 mg/ mmol bcfore a subiect was clâssified as

microalbuminuric, and greater than o¡ equal to 34

mg/mmol for being macroalbuminuric. The mean

of thc two values was used as the baseline ACR for
each individual.

Tou)ards the ststùtùte ?{re oJl t be IrC/l 2Un øt
tbeMyhE

A long-term goal of the renal screening progrâm

was to implement an education and training program

for thc community's Aboriginal health workers,
whcreby they would have a sound understanding of
kidney disease and be fully treined and competent
in the use <¡f the DCA 2000 point-of-care instrument.

This traiñing progr¿m was conducted from

January to June 1999. Following completion of
this program, the Aboriginal health workers were
able to conduct community screening in their own
time and spacc, independent of the Flinders
Medical Centre renal team from Septe mber 7999
onwards,

Etbuqpwøl
Approval to conduct the renal screening program

w¿s obtained from the Aboriginal Health Research

Ethics Conrmi¡tee of South Australia and the Flindcrs
Mcclical Centre's Committee on Clinical
Invcstigation.

Results

Anaþtlcal peqforna;ce oJf tbe IrA XXX)
Between-run cocffìcients of variation (CV%)

(n=46) for each meâsurement on the DCA across
the study period were: 6.9o/o and 3.óolo for urine
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albumin (at levels of 3ó and 208 mg/L,
respectively),3,2Vo and 4.1o/o for urinc creatinine
(9 md 36 mmol/L) a¡d 6,70/o and 5.3o/o for urine
ACR (for ratios of 4.1 ancl 5.8).

These levels of imprecision compare favourably
with the median coefficients of variation ol¡tained
b)'laboratories participating in the Royal College

of Pathologists of Australasia's Quality Assurance

Program Group's Urine Chemistry Program (5'670

for urine albumin, 3,8o/o for urine crcatinine , July
to December 2000 testing cycle, J Gill personal
communication).

Across 30 months of fìeld use, no mechanical
breakdowns were experienced, while the error
t^te for cartridge failure was less than 1o/o.

wgfør Reml å*zse løsþrg tbe DCA 2(m
\ùüe now re port the results of urine ACR tcsting

performed on the DCA during adult screening. The
results of other screening parametcrs measure d are

not included in this paper.

From June 1998 when screening commenced
until December 2000, 149 adult members of the

Aboriginal community were investigated for thcir
risk factors for renal disease, including urine ACR

measurement on tlìc DCA 2000, This number
represented approximately 650/o ol the community's

adult population, Thirty scven percent of thosc adults

scrccncd were malcs, a¡d 630/o wcrc fcmales, Thc
mean agc of adults screened was 47,7 years I 1.1

(standard error of mean), with an age rtnge ftom
'I 8 to 78 years. In rotal,232 urine ACR measurements

were performed on adult subiects on-site in the

commuoiry clinic across the screening period.

Twenty-e ight (19%) and fourteen (97o) of adults

were identified as having previously undiagnosed

persistent microalbuminuria and macroalbuminuria
respective ly, following ÂCR measureme nt using tbe

DC.A (Table 1).

There was no signifìcant diFference between

gender in the prevalence of microalbuminuria
(X1=1 .34; df=l; P=0.25, NS) or macroalbuminuria

(I:=0.010; df=1; p=0.92, NS).

The mean and range of ACR values found in the

micro- and macroalbuminuric groups are also shown

in Table 1. There was no signifìcant difference

between gender in the mean ACR value s observed

in the microalbuminuric group (ANOV.A,, p=Q'56,

NS) or macroalbuminuria (ANOVA, P= 0.36, NS)'

Table 1.

Albuminuria identified among adult Aboriginal community membets using the Bayer
DCA 2000.

Nuùr keralence 7o

dPeofle

Screened Mcrølh¡rinuria lVlacrælh¡¡rinuria

IvÉa¡ÂCR(q/mml)

ll,lcrælhminuria Il&crmlhu¡inuria

lVÉle 55

Femle 94

23.6

16.0

l8a

9.1

9.6

9.4

Mån SEìd* Range Iì/tÐ SElìû*

t7 ß 25 3.ó-33.1 l34S s6.7

145 25 45-305 103.7 223

16.0 r8 3.6.33.1 ll43 234

Range

4E-349

37¿fi

37-349

' SEM = stanütdcúot ol ilp mean
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Figure 1 categor¡ses the albumin:creatinine ratios

found during screening by age group' Fifty percent

ofall adults over 45 years ofagc had cither micro-
or macroalbuminuria. Twenty fìve percent of adults

aged between 29 end 44years exhibited dbuminuria.
A statistically significant association was observed
betrveen age and the progression of albuminuria (12

=16,2; df =4, p=0.003).

All subiects with microalbuminuria were either
diabetic, diabetic with hypertension, or hypcrtensivc
alone . The high rate ol microalbuminuria identifìed
in this community is consistent rvith the fìndings
frnm Aboriginal comnrunities in other parts of
Australia (12,17).

The number of people with previously unknown
overt albuminuria rvas an unexpected and clenrll'
disturbing frrnding, and furrher emphasises the need
for screening and early detecrion of renal disease.

Of a total of 232urine samples testcd during rhe
study, 1 lo/ohad albumin concentrations greater than
the upper Iimit of the DCA's mensuring range (300
mg/L) and therefore an on-site qurinritarive albumin
result could not be obtnincd on these samples nt the
time of analysis. None of the urine samples had a

creatinine concentration greriter than 44 mmol/L.
A simple dilution technique to cnable on-site
quantitation of over-range albumin concentrations
has subsequently been developed, the results of
vhich rvill be published elservhcre,

Towørß tbe sustø;rt ablc use offue DC,A 2(m
øt tbe co¡¡t¡ttuttlþ leuel

Figure 2 shows the number of urine ACR tests
performed on-site by the service's Aboriginal henlth
workers since education and training initiatives werc
comple ted in June 1999. This numl¡er is compared
with thc number of urine ACR tests pcrformed by
the field tcam during visits to the community. The
c¡ossover of rcsponsibility for ur.inc ACR resting
on thc DCÂ occurred in September 1999, During
2000, there was a 16570 incrensc in thc numbcr of
urine ÂCR tests perfornred b¡'thc Âboriginnl henlth
workers.

Diecussion
Scrcening programs for the early dctection of

renal disease can be eFfective in making in-roads into

O'lilrfld

AgeoclF0prs)

Figure 1: Urinc albumin:crcatinine ratio category by age
grouP.
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Figure 2: Number of on-site urine ACR resrs pcr-
formed on the Bayer DCA 2000 by thc Flinders Mcdical
Centre rcnal ream (Rcnrl Team) and thc Àboriginal
Hcalth Workers (AHV) from rhe Âboriginnl henlth
scrytcc.
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the currerit epidemic of rcnal disease among
Aboriginal Australians provided they are community
controlled and sustainable at the community level,

The point-o f -cate DC,\ 2000 mcets these
requirements because testing for renal disease can be

done in the community setting by a trained health

worker, the result is immediately available to both
the local medical officer and patient, and owncrship
of the screening information remains in the
communrty.

The large number of adults detected with
albuminuria during this screening Program confirms
a high prevalence of incipient renal disease in this
community, while illustrating the clinical and

pracdcal usefulness ofthe DCA 2000.

Common blood markers of renal disease such as

urea and creatinine may only begin to risc
significantly when 30% ro 50o/o of nephron function
has been lost (18). Ho\¡/ever microalbuminuria may

be evident with as little as 70o/o dtma,ge to kidney
function (18). The earlier the disease process is

detected the greater the chance of retardin¡¡ the

progression of disease through appropriate
intervention.

All people identified as at risk for renal disease tn

this study were given the opportunity to participate
voluntarily in both clinical and community-based
intervention progrems (the results of which will be

published later).

The ACE inhibitor Coversyl was olfered to
those at ¡isk to reduce blood pressure and stabilise
renal func tion. Tho s e pe rs on s rvith
macroalbuminuria âre now under specialist
nephrological care. Information about nutrition,
the value of exercise, and alcohol and tobacco
coosumption reductioo strategies has been given
to both individuals at risk and to the community
in general.

The role of the DCA 2000 in identifying those

peoplc with albuminuria has been pivotal to the

screening program. The DCA's small, portable nature

and its simplicity of operation given appropriate
training have resulted in the machine being well
accepted by the Aboriginal health worker team. In
performing urioe ACR tests themselves, health
v¡orkers have been empowered to take greater
responsibiliry for renal screening in their community.

During the study period, the DCA has continued
to demonstrate sound analytical performance and

proved robust and reliable in the remote health

setting. The only minor deficiency in using the

machine in the field was that iust over 10o/o ol ¡he
urinc samples tested were unable to be quantiFred
on-site due to their high urine albumin
concentrations, However, as mentioned earlier, this
problcm has been addressed by the development of
a suitable on-site dilution technique.

At the end of2000, the renal screening program

was formall¡' handed over to the Aboriginal health

service as a self-sustaining activity.

The Australian Government hes noted the

successful use of the DCA in the Aboriginal health

setting and the full potential of the machine's

analytical capabiliry is now being realised. The Bayer

DCA 2000 i¡strument can also measure Haemoglobin

A1c (HbA1c) on a fingerprick of blood in six minutes.

HbAlc is an established marker for monitoring
control of diabetes. In 1999, the Office forAboriginal
and Torres Strait Islander Health q,ithin the

Commonwealth Department of Health and Aged

Care, in partnership with the National Aboriginal

Community Controlled Health Organisation,
initiated a program for community-based HbAlc
testing using the DCA 2000 in 47 Aboriginal
Community Controlled Health Services around

Australia (19).

Opportunities for the broader application of
point-of-care instrumentation for screening and

management of chronic diseases in Aboriginal
communities seem considerable.
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Albuminuria ln A Remote South Australian Aboriginal Community: Resulfs Of A Community-

Based Screening Program For Renal Dlbease.

This paper provided the first international exposure of our research findings from the Umoona Kidney

Prqect. lt provided an updated and comprehensive assessment of the adult risk assessment ann of

the Umoona Kidney Project by presenting a detailed analysis of all renal disease risk factors

measured, and examining the association between albuminuria and selected co-existing risk factors.

It also described the broader holistic approach adopted by the project in addressing and raising

awareness of chronic disease within the community,
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AB STRACT

Infroduction: The poverty, poor environmental living conditions and pool health standards experienced by Aboriginal Australians

in some communities in rural and remote Australia have been described recently as 'founh lvorld'. Fot'more than a century

Aboriginal people have suffered the effects ofdispossession oftheir land; destruction oftheirtraditional cullure and values; and

exposure to infectious diseases. alcohol and the Western diet that is high in fat and sugar. Collectively these factors have

contributedtotheprevalenceofchronicdiseasethatafflictsAboriginalpeople. Inparticular,renaldiseasehasemergedduringthe

last decade as a major contemporary health problem for Aboriginal Australians. According to the latest age- and sex-adjusted

frgures, Aboriginal people now have approximately nine-fold the risk ofnon-Aboriginal Australians ofdeveloping end-stage renal

disease. In parts ofAustralia's Northern Territory, where Aboriginal people represent over 20%o ofthe Tenitory's population, the

ratesofend-stagerenal diseasehavebeendescribedas'epidemic',reaching2T00permillionintheTiwi Islands. Inresponsetoa

request Íìom the Umoona 'Ijutagku Health Service in mid 1997, the Renal Unit at Flinders Medical Centre, Adelaide, South

Australia, formed a partnership with the health service to conduct a renal-disease screening program for adult members of the

Umoona Community at Coober Pedy, a town 850 kilometres north of Adelaide. The partnership was later expanded to include

screening f,or children (conducted by the Renal Unit at the Women's and Children's Hospital, Adelaide, South Australia). The

community named the plogram 'The Umoona Kidney Project'. The Umoona community had recently experienced the dislocation

ofa number ofits older people who suffered from advanced renal disease and were undergoing dialysis in a variety ofcentres in

South Australia and the Northem Tenitory. As a result, the community had suffered social trauma. Consistent with the
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community's overall holistic approach to healthcare, the community wanted the renal program to provide a focus for community

awÍ¡¡eness of and knowledge about chronic disease, as well as to complement existing health progfams,

ObjectÍves: The study objectives were to identifl the prevalence of risk factors for renal disease, notably albuminuria in adults

from a remote Aboriginal community, and to examine the association of albuminuria with other risk factors; to empower

Aboriginal health workers to self-manage a sustainable, community-controlled renal health program; and to assess the reliability

and cultural acceptability of point-of-care technology for detecting renal disease.

Melhod: The study was à l.hrcc-ycar cross-scotiunal voluntàry arlult screening progralr (The Unroona Kidney Project). The study

was performed as a partnership between the Flinders Medical Centre Renal Unit and the Umoona Tjutagku Health Service, and it

involved nephrologists, medical scientists, Aboriginal health workers and clinical nurses. Setting: Umoona'ljutagku Health

Service, 850 km north of Adelaide. Participants: 158 adultmembers of the Umoona community: 58 males (37o/oimeanage= 43.8

years, range 23-78) nd 100 females (630/ol mean age : 39.6 years, range l8-72). Main outcome measures: First moming urine

albumin : creatinine ratio measured by the Bayer DCA 2000 point-of-care analyser machine (Bayer Australia, Melboume,

Australia); lying and standing blood pressure; random blood glucose; body mass index; urinalysis.

Resuils: The study found that of screened adults, 291149 (19Vo, 95o/o C,l, 13%-27%) had persistent microalbuminuri a and 13/149

(9%o,95o/oC.l.4o/o-l4o/o) had persistent macroalbuminuria;62/148 participants (42o/o,95o/oC.l,34o/o-50%o) had overt hypertension;

35/145 participanÍs (24o/o,95o/o C.I. 17Vo-32o/o) had diabetes; 3 participants were newly diagrosed as having non-insulin dependent

diabetes; 96/148 puticipan|s (650/o,950/o C.l. 57o/e73Vo) were either overweight or obese. Strong conelation was observed between

the progression of albuminuria and age, all blood pressure categories, blood glucose, body mass index and an increasing number of
risk factors.

Conclusiotts: The Umoona Kidney Project identified a significant community burden of previously unknown incipient and

established renal disease that required addressing via clinical- and community-based interventions. The DCA 2000 was a reliable

instrument for detecting albuminuria on-site in the remote clinical location and was \ryell accepted by Aboriginal health workers

and community participants,

Key words: Aboriginal health, albuminuriq renal disease.

INTRODUCTION

The poverty, poor environmental living conditions

and poor health standards experienced by Aboriginal

Australians in some communities in rural and remote

Australia have been described recently as 'fourth

wo¡ld'r. For more than a century Aboriginal people

have suffered the effects of dispossession of their

land; destruction of their traditional culture and

values; and exposure to infectious diseases, alcohol

and the Western diet that is high in fat and sugar.

Collectively these factors have contributed to the

prevalence of chronic disease that afllicts Aboriginal people.

In particular, renal disease has emerged during the last

decade as a major contemporary health problem for

Aboriginal Australians.

Several recent studies have highlighted the cultural and

financial burden of this disease2-5. According to the latest

age- and sex-adjusted fìgures, Aboriginal people now have

approximately nine-fold the risk of non-Aboriginal

Australians of developing end-stage renal diseaseó. In parts
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of Australia's Northern Territory, where Aboriginal

people represent ovet 2Ùo/o of the Ter¡itory's

population, the rates of end-stage renal disease have

been described as 'epidemic', reaching 2700 per

million in the Tiwi IslandsT-8. Calls for the

introduction of community-based screening programs

for the early detection of renal disease have been

widely promulgated a-e.

In response to a request from the Umoona'Ijutagku

Health Service in mid 1997, the Renal Unit at

Flinders Medical Centre, Adelaide, South Australi4

formed a partnenhip with the health service to

conduct a renal-disease screening program for adult

members of the Umoona Community at Coober Pedy,

a tolvn 850 km north of Adelaide. The partnership

was later expanded to include screening for children

(conducted by the Renal Unit at the Women's and

Children's Hospital, Adelaide, South Australia), The

community named the program 'The Umoona Kidney

Project'.

The Umoona community had recently experienced

the dislocation of a number of its older people who

suffered from advanced renal disease and were

undergoing dialysis in a variety of sentres in South

Australia and the Northern Territory. As a result, the

community had suffered social trauma, Consistent

with the community's overall holistic approach to

healthcare, the community wanted the renal program

to provide a focus for community awareness of and

knowledge about chronic disease, as well as to
complement existing health programs.

Pathologically, end-stage renal disease among

Aboriginal people has been shown to be mainly

glomerular in naturer0. Renal biopsy studies indicate

Aboriginal people have incre¡sed rates of
glomeulomegal¡ meargiocaillry glomerulonephritis,

diabetic nephropathy and nonJgA proliferative

glomerulonephritis, compared with the non-Aboriginal

populationrr. Glomerular damage is characterised by

albuminuriaro. As an integral part of The Umoona Kidney

Project, the point-of-care DCA 2000 machine (BayeÍ

Australi4 Melboume, Australia) was used for the first time

in an Aboriginal community to detect albuminuriar2. The

small, portable DCA 2000 (dimensions, 24 /24 v27 crni 5

kg) measures the urine albumin : creatinine ratio (ACR) on

40 mL u¡ine with an on-site result available in 7 min. Prior

to its use in the field, the DCA 2000 undenvent a full

scientifi c evaluation 13.

This article describes the results of the adult screening

program from I June 1998 to 3l December 2000, examines

the associations between albuminuria and other risk factors

for renal disease, and discusses the application ofthe DCA

2000 point-of-care technolo$/ for renal screening in the

remote clinical setting.

Method
Connunlþ consultalion, program ownershlp and direc:llon

Prior to commencing the adult screening program, clinical

and scientific staff Iìom the Renal Unit at Flinders Medic¿l

Centre undertook 6 months of community consultation with

the Board of the Umoona 'Ijutagku Health Service and

Umoona communiÇ members, This consultation was

faciliøted by a series of open community forums held during

field visits to Coober Pedy. At these meetings the

community expressed its concems about renal disease and its

aspirations for the program, resulting in the clearly defined

aims and objectives of The Umoona Kidney Project, These

aims and objectives included the early detection of renal

disease among community members by the implementation

of a renal screening program. Ownership of the program

resided with the community and the Flinders Medical Centre

renal team was responsible to, and directed by, the Board of
the Umoona Tjutagku Health Service.

@ Shephard M, Allen GG, Ba¡ratt LJ, Paizis K, Brom M, Barbara JAJ, Mcleod G, Vanajek A. 2003. A lícence to publish this material has been
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Pe¡sonnel

The Flinders Medical Centre renal team consisted of
a scientist-program manager, two nephrologists, a

data manager and a nutritionist. The renal team

conducted 20 field visits to the community during the

project's three-year duration. The Umoona health

tcam consisted of Aboriginal health workers (with

four health workers working on the program across

its duration), supported by a clinical nurse. The local

medical officer at the Coober Pedy Hospital, the

town's general practitioner and nursing staff at the

hospital also assisted the program

Pørlicipanls

The adult screening program was open to community

members who were l8 years or older, and

participation was entirely voluntary. Each of the 158

participants gave prior, signed and informed consent.

Screening

At the request of the community, screening was

conducted at the health service clinic and began in

June 1998. The Aboriginal health workers recorded

each participant's height and weight (for calculation

of body mass index [BMI]) arid measured their blood

glucose using a glucose meter (Medisense; Abbott

Diagnostics, Sydney, NStrJV, Australia). Following

these test, participants underwent an initial

consultation with one of the visiting nephrologists,

during which family and personal medical histories

were recorded and a medical examination took place,

which included lying and standing blood pressure

(BP) measurement.

Each participant brought with them a first-moming

urine specimen collected in a 75mL sterile container.

The urine was tested qualitatively using Multistix
(Bayer Australia) dipsticks on the Clinitek 50 Urine

Analyser (Bayer Australia) for the presence of
protein, glucose, blood, nitrites and leucocytes.

Provided the urine specimen was negative for blood,

leucocytes and nitrites, the urine was tested on-site with the

DCA 2000 for urine ACR, The urine ACR result was handed

to the nephrologist during the initial consultation. The

nephrologist then provided the participant with immediate

feedback on his or her overall risk-factor profile.

Each participant's baseline screening data was recorded on a

single-page proforma and the information was transferred

electronically on-site to a patient data-management program

(designed using Microsoft Access software).

RlsklacTor assessmenl

The following parameters were considered risk factors for

renal disease:

o Persistent hypertension (>140/>90 mmHg on at least

two separate occasions)

¡ Random blood glucose greater than ll.l mmol/L (at

least twice)
. Persistent albuminuria (urine ACR >3.4 mg/mmol on a

first moming specimenla on at least two separate

occ¿rsions, with the specimens being negative for

leucocytes and nitritès)

o obesitY (BMI >30 kelm'?)

. 'Positive' family or personal medical history, notably a

current smoker or consumer of amounts of alcohol

greâter than 50 g per day for males or greater than 20 g

per day for females .

. A history ofrecurrent skin infections.

Repeat measurements necessary to confirm persistent

hypertension or albuminuria were conducted either by the

Umoona health team between field visits, by the renal team,

or by the nephrologist at the next available field visit, The

use of first moming specimens for measuring urine ACR

was considered preferable to a random sample, which is

subject to the potential false-positive effects of posture and

exercise and has greater within-person biological variation
t5- 18

@ Shephard M, Allen GG, Baratt LJ, Paizis K, Brown M, Ba¡bara JAJ, Mcleod G, Vanajek A. 2003 A licence to publish this material has been

given to Deakin University http://nh deakin.edu.ar¡/ 4



The Internstional E lectronic Journal of Rural and Remote Health Research, E ducatlon Pråctlce ånd Pollcy

Following initial clinical review, an action plan was

developed for each participant and recorded

electronically. This action plan detailed further

investigations to be performed (notably repeat BP and

urine ACR tests), as well as other clinical information

to be collected prior to the next field visit (eg current

medications).

Ethics approvol

Ethics clearance to conduct The Umoona Kidney

Project was obøined from the Aboriginal Health

Research Ethics Committee of South Australia and

the Flinders Medical Centre Committee on Clinical

Investigation.

Results
Parficlpøllon

By January 2001, 158 adults (approximalely 65%o oî
the community's total adult population) had

undergone a complete screening assessment. Those

screened were 58 males (37%o; mean age = 43.8 years, range

23-78) ønd 100 females (63Vo; mean age = 39.6 years, range

l8-72 years).

Ovemiew of screenlng rcsulls

During the three-year screening program, the team's

nephlologists conducted 328 patient encounters: 82 people

were seen once, 14 people were seen twice, 66 people were

seen three times and five people \À'ere seen four times. A
total of 232 on-site urine ACR measurements were

performed,

The overall mean (+ standard error) of me¿$urements

conducted during screening is shown for all adults, as well as

by gender (Table l). Diastolic and systolic BP (lying and

standing) and ìveight were higher in males than in females (p

< 0.03 in all cases, unpaired Êtest). Blood glucose levels

were higher in female paficipants than in males but the

trend was not significant.

Table 1: Summary of measurements conducted during screening of adult populationr

æpnsent nDú+SEM
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Prevalence of risk lactors
The overall prevalence ofindividual risk factors found during community screening is shown (Figure 1).

Hypslension

Diåèt6
Mcrodbu ninuria

lvhrodbu ff¡nuriä

õesily

Osreiqht
Skin Hedions

Sñoking

Alæhol

Family Hidory Hypdension

FàtrÍly Hidory U¡ûetÉ

Family H¡slory Rãd 0is*
Femily Hidory Heðt 0¡sææ

Ã 30 û 50o gl't0

rr'! of pæCe screEned F = '158)

Figure 1: Overall community prevalence of risk factors split by gender. The male : femrle spl¡t shown for each r¡sk factor

reflects the relative contr¡but¡on ofgender to the total 7o ofpeople screened who had positive risk

Greater than 25%o of all adults screened (n : 42/149) had

previously undiagnosed persistent microalbuminuria (urine

ACR between 3.4 and 34 mglmol) or macroalbuminuria

(>34 mglmmol). The mean, standard error and range of ACR

values found was 16.0 + 1.8 mg/mmol (3.6-33.1 mg/mmol)

for the microalbuminuric group and 114 + 24 mg/mmol

(range 37-349 mg/mmol) for the macroalbuminuric group.

Hypertension was found in greater than 40% of the

participants (n = 621148) with a significantly higher rate

observed in males (59%) compared with females (32%; p =

0.02, Chi-squared trend analysis). Fifty-eight per cent of
participants with hypertension (n = 86/148) were

undiagnosed prior to screen¡ng. Approximately 25o/o of all
people screened (n : 35/145) had non-insulin dependent

(type 2) diabetes mellitus (as assessed by personal history or

random blood glucose), and greater than 50% of participants

li,Ètes
I r^*r^-

?0

screened also had a positive family history for this condition.

Three participants were discovered to have non-insulin

dependent diabetes mellitus during screening. Two{hirds of

the population surveyed (n : 96/148) was either obese

(BMI > 30 : ke/mt) or overweight (BMl between 25 and 30

kglm2). Rates of alcohol and tobacco consumption were

high, with greater than 50% of all males drinking to excess

and smoking tobacco.

Assocìalion between albuminuria and co-exßling rìsk

factors
As shown (Table 2), the progression of albuminuria was

significantly associated with the following continuous

varÌables: age, diastolic and systolic BP in both lying and

standing positions, and blood glucose (p < 0.01 in all cases,
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ANOVA). These diffe¡ences remained significant when

controlling for age and sex.

Table 2: The associ¡tion between measured r¡sk factors and ACR

Values reprcsent mean *

In addition, the categoric va¡iables hypertension, diabetes the number of coexisting risk factors increased. The risk of
and obesity all showed strong associations with stratified microalbuminuria was significantly increased in the presence

ACR levels (p<0.02 in all cases, logistic regression analysis, of one or more risk predictors while the risk of
data adjusted for age and sex). An association was also macroalbuminuria increased significantly in the presence of
obsewed between albuminuria and an increasing number of two or more coexisting risk factors (Chi-squared trend

these coexisting categoric risk facûors (Figure 2). The analysis).

proportion of people whose ACR was normal decreased as

Figure 2: Association between albuminuri¡ and an increased number of coexisting risk factors

f00
trnormal
I microalbuminurla

I macroalbuminuria

12
Number of r¡sk factors
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Olhe¡ obse¡valions during screenlng

The screening program also identified non-renal conditions

including heart failure (n : l), angina/myoca¡dial infarction

(ø: l), hepatitis B (ø = l), pregnancy (n = l), bronchiectasis

(n = 1), active scabies (ø: l), chronic leg ulcers (ø : l) and

sub-mand¡bular abscess (n = l).

Discussion

This article details the results of the first comprehensive

screening program for renal disease undertaken in a remote

Aboriginal community in South Australia, using a point-of-

care instrument (the Bayer DCA 2000) as the prímary

screening tool for quantirying microalbuminuria. The

program has identified a significant burden of incipient and

established renal disease among adult members of this rural

Aboriginal community. The high rates of microalbum¡nuria

(n : 29; l9o/o) and macroalbuminuria (n = l1;9%) found in

this study are the first reported for an Aboriginal community

in South Australia. They are generally consistent with rates

reported in Aboriginal communities in other parts of
Australia, For example, a study of approximately

I100 Aboriginal adults (> 15 years) from eight communities

in central Australia, the Kimberley and Cape York a¡eas in

north€m Australia reported microalbuminuria rates oî 22o/o

for men and 27o/o for women, while the prevalence of
macroalbuminuria was l07o for men and 13.5% for

women'n. Microalbuminuria rates oî 27o/o have been

observed in a large northem Australían community of
approximately 700 peoples'20.

Albuminuria, if left untreated, may progress from

microalbuminuria to macroalbuminuria and renal

insufüciency arising from overt albuminurial0'21. Screening

for albuminuria using a simple non-invasive urine test, such

as urine ACR, is therefore critical because the earlier

albuminuria is detected the greater the chance of modifuing

the progression of the disease. All community members

identified with incipient or overt renal disease in The

Umoona Kidney Project were offered and accepted the

oppo¡tunity to participate in tailored clinical and community-

based intervention programs that were aímed not only at

reducing the burden of renal disease, but also the high rates

ofassociated hypertension, diabetes and obesity found in this

communitf223. The cluslering of these risk factors with

albuminuria is part of the overall metabolic syndromc, and

all factors need to be addressed concurently if an impact is

to be made on reducing the chronic disease burden of the

community.

Indeed, the screening phase of The Umoona Kidney Project

was conducted as part of a broad, family-orientated holistic

approach to addressing chronic disease within the Aboriginal

community setting. Community awareness programs ahut
renal health, the importance ofgood nutrition and exercise,

and strategies to reduce alcohol and tobacco consumption

were conducted at different lwels for both Aboriginal Health

Workers and adults and children in the communitf'. the
Flinders and Women's and Children's renal teams also

formed partnerships with a number of community groups

including the Umoona Aged Care Services, the Aboriginal

Meals Program, the Coober Pedy Area School and the ljapa
Tjuta Child Care Centre. At the request of the Aboriginal

health-worker team, a nutr¡tion training program was

developed by the team's nutritionists specifically for the

health workers; the content, level, timing and length of this

training program determined by the health workers

themselves2s.

The point-of-care DCA 2000 instrument was the cornerstone

of the renal screening program. It proved robust and reliable

in a remote clinical setting and demonstrated sound

analytical performance characteristics during 30 months of
regular field user2. The purchase price of the DCA at

approximately $4U6500 and the cost of ACR reagent

cartridges at approximately $AU9 each, means the DCA

point-of-care technology is a cost competitive, practical

altemative to the pathology laboratory for remote
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communities. The ability of the DCA 2000 to generate an

on-site result in 7 min provided an improved service for

community members and greater client satisfaction, because

results could be discussed with the doctor during the

consultation, In the early stâges of the screening program, a

scientist or technician from the visiting renal team operated

the DCA to perlorm the urinc ACR tests. However,

following an education and training program in September

1999, Umoona's Aboriginal health-worker team assumed

full responsibility for performing urine ACR tests in the

latter stages of the program. By performing the tests

themselves, health workers have been empowered to lake

greater responsibility for renal screening in their community,

while sustainability and community control and ownership

of the program has been ensured. The Umoona Kidney

Project was formally handed over to the community in

December 2000, with the Flinders renal team still providing

clinical, scientific, technical and data management support

when appropriate.

Conclusion
The practicability, clinical usefulness and cultu¡al

appropriateness of using point{f-care technology in the

remote Aboriginal health setting has been clearly

demonstrated in The Umoona Kidney Project, and fi¡rther

opportunities exist to broaden the scope and application of
point-of-care instruments in community-based screening and

management p¡ograms.
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Resulfs Of An Aboriginal Communi$-Based Renal Drsease Management Program

Incorporating Point Of Care Testing For U¡ine Albumin:Creatinine Ratio.

While the previous two papers had demonstrated the usefulness of POC urine ACR measurement in

community risk assessment, the clinical effectiveness of this POC test in the management of renal

patients had never before been investigated in the primary care setting. This paper therefore

examined the key research question: Could urine ACR measurement by POCT be applied in a

culturally and clinically effective manner within a management framework for renal disease in an

lndigenous health service?

The research findings presented in this paper confirmed, for the first time, the clinical utility of urine

ACR POCT as part of a broad clinical management strategy that was effective in stabilising renal

function and reducing blood pressure in a group of 35 community members identified as at greatest

risk of renal disease.

The paper also presented the results of a community questionnaire, which showed that the Umoona

Kidney Prqect had been culturally effective and well accepted by community.
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ABSTRACT

lntroduction: There has been a significant increase in the burden of renal disease among Aboriginal Australia¡rs over the past

l5 years. Urine albumin:creatinine ratio (ACR) is a well-established marker of microalbuminuria and can be conveniently

performed on the DCA 2000 poinrof-care testing (POCT) analyser (Bayer Australia; Melboume, VIC, Australia) with an on-site

result available in 7 min. The application ofthe urine ACR POCT for renal disease risk assessment was pioneered by our group in

the Umoona Kidney Project. This article describes the results ofthe management arm ofthe Umoona Kidney Project, which used

point-of-care urine ACR testing for the first time within a management framework to monitor albuminuria in patients at highest

risk of renal disease. The article also examines the anal¡ical quality of POCT resuhs and overall community acceptance of the

Umoona Kidney Project.

Methods: Adults clinically assessed by Flinders Medical Centre renal specialists as being at greatest risk for renal disease were

offered the ACE inhibitor (ACEI) perindopril on a voluntary basis. Selected renal ma¡kers, including POCT urine ACR (conducted

on-site by Umoona's Aboriginal health worker team). plasma electrol¡es, urea, creatinine, calculated glomerular filtration rate and

@ MDS Shephard, GG Allen, K Paizis, JAJ Barba¡a, M Batterharn, A Vanajek, 2006 A licence to publish this nrate¡ial has been given to
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blood pressure were measured six monthly. Regular quality control testing was undertaken to monitor the anal¡ical performance

ofthe POCT analyser. A culturally appropriate questionnaire was designed and implemented to assess community satisfaction with
the project.

Results: ln all,23l patient management consultations were conducted over a two year period, with over 707o of patients having

four or more (up to a maximum of eight) consultations; 35 patients (mean age 49.2 Í+2.31 years, 54yo males) participated

voluntarily in the management arm. All were overtly hypertensive, hypertensive with other risk factors orhad diabetes. The renal

status of these patients was followed for a mean of 63 + 4.5 weeks. In total, I I I POCT urine ACR tests were perforned for patient

ntanagentetìt (nrean 3.2 tests per'patient). Therc was no significant difference in POCT urine ACR in the study period with a

median (and inter-quartile range) of 5.7mglmmol (1.2-15.2) pre-ACEI and 4.3mdmmol (1.3-16.7) post-ACEI treatment

(p = 0.50. Wilcoxon signed ranks test). The calculated glomeru lar fi ltration rate altered from I I 0 to I I 8 mLlmin (p:0.01 9, paired

Êtest). There was no change in the group plasma potassium, urea and creatinine. Collectively these results indicate a stabilisation in

renal function among the management group. Blood pressure (both lying and standing) fell significantly in the study period. The

imprecision for urine ACR quality control POCT conducted during the management program was within nationally and

intemationally accepted precision goals for urine albumin, creatinine and ACR. Fifty community members completed the

satisfaction questionnaile. Three-quarters ofrespondents felt there were no cultural bamiers in providing a urine sample for urine

ACR POCT.

Conclusions: The management arm of the Umoona Kidney Project was effective in stabilising the renal function and improving

the blood pressure of community membels identifìed to be at grcatest risk of kidney disease. POCT urine ACR testing can be

utilised, not only for community risk assessment, but also for palient management. The Umoona Kidney Project was well accepted

by the health service and community members.

Key words: Aboriginal health, management, point of caretesting, renal disease, urine albumin:creatinine ratio (ACR).

Introduction endure poor environmental living conditions and poor water

quality, and suffer social disadvantage which may contribute

to their susceptibility to chronic diseases.There has been a signifìcant inclease in the burden ofrenal
disease among Aboliginal Australians over the past l5 years

in particula:'. Recently, rates of end-stage renal disease

(ESRD) among Aboriginal Australians and New Zealand

Maori people were reported as being eight-fold that of non-

lndigenous peoplel. In Australia, rates of ESRD among

Aboriginal people are generally correlated rvith increasing

degrees of remoteness, rvjth some of the highest rates

recorded in lhe desert regions of the Northem Tenitory,
Western Australia. South Australia and far westem

Queensland2. Aboriginal communities from these remote

regions often have poor access to health care and general

goods and services, especially fresh foods. They may also

@ MDS Shephrud, GG Allen, K Paizis, JAJ Barbara, M Batterhanr, A Vanajelç 2006 A licence to publish this nraterial has been given ro
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Renal disease is otlen asymptomatic and, as a result,

effective health strategies are needed for the early

identification of Aboriginal people at risk of renal diseaseaj,

Once detected. there is a critical requirement for stt'uctured

renal disease management programs because the natural

history of renal disease is amenable to change through the

judicious use ofantihypertensive agents such as angiotensin-

converting enryme inhibitors (ACEI) and angiotensin

receptor blockersó-lo.

Urine albumin:creatinine ratio (ACR) is a well established

biochemical marker of microalbuminuria'l'lr and this test
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can now be conveniently performed on the DCA 2000 point-

of-care (POC) analyser (Bayer Australia; Melboume, VIC,

Australia)ra. Point-of-care testing (POCT) enables this

pathology test to be performed on-site in the Aboriginal

community setting by a trained health professional, w¡th

quantilative results available within 7 min. The Community

Point-of-Care Services unit at Flinders University conducted

the lirst scicntilìc valitlation of this ncw POC test ¡n

Australiara and pioneered its application in the Aboriginal

community setting through the Umoona Kidney Projectrs-ró.

The Umoona Kidney Project was a cooperative partnership

between the Umoona ljutagku Health Service at Coober

Pedy in South Australia's far north, 850 km north of
Adelaide, and the renal units at the Flinders Medical Centre

and the Women's and Children's Hospital, Adelaide. The

project was conducted between 1998 and 2000 and the aims

of the adult component of the project were two-fold: to

determine the renal disease risk profile among the

community's adults, and to implement a management

program to monitor those adults at greatest risk of
developing ESRD.

The results of the risk assessment arm of the program have

previously been reportedl5''u. This article describes the

results of the renal disease management program, and

investigates the following research questions: can urine ACR

POCT be applied in a culturally and clinically effective

manner wilhin a management framework, and how well was

the Umoona Kidney Project accepted by the community?

Methods

Communily consullølion

Prior to commencing the management program, clinical and

scientific staff fiom the Renal Unit at Flinders Medical

Centre conducted a series of meetings with the community

and the Board of the Umoona Tjutagku Health Service to

discuss the most culturally appropriate way of introducing

the management program. A culturally appropriate

community brochure on the Umoona Kidney Project was

also developed by the community nurse, members of the

Aboriginal health worker team and the program manager,

and disseminated to all members of the community.

Ethics approval

Ethics approval to conduct the management arm of the

Umoona Kidney Project was obtained from the Aboriginal

Health Research Ethics Comm¡ttee of South Australia and

the Flinders Medical Centre Committee on Clinical

Investigation.

FIìnders rennl cllnìcal nnd scienliJìc leom

The Flinders Medical Centre renal team consisted of the

program manager/scientist, two rcnal specialists (one male

and one female), a scientist responsible for patient data

management and a nutritionist, A Flinders' medical student

(MB) was supported through a National Health and Medical

Research Counci.l (NHMRC) scholarship to conduct a

community satisfaction survey.

Seleclion of pølients for inclusion in lhe mnnogemenl

pfogfflm

Following completion of the risk assessments, adult

members of the community considered at highest risk for

renal disease underwent a clinical and pathology review by

the Flinders renal specialists. The ACEI perindopril was

subsequently offered to members of this group clinically

assessed as being likely to receive the greatest benefit from

this intervention.

All persons were individually counselled about the potential

benefits and side-effects of ACEI medication (in particular

angioneurotic oedema and anaphylaxis, which required

urgent medical attention). Signifìcant adverse side-effects

were required to be reported to Flinders Medical Centre's

@ MDS Shephad, GG Allen, K Paizis, JAJ Barbara, M Batterhanr, A Vanaje( 2006 A licence to publish this nlaterial hæ been given to
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Committee on Clinical Investigation and the Clinical Drug

Trials Committee.

The follorving people were excluded from treatment with

ACEI: pregnant or breast-feeding lvomen, women at risk of
becoming pregnant, persons with a plasma potassium greater

than 5.2 mmol/L, and persons who had a demonstrated

history of intolcrûncc to ACEI.

Similar to the risk assessment arm, participation of Umoona

community members in the management phase of the project

was voluntary, and patients could withdraw from taking

medication at any time and for any reason. Every patient

who voluntarily participated in the study signed a written

consent form in the presence of the clinic nurse and an

Aboriginal health rvorker.

Moníloring of palìenls in lhe monøgemenl ørm

Adults panicipating in the management arm were initially
given a low dose of ACEI to assess their tolerance and

identiff any side-effects. Blood pressure, plasma polassium

and creatinine were measured within 7 to lOdays after

initiation of treatment (via a blood sample sent to the

pathology laboratory at Flinders Medical Centre).

Subsequently. dosage of medication was titrated to a

maximum of 8 mg for each person, with the aim of achieving

a target blood pressure of less than or equal to 130 mmHg

(systolic) and 80 mmHg (diastolic). If the patient's blood

pressure was still high after reaching the maximal effective

dose ofACEI, then a calcium channel blocker was added to

achieve optimal blood pressure control.

Adults in the management arm were monitored at every fìeld

visit through clinical consultation with the Flinders renal

specialists. Selected renal ma¡kers. including urine ACR by

POCT, plasma electrolltes, urea, creatinine. calculated

glomerular filtration rzte and blood pressure were measured

at six-monthly intervals or when deemed appropriate by the

specialists. The urine ACR was measured on a fresh first

morning urine sample by POCT, rvith responsibility for urine

ACR testing taken by the Umoona Aboriginal health worker

team. Dipstick urinalysis was performed prior to urine ACR

POCT and a microscopic urine assessment rvas conducted

on-site ifthe urine specimen exhibited gross proteinuria or

haematuria. A 24 hour urine protein estimation was

performed on those patients who were or had become

macroalbuminuric (urine ACR greater than or equal to

30 mglmmol), HbAl c was measured at three-monthly

intcrvals for paticnts with diabctcs and l2 monthly for non-

diabetics. Possible side-effects (including angioneurotic

oedema, persistent cough, lrypotension and dizziness) were

monitored at every visit.

In addition to on-going specialist renal advice, patients were

counselled on the management of other risk factors such as

alcohol, smoking and obesity. The Flinders nutritionist also

provided dietary advice.

Compliance

Patients in the management arm of the program were

required to visit the Umoona clinic on a monthly basis to

collect their tablets in individual dosette boxes prepared by

the Umoona clinic nurse. Compliance was assessed through

monthly tablet counts performed by the clinic nurse and

recorded on a manual record system, rvhich detailed the date

when a new supply oftablets was given to each patient and

the date when the patient retumed to collect their next

month's supply.

Patients were considered compliant ifthey took at least 80%

of required number of tablets each month. Patients were

considered non-compliant ifthey took less than 50% oftheir

monthly tablets. Fol patients who were non-compliant or

who were unable to attend the clinic, Umoona's Aboriginal

bealth worker team prepared individual dosette boxes which

were hand-delivered to patients as part of a 'tablet run' at

8 am each morning.

Elecl¡onic documenlalion of mnnagemenl plans

Patient information was entered electronically into a data

management program (designed specifically for the program
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using Microsoft Access software). To mainta¡n

confìdentiality each patient was assigned an individual code

number which was used as their unique identifier in their
electronic record. The master copy of the electronic data

base was held by the scientist responsible for data

management, while access to ihe data base was password

protected and restricted to the data manager, project

manager, renal specialists and clinic nurse. All biochemical

and haematological results and current treatment plans could
be reviewed, in chronological sequence, at each clinical
consultation by the renal specialist team.

Poittt of cøre lestingþr urine ACR

The program manager delivered a series of continuing
education and training sessions about urine ACR pOCT for
Umoona's Aboriginal health worker team, during which the

health worker team was progressively taught how to conduct

urine ACR POCT on patients. and how to perform quality
control testing to monitor the analytical performance of the

DCA 2000. A series of laminated posters were provided to

visually demonstrate the step-by-step processes of urine
ACR patient and quality resting on the DCA 2000. By the

commencement of the management arm of program,

Umoona's Aboriginal health rvorker team had taken over
responsibility for urine ACR POCT on rhe DCA 2000.

The POCT analyser provided a quantitative measurement of
urine albumin by immunoturbidimetry, urine creatinine by

colorimetry and then calculated the ratio ofthese analyteslT.

The urine ACR test, performed using DCA 2000
Microalbumi¡VCreatinine reagent kits (Bayer Australia;
Melbourne, VIC, Australia), was completed in 7 min on the

DCA 2000.

The DCA2000 Microalbumin/Crearinine Lorv and High
Control kit (Bayer Australia; Melboume. VIC, Ausrralia)
was used to monitor the analytical imprecision of urine ACR
POCT results. A quality control test (altemating between the

low and high control) was performed each time a new

reagent kit (containing l0 canridges) was opened.

lmprecision was calculated as a coefficient of variation

(CV%) from the results of repeated analysis of each quality

control sample.

Sumey of commun¡ly sfltislflclion

The Flinders NHMRC medical student developed a

culturally appropriate questionnaire to assess community

attitudes tolvards, ancl satisfaction with. the Umoona Kidney

Projectrs. The satisfaction tool for this project was initially
developed in collaboration with behavioural psychologists

from the School of Medicine at Flinders Medical Centre. The

tool was then validated for its cultural appropriateness

through consultation with the manager of the Aboriginal
Health Unit at Flinders Medical Centre and the director,

health workers and the clinic nurse from Umoona. The

Board ofthe Umoona Tjutagku Health Service approved the

final questionnaire. The questionnaire was implemented at

the community level by Umoona's Aboriginal health

workers, the nurse-in-charge. two community leaders and the

medical student.

The questionnaire consisted of a series of general questions,

to which multiple responses could be ticked, and a set of
more specific questions, based on the 5 point Liken scalele,

with respondents rating their attitude to the questions posed

(from 'very much yes' to 'very much no').

Slalisticøl anølysis

Analysis of the results frorn patient management was

performed using both the Analyse-lt (Analyse-lt Software

Ltd; Leeds, UK) and SPSS Version 12.0.1 for Windows
(SPSS Headquarters; Chicago, IL, USA) sratistical software
packages.

Results

On-sile consultalions v'¡th lhe renal specìolists

The Flinders renal specialists conducted 231 patient

consultations ¡n the two years of the management program,
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with over 70% of patients having four or more (up to a

maximum of eight) consultations.

Pølienls enteilng the managemenl ptogtam

Fifty-seven community members were initially assessed as

being at risk for renal disease. All were overtly hypertensive
(systolic blood plessure greater Lhan l40mmHg and/or

diastolic blood pressure greater than 90 mmHg over three

independent blood pressure readings), hypenensive (systolic

blood pressure greater than l30mmHg and/or diastolic

blood pressure greater than 80 mmHg over three independent

readings) with other risk factors, or had diabetes. Ten

patients were excluded from the study because they were

already taking ACEI medication. they were women of child-
bearing age, their blood pressure had improved thtough

lifestyle changes, or their blood pressure was too unstable to
commence lreatment. Six males did not wish to participate

for personal reasons, while four people no longer lived ín the

community. Trvo commenced a lorv dose of ACEI, but were

withdrawn due to a perceived increase in aggression (n: l)
or to the effects of headache, itchiness and minor numbness

on the right side of the face (¿=l). The remaining

35 patients voluntarily entered the managemenl arm of the

program. The baseline characteristics ofthese patients in the

management group are shown (Table I ).

Polienl manogement rcsu lls

The renal and blood pressure status of these patients were

followed for a mean of 63 + 4.5 weeks. There were no

significant adverse events reported or observed clinicatty in
this group. At the completion of the study period, 39% of
patients were taking 2 mg, 29Yo were taking 4 mg, 3% taking

6 mg and 29Vo taking 8 mg of ACEI, respectively. A total of
72%o of cl'ten¡s were clinically assessed as compliant, 22%o

were considered compliant 65%o of the time and Svo were
non-compliant.

management (mean 3.2 tests per patient), There was no

statistical difference in urine ACR levels in the study period

(median [and inter-quartile range'l 5.7 m/mmol |.2-15.2]
pre-ACEI and 4.3 mglmmol |.3-16.71post-ACEI treatment

p:0.50, Wilcoxon signed ranks test). Categorisation of
patients into those exhibiting normoalbuminuria,

microalbuminuria and macroalbum¡nuria (Table 2) revealed

a trend towa¡ds improving albuminuria although these trends

did not reach statistical significance due to small patient

numbers (f test; (fstatistic:0.496, degrees of freedom = 2,

p: 0.780). One patient with initial microalbuminuria

recorded a normal ACR post ACEL The urine ACR levels in

three diabetes patients with initial macroalbuminuria

decreased by 27%, 64%o and 78olo respectively, with each

patient falling rvithin the microalbuminuria category post-

ACEI treatment. The urine ACR in one patient with
microalbuminuria deteriorated from 13.5 to 36.6mg/mmol

post ACEI. This patient was non-compliant in taking

medication and was repeatedly hospitalised for other

illnesses during the study period. Previous studies have

shown that ur¡ne ACR levels deteriorate by approximalely

l5%o per annum if antihypertensive treatment ¡s not

undertaken2o. The, calculated glomerular filtration rate of the

group altered from ll0 to llSml/min (p=0.019, paired

Êtest). There was no change in the group's plasma

potassium, urea and creatinine (Table 2). Collectively these

results indicate a stabilisation in renal function among the

management group.

In the study period, there was a sustained and statistically

significant reduction in mean blood pressure (both lying and

standing) after ACEI intervention (Fig l). Systolic blood

pressure fell from l5l+3 mmHg to 137+3 mmHg (lying) and

from 147+3 mmHg ro 13l+3 mmHg (standing) (p <0.001,

paired l+est). Diastolic blood pressure similarly fell from

92+2mmHg to 84+2mmHg (lying) and from 94+2mmHg
to 84+2 mmHg (standing) (p <0.001, paired r-tesr).

Over the 2 years of the management phase of the project.

I I I urine ACR tests were performed by POCT for patient
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Tablc I : Bascline characteristics of 35 patients taking ACE inhibitor medication (number or percent for each selected
parameter).

l2Diabetes mellitus
33Blood pressure >140 and/or>90 mmHs
35Blood pressure > 130 and/or >80 mmHg with risk factors
54Male (%)

49.2 (2.3\Mean age (SE) in years
/Vor YoParameter

Ttble2:. Albuminuria status and selected biochemical measures in patient group (z = 35) pre- and post-ACE inhibitor
treatment

0.0577+38lr 3PIasma creatinine (rrmol/L)
0.5t05.1 + 0.34.9 + 0.3Plasma urea (mmol/L)
0.2264.0r 0. t4.0 + 0.1Plasma potassium (mmol/L)

Mean + SDMean + SDBiochemical markers
lsVo23%Macroalbuminuria (ACR >30 mglmmol)
3ïYo35%Microalbuminuria (3.5<ACR<30 melmmol)
46%;042%Normal ACR (<3.5 mglmmol)

Albuminuria status (70)
P-valuePost-,{CEIPre-ACEIParameter

ACEI, ACE inhibitor; ACR, albumin:c¡earinine ratio

170

r60

r50

t40
D

Ë lro
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Figure l: lmprovement in mean blood pressure (BP; both lying and standing) in patient group (z = 35) following ACE
inhibitor (ACE i) treâtment. DBp, diastolic Bp; SBp, systolic Bp.
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P < 0.000r
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¡ Pre ACE I

a Post ACE I
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Quality testìng

For quality control testing conducted during the management

phase of the Umoona Kidney Project (n=20), the DCA

2000 recorded an imprecision (coefficient of variation,

CV%) of 8.3o/o and 3.9%o fo¡ urine albumin (for quality

control samplca with conccnlrations ofapproximately 36 and

210 mglL respectively), 5.5o/o and 3.9%o for urine creatinine

(9 and 35 mmol/L) and 7 .4Vo and 3.0o/o for urine ACR (ratios

of 4.0 and 6.7 mg/mmol). These levels of imprecision are

consistent with that observed for quality control testing in

the entire life of the Umoona Kidney Projectr5 and are well

rvithin national and intemational precision goals of l0o/o,6yo

and l2o/o for urine albumin, creatinine and urine ACR

respectively that have been derived from biological variation

and other inteÌnational consensus data on pefformance

criteria2l-23.

Commun¡t! øcceplance

FiÍÌy community members completed the questionnaire on

the Umoona Kidney Project, including 76% of the patients

who parlicipated in the program. The results obtained for

selected questions relating to this article are shown

(Table 3). Over two-thirds of the communily were concerned

about developing renal disease. Three-quarters felt there

were no cultural baniers in providing a urine sample for

ACR POCT.

Of respondents, 98% understood the project's educational

messages about how regular 'checks' for kidney disease

could lessen their risk of developing advanced renal disease

and they believed the communit¡'was comforlable with the

concept ofrisk assessment. Over 95% were satistìed with the

way the Flinders' renal team worked with them as

individuals, while94%o agreed the renal team had helped the

community overall in addressing renal disease.

bad kidney d¡sease to stay healthy and Find out who has bad

,lidney disease. One-third ticked the response Help the

co,nnrunily to understand the benefils oflreatmenl.

Discussion

The Umoona Kidney Project had many unique features

which set it apart from other chronic disease programs for

Aboriginal Australians. It adopted a strong family-orientated

holistic approach (involving both adults and their children)

and empoweled and encouraged community ownership.

Community members received on-site clinical advice (for'

both renal disease prevention and management) from a team

of renal specialists who conducted 24 visits to the

community over 3 years. While acknorvledging this

approach was intensive and difficult to sustain, it occuned in

a time when the community did not have its own salaried

medical offìcer. lmportantly, POC pathology testing for

urine ACR was used for the first time in an Aboriginal

community setting in the Umoona Kidney Project.

Umoona's Aboriginal health worker team received a

continuous, structured education and training program on

POCT delivered by the program manager. The health rvorker

team were taught not only how to conduct urine ACR POCT

on patients, but they also undertook their own quality testing

procedures to assess the performance of their DCA 2000

analyser for urine ACR measurement. These processes

provided a significant sense of empowerment for the health

workers2a. For Umoona's community members, the

immediacy of the urine ACR POCT result meant they could

see the renal specialist and have their treatment modified

without the need to attend a follow-up visit to obtain their

result. A further unique design aspect of this study was the

specific requirement for patients to provide a first moming

urine sample to test for ACR in preference to the more easily

obtained random sample. The first morning urine is the

recommended specimen of choice for the urine ACR testrs. It
provides the most accurate measure of urine ACR, as it is

not subject to the Ìvide diumal biological variation exhibited
ln response to the general question Can you tell tne why the

kidney team comes here?,63%o of the 49 respondents ticked

the following trvo responses Help people at risk of geuing
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by urine albumin and therefore has a much lower rate of
false positive results than the random sample.

The value of POCT for community risk assessment has

previously been described by our grouprs'r6 but this article

reports for the first time the practical and culturally

appropriate use of urine ACR POCT on the DCA 2000 for
the management of Âboriginal r.cnal discasc. Thc renal

function ofthe patient group stabilised over the 2 year study

period, as measured by POC urine ACR testing and othe¡

renal markers. The use of POC urine ACR testing was

analytically sound and comparable to the performance

expected of a pathology laboratory, while the use of POCT

was culturally appropriate and widely accepted within the

Aboriginal community setting. Community-based POCT not

only raised the cultural arvareness ofrenal disease, but also

facilitated the development of a number of other community

health promotion pÌograms. particularly centred on nutrition,

as previously reporled by our group25.

also been confirmed in this study, and our results are

consistent with other workers in this field26-2?.

The high level of acceptance of the Umoona Kidney Project

by the community was confirmed from the results of the

community survey. As further testamênt to the success of the

program, the inaugural director of the Umoona 't.jutagku

Ilealth Service wrote the following conuìtètìts ill a lel.ter to

the program manager at the conclusion of her tenure as

Director:

In my twenty vears of working with Aboriginal people

I have never seen strch dedicatìon, coupled with
sensitivity in a group working with Aboriginal people

The frenal] team has buiil up a feeling of øust
amongsl communily members and has made many

.fi'iends. The leam's willingness to l¡sten and involve

llle comnunil,t has provided a good model for future
projects.

The effrcacy of the ACEI medication in improving renal and

cardiovascular function in the Aboriginal health setting has

Table 3: Summary of questionnaire responses (n = 50) to ascertain community att¡tudes towards tbe Urnoona Kidney
Project

003 (6)8 (r7)33 (77)
Do you think the community is happy with the
kidney team?

002øl4 (8)44 (88)Do you think the kidney team helÞs the community?

00I (2)3 (6)4s (92)
Do you feel the community is happy about
individuals having their kidneys checked?

00I (3)I (3)38 (95)
Are you happy with the way the kidney team rreats
you?

00I (2)2 (4)46 (94)
Do you think that people who have their kidneys
checked might save themselves from getting sick?

33 (67)4 (8)4 (8)2 (2)6 (t2)Does your culture make it hard for you to have your
kidneys checked (by providing a urine sample)?

r 5(30)0I (2)I 0(20)24ø8',1Do you worry that you will get bad kidneys?

Very
much

No

A little
bit
No

Don't
cÐ re

A little
bit
Yes

very
much
Yes

Question
n (Vol

Communitv members' rcsDooses
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It should be acknowledged that this study rvas conducted in a

single community with a relatively small samples size and

was not a randomised controlled study. Nonetheless, in

December 2000, the Umoona Kidney Project was handed

over to the Umoona Community as a self-sustaining activ¡ty

fully integrated into the health service infrastructure. Both

the South Australian Govemment's Department of Human

Services Renal and Urology Services Implementation Plan

2000-201128 and the state-wide lga Warta Aboriginal Renal

Disease Summit 1999 endorsed the Umoona model and

recommended its expansion to other Aboriginal communities

in rural and remote South Australia.

From this pioneering work, a national Australian

Goverlment funded POCT pr.ogram called QAAMS
(Quality Assurance for Aboriginal Medical Services) has

been developed in which POCT for both HbAlc and urine

ACR is used to assist the management of Aboriginal patients

with diabetes and associated renal disease2e-rr. Sixty-five
Aboriginal medical services encompassing every state and

tenitory in Australia now participate in this unique POCT

program. Both the HbAlc and urine ACR pOC tests have

their orvn Medicare rebate item number, which enables the

costs of performing these tests to be fully refunded to the

participating health services and ensures the program is cost-

neutral in terms of on-going reagents needed to perlorm the

POC tests and consumables.
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Cultural And Clinical Effectiveness Of The'QAAMS' Point-Ol'Care Testing Model For Diabetes

Management ln Australian Aboriginal Medical Seryíces.

While the analytical quality of POCT for HbAlc and urine ACR in the national QAAMS Program had

been verified unequivocally through the results of quality assurance and quality control testing, key

research questions concerning the clinical and cultural effectiveness of the QAAMS model remained

unanswered until the publication of this significant paper, These were:

namely Aboriginal Health Workers as POCT operators, lndigenous patients with diabetes

as consumers of the POCT service and clinicians responsible for management of these

patients? and

contribute to improvements in glycaemic control?

This paper provided the evidence base to answer these important research questions. A detailed

questionnaire distributed to the three stakeholder groups verified, for the first time, that POCT

conducted on a national scale had been well accepted as a convenient, practical and culturally

appropriate mode of health service delivery by all stakeholder groups. Patient data (n=74) obtained

from two participating lndigenous medical services also confirmed, for the first time, that POCT

contributed to improved clinical outcomes in this setting, as evidenced by statistically significant

reductions in HbAlc levels in these diabetes patients one year afier commencing POCT.

The introduction of Medicare rebates for POCT HbAlc and urine ACR testing conducted by QMMS

participants represents a further significant research outcome from the QAAMS Program and has

ensured the sustainability of the model.
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in Australian Aboriginal Medical Services.
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Abstract
The national Quality Assurance for Aboriginal Medical Services (QAAMS) Program, in which point-of-care testing (POCT)

for haemoglobin Ar" (HbAr.) and urine albunlin:creatinine ratio (ACR) is performed for diabetes nranagenrent in 65 Australian

Aboriginal medical services, is rrow ernbedded in the practice ofdiabetes care across Indigenous Australia. This paper documents

the results of a detailed survey to assess levels of satisfaction with the QAAMS HbA," Program among three key stakeholder

groups - doctors, POCT operators and patients with diabetes. Both doctors and patients with diabetes agreed that the immediacy

of POCT results contributed positively to patient care, improved the doctor-patient relationship, and made the patient more

likely 1o be both compliant and self-rnotivated to improve their diabetes control. Both POCT operalors and patients wilh diabetes

reported improved satisfaction with their diabetes services after the introduction of POCT. The paper also provides evidence

from two participating medical services that POCT has been an effective tool in improving the delivery ofpathology services

and clinical outcomes for both individuals and groups ofpatients with diabetes. A statistically significant reduction in HbA," from

93% (+ 2.0) to 8.6yo (+ 2.0) was observed in 74 diabetes patients 12 months after commencing POCT (p = 0.003, paired t-test).

An improvement in the percentage of patients achieving glycaemic targets and a reduction in tlre percentage of patients with poor

control was also observed in this group. These data provide evidence that the QAAMS POCT rnodel delivers a culturally and

clinically effective service for diabetes management in Aboriginal Australia.

i

lntroduction
Type 2 diabetes mellitus and its principal complications,

renal disease and retinopathy, are responsible for a significant

burden of morbidity, nrortality, social and cultural trauma in

Austral¡a's Aboriginal people.r-' In 1998, Australia's National

Diabetes Strategy and Implementation Plan recommended that

a trial of POCT for HbA,. on the DCA 2000 analyser (Bayer

Diagnostics, Tarrytown, NY USA) be conducted in Australian

Aboriginal Medical Services to assist diabetes lnanagement
for Indigenous people.' The resultant QAAMS Program for
HbA,. POCT commenced as a pilot in 45 Aboriginal Medical
Services in June 1999. Six years later, the national QAAMS
Program has 65 participating medical services, 75% ofwhich
are located in rural and remote Australia. The prograrn lras

now become fimrly ernbedded in the practice of diabetes

care for Aboriginal people.i' In 2003, the program was

expanded to include urine ACR POCT on the DCA 2000 to

rnonitor microalburninuria in Aboriginal diabetes patients,E

The QAAMS Progranr has been continuously funded by the

Australian Government's Department of Health and Ageing
since its inception.

The QAAMS model provides continuing education, training,

competency assessment and support services for Aboriginal
health workers and allied health professionals in their role as

in-service POCT operators. The program also has a unique

quality rnanagement framework involving both internal

quality control and external quality assurance testing. These

features set QAAMS apart from any other model of primary

health care delivery for hrdigenous communities world-
wide. The ability of Aboriginal health workers to conduct

POCT in the field to an analytical standard that meets current
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laboratory-based goals has been verified for both HbA," and,

more recently, urine ACR testing.j{.6

However, two key research questions forthe QAAMS Program

remained unanswered. Firstly, how well had the program

been accepted by clinical staff (utilising POCT lesults for
patient management), by Aboriginal health workers and allied
health professional staff (as POCT field operators) and by
patients with diabetes (the consumers of the POCT service)?

Secondly, had POCT been an effective tool in improving
clinical outcomes for both individuals and groups of patients

with diabetes?

This paper provides the evidence base to answer these

questions It docunrents the results ofa detailed questionnaire

to assess levels of acceptance with the QAAMS HbAr.
Program among its three key stakeholder groups - doctors,
POCT operators and patients with diabetes. The paper also

reports improvements in glycaenric control arnong diabetes

patients at two rural and remote Aboriginal medical services in
the QAAMS Prograrn following the introduction of POCT.

Methods

Queslionnairc for Key Stakeholders in lhe Q.4.4MS Program
During mid-2004 the QAAMS Program Manage¡ in
collaboration with the Flinders University Centre for
Biostatistics and Epidemiology. prepared three questionnaires

for dissemination to all Aboriginal medical services
participating in the QAAMS Program. A small group of
Aboriginal health workers from selected medical services

assessed the questionnaires for their cultural appropriateness

in tlreir development phase.

The questionnaires were specifically designed to determine
satisfaction levels with the QAAMS HbA," Program among
three key stakeholder groups; namely doctors, Aboriginal
health workers and allied health professionals, and patients
with established diabetes.

Each questionnaire contained a series of short statements or
questions, with respondents rating their level ofagreement or
disagreenrent with the statement or question posed according
to a five-point Likert scale.' Participants were giverr equal

opportunity to agree or disagree with each statement or
question. The questionnaire also listed other open questions

where a more detailed written response was requested or
selections could be made frorn a series of options provided.
In relation to the patient questionnaire, Aboriginal health
workers were invited to work with and assist as many
diabetes patients as possible to complete this questionnaire.

All respondents completed the questionnaires anonymously.

Distribution of the questionnaires commenced in mid-July

2004. The Chief Executive Officer of each Aboriginal medical

seryice was also sent an accompanying lette¡ explaining the

purpose ofthe questionnaires. Services were asked to return

their completed questionnaires by fax or post by mid-October
2004.

The results ofthe questionnaires were analysed by the QAAMS
Program Manager, in collaboration with an epidemiologist (Dr
Kristin Mclaughlin) from the Flinders Centre for Biostatistics

and Epidemiology using the Epidata software program (www.

epidata.dk).

Inpact of POCT on Delivery of Palhologt Setttices and

Clinical Outcomes

For the past two years, the QAAMS Program Manager and

his supporting scientific team have worked closely with two
Aboriginal health services in rural and remote Australia to

collect information concerning the impact of POCT on the

delivery of pathology seryices and on clinical outcomes

among individuals and groups of patients with diabetes.

These studies have been conducted at the request of the

health services concerned and have been undertaken since

full DCA 2000 POCT services for diabetes management were

introduced at each site,

lnformation was initially obtained on the number of HbA,"
test requests from patients with diabetes who attended their
clinics for set periods immediately preceding and following
the introduction of POCT; these periods were one year for
service I and two years for service 2, respectively.

POCT HbAr" results on patients with diabetes who attended

the clinics at both services were monitored across a l2-month
period to assess the change in glycaemic control following the

introduction of POCT. All POCT HbA,. tests were performed

on-site by the principal Aboriginal POCT operator at each

site.

Results

Queslionnoirefor Kev Stakeholders in lhe QAAMS Progran
(i,) Oueslionnaire for Doclors
4l doctors cornpleted the clinician questionnaire. A summary

of their responses is shown in Table l. Greater than 95Vo of
doctors agreed that POCT provided a convenient service for
them. Approxirnately 90o/o felt confident with the accuracy
and reliability of the POCT result and that POCT was an

acceptable alternative to the laboratory. More than 90o/o

of doctors stated that the immediacy of the POCT result

contributed positively 10 patient care, they were comfortable

in continuing to use POCT for patient ûìanagement, and they

would like to see POCT available to all patients with diabetes

\.
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Table L Results ofsatisfaction questionnaire for doctors (n:4I )

Synopsis ofSlâlemenl

DISAGREE

Strongly Disagree

or Disagree

n o/o

TINSURE AGREE

Agree or

Strongly Agree

nYon

Sectiotr l. Spcciñc Questiors

Convenience

Satislìcd with POCT results immediatelv available

Advantage discussing results immediately with patient

Annlylical Qunlity

Confident in accuracy md reliability ofPOCT rcsult

POCT acceptable allernative to laboratory

Immediatc result contributes positivel),to patient care

Intmediate result contribules positivcly to paticnt conìpliance

Immed¡ate result contr¡butes posttiv€¡y to relationship with patient

Patient rrore likel¡'to return ifPOCT availablc

POC HbA,. testing made positive contribution Lo patrent mantgement

Like POCT lbr HbA,. to continu€ for diabetes nìanagement

General Issnes

Like to see POCT for HbA,. available for all diabctics in the community

POCT for HbA,. more clinically and culturally effsctive lhm laboratory

l

2

2%

5v.

2%

5%

s%

5%

2%

2yo

5v.

I

0

4

2

I

t7

5

t4

I

0

3

4

0%

0y.

5%

96%

98%

88%

90%

96%

54%

83%

6t%

96%

98%

9l%

85%

7%

t0v.

39

40

36

3't

39

22

34

25

39

40

37

34

I

2

2

2

I

I

4lYo

t2%

34%

2%

0y"

I

2

H
,l

in their comrnunity. More than 80% of doctors agreed that
POCT provided a more culturally and clinically effective
service for the patient than their laboratory service and that
POCT contributed positively 1o their rapport and relationship
witlì their pat¡ents. Over 60%o ofthe doctors felt that patients
were more likely to return for a follow-up visit, with more than
half believing the immediate availability of results contributed
positively to patient compliauce with medication.

One doctor responded negatively to all questions asked. This
doctor preferred to use the local laboratory service, ordering
a complete profile of tests for diabetes nranagentent on every
patient. The Aboriginal health workers at th¡s site remained
keen to use the DCA 2000 but had been progress¡vely
discouraged to do so by tlre doctor.

Selected written comments received from doctors are listed
below in l'esponse to the question: How did you view the

clinical effectiveness of the DCA 2000 poinþof-care testing
program overall and (could you comment on) whether it
had contributed to improved diabetes management in your
service? These cornments are reflective of the overall views
ofthe 23 docto¡s who responded to this question.

'This has made a well run Diabetic Clinic to be

more effective and impressive to the patient; most

of the aboriginal patients are reluctant to come

back in a few days for their results. Thus, a well-
run point ofcare test facility gives me a chance to
have a bird's eye view of where a patient stands

and helps me to readjust their regime.'

'The DCA 2000 POC test adds greatly to the

assessment and management of diabetics in our
practice by giving a 'real time' picture of the

progress, especially after changes have been made

to their management. It enhances doctor/diabetic

team AND patient satisfaction and most certainly
imparts positively on patient outcomes.'

'Many clients of th¡s service do not come for
follow-up appointments and so it is very beneficial
to have the POC HbA," result available at the time

of that visit rather than hoping they will retum.
Treatment decisions about need for medication
change or need for further diabetic education,

weight loss, or diet, etc , can all be made at the

one visit. This greatly improves patient care and

I

I
I
¡,

n{

I
t_

{
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the likelihood of leducing loug-tertn diabetic

cornplications.'

'The advantages of having this POC testing

are incalculable. There are lnany patients we

would othelwise not be able to follow-up or

treat appropriately. This is because they are often

travelling, they have sonte reluctance to go to

pathology dep[arlmen]t. within the hospital, or

they do not understand the risks associated with
their illness.'

'HbA," testing was poorly taken up prior to the

POC program. Seeking out people fcr urine testing

was everì harder. Now that we can give imrnediate

results and discuss them straight away, clients

are happy. They are even happier that the AHWs

[Aboriginal health workers] are doing all this. 'We

now are collecting consistent longitudinal data.'

ftil Oueslionnaire for POCT Operalors øborisinal health

workers and allied health professionals.)

65 respondents completed this questionnaire. Of the 61 who

specified their health professiou, 5l%owere Aboriginal health

workers and 4 I 7o were nurses; the remaining respondents were

diabetes educators (2), a cornmuniry health worker (l) and a

plimary health care network co-ordinator ( I ), A summary of

their responses is shown in Table 2.

Greater than 90% of POCT operators agreed that the QAAMS
educational resources were culturally appropriate, and they

understood why the HbA," test needed to be performed on

patients with diabetes and what the resuh tneant in ter¡ls

of diabetes control. Greatet' Than 90%o of respondents were

confiderrt in using the DCA 2000, in the accuracy and

reliability of the POCT result, and in discussing the result

with their patients POC HbA," testing on a finger-prick

sarnple was considered an acceptable alternative to laboratory

testing on a venous sample. Greater than 90%o of respondents

nnderstood the need to perfortn quality assttrance testing and

felt the frequency of this testing (two satnples per month) was

appropriate. They also felt the level ofsupport and the training

rnethods of the QAAMS malìagenìetrt teatn were culturally

appropriate.

POCT operators agreed that patients were comfortable in

having POC HbA," testing perfortned as part of their diabetes

management. Ovet'all commttniry acceptance of POCT was

lrigh, with approximately 80% of POCT operators agreeing

that POCT on the DCA 2000 had provided a focus for raisirtg

conrnrunity awarertess about diabetes and had etllranced

cornurunity ownership.

POCT operators were also asked to rate how satisfied they

were with the diabetes services for their patients before and

after the introduction of POC HbA,. testing on the DCA

2000. Figure 1 shows the satisfaction rating ofthe 57 POCT

operators who responded to this question. The percentage of
POCT operators who were unsatisfied with, or unsure about,

their d i abetes serv ice fel I fro m 3 0o/o to 4o/o and 28Vo To 7 Vo aftet

the introduction of POCT respectively, while the percentage

who were satisfied with their diabetes sewice increased from

42yo ro 90yo after POCT was iutroduced (Fishers Exact chi-

square = 4.12, p = 0.271 ). While this result is not statistically

significant due to the small sample size, the improvement in

satisfaction rating with diabetes services since the QAAMS
Prr;grant conrnrenced is clearly cvidcnt.

ø
É8*
oÈ30

Chlsquare (Fishers Ex6ct) = 4 12, p = g 271

42

s 20

7

Unsatisfed Unsure

Satisfaction Rat¡ng

Satisf¡ed

Figure 1. POCT operator satisfaction with services for
rnanaging patients with diabetes before and after the

introduction of POCT (n=57).

When asked in a series of open questions what the QAAMS
Prograrn had rneant to them personally, over 90% of POCT

operatol's stated that it had enabled them to know their

community members with diabetes better and had given them

a gÍe^Ter role in their marragenleut, while over 70% indicated

it had provided them with a sense ofenlpowermerlt and had

rnade them better known in their cotntnutrity.

When asked to specify in what ways their diabetes services

had improved following the introduction of POCT, over 95Vo

of POCT operators stated that POCT was tnore convetrieut

than the laboratory service, with patients having their POC test

and seeiug the doctor during the olre visit. 857o ofrespondents

felt POCT lrad improved patient self-rnotivation.

POCT operatols were also asked to comment on what were

the main issues in maintaining the QAAMS Program in the

long-ternr. Over two+hirds felt that lteither their current

workload nor the rrunrber of progranrs they were responsible

fol would preclude them from trtairttaitring participation in

QAAMS. Nearly three-quarters of respoudents felt their

f Aofore PocT
lAner Pocl
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Table2. Results ofsatisfaction questionnaire for POCT operators (Aboriginal health workers and allied health professionals)
(n:65)

Synopsis of Stnt€ment

DISACREE

Strongly Disagree

or Disagree

rVo

uNst-rRE AGREE

Agree or

Strongly Agree

nVov.

Educotionnl Resources

Useful and culturally appropriate

Clearly show why POC HbA,. tcst is needed

Clearly show what POCT result for HbA,. mearo

DCÀ 2000 ud Tesrttry Procedure

Conlìdent and comfortable using DCA 2000

Fingerprick blood as reliable as venepuncture for HbA,.

Po¡nþoI-Cnre Resnhs

Confidence in accuracy and reliability

POCT for HbA,. on DCA 2000 acceptable alternartve to lab

Conñdenl to discuss results with clienÌ

Quolity Mnnngement

Understand need lor quality assurance testtng

Level ofquality æsumnce testing requ¡red is appropriate

QAAMS Teon and On-going Sulport

QAAMS Team provides appropriarc support

Tmining methods instructive ild appropriale

O ve rrl I Co nwnily A c cepto ilc e

Clienrs happy with POCT for HbAr. testrng

POCT for HbA,. mised aweness about diabetes

DCA 2000 hæ enhmced community omership md control

4

3

3

0

0

2

I

4

2

0

0

2

2

I

0

3

0

I

3

6

0

0

0

Ùvo

3%

1%

00/.

OVo

5%

ov"

2%

0%

0%

0%

0%

2%

6%

5V.

5%

2yo

6%

0%

3%

3Y¡

2%

5%

5%

t0%

ó0

6l

59

94%

95%

92%

95%

94%

98o/o

g',t%

920/0

98%

94%

95%

90%

98%

83%

79%2

2%

t7%

190/"

62

60

62

6t

58

63

60

60

55

62

52

50

cunent fridge space was adequate to store program reagents

and consumables. Respondents were unanimous in rating
the nrecharrical reliability ofthe DCA 2000 as good or very
good.

POCT operators were invited to provide written comment on:

'What are the 'Positives'and 'Negatives' about the QAAMS
Program, and how could the program be improved and made
more effective?'A list of selected comments, reflective of the
overall v¡ews of this group, is listed below.

'lt is very useful to use opportunisticatly with
clients who are difficult with attending follow-ups
on their health câre.'

'Clients are very happy with it saving them a trip
to local hospital for blood testing. Clients like
to know the result, and what it means.

Gives rne a chance to continue diabetic
education.'

'Well accepted by our health workers and clients
and CEO. Visiting specialists, podiatrist know
about the DCA machine. Great asset.'

'The POC testing has greatly improved service
delivery particularly with pat¡ents who are mobile
and are not continuously contactable.'

'Effective POC, mildly invasive, results in 6-7
rninutes instead of 48 hours to I week.'

'The DCA 2000 has given me a time saver in

showing community how their diabetes is really
going as they can see the results in 6 min and this
helps us both to work to a health plan to improve
the next reading.'

(iiD Ouestionnaire.{or Aboriginal Patients with Diabef es

l6l clients with diabetes completed this questionnaire, with
the support and assistance of their local Aboriginal health
workers. Of the 148 who specified their gender, 58olo were
females and 42Vo males. Of the t 59 who reported their age,

I
I
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60/o were 25-34 years old, l5V:o 35-44 years,24%o 45-54 years,

28o/o 55-64 years and 27Yo were older than 65.

A snmmary of their responses is shown in Table 3. Greater

than 900% ofrespondents understood the role of the DCA 2000

machine in managing their diabetes and were comfortable
in having their glycaenric control rnonitored. Patients were

very satisfiod (97Vo or greater) with the convenience ofPOCT
and believed a finger-prick collection was less stressful than

venipuncture. More than 90%. of patients repofted regular

POCT resulted in improved self-motivation to control their
diabetes and they were comfortable in returning for further
testing. Over 90% of patients felt the visit to the doctor was

more useful and the doctor was able to better manage their
diabetes by having the POCT result available at the time of
corrsultation.

In separate questions, greater tlran 957o ofrespondents wanted

POCT to continue as part ofthe management oftheir diabetes

and stated they would like POCT to be available to all patients

with diabetes in their community.

Patients were also asked to rate how satisfied they were with
the diabetes services offered to tlrem before and after the

introduction of POC HbA," testing on the DCA 2000. Figure 2

shows the satisfaction rating ofthe 159 patients with diabetes

who answered this question. The percentage of patients who

were unsatisfied with, or unsure about, their diabetes service

fell fronr ll%o to 3o/o and 28Vo to 6%o after the introduction of
POCT, respectively, while the percentage who were satisfied

with their diabetes service increased from 6l% to 91Vo afrer

POCT was introduced (Fishers Exact chi-square: 12.09, p :
0.007, significant).

I Bofo¡e POCT
¡Alér PoCT

Unsat¡stied Unsure

Satisfaction Rat¡ng

Satisfied

Figure 2. Patient satisfaction with services for managing their
diabetes before and after the introduction ofPOCT (n=159).

Selected written comtnents by patients with diabetes are listed

in response to the question: 'Dò you have any other comntents

on whether POCT has helped you look after your diabetes?'

o
d

coÈ

Table 3. Results ofsatisfaction quest¡onnaire for patients with diabetes (n=l6l)

Chlsquere (FisheE Exact) = 12 090, p = g 997

it

2ø

at

¡t

SyÌopsis ofStâtenrent

DISAGREE

Strongly Disagree

or Disagree

tr Yo

I.INSURE AGREE

Agrce or

Strongly Agree

nV"

Uildeßtoild¡ng of POCT

Understand what POCT nrachines are used for

Happy to have diabetes checked b¡, POCT rather than lab

Contenience

Happy with imnìediate POCT result

fmmediate result better (han having to come back fbr lab result

Fingerprick less strcssful tlran venepuncture

Personil Issues

Regular POCT encourages nìe to look after rny health better

Happy tor further POCT to be used for [rv nranagement

Doctot Pfllienl Issnes

Visit to cloctor nrore uscful because POCT results available

Doctor bettcr able to nranagc my health by having POC'| results

wllen seeirìg Lhc doctor

0

0

0%

ov.

t0

3

149

6%

2%

t%

6%

6%

t50

156

94%

98Vî

98%

99%

9'1%

93%

98%

93%

95%

t%

0%

ts8

t59

156

I%

t%

150

157

IO

2

21%

32% 33%
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'This my first time, I'm new about it and I like it.
Yes! ! I really want to put my head down now, take
good care of myself and manage my health,'

'l live 30 kms from the service so it's much better
for me.'

'lnstant results make managementmore convenient
and efficient.'

'Yes it has helped me to stay positive and not to
get too stressed out as I know help is at the door.'

'The health workers explain everything to me and

are very helpful. I'm very pleased with th¡s set

up.'

Inpact of POCT on Delivery of Pathologt Senices and
Clinical Oulcomes

At service l, in the year following the introduction of POCT,
there was a 760/o increase in both the number of HbA," tests
perfonred and the numberofdiabetes patients being monitored
for their glycaemic control. Following the introduction of
POCT at service 2, there was a 9l%o increase in the nunrber of
HbA,. tests performed (with an avenge oî3.7 HbAr" tests per
patient performed in the two years after POCT compared with
2.0 HbAr. tests per patient perfornred in the two years before
POCT). Across the same period, there was a 3.S-fold increase
in the number of urine ACR tests performed (with an average
of 1.8 urine ACR tests per patient performed in the two years

after POCT compared with l.l urine ACR tesrs per patient
performed in the two years before POCT). There was also
a doubling of the nurnber of patients tested fo¡ urine ACR
Thus, patients with diabetes at this service received closer
clinical monitoring of their HbA,. and urine ACR levels (and

hence diabetes rnanagement) after the introduction ofPOCT.

Did this increased level of POCT testing at these two services
translate into irnproved glycaemic control for Aboriginal
patients with diabetes? A total of 74 patients with diabetes
were monitored fo¡ their HbA," levels across both services.
There was a statistically significant reduction of 0.7o/o HbA,,
in this group of 74 patients lnonitored at baseline (when
POCT commenced) and at l2 rnonths after the introduction
ofPOCT respectively 1p = 0.003, 2-tailed paired rtest) (Table
4). This fall in HbA,. indicated thar glycaemic conrrol within
the group had improved post POCT.

Patients were further categorised into those who achieved
optimal glycaenric control (HbA,"<7"/o\, controlled glycaenria
(HbAr. <8%) and exhibited poor glycaemic control (HbArc
>10%) before and after the introduction of POCT. Cunent

best practice guidelines for Aboriginal people recommend

that the optimal glycaemic goal is an HbA,. of <7%o;however,

in acknowledging that this will be extremely difficult to

achieve in many Indigenous people with diabetes, they also

state that an HbA," of 8olo represents a more realistic target for
this population.r rn HbAr. concentrations of 7yo and 8Vo have

been previously recommended by the American Diabetes

Association (ADA) as the goal for optimal glycaemic

control and a value at which a change oftherapy is indicated

respectively.rr More recent recommendations by the ADA
suggest that even more stringent goals (for exarnple, an HbA,.
as close as possible to 6%o) should be considered for individual
diabetes patients to further reduce risk of complications at

the possible increased risk of hypoglycaemia.t2 The HbA,.
value of l0%o was selected to represent poor control on both

empirical and practical grounds. As can be seen in Table 4,

the percentage of diabetes patients who achieved optirnal
glycaemic control increased by l2%, the percentage who
achieved controlled glycaemia increased by l9%o, and the
percentage exhibiting poor diabetes control fell by l2o/o.These

findings also support the trend towards improved glycaemic

control after the introduction ofPOCT.

Examples of some of the improvements in glycaemic control
observed within individual patients are provided in the

following brief case histories:

The first case describes a 57-yezr-old man who was

diagnosed with diabetes in 1989. He had not been compliant
in taking his diabetes medication and had a past history of
heavy alcohol intake. There was a strong family history of
diabetes. He visited the health service on average once per
year but generally declined blood testing and follow-up.
His last laboratory HbA," was 13.0%. He attended the clinic
following the introduction of POCT in the service and his

initial POCT results were HbArc l2.lyo and urine ACR 64

mg/mmol (normal ,ACR <2.5 mg/mmol). His blood pressure

was I 5 8/98 mmHg (target for Aboriginal person with diabetes

130/80 rnmHg) and weight was 124 kg. His cholesterol was

ó.9 rnrnol/L (target for Aboriginal person with diabetes <4.0

mmol/L), triglyceride 4.2 mmol/L (target <2.0 rnrrol/L),
HDL cholesterol 0.7 mmol/L (target >1.0 mmol/L) and LDL
cholesterol 5.I mmol/L (Target <2.5 mmol/L).rr'As a result of
his poor glycaemic control, he was placed on selected diabetes

medications and referred for dietician, diabetes educator and
podiatry review His HbA,. by POCT was 10.8%o at three

monfhsand'J.6'Yoat l2 months. His lipids had also improved at

l2 months (cholesterol 5.9 mmol/L, triglyceride 2.6 mmolil,,
HDL 1.0 mmol/L and LDL 3.8 mmol/L). His weight fell to
ll0 kg and his blood pressure to 140/90 mmHg. This man's
confidence with a local diabetes system was improved
considerably by having access to imntediate results through

Clin Biochem Rev Vo¡ 27 August 2006 I 167



Shephard MDS

Table 4, Improvement in glycaemic control in Aboriginal patients with diabetes l2 months after the introduction of POCT at two
rural and remote Aboriginal medical services (n:74)

Pgramefer Bascline POCT l2 MonthsAfter POCT

Reduclion ¡n HbAh

HbA,"

0/6 Pdieills

Achieving optitnal gl),caemic control (HbAr.<7%)

Achieving controllcd glycaemra (HbA,.<8%)

Exhibiting poor glycaernic control (HbA,.> l0%)

Mcsn + SD

91r20
Menn + SD

I 6 +20+

15y"

28%

35V.

27%

23v.

¡The obseryed reduction in HbA," of0 7 m statisfically significant (p:0 001, pa¡red t-lest)

POCT. The significant improvement in his HbA,. reflected
attention to multiple aspects ofhis diabetes care.

The second case describes a 53-year-old man who was

diagnosed with Type 2 diabetes in 1980. ln 2001, he was

found to ltave periplreral neuropathy and vascular disease.

His initial POCT investigations revealed an HbAr" of 10.9%o

and a urine ACR of 66 mg/mmol (normal ACR <2.5 mgl
mmol). His weight was 126 kg. His poor glycaemic control
and macroalbuminuria (ACR >30 nrg/mmol) identified by
POCT were initially rnanaged with oral hypoglycaemic and

ACE inhibitor medications. rWith aggressive management

and regular POCT over the ensuing l8 montlìs, this patient's
HbA,.fell from 10.9%to 7.6Vo,thenTo67%o. His urineACR
levels measured by POCT decreased from 66 mg/mmol to 56

mg/mmol, then to 44 mg/nrmol, while his weight was now
106 kg. This case describes substantial improvements in

glycaenric control and reductions in albuminuria and weight
in a patient with diabetes following intensive rnanagement

that included regular POCT.

Discussion

The QAAMS Program for diabetes management has recently
completed its sixth year of operat¡on. ln March 2001,
the National Aboriginal Conrmunity Controlled Health
Organisation (NACCHO), the peak body represeuting
Aboriginal Community Controlled Health Services in
Australia, released an independent evaluation on the first l8
months ofthe QAAMS Program.rr The Executive Summary of
this report viewed the use of the DCA 2000 POC technology as

a major opportunity to better care for and manage Aboriginal
clients with diabetes within the communiry sefting, while the

ability ofthe POC device to generate rapid results served as

a catalyst to enhance patient self-rnanagement. The surnmary

also concluded that the DCA 2000's simplicity of use led

to high levels of acceptance by Aboriginal health workers

nationally, with nearly two-thirds of services expressing the

view that it had raised the self-esteem oftheir health workers.

It also concluded that the sense of community control was

enhanced as a result of rnanagement of diabetes becoming
more focused within Aboriginal medical services.

Three years since this initial evaluation and with the

approval of the Australian Government's Department of
Health and Ageing, a detailed survey of satisfaction levels

was undertaken among the three key stakeholder groups

involved in the QAAMS HbA,. Program - doctors, POCT

operators and pat¡ents with diabetes. The results ofthis survey

showed conclusively that the airn of the QAAMS Program

to provide a more timely, efficient, and practical diabetes

monitoring service using a quality assured framework lras

been achieved.

From the clinical. viewpoint, doctors were comfortable
that the POCT result was accurate and reliable. As POCT

operators, both Aboriginal health workers and nurses felt the

education, training and quality managemenl framework that
underpinned the QAAMS Program was culturally appropriate

and that the DCA 2000 had proven mechanically sound and

reliable in Aboriginal hands. Aboriginal health workers again

reported that POCT had provided them with a sense of self-

empowerment, an important cultural benefit of the program.ll
Both POCT operators and patients with diabetes reported

improved satisfaction with their diabetes services after the

introduction of POCT, also reflecting positive acceptance of
the QAAMS model. lmportantly both doctors and patients

felt the immediacy of the POCT result contributed positively
to patient care, improved the doctor-patient relationship, and

rnade patients rnore likely to be both compliant and self-
rnotivated to improve their health.
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From a clinical outcome perspectíve, an improvement in
glycaemic control was obsewed in a group of 74 diabetes

patients from two Aboriginal medical services with whom

the QAAMS management team worked closely. The UKPDS
study has shown that every l7o decline in HbA," substantially

reduced the risk of the microvascular complications of
diabetes, particularly retinopathy and nephropathy.¡a Thus the

statistically significant fall of0.77o HbA,. observed in diabetes

patients at these two services, together with the improvement

in the percentage ofpatients achieving glycaemic targets and

the reduction in the percentage of pati€nts with poor control"

augur well for the longer-term outcomes ofthe patients. The

collection offurther longitudinal data on these patient groups

will continue to be important.

Convenience, acceptability, immediacy of result and

improved patient outcomes are often quoted with limited
supporting data as 'potential' advantages of POCT. The
results docurnented in this paper confinn, for the first time,
the widespread acceptance of the QAAMS POCT model
as a culturally and clinically effective service for diabetes

rnanagenrent in Aboriginal Australia. This study also verifies
that the role of POCT in achieving better clinical outcomes
stems mainly from its convenience, the immediacy of result,
and an enhanced doctor-patient relationship collectively
leading to greater patient self-rnotivation.

In previously published material, the QAAMS Program has

been shown to be analytically sound in Aboriginal hands, with
the quality ofPOCTforboth Éb4," (and urineACR) continuìng
to imprçve across tirne, tneeting analytical perfonnance goals

and rnatching equivalent laboratory performance.

Reimbursement of POC HbA," and urine ACR tests

conducted for diabetes management can be obtained through
the Australian Government's Medicare rebate system. This
rebate system ensures that the QAAMS Program remains cost

neutral for participants and is financially sustainable in the

long term.

The QAAMS model has also shown its versatility in being
adaptable to other health sectors in Australia. For the past

three years, the Community Point-of-Care Services unit at

Flinders University (from which QAAMS is now managed)

have provided specialist POCT services for a novel prograrn

called Diabetes Management Along the Mallee Track, which
is based at the remote town of Ouyen in north-west Victoria.tt
ln this program. POCT is provided through the local hospital
and general practice as part ofan integrated, multidisciplinary
'one-stop', management service for diabetes pat¡ents across

the region. POC HbAr., urine ACR (and lipid) measurements

are conducted by nursing staff who participate in on-going

education and training sessions and conduct regular quality

testing. This model has gaíned widespread acceptance by

the Mallee Track community and also resulted in improved

clinical outcomes for diabetes patients from the region.

In summary, there is now a considerable evidence base to

show the QAAMS POCT model for diabetes management

in Aboriginal Australia is analytically sound, culturally and

clinically effective (providing a convenient and accessible

service for both doctors and patients with diabetes), resulls in

improved clinical outcomes, is sustainable, and is adaptable

and transferable to other POC tests and other non-lndigenous

health settings in rural and remote Australia.
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Assisfing Diabetes Management Through Point-Of-Care HbAlc lesfing - The 'QAAMS'

Program For Aboriginal Health Workers.

As for the Umoona Kidney Project, this deliberately descriptive paper provided an opportunity to

disseminate information and early results on the QAAMS Program to the Australian Aboriginal

Health Worker audience. The paper emphasised the pivotal role of the Aboriginal Health Worker in

the program, the cultural fit of POCT in the lndigenous medical service setting and focussed on the

excellent analytical performance achieved by Aboriginal Health Workers as POCT operators. The

inclusion of Kay Mundraby, one of the program's most senior Aboriginal Health Workers, as co-

author on this paper highlighted the desire of the author to engage the health worker profession in

the dissemination of information about the program and to fuilher promote the pivotal role the health

worker profession in the program.
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Assisting Diabetes Management through
Point-of-Care HbA I c Testing - The 'QAAMS' Program

for Aboriginal Health Workers

MARK SHEPHAFD Af{D *I(AY I¡IUIIDRABY
RCPA Quality Assurance Programs Pty Ltd, Flinders Medical Centre, Bedford Park, Adelaide, SA and

*Kambu Medical Centre, lpswich, Qld

lntroductlon
D¡abetes has had a devastating impact on the health

of lnd¡genous people throughout the world. ln Australia,
Aboriginal and Torres Stra¡t lslander people suffer
between t2 lo t7 times more deaths due to diabetes
than non-lndigenous people. In many Aborig¡nal commu-
nities rates of Type 2 diabetes range between 15 to
30%. Diabetes itself is a significant risk factor for heart
disease and is the major cause of end-stage renal dis-
ease in Aboriginal people.

This article describes a national program called
QAAMS (or Quality Assurance for Aboriginal Medical
Services) that was developed to assist the management
of Aboriginal people with diabetes. Aboriginal Health
Workers administer the program on a day-teday basis.
The unique feature of the program is that it uses a point-
of-care medical instrument (called the DCA 2OOO) to
measure a test for the long-term control of diabetes
(called Haemoglobin A1c).

Point-of-care medical instruments are small, portable
machines that can measure a range of pathology tests
for chronic diseases on just a drop of blood or urine on-
site in the community. As well as these advantages,
point-of-care test¡ng is particularly suited to the
Aboriginal health care sett¡ng for the following reasons:r Through appropriate training, Aborisinal Health

Workers can perform point-of-care tests on_site,
thereby empowering them to take even greater
responsibility for the health of the¡r own community
members

r lmmediate ava¡labil¡ty of result means that the client
can see the doctor straight away and doesn't have to
come back for a follow-up visit

r By conducting the tests on-site, ownership and con-
trol of health information remains with the communi-
ly, afaclor crucial to the acceptance and success of
health programs for lndigenous people.

Flgurc 7: fhe Bayu DCA 2OOO polntof+are medlcal
lnst¡ument.

Haemoglobin Alc (also known as HbAlc or sugar-Hb)
provides a measure of a person's diabetes control over
the preceding three months. HbAlc can be described as
sugar that is attached to haemoglobin in the red blood
cells of the body, ln a person w¡thout diabetes, HbAlc
makes up around 5-6% of the haemoglobin in red cells.
ln a person with diabetes, the amount of HbAlc can be
much higher. The higher the HbAlc above 7o/o, the poor-
er the diabetes control, and the greater the risk of devel-
oping the (micre and macrovascular) complications of
diabetes (such as kidney disease, eye disease, stroke
and amputation of limbs). The target for optimal control
of diabetes is an HbAlc of 7o,1.ldeally, every person with
diabetes should have his or her HbAlc checked every
three months.

The QAAMS program and how it began
The QAAMS program arose from a recommendat¡on of

the National Diabetes Strategy, commenced as a pilot in
June 1999, and is now fully ¡ntegrated into mainstream
Aboriginal health care in Australia.

The program has been a joint partnership (and very
much a team effort) between a number of groups over
the years - the National Aboriginal Community

vot 27 - NilMnFP ¿

¿'o

ABOR¡GINAL AND ISLANDER HEALTH WORKER JOURNAL JULY/AUGIJ ST 2OO1



Controlled Health Organisation (NACCHO), the
Commonwealth Department of Health and Ageing's
Office for Abor¡ginal and Torres Strait lslander Health
(OATSIH) and the Dlagnostics and Technology Branch,
the RCPA (Royal College of pathotogists of
Australasia's) Quality Assurance Programs pty Ltd and
the Community Point-of-Care Centre at Flinders Medical
Centre.

The focus of the program is the management of dia-
betes. Over 23OO Aboriginal patients w¡th d¡abetes are
involved in the program, which is being conducted in 45
Aboriginal Community Controlled Health Services
(ACCHS) around Australia covering urban, rural and
remote sites and representing every State and Territory
(Figure 2).

\J
Flgure 2: Gene¡al locatlon o1 sltes pa¡tlcipating! ln the
QAAMS ptoEnm durlnt 2OO2.

This article has been written on behalf of the
Aboriginal Health Workers from those sites, who are
using and working the program at the ground level or
the 'grassroots'. The ultimate success of th¡s program
has been due very much to the goodwill, hard work and
commitment of the Aboriginal Health Workers at these
sites and the vision of their health services.

Key elements of the QAAMS ptogram
The program is based on the following three key ele-

ments:
r The production of an education resource package

about diabetes. This comprises a book, video and a
series of laminated posters about speciflc aspects of
the program (all of which were developed in collabo-
ration with senior Aboriginal health professionals to
ensure they were culturally appropriate) (Figure 3).

I The delivery of formal training for Aborig¡nal Health
Workers (and allied health professionals) from each

s¡te about diabetes and its complications, the HbAlc

Hturc 3: Educatlon teaources p¡oduced îot the QAAMS
prcgrcm.

test and control of diabetes, and practical hands-on
training in how to perform an HbAlc test on the DCA

2000.
r The development of a quality assurance program to

mon¡tor the quality of results generated by the DCA

machines in the field, together with a number of
other quality management support services for par-

t¡cipating sites.

With 50 DCA machines ¡n the field, it is critical to
know that the machines are generating HbAlc results
that are acceptable for patient care at all t¡mes. A sur-
veillance mechanism was therefore needed to monitor
the analytical performance of the machines. To do this,
a qual¡ty assurance program was developed in partner-

ship with Jan Gill and Lloyd Penberthy from the RCPA

Quality Assuranöe Programs Pty Ltd.
The RCPA Quality Assurance Programs Pty Ltd are

internationally renowned for their work with quality
assurance in laboratories and run 23 programs for more
than 1000 laboratories in Australia, New Zealancf and

other parts of the world. However, we believe the

QAAMS program is the first of its type to be developed
for lndigenous people anywhere in the world.

How does the QAAMS program work?
The QAAMS program provides each service with an

annual kit of 24 samples with known concentrations of
HbAlc. Aboriginal Health Workers from each service
test two of these samples (in a blind sense and accord-
ing to a defined testing schedule) every month. Their
results are then faxed to the QAAMS reporting office at
Fl¡nders Medical Centre in Adelaide. The performance of
each service's DCA 2000 is monitored by comparing
their QAAMS results with the preset target values for
those qual¡ty assurance samples and with the results
from all other services.

Graphical reports summarising the DCA's short - and

long-term performance are then sent to each serv¡ce.
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Tabte 1. Med¡an precision (CV%) achieved by Aboriginal Community Controlled Health Services and

laboratories in parallel Qual¡ty Assurance Programs.

By simply eyeballing the report, the service can see
where their monthly result lies in relation to the target
value and to all other services (that is, their peers). lf
the result lies within the 'goalposts' or 'limits of accept-
abil¡ty', then their DCA is performing well. The report
builds up over t¡me and services can also get graphical
information about the long-term performance of their
DCA 2000. Services have their own ¡ndividual code num-
ber that ensures confident¡ality of their results.

As part of the QAAMS program, other on-going sup
port services, includ¡ng an immediate telephone 'help
hotline' service for s¡tes experiencing technical difficul-
ties or problems w¡th the¡r DCA 2OOO, is also provided.

Results from the quality assurance test¡ng
Seven (7) six-monthly testing cycles have now been

completed over the past three and a half years - from
July 1999 to December 2002. The results from the
most recently completed testing cycle (Cycle seven,
July to December 2OO2) can be summarised as follows:
r Participation rate: 93%
r Percentage acceptable results: 86% (using limits for

acceptable performance set by the program organis-
ers, which are the same as those for the laboratory-
based Haemoglobin A1c IGlycohaemoglobin] pro
gram run by the RCPA Quality Assurance Programs
Pty Ltd)

r Med¡an Precision: 3.4% (coeffic¡ent of variation,
CVo/o).

How does this level of preclsion compare to laborato
ries?

As mentioned above, the RCPA Quality Assurance
Programs Pty Ltd runs a parallel Haemoglobin A1c pro
gram for laboratories ¡n Australasia, There are 7b DCA
users registered in this program, which uses an identi-
cal quality assurance material to that used for QAAMS,
It is therefore possible to direcily compare the perfor-
mance of Abor¡ginal Community Controlled Health
Services using the DCA 2OOO in the eAAMS program
with laboratory users of the DCA 2OOO in the
Glycohaemoglobin program.

Across the past three testing cycles, the median pre
cision achieved by Aboriginal Commun¡ty Controlled
Health Services in the QAAMS program has more than
matched the precision base achieved by laboratories.

Th¡s ¡s a quite outstanding achievement by the part¡c-
ipating Aboriginal Health Workers. As the table also
shows, the precision base achieved by Aboriginal
Community Controlled Health Services has been gener-
ally trending downwards (improving), again a very pleas
ing find¡ng.

llow ls the QAAMS proÉram worklng in the feld?
Part¡cipants have used the program ¡n many different

ways within the community sett¡ng. For example, some
services have set up new diabetic clinics as now they
can do the test on-site. Others have used the DCA for
opportunist¡c testing in the health service, for home vis.
its for diabetic clients, at community functions and
health promotion activities, and dur¡ng field v¡sits to
care for people with diabetes in outstations and distant
communities serviced by health services.

Evaluation of the QAAMS prog?am

ln March 2001, NACCHO released an independent
evaluation on the first 18 months of the QAAMS pro-
gram (1). The Executive Summary concluded:
r The use ofthe DCA point-of-care technology provided

a major opportunity to better care for and manage
Aboriginal clients with diabetes within the communi-
ty setting.

r The ability of the point-of-care technology to gener-
ate rapid results served as a catalyst to enhance
patient self-management, w hile

¡ The simplicity of use of the DCA led to hiÉh levels of
acceptance by Aboriginal health workers nationally,
w¡th over twcthirds of services expressing the view
that it had raised the self-esteem of their health
workers.

¡ Further, the sense of community control was
enhanced as a result of diabetic nìanagement
becoming more focussed within Abor¡ginal medical
servtces.

4.Lo/o 3,7o/o 3.5%GlycohaemoglobinLaboratories

July to Dec 2OO1 Jan to June 2OO2 )uly lo Dec 2OO2

4.L% 3.90Á 3.40/oQAAMSACCHS

ProgramCategory Gycle
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Figure 4: Janìne Cochrane f¡om Blripi Medtcal Servlce,
Tarce, NSW and Ma* Shephard at the DCA 2OOO dur-
tng the 2OOl Workshop.

Sustalnabillty of the QAAMS program
ln December 2000, the Federal Health Minister (Dr

Wooldridge) announced that a Medicare rebate could
now be claimed for HbAlc tests conducted for the man-
agement of people with established d¡abetes in
Aboriginal Community Controlled Health Services. The
rebate has ensured there is a long-term susta¡nable
funding mechanism for the program. The rebate is con-
ditional on services continuing to participate in the
QAAMS program.

Ftgurc 5: Clndy Koolmatile and Loulse Dennis frcm the Centtat
Austallan Aboríglinal Congress, Alice Spilngs, wtth Ka¡an
Lavendü (QAAMS Assistant) at the 2OO2 Workshop.

Annual Workshops have been helcl for participants
since 2001 (Figures 4 and 5). The Workshops provide
an ínformal, interactive forum for part¡cipants to discuss
issues about the program, meet and network with other
participants, and set future d¡rections. ln addition there
are opportunities for everyone to participate in a full
training program, part¡cularly new health workers that
have not previously had one-on.one tra¡n¡ng.

Reg¡onal Workshops for sites from Cape york, Far
North South Australia and country Victoria have also
been held as the need has arisen.

Transferablllty of the QAAMS model
As from )anuary 2003, the program ¡s now available to

sites from outs¡de the non-ACCHS sector (that is, State
and Territory-funded services), provided they are able to
purchase a DCA 20OO and the consumables needed.

ln 2OO3, 10 new sites have been recruited to the
QAAMS HbAlc program including our fìrst international
partic¡pant, the lsland of Tonga from the Western
Paclfic reg¡on. There remains considerable interest from
other Western Pacific lslands.

The QAAMS model is transferable to other point-of-
care tests and ¡nstruments. This year, with the further
support of the Commonwealth Department of Health
and Age¡ng's D¡agnostics and Technology Branch, a new
QAAMS program for the measurement of urine albu-
min:creatinine ratio (ACR) on the DCA 2OOO has com-
menced. Ïhere are 30 Aboriginal Community Controlled
Health Services enrolled in this program and urine ACR
testing will be used to monitor microalbuminuria in
Aboriginal patients w¡th diabetes.

Challenges fo¡ the QAAMS program
Perhaps the b¡ggest issue confronting the sus-

tainability of the QAAMS programs is mainta¡n¡ng
education, training and quality management support
services to those sites exper¡enc¡ng h¡gh staff
turnover, Since the program began, more than 7Ùo/o

of services now have a different health worker
responsible for the program, wh¡le a further 10%
have had more than two staff changes.

Having said this, some services have achieved
some quite remarkable performances under very dif-
ficult circumstances. One of our services part¡c¡-
pat¡ng ¡n the QAAMS program is located in the
southern desert region of Western Australia, 700
kilometres from the nearest town. Despite the
tremendous disadvantages of distance, this site has
maintained a very high part¡cipat¡on rate since the
QAAMS program began in June 1999 and is regular-
ly ranked ¡n the top guartile for its analytical perfor-
mance base.

Other challenges include ensuring the Medicare
rebate is accessed maximally, promoting the avail-
ability of the program more widely, maxim¡s¡ng the

contlnued page 18
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attendance at, and support for, the annual Workshop,

and gathering more quantitat¡ve and qualitative dâta

about the pÍogram with the help of participating sites -

particularly ¡n relation to whether point-of-care DCA

2OOO HbAlc test¡ng leads to improved health outcomes

for the client.
ln conclusion, the QAAMS program places Aboriginal

medical services at the leading edge internationally of
prov¡ding point-of-care technology to assist lndigenous

communities with diabetes management and improves

the capacity of services to make an impact on the bur-

den of diabetes.
Address for further correspondence: Mark Shephard'

QAAMS Program Manager, RCPA Quality Assurance

Programs Pty Ltd, Flinders Medical Centre, Bedford

Park, SA 5042 Tel: 08 82045070: emall:
M ark.shephard@fl inders.edu.au.
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Point-Of-Care Testing In Ahoriginal Hands - A Model For Chronic Dísease Prevention And

Management In lndigenous Australia.

ln 2001, a new POCT model called Point-of-Care Testing in Aboriginal Hands was developed and

introduced into four rural and remote Aboriginal communities in South Australia and Westem

Australia, each of which varied considerably in their size and infrastructure. This program had a

broad chronic disease focus and utilised not only the Bayer DCA 2000 but also the Cholestech LDX

lipid device for both risk assessment and management.

This paper reported the chronic disease risk profiles of each community and addressed research

questions concerning both the cultural and clinical effectiveness of POCT across the diverse mix of

lndigenous medical services.

This research study found similar but dísturbing rates of chronic disease risk between communities,

with rates of diabetes, microalbuminuria and obesity approximately two to three- times the national

average, POCT for HbA1c, urine ACR and lipids was effectively integrated into patient management

at two services, where statistically signiflcant reductions in HbAlc were observed in patients with

diabetes after the introduction of POCT. At one service, where POCT was introduced concurrently

with chronic disease care planning, clinical outcomes were significantly better in patients who self

managed well compared to those who had diffìculties with self management.

A further signiflcant research finding was the community acceptance of POCT across all stakeholder

groups surveyed by questionnaire, Examples of the versatility and adaptability of POCT in the

primary care setting were also presented in this paper.
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Onrcn¡er Anrrcl¡

Point-of-Care Testing in Aboriginal Hands-A Model for
Chronic Disease Prevention and Management ¡n

lndigenous Australia
Mark D. S. Shephard, MSc, MAACB,+ Beryl C. Mazzachi, MSc,* Anne K. Shephard, BSc,*

ronvBurgovn"''i:f "*T;ßT,!'if,iËíßril[:îirtr::;nFRACGP'MD'T

Abstract: Point-of-care testing (POCT) has a critical niche in rural
and remote indigenous Australia where geogmphic isolation from
laboratory seryices is common, the resultant tumaround of
laboratory results is often slow, and the burden of chronic disease
is very high. This paper describes a POCT progmm called Poinrof-
Care in Aboriginal Hands, which delivers POCT senices lor chronic
disease prevention and mânagement to 4 rural and remote Aboriginal
medical seruices in Austmlia. Aboriginal health workers were
trained as POCT operatom of the DCA 2000 (Bayer Diagnostics,
TarrytoM, NY) and the Cholestech LDX lipid analyzer (Cholestech,
Hayward, Calif). Prevalence rates in the geneml community for
diabetes (17%), microalbuminuria (20%), and obesity (48%) were
between 2 to 3 times the national avemge. Statisticâlly significant
reduct¡ons in hemoglobin Alc (HbAlc) of 0.7%o and 1.2% (paired
, test, P < 0.05) in type 2 diabetes patients (n:45 and 24) after the
introduction of POCT at 2 seruices connmed that POCT had been
an effective tool in improving clinical outcomes. Community
acceptance of POCT was extremely high among key stakeholder
groups (doctors, Aboriginal POCT operators and diabetes patients)
intewiewed and surueyed in the progmm. The percentage ofpatients
who were satisfied with their diabetes service after the introduction
of POCT rose significantly îrom 64%o to 88%, whereas the
percentage unsatisfied or unsure about the¡r diabetes sewicc fell
from 8yo to 3yo aîd 28o/o lo 9Vo after POCT (Fisher exact test, f7 =
9.7: P = 0.03\. The POCT proved versatile and adaptable in the

Fron the tcommun¡ty Po¡nt{f-Care SeNices. Flinders Univeßity Ruml
Clinical School, Fl¡nders Univeßity, Adelaide, Sourh Aushalia; fPon
Lincoln Aborigìnal Health Seryice, Pon Lincoln, Sourh Aùstralia;
lDepartment of Ceneral PEctice, University of Adelaide, Adelaide,
South Austnlia; and $Nunkuwarin Yunti ofSA, Adelaide, South Austmlia.

Reprintsr Mark D. S. Shephard, MSc, MAACB, Community Po¡nl-of-Care
Seryices, Flinders Univereity Rural Clinical School, Flindeß Universiry,
CPO Box 2 I 00, Adelaide, Sourh AustElia 500 I, Ausralia (e-mail: Mark,
Shephard@fl indeß.edu.au)

The PoinroÊCare Test¡ng in AboriginÂl Hands program has b€en generously
supponed by grants from Pñzer AuslBlia and The Pñzer Foundation,
New York, Sery¡er Laboralories (Ausral¡a) Pry Lrd, and Janssen-Cilag
Pty Ltd. The work was also funded in part by a grant from the Cenlre of
Clinical Research Excellence (CCRE) in Aboriginal and Tores Srrait
Islander Healrh Dean Whiting and Alison Halhighrs (from Bayer,
Austml¡a), Scott Delahoy and Alison Casey (Pñze¡, Aust¡alia), and
Ruped Ha¡nes and Peter Merilees (Point of Care Diagnostics, Sydney,
Australia) are also thanked forthe¡r long-lem suppofr ofthe Community
Point-of-Care SeN¡ces ùnil and for the provision of reagents and
consumables for the progmm

Copyright O 2006 by Lipp¡ncot W¡lliams & Wilkins

r68

varied mix of participâting communities, which came from widely
divergent geographical locations.

Key Words: Aboriginal heaìth, chronic disease, point-of-care
testing, prevention and management

(Point of Care 2006;5: 168-l ?6)

¡[ ustralia has a total population of20 million people,30%
/aof whom live in rural and remote AusÌralia.' In these
areas, there is grealer geographic isolation and an increas-
ingly larger indigenous component ofthe population. A total
of 38o/o of Aboriginal people live in rural and remote
Australia, with the remainder making up only l0lo of the urban
population.r The generally poorer health status of people
living in nrral and remote Australia is particularly exacer-
bated in the indigenous communify sector.'- In relation to
chronic disease, Aboriginal people have approximately l5
times higher mortality rates due to diabetes than non-
Aboriginal people, escalåting rates ofend-stage renal disease
in the range 770 to 1300 per million have been recorded in the
desert regions of Australia, and rates of cardiovascular
mortality in the younger adult Aboriginal population between
25 and 44 years of age are l0 times higher than the national
au"rage.t-l

During the past 8 years, the Community Point-of-Care
Services (CPS) unit within the Flinders University Rural
Clinical School has developed and implemented several
point-of-care testing (POCT) models for chronic disease
in the Australian Aboriginal health sector. The national
Quality Assurance for Aboriginal medical services program
(QAAMS) focuses on diabetes management, whereas the
Umoona Kidney Project investigated the use of POCT for
risk assessment and managemeni of renal disease.lcla This
paper describes a further POCT model for chronic disease
called Point-of-Care Testing in Aboriginal Hands. This
program is a partnership between the Flinders CPS unit and
4 Aboriginal medical services (AMS) from Port Lincoln, the
Riverland, and Meningie in South Australia and Kalgoorlie
in Western Australia. Three of the participating AMS are
rural, and one is remote according to the Australian govern-
ment's classification system for nrrality (rural remote metro-
politan area).t5

The program has a broad chronic disease focus, with
both risk assessment and management arms. There is wider
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use of POCT technology in this program than in our other
models, with Aboriginal health workers trained as POCT
operators in the use of both the DCA 2000 (Bayer
Diagnostics, Tarrytown, NY) and the Cholestech LDX lipid
analyzer (Cholestech, Hayward, Califl. There is a strong local
community focus, involving teâms of health professionals
from each sewice and engag¡ng community members to
foster a strong sense of community ownership.

This paper describes the unique features of this model
and attempts to answer the following research questions. Can
POCT work effectively across Aboriginal medical services
with differing sizes and levels of staff? What were the overall
chronic disease risk profiles in these Aboriginal commu-
nities? Could POCT be integrated into the clinical manage-
ment of patients with chronic diseases? How well was POCT
accepted by doctors, POCT operators, and patients with
ch¡onic disease?

METHODS

Participating Communities
Each ofthe 4 participating Aboriginal medical services

was located between I 50 and 650 km by road from the nearest
capital city. Two were situated in coastal areas, one on a

major inland waterway, and the other on the fringe of a large
desert region. One site was very small with I health worker
and 2 doctors servicing a small community. Two sites were
well-resourced, servicing commurrities of several hundred
people. The remaining site had a very large infrastructure,
delivering health care not only to a large "town" population
but also providing outreach services to a number of remote
locations. This varied mix of communities provided a
challenging environment for POCT.

Ethics Approval
Ethics approval to conduct the program was obtained

from the Aboriginal Health Research Ethics Committee of
South Aushalia and the Flinders Medical Centre's Committee
on Clinical Investigation.

Community Consultatíon
Before commencing the program, a series of meetings

were held with members of each local Aboriginal community
and \ilith each participating medical service to discuss and
formulate the aims and objectives of the program. A
culturally appropriate information sheet about the program
was also developed for each community and disseminated
widely to communiry members.

Organization and Management
of POCT Services

Clinical govemance for POCT resided with the senior
medical officer at each service. The program manager (first
author) was responsible for overall supervision and manage-
ment of POCT services, notably education and training of
Aboriginal POCT operators and ensuring compliance with
quality management procedures. Where possible, a POCT
working group was established comprising the medical
officer, program manager, supporting CPS scientist, and
practice staff including, for example, the nurse-in-charge,

@ 2006 L¡ppincotl lVílliqns & Wilkins

senior Aboriginal health worker, nutritionist, diabetes
educator, and information technology personnel. In this
way, as many allied health professional staff as possible were
aware ofthe POCT program and could support and encourage
the health worker(s) as the on-site POCT operator(s).

With the program manager based at Flinders Uni-
versity, regular on-site visits were critical to maintain rapport
with the health professional teams and the broader commu-
nities, During field visits, training was delivered, quality
management results reviewed, reagent audits conducted, and
summaries of results presented to the health team and the
service's board of directors. Presentations were also made to
the local comñunity, and community functions and health
promotion activities were attended. Community posters were
also prepared to promote local ownership.

Training for Aboriginal Health Workers
in the Use of POCT lnstruments

Aboriginal health workers from each health service
participated in a series of continuing education and training
sessions delivered by the program manager and scientists
from the Flinders' CPS unit. Health workers were provided
with a culturally appropriate understanding of chronic
disease, its burden on Aboriginal Australians, a description
ofthe pathology tests that can be measured by POCT to detect
and manage chronic diseases, and basic interpretation of
patient POCT results.

Systematic hands-on training and practical instruction
in how to conduct patient POCT and quality management
testing procedures (intemal quality control and, where
available, external quality assurance testing) was also
provided to health workers from participating services in an
on-going sense. A series of color posters providing step-by-
step guides to the operation of each POCT instrument and the
performance of pätient and qualify management testing were
also produced for each service.

POCT Technology
The 2 POCT instrum€nts used in this program were the

Bayer DCA 2000 (Bayer Diagnostics, Tarrytown, NY) and
the Cholestech LDX lipid analyzet (Cholestech, Hayward,
Califl. The Bayer DCA 2000 measured hemoglobin Alc
(HbA lc) on a capillary whole blood sample in 6 minutes and
urine albumin:creatinine ratio (ACR) on 40 pL of first
moming urine in 7 minutes. HbAlc is an established marker
of long-term diabetes control in patients with diabetes. Urine
ACR is not only a sensitive marker for early renal disease that
can be used for risk assessment and manasement but also
predicts cardiovascular disease.l6 The Ciolestech lipid
analyzer measures a full lipid profile (total sholesterol,
triglyceride, high-density lipoprotein [HDL] cholesterol, and
calculated low-density lipoprotein [LDL] cholesterol) and
glucose on 35 pL of whole blood in approximately 5 minutes.
The analytical performance ofboth these POCT instnrments
has been previóusly validated by the Flinders CPS unit.rT'r8

Community Risk Assessment
Chronic disease risk assessment was conducted on a

voluntary basis for adult community members, afte¡ their
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prior informed consent. A risk assessment algorithm was
developed, based on cunent best practice guidelines, and
included urine ACR, Iipid and glucose measurements by
POCT as well as blood pressure, age, body mass index,
pe¡sonal and family history, smoking status, and alcohol
äonsumption.s'6're-21 with siåcific regãrd to PocT meâsure-
ments, each patient was asked to provide a first morning urine
sample to be tested by an Aboriginal health worker for
urinalysis (by dipstick) and urine ACR (on the DCA 2000).
The Aboriginal health worker also took a capillary (finger-
prick) whole blood sample for measurement of HbAlc (on
the DCA 2000) and fasting lipids and glucose (on the
Cholestech). All risk assessment results were reconled by the
health worker on a single-page pro forma, which the patient
then took to the doctor. Results were also entered into the
service's patient management system and faxed to the CPS
unit where subsequent communify risk profiling was
conducted.

Whereas most risk assessments were conducted in the
service's clinic, the opportunity was taken wherever possible
to conduct POCT in the community setting.

Management of Chronic Disease
Patients identified at risk for chronic disease were

managed locally, with POCT being an integral component
of their management strategy and conducted at a frequency
consistent with best practice management guidelines.5'6'le-21
With the permission of 2 services, the Flinders CPS unit
tracked the management of selected patients with type 2
diabetes to assess the impact of POCT on clinical outcomes
among individuals and groups of patients with chronic
disease. At the first service, HbAlc POCT results were
recorded on type 2 diabetes patients who attended their
clinic across a l2-month period from 2003 to 2004. At the
second sewice, POCT was linked to chronic condition self-
management care planning, and selected POCT results were
monitored on these patients from- 2003 to 2005, as they
entered the care planning process." Care planning provided
a structured program for the patient 10 set personal, be-
havioral, lifestyle, and medication goals in conjunction with
the doctor and health workers.

Community Acceptance of POCT
Community acceptance was assessed by 3 stakeholder

groups, namely doctors, Aboriginal health workers (as POCT
operators), and patients with chronic disease (specifically
those with type 2 diabetes). The principal doctor and
Aboriginal POCT operator from each participating service
were interviewed during the production of a CD-ROM for the
program. More broadly, all stakeholder groups were invited
to complete separate questionnaires developed by the
program manager, in conjunction with the Flinde¡s University
Centre for Biostatistics and Epidemiology. The question-
naires, which were also part ofa larger survey for the national

QAAMS HbAlc program, contained a series of short
siatements or questíons-, based on the 5-point Likert scale.2r
Respondents were asked to rate their level of agreement or
disagreement with the statement or question posed, The
results of the questionnaires were analyzed by the program
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manager and an epidemiologist liom the Flinders University
Centre for Biostatistics and Epidemiology using the Epidata
software (www.epidata.dk).

Quality Management for POCT
To oversee the analytical performance ofPOCT in the

field and to ensure the highest standards of methodological
rigor were maintained, POCT operators were required to
conduct both internal quality control testing (on both the
DCA 2000 and Cholestech) and participate in extemal quality
assurance testing (on the DCA 2000) as part of the national

QAAMS Program for HbAlc and udne ACR testing. All
4 services had been active nembers of thc QAAMS Program
since 2001 A quality assutance progfam for POCT lipid
testing in Aboriginal medical services is not currently
available.

RESULTS

Community Risk Assessment
Six hundred and rwenty-six risk assessments were

carried out across the 4 AMSs f¡om 2002 to 2004. The ove¡all
prevalence of individual risk factors found in the general
adult population in 3 of the communities, together with
age and sex profiles, is shown in Table l. Risk assessments
at service 4 (n = 246) were conducted on persons speci-
fically referred to the service's chronic disease clinic.
Prevalence rates at this service were thus overestimated in
this more selected population and have been excluded from
this table.

The prevalence of type 2 diabetes (self-reported and/or
capillary glucose, >ll mmol/L) in communities 1 to 3

TABLE l. Prevalence of Chronic Disease Risk Factors in 3
Aboriginal Communities

P¡r¡meter Communlty I Communlty 2 Communlty.l

No. risk assessments

Age (years)

Mean I SE

Range

Aged, 15-29, %

A,Eed 3044, %

Aged older than 45, %

Sex

Male:Female mt¡o, %

Risk Factor Prevalencs (7o)

Diabetes

Microalbuminuria

Macroalbuminuria

Lipids

Hypenension

Smoking

Obesity

4l I t.t
l6 80

31

66

59

43 i 1.3

l5-83
20

40

51

43 Ì 1.4

t7-14
24

33

44

t62 '7 0

47:53 30:70 42t58

Risk assessments ¡t sedice 4 (n = 246) were conducled on pesons who were
spec¡fica¡ly refered lo the seÍice's chronic d¡sease clinic, and lhercfore. prevålence

rares do not reflect those ofihe general commun¡ty They were lherefore excluded from
rhis rable

l8
24

6

1l
34

56

t5

20

2

44

20

63

46

l5
l9
4

35

29

55

40
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TABLE 2. lmprovement in Glycemic Control in a CrouP
Type 2 D¡abetes Patients After the lntroduction of POCT
Service I

eye check for diabetes patients was also available on the bus.

The local Aboriginal POCT operator and doctor traveled on

the bus to provide this mobile service.

Management of Chronic Disease
At service l, a group of45 Aboriginal patients with type

2 diabetes had POCT performed at baseline (when POCT
commenced) and at l2 months after the introduction ofPOCT.
There was a statistically significant reduction in HbAlc across

this period (Table 2 those who
achieved target or <7o/o and
<8%, respectively) tes control
(HbA I c, >l0o%) also revealed a trend toward better glycemic
control after POCT, although these trends did not reacþ
statistical significance due tõ small patient sample size (f
test, P > 0.05).

At the second service, 36 patients with Upe 2 diabetes
participated in chronic condition self-management care

þlanning. Twenty-four patients were clinically assessed by

the service's doctor and chronic disease coordinator as "self-
managing well" (SMW); that is, they attended their clinic
appointments, had regular POCT, and were compliant in
taking medication. They were managed on care plans for a

median of l8 months (up to a maximum of 33 months). The
remaining 12 patients were classed as "having difficulties
with self-management" (SMD) because they were unable to

regularly attend the clinic and have POCT, they were
generally noncompliant in taking medication or they had

other associated illnesses or social and emotional issues that
impinged negatively on their ability to Participate in care

planning. This group had been on care plans for a median
of 15 months (up to a maximum of 30 months). Selected
clinical outcome measures in the SMW and SMD grouPs are

compated in Table 3. The mean HbAlc of the SMW group

fell sigrrificantly by 1.2% (P :0.0001; paired I test), whereas

the mean of the SMD group rose by 0.9o/o (P = 0.097; paired
, test). The renal profiles of the 2 groups, as assessed by
their urine ACR status, were very different with the high
rate of macroalbuminuria in the SMD patients of particu-
lar concem. There was a statistically significant reduction
in mean total and LDL cholesterol (as measured by POCT)
of 1,0 and 0.7 mollL (P: O.02 and 0.03, paired I test),

of 45
tn

Bosel¡ne
POCT

(n = 45)

l2 Monahs
AfteÌ
POCT

(n = 4s)
Pa¡red

DilferenceObservsf¡on

Reduction in HbAlc (mean r SD)

HbAlc 9.5%x2.lo/o 8.8%r Lv/o

Patients (%)

Achiev¡ng target glycem¡a 18 24
(HbAlc, <7%)

Achieving conFol¡ed glycemia 24 42
(HbAlc, <8%)

Exhibiting poor glycemic control 40 21
(HbAlc, >10%)

'Stat¡sl¡cally s¡ßn¡ñcaDt change (P = 0 02, påired / lest)

ranged fiom l5%o to l8Vo. Microalbuminuria (urine ACR
between 3.4 and 34 mglmmol measured by POCT) was

detected in approximately 20o/o of people assessed. Abnor-
mal lipids (total cholesterol, >5.5 mmoVl measured by
POCT) were found in over one third of people, whereas
rates of hypertension (blood pressure, >1401>90 mm Hg or
>130/85 mm Hg for diabetic patients) were approximately
30%. Almost half of all persons assessed were obese (body
mass index, >30 kglm2). More than 500/o were current
smokers. Significant sex differences in prevalence rates

were observed at 2 services for cholesterol (service l, men
45o/o and women 28"/oi sewice 2, men 59%o and women
32%o) and obesity (service l, men 30% -and women 49olo;

sewíce 2, men lÞ7" and women 53o/) (f test, P < 0.05 in
each case).

Community risk assessments were carried out at a range

of different locations outside the main service clinic,
including at a local ecotourism center, an adult education
college, an adult women's center (as part ofa nutrition health
promotion activity), the local community fair and home
visits. At I sewice, a bus was renovated to accommodate the

POCT instruments and provide a mobile POCT testíng
service for community members throughout the region. An

0 7%'

6

l8

-13

TABIE3. Comparisonof Clinical OutcomeMeasures¡nthecroup of fype2 DiabetesPatientsWhoWereSMW(n=24)orSMD
(n = 12)

Group

sMw SMD

T€st Units Baseline POCT Most R€cena POCT Basellne POCT Most Recena POCT

HbAlc
Total cholesterol

LDL cholesterol

weight
Albuminur¡a (ACR)

mmol/L

mmol/L

kg
o/o Nomal
o/o Microalbuminuria

7o Macroalbuminu¡ia

8't !. 2.0

592i t.5

124 ! l2
833t135

'1-5 r I 5ù

4.93 ì I It
2.52 r 0-71

8J 2 ! 13.2

58

17

4

94+19
5.t4 ! 0.9

2.63 tO9
98.9 r 24.8

t0 3 r I 2

534r0.9
3.03 I 0.6

I 08.8 I 2.0

36

l4
47

'Sratisrically siF¡ñcanr chânge (P < 0 05, pa¡red I lest).
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respectively, in the SMW group. In contrast, the mean

of these lipid fractions were slightly higher (by 0.2 and

0.4 mmol/L) in the SMD group, Although the changes in the

SMD group did not reach statistical significance due to the
small sample size, the contrasting trends in the 2 patient
groups are apparent. Patients who self-managed well benefited
from care planning and regular POCT, whereas those patients
unable to take advantage of these services exhibited poorer
health and were at higher risk of developing diabetic
complications.

The clinical usefulness of POCT is also illustrated in
the following brief case studies.

'f'he first case describes a middle-aged man with type
2 diabetes, obesity, and ischemic heart disease. He had not
visited the health service clinic for more than 2 years but
had become aware of the availabiliry of the new POCT
sewice. His initial POCT results were HbAlc 10.5%, urine
ACR 2,8 mg/mmol, blood pressure 150/90 mm Hg, and
weight 124 kg. His poor glycemic control was immediately
treated. During the next year, the patient had regular POCT,
with his HbAlc falling Ìo 9.7Vo,8.8%, and 8.470. Across
this period, he received on-going dietary, podiatry, and
retinopathy review. He commented that regular POCT has
helped motivate him to achieve improved diabetes control.
He also began undertaking bush trips and consuming more
t¡aditional bush foods.

The second case describes a young man from a remote
Aboriginal community who presented at the local health
sewice complaining of severe headaches. His POCT ¡esults
were HbAlc 10.6%, urine ACP.22.7 mglmmol, cholesterol
12.0 mmol/L, nonfasting triglyceride more than 7.3 mmol[L,
and blood pressure 156/ ll5 mm Hg. The patient's blood
sample was also left standing on the bench, allowing the red
blood cells to settle and revealing a plasma that was
strawberry milk in color. Oppoúunistic POCT led to the
patient being identified as diabetic with poor glycemic
control, microalbuminuria and severe hyperlipidemia (as

well as hypertension). Treatment was initiated immediately,
and the patient is now managed in his own community by the
visiting Royal Flying Doctor Air Service. Visualization ofthe
milþ plasma led to valuable education for Aboriginal health
r¡r'ofker team about heart disease and raised community
awareness about blood fats.

The third case describes a grossly overweight middle-
aged women whose initial POCT results were urine ACR
8.7 mg/mmol, HbAl c 5.0%, blood glucose 6.1 mmol/L, blood
pressure 135/85 mm Hg, and weight 97 kg. Medications
were commenced to treat microalbuminuria and assist
weight loss. A visiting renal specialist, podiatrist, and
dietician subsequently reviewed the client. Follow-up urine
ACR measurements performed by POCT over the next year
(7.5 and 3.5 mg/mmol) indicated an improvement in
microalbuminuria. The patient also showed increased motiva-
tion to lose weight, exercise, and adhere to medication. This
case describes how opportunistic POCT hetped identifr and
improve obesity-related microalbuminuria in a patient who
did not have diabetes or hypertension.

The final case describes an elderly woman with
cardiovascular disease who was placed on a care plan. Her
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initial lipids by POCT were extremely high (total choles-
terol, I l.l mmol/L and triglyceride, 7.3 mmol/L). She was
placed on lipid lowering medication, and her lipid profile
improved significantly (cholesterol 5.0 mmol/L and trigly-
ceride 3.3 mmoUl-). However, severe muscular pain de-
veloped, and the patient could no longer tolerate this
medication. Her lipid profile subsequently worsened neces-

sitating a further change in medication. Her most recent
POCT lipids were total cholesterol,4.T mmol/L; triglyceride,
2.1 mmolll-; HDL cholesterol, I I mmol/L; and LDL
cholesterol, 2.7 mmol./Ì-. Close monitoring through care

planning and POCT during the past l8 months have now
stabilized her cardiovascular risk.

Community Acceptance of POCT
The l2 clinical staffresponsible for managing patients

with diabetes across the 4 participating AMSs unanimously
agreed that the availability ofthe POCT results at the time of
consultation was convenient for them, the opPortunity to
discuss the POCT results immediately with the patient was
advantageous, and they had confidence in the accuracy and

reliability of the POCT result, More than 90% believed POCT
was an acceptable alternative to the laboratory, contributed
positively to overall patient care and management and
provided a more clinically and culturally effective service
for patients with diabetes than the laborâtory,

Specific comments by doctors during interview
included the following:
"The program has been very successful so far and the ability

to perform analyses opportunistically by point-of-care
has been critical. Being able to give results to people
immediately is a powerful tool in recruiting and
retaining patients on disease registers. Local acceptance
ofpoint-of-care testing has been good so far. The ability
for Aboriginal héalth workers to perform the testing has
however proven its greatest success. Lastly, the doctors
have not had to change their practice very much and
have found immediate discussion of results very
helpful. It may mean that treatment is not delayed, or
patients lost in uncertain follow-up."

"POC testing has greatly improved the efficiency and
effectiveness of the chronic disease services we
provide. We are now able to offer a full range of risk
assessment and monitoring tests for common chronic
diseases with instant results. This means doctors and
health workers are able to make management decisions
for our diabetic and renal clients on the spot instead of
having them come back for results. Clients get quick
feedback on how they are progressing."
There was unanimous agreement among the 13

Aboriginal POCT operators across all participating services
that they were confident in the accuracy and reliability ofthe
POCT result, were satisfied with the level ofsupport services
provided by the Flinders' team, and believed that the patients
with diabetes were pleased to have POCT as part of their
management Mo¡e than 90% of health workers felt confident
in discussing the POCT result with the patient and agreed that
the training mçthods used by the Flinders' team were
instructive and culhrrally appropriate.
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Specific comments from Aboriginal health workers
during interview included the following:
"All the health workers at our service think the program is

good because it empowers us to do the testing and to
have an important role in ch¡onic disease management.
We've already picked up a lot of people with problems.
All the clients are now really keen on the program. The
availability of the program is now spreading rapidly by
word-of-mouth through the community. People want to
come and get tested. They are asking questions about
the machines and what they can tell us about chronic
diseases."

"The program has been received well by the community.
Clients are inte¡ested to know what their results mean,
Those with diabetes are keen to see how their control is.
They know ifthey're not looking after themselves that
we can help them. From my perspective as a health
worker, the program has been very educational."

"We all feel confident in using the machines. The program is
well worth it and great for the community, The program
has good health promotional benefits because the
program has shown people that they must take greater
responsibility for their own health."
Fifty-eight Aboriginal patients with type 2 diabetes

across the 4 services completed the patient questionnaire.
They were unanimous that regular POCT encouraged them
to "look after their health better" and that obtaining
their POCT result while they waited was more convenient
than having to come back for a follow-up visit. More
than 9070 understood the purpose ofusing POCT instruments
and believed that the doctor was better able to manage
their chronic condition by having their POCT results
available at the time of consultation. Fingerprick testing
was considered less stressful than venipuncture 6y 98o/o of
respondents.

Patients were speciûcally asked to rate how satisfied
they were v/ith their diabetes service before and after the
inkoduction of POCT (Fig. l). The percentage of patients
who were satisfied with their diabetes service after the
introduction of POCT rose significantly from 640/o to 88o/o,

whereas the percentage who were either unsatisfied or unsure
about their diabetes service fell from 8o/o to 3o/o and 28Yo to

FIGURE 1. Patient satisfaction with services for
managing their diabetes before and after the
introduction of POCT (n = 58). Difference between
satisfact¡orì ratings (unsatilied, unsure, and
satisfied) before and after POCT (F¡sher exact test,

x2z=9.7ì P=O.02)'

9Vo afrer POCT had commenced for their management
(Fisher exact test, y21 = 9.7; P = 0.03).

Quality Management for POCT
The average within-site imprecision (coeffrcient of

variation, CV%) achieved for extemal quality assurance
HbAlc and urine ACR POCT in the national QAAMS
program by all 4 participating services for each 6-month
testing cycle over the past 3 years is shown in Figure 2.

The performance for urine ACR quality assurance testing
continued to improve across time. Apart from one time point
(HbAlc, first cycle in 2004), the level ofimprecision readily
met the minimum precision goals of 4o/o and l2o/o
recommended for these 2 analytes by the Australiarr
Govemment's Interim Standards for Point-of-Care Testing."

For POCT lipid testing on the Cholestech, an extemal
quality assurance program for lipids was not available. In
addition lot numbers of commercial quality control material
changed between and within participating services every
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FIGURE 2. Average within-site imprecision (CV%) achieved
for external quality assurance HbAlc and urine ACR POCT
in the national QAAMS program by all 4 participating services
over the past 3 years.
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3 to 6 months, making detailed analysis of imprecision
difûcult. However, the average imprecision for quality
control testing across participating services has been
calculated using control lot numbers for which the highest
number of quality control results have been documented (n :
36 and 33 for low and high controls, respectively).
Imprecision averaged 4.2o/o and 4.0o/o for total cholesterol,
4.7%o and 4.7Yo for triglyceride, and 6.90/o and 4.7o/o fot
HDL cholesterol (for low and high controls, respectively).
This level of imprecision meets the minimum precision
goals of 5.0% for cholesterol, 7.5%o for triglycende and 6.0Vo

for HDL cholesterol recommended for these analytes by the
Australian Govemment's Interim Standards fôr Point-of-Care
Testing, except for the low HDL cholesterol control.2a

DrscussroN
In rural and remote Australia, many Aboriginal medical

services (AMS) are offen hundreds of kilometers from their
local laboratory service provider and the tumaround of
laboratory results can take several days often weeks in some
areas. It can also be very difficult for Aboriginal people to
attend a follow-up clinical appointment to discuss their
pathology results with the doctor due to other family and
cultural priorities. POCT, where results are immediately
available for both the doctor and the patient, offers a practical
and more efficient solution to the delivery of pathology
sewices in the rural and remote environment. With appro-
priate training, Aboriginal health workers (Aboriginal people
living and working in the community and hained in primary
health care) can perform POCT on-site, empowering them to
have a significant role in the care of their community
members with chronic disease and ensuring ownership and

control ofpatient information is retained within the medical
sewice. Both these factors are crucial advantâges of POCT in
the cultural context.

This paper describes the results from a POCT model for
chronic disease risk assessment and management conducted
in the challenging environment of rural and remote
indigenous Australia, where poor accessibility to goods and

services, limited employment opportunities, low income and
poor access to housing and education all contribute to
excessively high morbidity and mortality rates for chronic
disease in this health sector.4

The paper reports the results of community risk
assessments for chronic disease, which used POCT as its
centerpiece. Chronic disease risk profiles between commu-
nities were generally similar. However, comparisons with
national averages, as reported in the recent Australian
Diabetes, Obesity and Lifestyle study, show disturbing
trends." The prevalence of diabetes found in Aboriginal
communities participating in the POCT in Aboriginal Hands
program was between 2 to 3 times the national average
and consistent with rates reported in other indigenous
studies.s Rates of microalbuminuria of the ordet of 20Yo

were 3 times the nationâl average.26 As for diabetes, these

high rates of early renal disease \¡r'ere consistent with
those found in previous studies by our group and other
independent studies in Aboriginal Australia. l4'27-2e Rates of
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hypertension were approximately the same as the national
average of 29o/o, whereas prevalence of abnormal lipids
(cholesterol, >5.5 mmol/L) were lower than the national
average of SlVo. Rates of smoking and obesity were 3 to4
times and 2 to 3 times the national averages, respectively."
In May 2O04, the Australian Government introduced the

Adult Health Check for all Aboriginal people aged between
l5 and 54 years ofage.30 The aim ofthis national initiative
was to encourage early detection, diagrrosis and intervention
for common chronic conditions (such as diabetes, renal and

heart disease) that cause significant morbidity and early
mortality. POCT dovetails neatly into this initiative, which
should result in thc wirler use aud uptake of POCT across
Aboriginal Australia.

For management of chronic disease, POCT has a

crucial role in reducing the burden of diabetes and end-stage

renal disease in Aboriginal Australia, Glucose meters have
not been accepted well by Aboriginal people with diabetes for
a number of cultural and financial reasons, and altemative
programs have been needed. Regular monitoring of HbAlc
concentrations (to track glycemic control) and urine ACR
levels (to target albuminuria and reduce renal complications
from diabetes) are now becoming an integral component of
the national QAAMS POCT program to assist diabetes

management. Increased testing of lipids by POCT should
further enhance management for both diabetes and cardio-
vascular patients, Data presented in this paper confirm that
POCT can be effectively integrated into the management of
patients with chronic disease and assist in improving clinical
outcomes. However, the high mean HbAlc concentrations
found in Aborigina! patients with diabetes when POCT was
first introduced aÌ the 2 services studied (approximately
9%-9.5%) indicates the extent of poorly controlled diabetes
in indigenous Australians and highlights the magnitude ofthe
task ahead for clinical and allied health professional staff
managing these patients.

Community acceptance of POCT was extremely high
in all stakeholder groups surveyed in the POCT in Aboriginal
Hands program. POCT played a vital role in improving
patient self-motivation due its convenience, the immediacy
of result and a belief by patients that the doctor was better
able to manage their diabetes by having their results
available at the time of consultation. POCT proved clinically
and culturally effective across the diverse mix ofparticipat-
ing Aboriginal medical services with small, medium, and

large infrastructures and widely divergent geographical
locations. In addition, the versatility and adaptability of
POCT in the nrral and remote Aboriginal community
setting uras confirmed by the variety of different locations
and community contexts in which POCT was used during
this program.

Many challenges nonetheless remain for POCT in the
indigenous rural and remote environment. In this program, a
govemment-funded medical rebate r¡r'as available for POCT
HbAlc testing conducted for managing patients with
established diabetes. This rebate for POCT HbAlc testing
is available to all services who are members of the national

QAAMS Program. For risk assessment, the costs of selected

POCT were absorbed as part of the rebate available for the
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adult health check. The remainder of the costs for reagent and

consumable supplies were bome by the goodwill of the
participating POCT diagnostic companies. Cost effectiveness
of POCT will continue to be an important element for
sustainability of POCT programs in ru¡al and remote
Australia.

The POCT in Aboriginal Hands program has been
successful because there has been excellent commitment to
this program from the management and clinical staff of
pârticipating services. Furthermore, each service has pro-
vided shong support and encouragement for the Aboriginal
health worker teams in their role as POCT operators, and
there have been minimal health workcr staffchangcs across
the lifetime of the program. However, it should be noted that
many Aboriginal medical services continue to have
excessive rates of staff tumover that make health programs,
including POCT, difficult to sùstain. Innovative means to
maintain "by distance" education and training for POCT
operators in the face of ever-changing staff pattems will
be a crucial factor for POCT programs as the use and appli-
cation ofPOCT continues to expand and evolve in rural and
remote Australia.
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Point-of-Care in Aboriginal Hands.

This descriptive paper, published specifically for the Australian Aboriginal Health Worker audience,

provided a narrative about the Point-of-Care Testing in Aboriginal Hands Program and reported early

results from the study. The inclusion of Richard Jones, the principal lndigenous POCT operator at

the Port Lincoln Aboriginal Health Service, as co-author on the paper further demonstrated the

collaborative nature between my research team and the lndigenous health service in this program.
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Point-of-Care in
al Hands

lntroductlon
Diabetes, kidney disease and

heart disease (which are all called
chronic diseases) are among the
most serious health problems facing
Aboriginal people today. Aboriginal
people suffer between t2 fo L7
times more deaths due to diabetes
than non-Abor¡ginal people. ln many
Aboriginal communities, between 15
and 25% of adults have diabetes.
Across Australia, the number of
Aboriginal people who have serious
kidney disease and are on kidney
machines (dialysis) is nine times
that of non-Aboriginal people. We've
all heard about the situation in the
Tiwi lslands off the coast of Darwin
where rates of renal disease are the
highest in the world. Looking at car-
diovascular disease, the number of
Aborlginal people between 25 and
44 who have severe heart disease is
now ten times that of non-Aboriginal
people.

The problem with these chronic
diseases is that a person may feel
relatively well and not know they
have the disease until it's too late.
One of the keys to preventing these
diseases is to identify them early
through regular health checkups
even when a person feels well. Early
identification, with follow-up manage
ment, can slow and in some cases
even prevent the diseases from
becoming serious. This allows peo-
ple to live longer and more healthily,
without getting the serious complica-
tions these diseases cause (like

blindness from diabetes, being on
the kidney machine, and strokes or
heart attacks),

What's our Program About?
Through a partnership betì/veen

the Port Lincoln Aboriginal Health
Service (PLAHS) at Port Lincoln and
the Community Pointof-Care Centre
at Flinders Medical Centre (FMC) ¡n

Adelaide, we have been running a
new comprehensive health ptogtam
for the past year called 'Pointof-Care
in Aboriginal Hands'. The program
has a broad chronic disease focus
that (a) looks for early signs of dia-
betes, kidney disease and heart dis-
ease collectively and (b) provides
follow-up management for people
identified as being at risk for chronio
disease.

The unique feature of the program
is that it involves the use of point-of-
care (POC) medical ¡nstruments.
These are small portable machines
that can do exactly the same tests
for diabetes, kidney disease and
heart disease as the large hospital
Iaboratories. However, the specific
advantages of these machines in

Aboriginal hands is that:
* Aboriginal health workers at
PLAHS can do the tests in the Port
Lincoln community (thereby empow-
er¡ng them to have greater responsi-
b¡lity for looking after the¡r people's
health),
* you only need a fingerPrick of
blood or a drop of urine to do the
tests,

* and the results are available for
clients within 10 minutes.

So it's a more convenient and
easy service for clients at Port
Lincoln. They don't have to have a
lot of blood taken from their arm and
they don't have to wait several days
for their results - results are ava¡l-
able on the spot and they can be dis-
cussed with the PI-AHS Aboriginal
health worker team and then with
the service's doctor (David Mills)
immediately. So the point-of{are
¡nstruments provide a real focus for
chronic disease in the community
and there is a strong sense of com-
munity ownersh¡p of the program.

Who ls lnvolved?
The key people working on the pro-

ject are Richard Jones (as the main
Aborig¡nal health worker responsible
for the proÉram at PLAHS), fellow
Aboriginal health workers Tony
Burgoyne, Jeremy Coaby, Denise
Thomas and Judith Sherry, clinic
nurse Angela Dufek, Dr Mills, as well
as Mark Shephard, Beryl Mazzachi
and Karan Lavender from Flinders.
The Flinders team's role is to train
the health workers in how to use the
¡nstruments, provide a range of on-
going quality management services
for the POC machines, and help
manage the health information being
collected. But, it's imPortant to
emphasise that the Program is verY

much communitY-controlled and
communityowned and run bY the

# Aboriginal health worker, Port L¡ncoln Aboriginal Health Serv¡ce, SA,
+ Community Point-of{are Centre, Renal Unit, Rinders Medical Centre, Actela¡de' SA'
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Port Lincoln health woi'ker tealì1.

Through a sponsorsh¡P agreement
secured with the makers of the
poinlof-care machines, it's also a

free service for the Port Lincoln conr'
nrunity for the durat¡on of the pro'
granr (which is a nrininrt¡rl.l of three
years),

Tlre progrant is also being con-
ducted in a sitì'ìilar way at three other
sites, nanlely the Riverland region in
SA. N4eningie in the H¡ils lvlallee
Southern region of SA and at Bega
Garnb¡rringu Aboriginal Health
Service in Kalgoorlic, WA. Each site
has a local Aboriginal health worker
in charge of the progranl, w¡th suÞ
port from a local nledical officer or
GP. Depend¡ng on the s¡te, other
support staff nìay also include fur-
ther health workers. a clinical nurse.
as well as other health professionals
like a diabet¡c educator or nutrit¡on-
ist.

So for exatrrPle, fronr the
Riverland. hea¡th worker Peggy G¡les

runs tlìe progranr along w¡th fellow
health workers Muriel Fewqttanclrie
a,lci Regina Willianrs, while Dr Wayne

Hayter provicles clinical sLlpport.
Sarrdy Wilson (fronl Meningie) is the
health worker irì charge of the pro'
granr ¡n the Hills Mallee Soutlrern
N4allee reg¡on and Sandy receives
clinical support fronr Dr Michael
Kerrigan. Denise PonrPey is in

charge of the program at Bega. wìth
support fronl nutrition¡st Steve Pratt,
Bega s chief nredical officer David
Dunn and other health workers Ray

Colernan and Cyril Yarran.

How Does the Program Work in the
Port Lincoln Community?

The progranr provides a screening
service for the early detection of
chronic diseases and there is also a

follow-up management arm of the

program for people identif ied as
being at risk,

ln relation to the early detect¡on
s¡cJe of the progtam, clients can sim.
ply come to the Port Lincoln
Aboriginal Health Serv¡ce voluntarily
and ask for the free screening to be
done. lf a client is already at the clin-
ic to see Dr Mills for another reason,
then Dr Mills may ask that the POC

tests be done opportunistically if he
thinks the cl¡ent may be at r¡sk for
chron¡c d¡sease. Because the POC

maclrines are small and portable,
they can also be taken out to peo-
ple's homes or the community to do
testing there. For example, comn'ìu-
n¡ty ìnformation and screening days
for chronic diseases have been run
at the Mallee Park Football Club, at
the Pt Lincoln Aboriginal Community
Council, and at the local TAFE

College.
To do the screening, tlre health

Some members of the Point-oí-Care in Aboriginal Hands team at Pott Llncotn. F¡ont row (teft to t¡ght): Denise
Thomas, Richard Jones and Angeta Dufek. Back rcw: Jeremy coaby and mark shephard.
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worker checks the person's blood
pressure, records their he¡ght and
we¡ght (so we can calculate their
body mass index, as a measure of
obesity) and then takes a fingerprick
of blood, which is put onto the point-

of-care instruments.
One machine, called the BaYer

DCA 2000, does a test called
Haemoglobin A1c (or sugar-haemo-
globin). This test provides informa'
tion about diabetes and how well the
person's blood sugar has been con-

trolled for the last three months.
We're using the test not only for
monitor¡ng known diabetics but also
to see if we can use it to pick up any
new people with diabetes.

Another machine, called the
Cholestech LDX Lipid Analyser, mea-
sures the lipids (or fats) in a per-

son's blood, especially the different
types of cholesterol, as well as glu-

cose. This test therefore gives us

information about risk of heart dis-
ease.

Each person is also asked to pro-

vide a urine sample, with the first
morning sample be¡ng the best spec-
¡men to test. A small drop of urine is
put onto the DCA 2000 point-of-care
machine to test for albumin:creati-
nine ratio (or ACR) which looks for
very early signs of kidney disease -

at a point where kidney disease can
be stopped or prevented from
becoming serious.

lnformation is also collected about
their personal and family medical
history and aspects of lifestyle.

The whole process only takes
around 10-15 minutes. The results
are written onto a singlepage result
sheet that is immediately available
to the client and to the doctor. Dr
Mills takes all the informat¡on and
uses it to build up a picture of the
person's risk for chronic disease. lt
is explained to cl¡ents that, even if
someth¡ng shows up, ¡t's better to
know early because Dr Mills can
work with them to improve their
health. lf things are left unchecked,
then it may be too late to help once
a problem is eventually picked up.

The Flinders team come over to

Woúing with the community: Beryl Mazzachl, Rlchard lones and a
client from Pott Lincoln discussing her point'of'care results-
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Port Lincoln regularly. They help with
community days, assist with screen-
ing, provide on-going education and
tra¡ning, keep stocks of testing car-

tridges up to date, provide on-going
qual¡ty management services for the
POC instruments, and helP manage
all the results.

Looking at Some Results So Far
The program conrmenced ln

August last year, and will continue
for another two years at least. As

well as helpirrg individual people, the
program is also looking at conrmuni-
ty trends, which will helP identifY
future health priorìties for the Port
L¡ncoln Abor¡ginal Health Service
and highl¡ght areas where we need

to raise community awareness.
As at September 2OO2, I22 Peo-

ple from the conrnrunitY have been
tested for their risk for chronic dis-
ease (comprising almost equal nunr-

bers of males and females). Twenty-

eight of those screened were
between 15 and 29 Years oÍ age, 49
were between 30 and 44' and 45
people were 45 years or over.

The overall clrronic disease risk
profile of our comnìunity currently
shows:
* A quarter of all the People tested

have diabetes,
+ High levels of total cholesterol
were found in nearly 40% of people
(with raised levels of other blood fats
like triglyceride and LDL cholesterol
also being very common),
i One in flve people screened had

early signs of kidney disease (called

microalbuminuria), while a further
5% had establ¡shed kidneY disease
(nracroalbuminuria),
i Over a third of the PeoPle had

high blood pressure, while over 40%

had a body nrass index greater than

30 indicating obesity,
* Rates of smok¡ng, alcohol and

family history were also common.

Looking across gender, we have

seen that:
* men in the conìmunitY have nruch

higher total cholesterol levels than

women,
1 while wolren had a much h¡gher

rate of obesitY.

So this information identifies
health areas specific to both males

and fentales that PLAHS can target
for future health Programs.

Looking even more closely at the

infornlation the program ¡s generat-

ing:

ABORIGINAL ANO IS
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The polntof+arc ¡nstruments being used at Pott Lincoln: Cholestech llpid analyser (left) and the Bdyü DCA 2OOO

(tÍgltu. fhe Instrument in the middte is the Abbotl i-STAT anatyser, another POC lnsttument that may be used at
poft Líncotn tn the futu¡e, Pictu¡ed in f¡ont of each inst¡ument is a steVby-step gulde thdt shows how to peúo¡m a

test on each lnstrument. These gu¡des were produced by the Flinders team aÊ an educatlonal tesource to assist
the PLAHS health wo¡kars.

i There is a strong link between
age and rates of diabetes, h¡gh

blood pressure, early and estab-
lished kidney disease (album¡nuria)
and blood lipids.
i Although, thanKully, the number
of people with macroalbuminuria is
small, we have also found a l¡nk
between the degree of albuminuria
and HbAlc and glucose, as well as
body mass index.

Just a couple of words on the fol-
low-up or management arm of the
program, which is now starting to
gather momentum as the number of
people screened ìs getting larger. As
ment¡oned earlier, a cllent comes to
a health worker and has their point-
of{are tests done. The results are
written onto a single-page result
sheet, which is given to Dr Mills. He
then makes an assessment of the
person's risk and, using a simple
tick-box system at the bottom of the
result sheet, records what further
point-of-care test¡ng is needed for
on-going client management and the
frequency of that test¡ng. The result

sheet is faxed to Flinders, put ¡nto
the cl¡ent's notes, and entered bY a
health worker into the Ferrett patient
management system that is used at
Port Lincoln. The Flinders team then
sends back regular lists of all tests
requested for on-going management
of each client (as requested by Dr
Mills) including when they need to be
done. (The Ferrett system also has a
patlent recall function that is used to
help with patient management). As a
further resource for health workers,
a series of laminated cards that
detail what follow-up tests are need-
ed (and when) for different rlsk pro-
files has been produced by the
Flinders teanr.

Across next year, we'll be working
with Dr Mills to try to gather infoÊ
mation about the relationship
between point-of-care test¡ng and
improved health outcomes for our
clients. We'll be trying to measure
the impact that point-of-care testing
has had on things like glycaemic
control, conrpliance in taking
tablets, turn-around times to get
people started on management

plans, frequency of follow-up visits
by clients, and we'll survey commu-
nity members at Port Lincoln to see
how they feel about having point-of-

care testing available as a serv¡ce in
their community.

Concluding Remarks
The program and, in part¡cular the

POC instruments, (wh¡ch are quick
and easy to use) has been accepted
well within the Port Lincoln
Aboriginal Health Service. Cllents
seem to be happy with the service
that's being provided and Dr Mills is
pleased with having results immedi-
ately available that he can act on.

ln the coming years, it's very likely
that point-of-care instruments will be
used more widely in Aboriginal com-
munities across Australia. Through
the Point-of-Care in Aboriginal Hands
progranr and the partnership with
Flinders, Port Lincoln Aboriginal
Health Service ¡s right at the lead¡ng
edge of bringing this new technolog¡r
to help the health of its people. *

ABORIGINAL AND ISLANDER HEALTH WORKER JOURNAL NOV
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Point-Of-Care Testing ln The Ahoriginal Community.

This paper was written in the early phase of this research program. lts specific aim was to highlight

to the broad Australian medical science community some of the unique cultural issues faced by the

non-lndigenous researcher in conducting research studies in the lndigenous community setting. lt

also, at the request of the journal's editor, explored some of the personal issues faced by the author

in establishing my POCT research models, having made the decision to leave the laboratory bench

to become a community-based researcher with an initially very limited funding base.
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Point-of-care testing in
the Aboriginal community

{

M. Shephard

Conunnig Point-of-Care Cenire, Renal Unit, Fliud¿rs Mcdical Ceatre, Bedfonl Park,

Sonlb An¡lralia

Kqrwonls - point-of-care testing, chronic disease, Aboriginal health workers, laboratory
concepts, quality assurance
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Introduction
This article documents my experiences over the past

6ve years working in the field of Aboriginal health. Since
I began this worlq I have had to üansform myself from
a medical scientist working behind tlre laboratory bench
to a menager of people, proiects, publicaúons and
6nances.

During 1996, I left the relative comfort of that
laboratory bench to join the Renal Unit at Flinders
Medical Cenue in the pursuit of becoming involved in
,{boriginal health, an area for which I had a long-standing
inte¡est and empathy.

Throughout this article, I q'ill focus on a number of
fundamental differences berween working in the
Aboriginal heaìth sector as opposed to the laboratory
envi¡onment and the q'estern or traditional view of
health manaeement.

Correspondence to: M¡ M. Shephard
Communiry Point-of-Care Cenìre, Renal Unit
Flinde¡s Medical Cent¡e
Bedford Park, South Australia
Fax:(08) 8204 ó0ó3
Em¿il: MulcShephud@flindcrs.edu.au
.Accepæd: 27 November 2002

Theprograms
The principle focus of our work is the application

of Point-of-Care (POC) technology for the early
detection and management of chronic diseases in the
Aboriginat community setting. As a medical scientist
specialìsing in clinical biochemistry, I intuitively felt that
POC technologl' might be useful in the Aboriginal health

sector. It was only when ou¡ work started in earnest that
I realised just how exquisite v¡as tùe fit. Apart from the
well-acknowledged advantages of using POC tech-
nology such as portability and small sample size, there
are other advantages specific, and direcdy applicable, to
the Aboriginal health care setting.

Through appropriate uaining, Aboriginal health
workers (Aboriginal people living in the community who
ele üained in primaty health care) can perform POC
tests on-site, thereby empowering them to take greater
responsibility for the health of ttrei¡ own community
members.

Immediate availability of results means that the client
does not have to come back for a follow up visit. By
conducting the tests on-site, ownetship and control of
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hedth information remain with the community, a îactor

crucial to the acceptance and success of indigenous

health programs.

My uaining as a medical laboratory scientist also

provided me with the knowledge and understaoding

tfiat education, training and quality assurance inust
underpin the use of POC technology in the field.

Having these three elements as our core or
fundamental principles has been absolutely pivotal
ro the successful translation of our work into the

community setting,

The chronic diseases diabetes, rend disease and

ca¡diovascular disease account for a huge burden of
morbidity ând mortality among Aboriginal people. Some

of the facts include:

o The mortaliry rate from diabetes amongst
' Aborigind people is twelve to seventeen times

that of non-Aboriginal people. Prevalence ¡ates

for diabetes in many Aboriginal communities

ate as high zs25-30o/o

o Renal disease has reached epidemic proportions

in many parts of Australia, notably the Tiwi
Islands where rates of end-staç renal disease

(ESRD) are sixty times that of non-Aboriginal

people and âmong the hþhest in the world

o Aboriginal people beween the ages oF 25 and

44 yetrs suffer ten times more deaths due to

coronary heart disease than non-Aboriginal
people.

Early detection is the key to slowing (and in some

cases preventing) the progression of these chronic
diseases and the debilitating complications they cause.

Ou¡ work is thus cenued on an arer- oÍ signifìcant

disease burden for which there is a biochemical/
technological application to address (in part) the

problem. Within this framework, I have been fortunate

to work on th¡ee maior Aboriginal health Programs as

Program Manager.

The Umoona Kidncy Proiect was a program for

the-early detection and prevention of renal disease in

the 45O-strong Umoona 'tboriginal Community at

Coober Ped¡ 850kms north of Adelaide (Shephard at

al2}}3;Shephard ¿nd Allen 2001; Shephard et a|2000;

Shephard 20001,Zeunen ct a/2002). This proiect was a

partnership between the Renal Units at Flinders Medicd
Cenue and the rVomen's and Children's Hospítal in
Adelaide and the Umoona Tiutagku Hedth Service in
Coober Pedy.

The Bayer DCA 2000 POC analyser was used to

measure u¡ine albumin;creatinine ratio (ÂCR) as the

comerstone of the renal screening prograrn, The overdl
risk factor profile lor chronic disease arnong the 158

adults screened was very distutbing, with 42o/o of people

being hypertensive, a quarter having diabetes, and there

was a large incipient pool of rend disease wi¡h 79o/o of.

people having microalbuminuria and 9o/o haruing

macroalbuminuria. ,\ strong correlation was observed

between the degree of albuminu¡ia and hypertension,

obesity, glucose and age.

Thirty-five people were offered the ACE inhibitor
medication Coversyl to reduce their blood presswe and

stabilise their renal function and a significant
improvement in both the ca¡diovascular and renal disease

risk profile of this group has been maintained for over

two years. The Umoona Kidney Proiect was handed

ovcr to the community as a self-sustainable program in

December 2000.

The Quality Assurance inÂboriginal Medical Services

Program (QAAMS) is an on-going national education,

training and quality âssurance Progtam to suPPort

on-site HbAlc testing on the DCÂ 2000 for over

2300 Aborigind people with diabetes (Shephard 2000;

Brice et al 2001). In developing and managing this

program, we have worked closely with the Office for

Aboriginal and Torres Strait Islander Health (OATSIÐ'

the National Aboriginal Community Controlled Health

Organisation (NACCHO) and the RCP,\ Quality
Assurance Programs Pty Ltd. Over 40 Aboriginal

Community Controlled Health Services a¡ound Australia

participate in the program, rvith their Aboriginal hedth

workers conducting the HbAlc testing. The quality

assurance a¡m of the program is belicvcd to be a world-

fi¡st for indiçnous PeoPle.

The program has achieved a number of key

milestones. For example, a participation tate of 860/o

has been maintained across the fi¡st th¡ce years of the

progrâm, despite a significant number of health worker

staff changcs. Aboriginal health workers' with culturally

âppropriate continuing educadon and training have been
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able to achieve a standard of analytical performance

for çality assurance testing that is consistendy close, or

equivalent, to that oftrained laboratory personnel.

Through a directive of the Federal Health Minister'

a Medicare rebate is now available for on-site HbAlc
testing on the DCA 2000 conducted in participating

Aboriginal Community Controlled Health Services' The

rebate, conditional on continued participation in the

QAAMS program, will ensure the long-term
sustainâbility of the program.

Further Commonwealtl funding has recently been

secured to extend the program for another three I'ears.

ln 2003, our fi¡st international site (from the Western

Paci6c) will ioin our QAÂMS proginm for HbAlc.

The Point-of-Care in ^Aboriginal Hands program is

a comprehensive screening and management program

for diabetes, renal disease and cardiovascula¡ disease

flones a/ al 2002). The program is supported by the

field use of three POC instmments - the DCA 2000

(for HbAlc and u¡ine ACR measurements), the
Cholestech LDX lipid analyser (Shephard and Tallis

2002) md the Abbott i-ST.AT analyser (used for
creatinine measurements).

The program is currendy being run at Port Lincoln,
the Coorong and Riverland regions in South ,{ustralia

and at Bega Garnbirringu .Aboriþal health service at

Kalgoorlie in lfestern Ausualia. Early results show risk
proÊles similar to Umoona for diabetes, heart and rend
disease.

Across the three programs, our work extends f¡om
remote ir¡land desen communities to coasal commr¡nities
at either end of the country.

In the long term our goals are to:

o Continue to work intensively with individual rural
and remote communities on chronic disease
prevention and management p¡ograms

o Build the scope and breadth of our quality
assurance models both within and outside
Aust¡alia

o Continue to be at the forcfront of evaluating
neu¡ POC technology before or as it hits tÏe
Australian diagpostic pathology market

a Integrate all arms of tl¡e vo¡k togethe! into a

cent¡e ofexc€l¡ence for education, ûainiflg, quality

manag€mcnt and evaluative field research using

POC technologry; a centre that has application

and relevance to both Ausaalian and i¡temational,
rural and remote, indigenous and non-indiçnous
coflllnuilE€s.

People management
One of the great pleasures of our u¡ork is the

opporn:nity to work alongside (and leam from) so many

different groups of other health professionals. For

example, in the Umoona Kidney Proiect, at one point,

there s/ere 15 people from various disciplines across

three sites to work with - these included the Chairman

of the Board of the health service, the Di¡ector of the

hedth service, its clinical nurse, four Aboriginal health

workers, three renal special¡sts and a medical practitioner,

two nutritionists, a medical student, two medical
laboratory scientists, and two sports physiologists from
the University of South Australia.

In the QAAMS program, we have been for¡¡nate
to have the oppornrnity to work s'ith, irr a one-on-one

sense, nearly 100 Aboriginâl health workers (and dlied
health professionals).

As mentioned earlier, with appropriate education and

training, these health vvo¡kers are consistently achieving

an anal¡ical perform¿nce standard for quality assurance

testing that is close, or equivalent, to that of trained

laboratory personnel,

Through this program, there has also been the
opportunity to work closely with rwo medical
laboratory scientists from the RCPA Qudity Assurance

Programs Pty Ltd, Janice Gill and Lloyd Penberttry.

With the Point-of-Care in Aboriginal Hands
p¡ogrâm, we have wo¡ked with ruret doctors at each

site, local nurses, diabetic educators and nutritionists and,

collectivel¡ more than l0.Abotiþal health workers.

There has also been the oppornrnity to develop and
fostet productive working relatiooships with
govenrment officids at State and Commonwealth levels

(notably ftom q'ithin thc Comrnonwealth Department
of Health and Ageing), and industry represenrarives
across Austrdia,

I

i
I

i

I
I
À

rì

ì

il
+
.f

,l

{' 12 Aushalian Journal ol Medical Science, Febn¡aty ZNB, Vol. 24, No. l

4
ï



Finally there is nry rvotk tenm, conrprising a medical

laboratory scientist (Beryl l\,tazzachi), a research assistant

and an administ¡ative assistant, lt our ncrvly created homc

base, the Communiq'' Poinçof-Ca¡c Centre at Flindcrs

Medical Centre. Glen AIJen, a senio¡ medical laboratorl'

scientist s'ith the Ren¿l Unit, a.lso has si¡¡nificant input
rvith the infornration technologl'ând datâ mírnagcmcnt

side of our rvork.

Working with all the al¡ove .groups lrom so manv

diverse medical and hcalth backgrouncls, good
communication skills nnd, morc importantll', the nl¡ilit)'
to adapt thosc skills ro suit the pârticulîr situation
flnd environment hâ\'e bcen crucial to ensure tlre on-

going (community-based and financinl) r'iabilitl' of
tlre rvork.

Culnrral skills and cultural awareness

The fundamental principle in rvorking on anì'

Àborigrnal health projcct is that the communin'invoh'ed
must hâve a sensc of orvnership and control of the

program. Partnerships based on equal standing, mutuâl

t¡ust and respect are pârilnount. Othenvise the project
will be doomed to failure and s'ill not get past first
base. \íith the Umoona Kidney Project for example,

we spent six months liaisingwith the communit¡', listening

to the communiry's aspirations and developing proiect

aims and obiectives before the project commenced in

eÍrnest. This proved crucial in both getting the project

off the ground and maintaining its success. On the first
day we commenced renal screening, sevenry communitl'
members voluntarily presented at the clinic. The Director
of the health service said she had never before seen such

a positive Íesponse to a communitv proiect - all because

the communitl' were fr¡lly informed and understood rvhat

the project was aboug and they knerv rvhat the program

meant for them individually and collectively.

There is a real challenge for the non-Aboriginal health

professional to t¡anslate complex scientific, medical or
laboratory concepts into culrurally appropriate images

as transfer of information in Aborigina.l cultu¡e is based

on the spoken word and visual images. Using some

examples from our work, the relationship betrveen

HbAlc and diabetic control has been poÍrayed by using

spoonfuls and wheelbarrows of sugar. HbAlc has been

described simply as sugar that is atøched to haemoglobin

in the red cells of the body. In discussing the concept

of accuracy and precision, the analogy of an AFL
footballer having kicks for goa.l has been used.

In another examplc, from thc Point-of-Cnre in
Aboriginal Hands progrâm, wc were helping an

r\br¡riginal health rvorkcr scrcen i young man in thc
service's clinic. The mrn's blood was left standing
temporari\' on the bench while we attendcd anorher
clicnt. Whcn rve returned, the red blood cells had begun

to settle out, nnd the plasmn was very milkv. lle explained

t<¡ the henlth rvorkcr that thjs milky colour was due to
fat in thc plasma and tlrat this fat could potentially deposit
in a person's arteries nnd cnuse a lreart attack. This had

been discusscd prcvious\, in dctail in an education session

givcn to the health workers. Horvever that instant visual

imagc of the milky fat providccl a strongcr and more
porvcrful nressagc abuut heart disease thân thc ten minutc
talk I lrad given about the same topic.

Within an hour, cvervone at the health service had

scen tlìât lipaemic snmple and it rvas shorvn to everl.

client in the rvaiting room rvith thc explanadon about

ho\\' too much fat in the diet can make your blood go

this colour and potenúally kill you. The blood sample

rvrs latcr photogrnphed and is still used to talk ¡bout
heart disease.

It is important to be respectfuJ of Aboriginal time,

spâce and cultural priorities. .Aboriginal people have a

diflerent concept of time to non-Aboriginal people.

Their culnrre is based on time being circular flittki"g
present experiences with their ancesad past), rather than

linear (as non-Aboriginal people perceive it, for example,

with the rvorking da.v starting at a set time of 9 am and

ending at another set time of 5 pm).

Even though an Aboriginal person may have a

knorvn serious health problem, that person may give

other family-related issues a much higher prioriry than

his/her own failing health. This is why it ma)'sometimes

be difficult for an Aboriginal person to keep to a health

appointment or a follow up visit. Further, a community

funeral assumes a very hþh priority. Duing trvo of our

24 field visits to Umoona (each a 20-hou¡, 1600-km

round trip), a community funeral occurred on the day

of our a¡rival, There was no-one in town' \ù?e accepted

this as we understood and appreciated iust horv

culturally important these sad events vere for the

communiry.

Even simple things are important' Casual ieans and

an open-necked shi¡t are our stândard uniform during

I
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Eeld visits. It is important to blend in rather than stand

out in the community because we are coming to work

on Aboriginal land and in their envi¡onment.

In the laboratory, expensive eguipmenq comPuters

and other resources su¡round us and (gcnerall¡ although

pcrhaps not necessa¡ily in this day and age) we have

adequate staff numbers. As a non-Aboriginal health

professional, it is import'ant to understand and appreciate

the exreme dif6culties most Aboriginal health serviccs

þanicularly those in n¡rat and ¡emote locations) have in

relation to staff tlunover, or access to even the most

basic resources.

The best example I can give is to describe the working

conditions at one of the sites in the QAAMS progtam.

It is located in a very remote desen region of outback

Australia and receives mail delivery by plane once a week.

(Ihe plane actually lands at the nearest town some 700

kilometres away and a service representative then collects

the mail). The service experiences regular power
fluctuadons, is connected to the outside world by a

satellite phone link that regulady breaks down strânding

the service from outside communication for days at a
time, and only one Aboriginal health workeris employed

at the service. Despite these diffìculties the service has

maintained ø, 90o/o paticipation rate in the Qr{AMS
program over three years and has regularly been ranked
in the top 25o/o of services for its accuracy and precision
base for HbAlc testing on the DC,l, 2000.

Ethics
Most clinically based health programs involving

human subiects need institutional ethics approval before
they can be conducted.

In Aboriginal health, there are addirional ethical
requirements. For example, in South Ausualia, there is

an over-riding body called the Àboriginal Health
Research Ethics Committee (^HREC) of South
Austra.lia. Every healrh proiect involving Aboriginal
people must receive ethics clearance from this body
before commencing.

Grant writing - and the connecdon with time and
Ãe6or¡lce fnet¡agement

One of the conditions of my move from medical
biochemistry to ,{boriginal healrh was that the work

would need to be funded entirely from extetnal

grants. So one could say, with good iustificaúon, that

we have very much been living on the edge for
survival.

One of the downsides of being successfi¡l in securing

a grf,nt, however, is that most granting bodies now have

vcry rigid and frequent reporting deadlines

There is a vicious cyclc occurring here too. Spending

25-30o/o of my time writing grants means there is less

time to spend actually doing the work. Productivity

therefore suffers potentially. But you must continue to

be productive, because when the time arrivcs to go back

to funding bodies to seek the next extension of your

grant, they want to know how productive you have

already been.

With the way in which our workload has expanded

over the past two years in particular, additional staff
have been employed to maintain our productiviry,
Extra staff means further salary money is required

and therefore cxtrâ grânt writing ... and so the cycle

continues.

Financialmanagement
When I first started this work, a colleague told me:

"you'll be right, there's plenty of money in r\boriginal
health." Yes, there is funding to support Aborigind health

- but, quite appropriately, funding bodies prefer to
d.irect avai.lable funding to the ,{boriginal community
itselÇ rather than to non-Aboriginal, metropolitan-based

health professionals.

A breakdown of the source of the funds we have

been able to attract over the past 5 years is as follows:
Commonwe alth governmen t 620/o, Stase gove¡nment
137o, Industry 79o/oaod Private Enteçrise 67o. The level

of funding secured on a year-by-year basis since we
sta¡ted this work is drankfi.rlly trending upwards.

Ou¡ main budget lines are sa.lar¡ travel, rent (for our
new centre), qualiry assurance materials, information
technolog¡ and production of education and aaining
materials. Âround 5%o of my rime goes towards
adminisuation of these funds.

There is a hidden story in these figures, in that the
flow of funds has tended to be very cyclical in naru¡e,
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Thcreforc it has bccn very important to have rcscrvc

funds in hand for the periods of drought, and this is

where support from industry has been so vitd,

rVe have becn forrunate to be able to forge good

collab<¡¡ative working relationships rvith senior
resea¡chers in Aboriginal health, rvho hrve bcen at the

forefront of research into Aboriginal renal disease and

diabetes respectivell' for mnnv )'ears. There rvill be maior

oppornrnitics to build on these collaboraúr'e links in the

collun8i )'ea!s.

Publish or pedeh
In the cut-throat rvorld of research today, the

philosophl' of publish or perish is very strong, rnd
researchers arc often iudged b¡' the number of papers

they rvrite. Horvever, when rvorking in Aborigind health,

it is not iust a matter of completing tlre rvork, s'riting it
up and sending it off.

Permission to publish must be given bv dre Aboriginal

community and/or the health service with rvhich you

have been u'orking, while the manuscript must be

reviewed and approved ât the communiqv level before

sending it for publication.

With the Umoona Kidney Project for example,

published papers or abstracts we have prepared have

çnerally been co-authored b1' ¡¡ least the Di¡ector of
the Health Sen'ice, while Aboriginal health rvorkers have

been included regularly as co-authors.

One of the pleasing things about the projects that

we have worked on is that we have been able to publish

in a diverse range of iournals - medical, scientific, nutrition

and Aboriginal-based.

Conclusion
I would like to 6nish by briefly addressing several

quesEons

Has the vision of taking POC technology to the

Aboriginal community worked? Ân independent report

@rice a/ al2O0l) prepared on the fust eþhteen months

of the QAAMS program by the National Aboriginal

Community Controlled Health Organisation
(NACCHO), the peak Abonþal body representing the

health ol its pcople in Australin, concluded in its
Executivc Summnry that:

The use of [the DCAI POC rechnologv
presented a major opportunity ro assisr

communities to better care for and manage

Aboriginal clients with diabetes within the

communrty se tttng
The abilitl'of the POC technology ro generare

rapid results served as a catall'st tc¡ enhance

paticnt self-manâgemcnt

The simplicitv of use of [rhe DCA] POC
technologv generalll' led to high levcls of
acceptanc€ by Aboriginal health workers

nationally, with trvo-thirds of services

cxprcssing tlre vierv that it had raised the self-

estcem oIAboriginal health s'orkers in the

communttV context
The sense of communirv control rvas enhanced

as a result of diabedc mãnagement becoming

iî:.:."".d 
rvithin Aboriginal medical

Finally, have s'e, as a group, bccn successfrrl? As

mentioned previousll', success is not iudged by western

standards of number of publcations, the volume of
medical/scientific results or the complexity of statistical

anah'ses. lt is iudgecl by how well your programs are

accepted rvithin nnd b1' the communitl', and it takes

ti¡ne and patiencc to establish vourself and your

credentials.

I will conclude this article rvith a quote from the

inaugural Di¡ector of the Umoona Tiutagku Health

Service, u'ho rvrote to us in late 1998:

"Tbe [reua] te¿nt ha¡ bnilt Q a þelit¿ oJ tnst

atlott¿sî cotamùl mnban anl b¿s uade ttaryfriotdr.

The rcan! aillitgust lo lishn and ìnwlac tlte nmnnnii

bat þmuidetl a good nndelJorlunn þnjecß."
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Point-Of-Care lesútng In The lndigenous Rural Environment - The Australasian Experience.

Ïhis invited book chapter described my three main lndigenous POCT models and some of the early

research findings from these programs. The book chapter discussed both the general application of

POCT in the rural health environment in Australia and the specific context of rural lndigenous

medical service, outlining both the potential benefits and challenges faced by POCT in this primary

care setting,

As mentioned previously, the book in which this chapter was written, is now considered the deflnitive

global text book in the field of POCT.

Erratum:

The examiners should note two minor discrepancies in the results presenled in this chapler

ln the section on the Umoona Kidney Project, the reduction in urine ACR among the 35 patients receiving specialist management is staled

as falling from a mean of 17 lo 12 mg/mmol. Specialist statistical advice received post publication suggested that urine ACR reduction

would be better expressed as a median rather than mean due to the non-Gaussian distribution of the urine ACR values, This conection

was made in the main paper on the management arm of the Umoona Kidney Project published in Rural and Renote Health 2006 and

presented earlier in this Chapter.

Table 29.2 documents lhe comparative precision base achieved by QMMS services and laboratory users of lhe DCA 2000 for HbA'lc

POCT. The imprecision for laboratories in the period July-December 2003 was quoted as 3.0. This flgure, which was conect at lhe time of

publication, was later updated by the RCPA Quality Assurance Programs Pty Ltd to 3.3. This revised figure is presented in the Table in the

most recent paper on the analytical quality of the QAAMS Program published in lhe Clinical Biochemist Reviews in 2006 and presented

earlier in this chapter.
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cnapter 29

Point-of-Care Testing in the lndigenous Rural
Envi ron ment-The Australian Experience
Mark D. S. Shephard

The cha¡acteristics of rural health and the issues driving the

delivery of healthcare services to the rural environment are

very different from those of metropolitan centers. Geographi-

cal isolation and its effect on access to health services is the

defining element of rural health (1). In addition, the differing

social, lifestyle, and environmental determinants of health in

the nrral population, including a greater degree of cultural

diversity; lack of employment opportunities; lower income

levels; and poorer access to housing, education, and transport,

significantly influence the mode of healthcare delivery' health

status, and patterns of disease (2). Overall, the rural sector

experiences higher mortality rates and poorer health status than

metropolitan regions, a trend that becomes more apparent with

increasing remoteness (3). Prevalence rates for both acute and

chronic conditions and communicable and noncommunicable

diseases are generally higher in rural than in metropolitan

environments, and greatest in remote regions (4).

The challenge of reducing the health differential between

rural and metropolitan environments lies with the development

of inventive solutions to specific local health problems (l). The

astute and practical application of point-of-care testing (POCT)

can unquestionably be one of those inventive solutions in the

broader context of improving rural healthcare delivery-in
both the acute and chronic clinical context.

POINT.OF.CARE TESTING IN THE RURAL
HEALTH ENVIRONMENT

A recent review of the role and value of POCT in general

practice in Australia concluded that rural and remote health

practices in paficular could,be major beneficiaries from the

adoption of POCT (5).

There are a number of clinical conditions for which POCT

represents a practical and viable option for the rural health

practitioner. For acute trauma and/or emergency surgery where

retrieval may be necessary, POCT for tests such as potassium

and blood gases are of particular clinical relevance. Point-of-

care (POC) measurement of ca¡diac markers such as the tro-

ponins, lreut fatty acid binding protcin, and ischemic modified

albumin can provide important information in the differential

diagnosis of chest pain and subsequent early initiation of

thrombolytic treatment. Timely POC intemational normalized

ratio (INR) monitoring is important in preventing thrombosis

and avoiding excessive bleeding during surgical procedures'

INR is also of use in monitoring of Coumadin@ (warfarin)

therapy.
There are several examples of innovative and effective

rural hospital-based POCT models for some of these acute care

tests being üsed in Australia. Queensland Health Pathology

Service has developed an integrated state-wide network of

approximately 50 rural and remote hospital sites that are all

using the i-STAT@ analyzer (i-STAT, East Windsor' NJ' USA)

for onsite measurement of electrolytes and blood gases. All
patient results and quality control data are captured following

analysis and sent to a central data station, located at the Prince

Charles Hospital in Brisbane, via a network downloader. Re-

sults with correct patient data entry are then forwarded to the

hospital's laboratory information system (6)

In South Australia, the iCARne¡ group (Integrated Cardiac

Assessment Regional Network) was established in 2001 to

support rural general practitioners in the delivery of up-to-date

evidence-based management of patients presenting with chest

pain, or other symptoms suggestive of acute coronary syn-

drome. The network provides POC Troponin T testing using a

cardiac reader (Roche Diagnostics, Mannheim, Germany), ev-

idence-based triage, risk stratification and management guide-

lines, and 24-h on-call cardiologists (7).

In addition, many POC tests for the management and/or

risk assessment of patients with chronic illnesses are being

used in the rural environment. Hemoglobin Alc (HbAlc)'
glucose, and urine microalbumin or albumin:creatinine ratio

(ACR) are key tests for the management of patients with

diabetes that can be perfonned at the point ofcare (8,9). Urine

ACR is also a particularly useful test in the detection of early

renal disease (8), and blood urea and creatinine can be moni-

tored for the management of established renal disease Blood

lipids can be conveniently measured by POC technology as

part of heart disease risk assessment and management (10)'

while urine ACR has also been shown to predict cardiovascular

risk ( I l, l2). Whole blood hemoglobin can be measured at the

point of care for assessment of anemia status, which may be of
significant clinical benefit because anemia is very prevalent in

rural tropical environments, particularly among indigenotts

women and young children (13, l4). There are now many POC

tests for tumor makers such as prostate-specific antigen (PSA)

and carcinoembryonic antigen. Working POCT models for

some of these ch¡onic disease tests are described later.

293



294 Application of Point-of-Care Testing

INDIGENOUS RURAL HEALTH
ENVIRONMENT IN AUSTRALIA

Nowhere is the health differential between rural and metropol-

itan environments more profound than for indigenous peoples

living in rural and remote regions, Regardless of which health

indicator is used, the health status of Aboriginal people in

Australia is worse than that of non-Aboriginal people (15, 16).

The chronic diseases-diabetes, renal disease, and cardiovas-

cular disease-typify the health disadvantage of Aboriginal
people and collectively pose one of the most significant health

issues for contemporary Australian Aboriginal society. For

example, Aboriginal people suffer between 12 and l7 ti¡nes

more deaths attributable to non-insulin-dependent diabetes

(NIDDM) than nonindigenous Australians. Overall prevalence

rates of diabetes are generally within the range of l}Vo to 30Vo,

and at least two to four times that of the non-Aboriginal
population (16, l7). In some communities, nearly half of the

entire adult indigenous population has diabetes.

During the 1990s there was a rapid escalation in the

number of Aboriginal Australians with end-stage renal disease.

Recent age- and sex-adjusted figures indicate Aboriginal peo-

ple have -9 times greater risk of developing end-stage renal

disease than all other Australians. In some parts of Australia,

notably the Tiwi Islands, rates of renal disease are among the

highest in the world (18-21). In the Northern Tenitory, Ab-
original people comprise just over 2OVo of the population, but

represent 95Vo of people on hemodialysis (22). Cardiovascular

disease is the leading cause o[ mortality in Aboriginal Austra-

lians, with mortality rates attributable to coronary heart disease

and stroke being twice those of non-Aboriginal Australians
(23,24). Of particular concern are the high death rates from
coron¿ry heart disease among young and middle-aged Aborig-
inal people, with death rates for people 25 to 44 years of age

being more than l0 times those of other Australians (23). The

extremely high rates of chronic disease among indigenous

Australians a¡e caused by a multitude of interrelated factors

such as disposÉession from their land, destruction of traditional
culture and values, exposure to infectious diseases, poor envi-
ronmental living conditions, and the effects of alcohol and

Westem diets that are high in fat and sugar.

These appalling statistics on ch¡onic disease are not

unique to Australian Aboriginal communities and are mirrored
in many other indigenous populations living in rural parts of
the world (25). For the Australian indigenous rural community,
there is clearly an urgent clinical need to provide effective
services for the monitoring of diabetes control to prevent the

long-term complications of this debilitating condition. There is

also a need to stem the tide of end-stage renal disease by

developing community-controlled risk assessment programs

for the early detection of this disease. Given that heart disease

is the major cause of Aboriginal mortality, the need to char-

acfeize cardiovascular risk profiles, particularly among young

Aboriginal people, is also of immediate concern. POCT can

have a significant role in fulfilling each of these needs, but in

this environment implementation and sustainability of POCT

faces major challenges.

AUSTRALIAN ABORIGINAL
MEDICAL SERVICE

Aboriginal medical services in Australia are either managed

and cont¡olled by local Aboriginal people with funding by the

Commonwealth or state governments, or they are controlled

and funded by state or territory governments. Aboriginal Com-

munity Controlled Health Services (ACCHSs) now represent

the principal vehicle for delivering primary healthcare to Ab-
original and Torres Strait Islander peoples. There a¡e more than

125 ACCHSs throughout Australia, more than 90Vo of which
are located in rural and remote areas. A peak body called the

National Aboriginal Community Controlled Health Organisa-

tion (NACCHO) represents the interests and affairs of
ACCHSs nationally.

ACCHSs vary considerably in size, infrastructure, re-

sources, and the number of Aboriginal people they service.

Many are located several hundred, up to a thousand kilometers,

fiom the nearest hospital or laboratory service. Staffing levels

also vary widely, but most services generally have a medical

doctor, a clinic nurse, and one or more Aboriginal health

workers The Aboriginal health worker is an Aboriginal person

who lives and works in the local community and who has

attained a primary healthcare qualification. The health worker
provides the pivotal communication link between the commu-

nity and non-Aboriginal professional staff at the health service.

POTENTIAL BENEFITS AND
CHALLENGES OF POCT IN THE
INDIGENOUS RURAL ENVIRONMENT

The most significant barrier to effective clinical servtces tn

rural and remote Aboriginal communities is limited access to

pathology laboratories. As stated above, Aboriginal health

services may be several hundred, even thousands, ofkilometers
from the nearest pathology service, and it may take up to

several days for blood samples to reach that service, particu-

larly if air transport is limited or unavailable. The return of
results to the community and then to the individual patient
incurs further delays. Conventional means of delivery of pa-

thology services are time consuming and of less relevance to

the patient, while clinical management is delayed. POCT ser-

vices overcome these problems of "disadvantage by distance"
and do not incur the additional costs associated with transport

of pathology samples. Furthermore, distance, in either a tem-
poral or geographical context, can also be associated with poor
compliance, e.g., with reattendance at clinics, follow-up of
results, and treatment changes. The benefits of POCT in rela-

tion to improved compliance have been demonstrated for dia-

betes and anticoagulation therapy in other communities (see

Chapters 3l and 4l).
POCT has other advantages specific to the Aboriginal

heaìthcare setting. Through appropriate training, Aboriginal



Point-of-Care Testing in the lndigenous Rural Environment 295

health workers can perform POCT, thereby empowering them

to take greater responsibility for the health of their own com-

munity members. Immediate availability of results provides a

more convenient and timely service for the patient. It also

means that the Aboriginal patient does not have to come back

for a follow-up visit, which may often be very diffrcult to

organize in the Aboriginal community sefting because other

social and cultural priorities sometimes take precedence over

health matters. By conducting the tests onsite, ownership and

cont¡ol of health information remains with the comrnunity' a

factor crucial to the acceptance and success of indigenous

health programs worldwide.
The challenges faced in providing an effective POCT

service in the indigenous rural envi¡onment are considerable.

Many rural Aboriginal medical services experience diffrcult

working conditions such as dust, excessive heat and/or humid-

ity, power fluctuations, and inadequate lighting and refrigerator

space. High rates of staff turnover are a constant problem in

many services, making health progr¿ìms (including POCT ser-

vices) difficult to sustain. This applies not only to administra-

tive and clinical staff where health service priorities may

change with new appointments, but also at the Aboriginal

health worker level-the person generally responsible for daily

operation and maintenance of POCT. POCT services need to

be robust in the face of such change and, as described later, the

ongoing delivery ofeducation, training, and support services is

critical for sustainabilitY.
Specifically in relation to education and training, there is a

real challenge for the non-Aboriginal health professional to

t¡anslate complex scientific, medical, or laboratory concepts

into culturally appropriate images that can be readily under-

stood by an Aboriginal health worker team. This translation is

even more important given that the transfer of information in

Aboriginal culture is based on the spoken word and visual

images. Highly visual laminated posters with simple step-by-

step instructions showing how to perform POCT and how to

conduct quality assurance testing procedures that consolidate

detailed information into a practical, workable format have

proven usefrìl in our hands.

EFFECTIVE AND SUSTAINABLE POCT
MODELS IN THE INDIGENOUS
RURAL ENVIRONMENT

Three health models utilizing POCT for chronic disease pre-

vention and management, which have proven successful in the

rural Australian Aboriginal environment, are now described.

They are the Umoona Kidney Project, the national Quality
Assurance for Aboriginal Medical Services (QAAMS) Pro-

gram for POC HbAlc testing, and the Poinrof-Care in Ab-

original Hands Program (26). Each model is based on four

fundamental elements: continuing education, training, quality

management, and ongoing suPport for POCT. It is important to

reemphasize that these models function outside the comfort

zone of the hospital base, with the Aboriginal community and

their associated health service driving the model (not the lab-

oratory). The POCT challenge has been to develop quality-

assured, robust, sustainable, and clinically effective models for

the community setting. Each model is discussed in turn under

common themes of background, ch¡onic disease focus, POCT

instrumentation and markers used, principal activities and re-

sults, evaluation, sustâinability, and transferability'

Umoona KidneY Proiect

The Umoona Kidney Project was a partnership between the

Umoona Aboriginal community at Coober Pedy in South Aus-

tralia's far north (850 km from Adelaide) and the Renal Units

at Flinders Medical Centre and Women's and Children's Hos-

pital, Adelaide, South Australia (27-31). The program in-

volved a number of people and health professional groups'

From the Umoona community, the board, the director, the

clinical nurse, four Aboriginal health workers, and community

membe¡s particiPated in the program' From the Flinders' and

Women's and Children's Hospital teams, there were t\ryo ne-

phrologists, two scientists, and one nut¡itionist from each site

together with a medical student who worked under a National

Health and Medical Resea¡ch Council (NHMRC) Training

Scholarship.
The primary focus of the Umoona Kidney Project was a

voluntary (or opportunistic) renal disease risk assessment pro-

gram for the >400 adults and children in the community'

There was also a voluntary clinical management Program for

adults identified as being at risk for renal disease'

The DCA 2000 (Bayer Diagnostics, Tarrytown, NY' USA)

was the cornetstone of both the renal risk assessment program

and the clinical management arm. The device measures urine

albumin:creatinine ratio (ACR) on 40 ¡,rL of a frrst morning

urine, as a ma¡ker for early renal disease or microalbuminuria

Prior to the commencement of the program' the Adelaide team

spent 6 months of groundwork speaking to the community,

holding information forums, showing the POCT technology

and discussing the ACR test, and educating and training the

Aboriginal health worker team in the use of the technology and

quality management practices. This groundwork unquestion-

ably contributed to the successful use of the DCA 2000 and the

program overall. In addition to the ACR test, risk assessment

also involved the measurement of blood pressure, blood glu-

cose, body mass index, and dipstick urinalysis, while a full

medical examination and history was taken for each person'

The overall risk factor profile of the 158 adults assessed

(which represented -65Vo of the adults in the community)

showed 427o of the people had high blood pressure, 24Vo had

diabetes, and there was a large pool of incipient renal disease,

w i¡h 19 7o of adults having persistent microalbumi nuna nd 9 Vo

macroalbuminuria. A signifrcant association was obsewed be-

tween blood pressure, blood glucose, and body mass index and

the progression of albuminuria (as measured by the DCA

2000). A strong association was also found between albumin-

uria and an increasing number of coexisting risk factors, with

only 2O7o of people having a normal urine ACR in the presence

of three or more risk factors (27).
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In relation to clinical management, 35 people were iden-

tifred as being at risk for renal disease. All were either overtly

hypertensive, hypertensive with other risk factors, or diabetic

with microalbuminuria. Each was voluntarily offered the op-

portunity to take the ACE inhibitor medication Coversyl (Per-

indopril, Servier Laboratories, Australia) to reduce blood pres-

sure and stabilize renal function. They were monitored

according to a management protocol set by the Flinders' renal

specialists, who conducted a total of 231 onsite clinical con-

sultations with the patients on medication from 1998 to 2000.

A sustained and statistically signifrcant drop in blood pressure

to normal levels was observed, as well as a stabilization of
renal function, with mean ACR of the group (monitored using

the DCA 2000) falling from 17 to 12 mg/mmol (150 to 106

mg/g) (P : 0.09, paired t-test). Across this 2-year period, there

was no change in the group potassium, urea, creatinine, or

glomenrlar filtration rate (Table 29-1).

Across 2 years of continuous field testing (n : 46) the

DCA 2000 exhibited a precision base (CV7o) of 6.97o atd
3.67¿ for urine albumin (for Bayer quality control samples with

concentrations of 36 and 208 mg/L, respectively), 3.27o a¡d
4.17o for creatinine [9 and 36 mmoVl (1018 and 4072 mgil-)]

and 6.77o and 5.37o for urine ACR [ratios of 4.1 and 5.8

mg/mmol (36.2 and 51.3 mgig)l (29). These a¡e well within
precision goals of lOVo, 6Vo, and l27o for urine albumin,

creatinine, and ACR that are derived from biological vari-

ation and other international consensus data on performance

criteria (8, 32).
Members of the Umoona community evaluated the pro-

gram internally through a survey conducted by community

elders, supported by the NHMRC medical student. By all

criteria, the cornmunity expressed a high level of satisfaction

with the program and the use of POCT technology, with a

greater than 907o satisfaction rating recorded for all questions.

Education and training initiatives for ACR POCT began in

eamest in September 1999. Over the next 15 months Umoona's

Aboriginal health workers took an increasingly greater respon-

sibility for performing onsite blood pressure measurements and

urine ACR testing on the DCA 2000. In December 2000' the

program was handed over to the Umoona Community as a

self-sustaining activity fully integrated into the health service

infrast¡ucture. Both the South Australian Govemment's De-

partment of Human Services Renal and Urology Services Im-

plementation Plan 2000-2011 and the Statewide Iga Warta

Aboriginal Renal Disease Summit, 1999 endorsed the Umoona

model for expansion to other Aboriginal communities in rural

and remote South Australia.
One of the most pleasing aspects of the Umoona Kidney

Project was that POCT became a focal point for raising com-

munity awareness about renal disease. Through the trust and

respect gained from the renal program, a number of other

community activities (for both adults and children) around

related health issues and health promotion were conducted.

These includccl developing a nutrition faining program for

Umoona's Aboriginal health workers at their request (28),

staging a poster competition for the children at the local area

school about healthy foods, and holding education days at the

school about kidney health and the importance of good nutri-

tion (sponsored by the Australian Kidney Foundation). A bush

tucker trip was also conducted with the Umoona community

elders for the school children, where the children were taught

how to dig for witchetty grubs, collect other bush foods, and

cook kangaroo.

National QAAMS Program for Point-of-Care
HbAlc Testing
The QAAMS Program a¡ose from a recommendation of the

Australian National Diabetes Strategy in 1998 (33)' com-

menced as a pilot program in June 1999, and is now fully
integrated into mainstream Abonginal healthcare in Australia

(34, 35). Since its inception, the program has been a collabo-

rative partnership between a number of groups including the

Office for Aboriginal and Torres Strait Islander Health and the

Diagnostics and Technology Branch within the Aust¡alian

Government's Department of Health and Ageing, NACCHO'

Table 29-1 Reduction in Renal and Cardiovascular Risk Two Years after Commencing Coversyl

Marker Measure/matrix Units

Pre-Coversyl
baseline,

mean r sEM

Post-Goversyl
2 years,

mean + sEM P-value'

Blood pressure
Standing

Lying

Albumin:creatinine ratio (ACR)

Potassium
Urea
Creatinine
Glomerular fìltration rate (GFR)b

Systolic
Diastolic
Systolic
Diastolic
Urine
Plasma
Plasma
Plasma

mmHg
mmHg
mmHg
mmHg
mg/mmol
mmol/L
mmol/L
mmol/L
mL/min

151
92

147
s4

16.5
4.O
4.9

0.081
110

<0.0001
<0.0001
<0.0001
<0.0001

NS
NS
NS
NS

0.019

+3
+2
+3
+2
+ 3.9
+ 0.1
+ 0.3
+ 0.003
+5

137 + 3
84+2

131+3
84+2

12.0 * 2.8
4.0+01
5.1 + 0.3

0.077 t 0.003
1'18 + I

'Values of P < 0.05 are sign¡f¡cant; NS, not signif¡cant
b Câlculated GFR hom (44)
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the Royal College of Pathologists of Australasia (RCPA)'s

Quality Assurance Programs, and the Community Point-of-

Care Services unit within the Flinders University Rural Clini-

cal School.
The chronic disease focus of the QAAMS program is the

management of Aboriginal people with established diabetes'

More than 2300 patients æe involved in the program, which is

being conducted at 50 commonwealth-, state-, and territory-

funded Aboriginal medical services around Australia. These

sites encompass every state and territory in Australia, with

more than 907o located in rural or remote aleas (Figure 29-1).

The DCA 2000 was selected for use in this program following

the recommendation of the National Diabetes Strategy (33) and

all HbAlc tests are performed by Aboriginal health workers'

An educational resource package was prepared for each site,

which included a laminated A3-size book, video' and support-

ing posters for specific aspects of the program. Initial training

was provided for Aboriginal health workers from every par-

ticipating site. Health workers were given instruction on how

to perform the HbAlc test on the DCA 2000 and on the

principles and practice of quality control and quality assurance'

With 50 POCT devices in the field, it was critical that a

formal surveillance mechanism was implemented to monitor

the performance of results generated by these instruments'

Therefore a quality assurance program was developed collabo-

ratively by the Community Pointof-Ca¡e Services unit at

Flinders University and the RCPA Quality Assurance Pro-

grams. The breadth of quality assurance programs available to

central laboratories is well known but, to the author's knowl-

edge, the QAAMS program is the first POCT program of this

type to be developed for indigenous people anywhere in the

world.
The QAAMS program is modeled on the laboratory qual-

ity assurance program system used by the RCPA. Each

Figure 29-1 Map showing general location of QAAMS partici-

pants in 2003.

QAAMS participant is provided with an annual kit of quality

assurance samples for testing (with two samples to be tested

government charter in establishing this program has been to

provide education, training, and quality management support

services and not to collect or analyze patient data' This remains

the property of the participating services, under NACCHO's

direction.
At the time of writing, nine 6-month testing cycles have

now been completed over the past 4.5 years from July 1999 to

December 2003. Some of the key performance indicators are as

follows. Participation rate has averaged 86Vo (range'73Vo To

937o) across all nine testing cycles, with almost 4000 quality

assurance results retumed during this time. The percentage of

results considered acceptable has averaged 837o (tange SlVo To

867o), using limits for acceptable performance that are the

same as those for the laboratory-based glycohemoglobin pro-

gram conducted by ttre RCPA (57o). The median precision

(CV7o) achieved by the DCA 2000 analyzers across nine

cycles has averaged 3.8Vo, wilh the precision base consistently

improving across time and a CYVo of 3.2Vo being recorded in

the most recent testing cycle (-lable 29-2)'

As mentioned, the RCPA runs a parallel glycohemoglobin

program for laboratories in Australasia. Seventy-five labora-

tory DCA 2000 users are registered in this program, which uses

an identical quality assurance material to that of QAAMS'
Across the past six testing cycles, the precision base achieved

by Aboriginal medical services in the QAAMS program has

been equivalent to that achieved by the laboratories (Table

29-2). This reflects the intensive ongoing commitment to con-

tinuing education, raining, and support for the participating

services that the QAAMS program provides.

The importance of precise HbAlc results for serial mon-

itoring of diabetes control is now well recognized following
studies such as the Diabetes Control and Complications Trial

and the UK Prospective Diabetes Study clinical trials (36' 37).

The desirable precision goal (CV7o) for HbAlc analysis now

recommended by most professional groups is 37o or less (8, 38,

39). In the QAAMS program, the precision base of DCA 2000

is now approaching the 34o goal. In a practical sense, for rural

and remote communities where geographical isolation is com-

mon and laboratory access is limited, the DCA 2000 analyzer

clearly provides a reliable, robust, and timely means of obtain-

ing tlbAlc analyses.

In March 2001 NACCHO conducted an independent eval-

uation of the frrst 18 months of the QAAMS program (40). The

executive surnmary of this report stated that the use of the DCA

2000 represented a major opportunity to provide better care for

and management of Aboriginal clients with diabetes within the

community setting, while the ability of POCT to generate rapid

results served as a catalyst to enhance patient self-manage-

ment. The summary also concluded that the DCA 2000's

simplicity of use led to high levels of acceptance by Aboriginal

V

o
Oo

o

O
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Table 29-2 Comparative Precision Base Over Last
Aboriginal community-controlled health services (ACCH

Six Testing Cycles"
S) versus laboratories us¡ng the Bayer DCA 2000

Gycle period

Program TYPe of service
JanJune

2001
July-Dec

2001
JanJune

2002
July-Dec

2002
JanJune

2003
July-Dec

2003

QAAMS ACCHS

Glycohemoglobin Laboratory
3.7
3.4

4.1
4.1

3.9
3.7

3.4
3.5

3.2
3.0

38
36

u Values are CV%, calculated by dividing the SD by the midpoint of the

is the error of the estimate Sy ' x and represents the mean SD across the

health workers nationally, with nearly two{hirds of servtces

expressing the view that it had raised the self-esteem of their

health workers. Importantly, the sense of community control

was enhanced as a result of diabetes management becoming

more focused within Aboriginal medical services.

In December 2000 the Australian Government's Health

Minister announced that a Medicare rebate could be claimed

for HbAlc testing performed by the DCA 2000 analyzer in

Aboriginal Community Controlled Health Services under a

separate item number established specifically for the QAAMS
program. The rebate, which has ensured a sustainable funding

mechanism for the program, is conditional on several factors

including continuing participation in and sound analytical per-

formance for quality assurance testing in the QAAMS pro-

gram.
To enhance the sustainability of the program further, an

annual workshop for participants has been held since 2001.

These workshops have now become a key feature of the

QAAMS calendar. The meetings are very interactive, witb

significant opportunities for retraining and networking. All
participants now undergo competency assessment and certifi-

cation (in both practical and theoretical elements of the pro-

gram) at the workshop. In 2003, the island of Tonga from the

Western Pacific region was rec¡uited as the program's first

international participant. Considerable interest remains from

other Western Pacifrc islands and Canada. The QAAMS model

is transferable to other types of POCT. In January 2003 a new

QAAMS program commenced for the measurement of urine

ACR on the DCA 2000 There are 30 ACCHSs enrolled in the

program and ACR testing will be used to monitor microalbu-

minuria in Aboriginal patients with diabetes.

Point-of-Care in Aboriginal Hands Program

The Point-of-Care in Aboriginal Hands program commenced

in mid-2001 (41). It is a partnership between the Community

Poinrof-Care Services unit at the Flinders University Rural

Clinical School and lour rural and remote Aboriginal health

services at Port Lincoln, the Riverland, and Meningie, rural

towns and regions in South Australia, varying from 200 to 650

km lrom metropolitan Adelaide, and at Kalgoorlie in Western

Australia, a nrral mining town almost 500 km from metropol-

itan Perth. Meningie is a small rural community, with one

health worker and two doctors servicing the community. The

range of concentrations, expressed as a percentage The SD

concentrations analYzed.
service's
range of

Port Lincoln Aboriginal Health Service and the Riverland

Regional Health Service are well-resourced rural health cen-

ters, servicing larger population bases. The Bega Garnbirringu

Aboriginal health service at Kalgoorlie is by Êar the largest

health center, servicing Aboriginal people from the entire

Goldfields region of outback Western Australia and having a

very large health worker team and strong clinical and infra-

structure support.
Education, training, and quality management of POCT

again underpin the program and the local Aboriginal health

worker is responsible for the day-to-day operation of the POC

technology. The Poinrof-Carc in Aboriginal Hands program

differs from the other models described in several fundamental

ways. First, it has a greater local community focus with local

medical officers and/or medical directors undertaking all clin-

ical management at each health service, as opposed to the renal

specialists associated with the previously described Umoona

program. Secortd, the Point-of-Ca¡e in Aboriginal Hands pro-

gram has a bloader chronic disease focus that looks at the early

detection and managetnent of diabetes, renal disease, and car-

diovascular disease collectively rather than having a single

disease focus; for example, renal for the Umoona Project or

diabetes for the QAAMS HbAIc program. Finally, there is

wider use of POCT. Aboriginal Health Vy'orkers are trained in

how to use the Bayer DCA 2000 for both HbAlc and urine

ACR testing and the Cholestech LDX lipid analyzer (Cho-

lestech, Hayward, CA, USA), which provides a full lipid

proñle and a glucose measurement on a fingerprick of blood in

5 min (42).

The principal activities are education and training for the

entire local health professional team and a voluntary (oppor-

tunistic) chronic disease risk assessment service for community

members at each site with a concomitant chronic disease man-

agement arm. Although most of the poin$of-care risk assess-

ments are conducted in the clinic setting, the opportunity is

taken whenever possible to conduct field-testing outside the

clinic. For example, testing has been carried out at such diverse

locations as a local ecotourism center, a local adult education

college, and in a tin shed at the Port Lincoln Aboriginal

Women's Centre (an event that was also linked with a nutrition

health promotion act¡vity). In the Riverland, a bus has been

purchased and renovated to provide a mobile POCT service

throughout the Riverland region (with risk assessment also
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linked to an eye examination for people with diabetes through

a separate program). These examples bighlight the flexibility
and versatility of POCT in the community setting.

More than 600 chronic disease risk assessments have been

performed by POCT across all four participating sites' A

number of common trends relating to chronic disease risk

between participating communities have been identified' Dia-

betes is extremely prevalent (ranging from 157¿ to 267o in the

general community). Again, there is a large incipient pool of

renal disease, with rates of microalbuminuria ranging from

L97o to26%o in the general community. Elevated lipids are very

common (357o ro 447o), parlicularly in males and the younger

age group (where increased lipids were found in 247o to 28Vo

of people assessed). Obesity is extremely prevalent in females

(ranging ftom 477o to 597o). An example of the risk assessment

profrle found in one community is shown in Figure 29-2'

For clinical management, flow charts for POCT processes

have been developed in collaboration with each community,

based on best practice evidence and input of the local clini
cians. The frequency of follow-up testing is determined by

diabetes, blood pressure, microalbumin, and lipid status' A
wetl-defined niche for the use of POCT in chronic disease

management has been identified, namely integration of POCT

with the Australian government's Chronic Disease Self Man-

agement Care Plan initiative (43). At Port Lincoln, for exam-

ple, a subset of 29 patients in the Point-of-Care in Aboriginal

Hands program were entered into the Chronic Disease Self-

Management Ca¡e Plan Program during 2002. Their HbAlc (as

performed by POCT on the DCA 2000) was measured at

baseline and at 12 months. The mean HbAlc of the group

improved lrom'l .8Vo at baseline to 7.4Vo after a year (43)'

A number of case studies have also been identified across

the program that clearly demonstrate the benefits of POCT in

the early detection and diagnosis of chronic disease, more

expedient initiation of treatment, improved clinical effective-

ness, and greater patient satisfaction and motivation. Two case

examples a¡e described in the following.

The frrst case describes a 57-year-old man with NIDDM'

obesity, and ischemic heart disease. He had been "lost to the

health system" in the community for more than 2 years until he

During the next year, regular HbAlc tests were performed

using POCT, and the patient's HbAlc fetl to 9.7Vo (February

2002\, 8.87o (August 2OO2), and 8'47o (December 2002)'

Across this period, he received ongoing dietary, podiatry, and

retinopathy review. He commented that regular POCT has

helped motivate him to achieve improved diabetes control' He

has also initiated lifestyle changes including taking bush trips

every second day and consuming more bush tbods and fish'

The second case describes a 32-yea*old male student

from a very remote Aboriginal community who was visiting

"town" to attend a training course. He presented ãt the local

health service complaining of headaches after drinking heavily

the previous night. His POCT results were: HbAlc, 10'67o;

blood glucose, 19.0 mmoVl (342 mgldL); urine ACR 22'7'

mg/mmol (200 mgig); cholesterol, 12.0 mmol./L (463 mg/dl);

nonfasting triglyceride >7.3 mmol./L (>650 mg/dl) (the upper

measuring limit of the Cholestech LDX analyzer), and blood

pressure, 156/1 l5 mmHg. The patient's blood sample was also

left standing on the bench, allowing the red blood cells to settle

and reveal plasma that was strawberry milk in color. Oppor-

tunistic POCT led to the patient being identified as diabetic

with poor glycemic control, microalbuminuria, and severe hy-

perlipidemia (as well as hypertension). Treatment was initiated

immediately and the patient returned home and is now man-

aged by the visiting Royal Flying Doctor Air Service' Visual-

ization of the milky plasma also led to valuable education for

the health worker team about hea¡t disease and raised commu-

nity awareness about blood fats, as this sample was photo-
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Hypertension

Obesity

Smoking

Alcohol

Family History Diabetes
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Figure 29-2 Chronic disease risk assessment profile in one community in thc Poincof-Care in Aboriginal Hands program'

16
42

62

68

29
4

35

24

59

55

19 I E MAIE

I Female



Application of Point-of-Care Testing
300

Site
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Urine AGR Testing by Four Sites in the Point'of-Care in

Aboriginal Hands Program"
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1999 Australian Indigenous Health InfoNet. http://www health-

infonet.ecu.edu.au.
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graphed and is now used as a teaching aid at community health

promotion functions.
For quality management purposes' all sites are now en-

rolled in both national QAAMS Programs for HbAlc and urine

ACR. In addition, they conduct onsite intemal quality control

testing, the results of which are immediately faxed to and

managed by the Flinders' Community Point-of-Care Services

unit. There is also monthly communication between the unit

and each participating site around a quality management

checklist. 'lab\e 29-3 details the analytical performance

achieved by each site for QAAMS testing in the most recent

cycle. These results again clearly demonstrate that POCT can

be carried out to a high level of analytical competency by

Aboriginal health workers, provided they are supported by a

quality management framework comprising ongoing educa-

tion, training, and participation in structured quality manage-

ment programs.
The Poinrof-Care in Aboriginal Hands program has been

well accepted by the participating Aboriginal communities,

Aboriginal health workers, and supporting clinical staff The

program has worked effectively in four different rural commu-

nities, each with different levels of staff resources, infrastnrc-

ture support, and clinical agendas.
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ADAPTABILITY AND TRANSFERABILITY OF INDIGENOUS POCT MODELS
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The lmpact Of Point Ot Care Testing On Diabetes Seryices Along Victoria's Mallee Track.

Resulfs Of A Community-Based Diabetes RiskÁssessment And Management Program.

As stated in the conclusion of the literature review, chronic disease is also a serious contemporary

health problem for Australia's non-lndigenous people and many patients, particularly in rural and

remote Australia, are not able to readily access laboratories services.

My research program had validated the analytical quality and clinical effectiveness of POCT in the

lndigenous community, but could the foundation elements of my models be adapted and transferred

to the non-lndigenous primary health care setting?

The opportunity to address this research question came with invitation to establish a POCT service

for the Mallee Track Health and Community Service at Ouyen in Victoria as part of Government-

funded Diabetes Management Along the Mallee Track Program, An education, training and quality

surveillance framework for POCT, based on exactly the same principles as that of my lndigenous

POCT models, was implemented for both community risk assessment and management of people

with diabetes in the rural non-lndigenous setting, The clinical effectiveness of a one-stop

management service, which included POCT for HbA1c, urine ACR and lipids, community satisfaction

with the new diabetes service and analytical quality, as assessed by quality control testing, were

examined as research outcome measures.

The key research findings included signiflcant improvements in glycaemic control, blood pressure

and lipids among the community's diabetes patients participating in the management arm of the

program, a statistically significant greater level of satisfaction with the new diabetes service, and

sound analytical performance for POCT exhibited by the nurse POCT operator, This research study

thus confirmed the transferability of my lndigenous POCT models to the rural non-lndigenous

primary care setting.
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ABSTRACT

Introduction: In the State of Victoria in Australia, diabetes is considered one ofthe top l0 health problems for people living in the

nrral Mallee Track region (which is centred on the town of Ouyen and extends west to the border with South Australia). A project

entided'Diabetes Management Alongthe Mallee Track' was conducted through a Rural Chronic Disease Initiative (RCDI) program

grant frorn the Australian Government's Department ofHealth and Ageing, Canberra, with the aim ofirnproving the delivery of

diabetes services in this region The project's aims were achieved through the implernentation of a commmity risk assessment

progrâm and the establishment of an integrated, multidisciplinary 'one-stop' service for the management of people with diabetes.

The use of on-site point-of-care (POC) pathology testing equipment was the key component of both arms of the project.

Methods: Community risk assessment sessions were held in seven towns atross the Mallee Track region using a local settings

approach. Risk assessment included POC patholo-qy testing for glucose and lipids, as well as blood pressure, age, personal and family

history ofdiabetes, smoking status, and self-assessed weight and level ofexercise. The multidisciplinary 'one-stop' service for the

management of people with diabetes involved having a single appointment with thdir local GP, during which time they met the local

diabetes educator and podiatrist as well as the GP, and on-site POC testing (POCT) performed for haemoglobin Alc (HbAlc),

O MDS Shephard, BC Mazzachi, AK Shephæd, KJ Mclaughlin, B Denner. G Bames, 2005 A licence to publish this nìaterial has been given to

ARHEN http://nh.deakin.edu.au/ I
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uine albumin : qeatinine ratio (ACR), lipids and glucose. A written survey was conducted among patients with diabetes, loæl GPs

and loel healtlr professionals to assess the level of satisfaaion with the project and the use of POCT, and to assist policy

development for the future planning and developrnent ofd.iabetes services along the Mallee Track region.

Results: fusk assessment: 320 adults were assessed for their risk of diabetes during community sessions (representing

approximately 20Vo ol the adult population ofthe region). Two-thirds of people tested had equivocal random blood glucose levels

(5,1-1l.0mmol/L), while hypertension and high cholesterol were found in more than one-third. Management of established

diabetes: 49 people with known, established diabetes were initially entered into a Central Diabetes Register (with 5 more joining

tlre register since). These d¡abetes pntients (n=54) have now been monitored by POCT for a me¡n of lOmonths (range

3-l 8 months). Since the introduction ofthe 'one-stop shop', the percentage ofpersons achieving optimal glyeemic control (HbAlc
<7o/o) has increased by 30% (from 33t/o to 63c/o), the percentage achieving controlled glycaemia (HbAlc < 80/o) has increased by

32o/o (59%oto 9lVo), while the number exhibiting poor control has reduced by 7% (13% to 6%). The mean HbAlc has fallen Êom

7.6Vo aL the commencement of the program ¡o 7.lVo (p = O.Of, paired t-test). Falls in cholesterol and blood pressure were also

observed. Satisfaction with new lnanagement services for diabetes: 36 pat¡ents with diabetes (73V, of al known diabetes patients in

tle region at the time) completed satisfaction questionnaires. There was overwhelming support within this group for the use of
POCT as part of dreir management, because it was convenient, encouraged self-management and enhanced doctor-patient

relationships The proportion of patients witi diabetes who were satisfìed/very satisfìed with the available diabetes services was

signiÊcntly greater following the introduction of the project (before: n = 18 (6+%), after: n = 29 (9lo/o), X'= 6.lO, p = 0.01).

Doctors agreed that the immediate availability of POCT results at the time of consultation was convenient for them, contributed

positively to patient compliance and improved their relationship with the patient. Health professionals felt conÊdent in using the

POC analysers and believed t}re program had raised community awareness about diabetes and enhanced community ownership.

Conclusion: Point-of-ore patholopr testing has enabled the introduction of a community-friendly risk assessment program for

diabetes and provided a convenient and rapid service for monitoring the control ofdiabetes in people with established disease in the

Victorian Mallee Track region. The number of diabetes patients accessing diabetes services has more than doubled since the

introduction of the program. All community and health professional groups surveyed aþeed that the POC model delivered as part

of this project should be available to all people throughout the Mallee Track region. The model, although conducted in a small rural

community, has the potential to form a suitable template for the broader introduction ofPOCT services for diabetes in rural and

remote communities across Australia. As an independent measure of the success of the program, the Australian Government's

Department of Health and Ageing selected the Diabetes Management Along the Mallee Track project as one of drree demonstration

projects from the RCDI grants for showcasing to all rural health services in Australia through the production of an education

resource called'Building Healthy Communities'.

Key words: Australia, diabetes, Mallee Track, Point-of-Care Testing

Introduction

In 1996, the Federal, State and Territory Governments of
Australia identiffed diabetes mellitus as one of six Nation¿l

Health Priority A¡eas The Australian Diabetes, Obesity and

Lifestyle Study, which arose from the National Diabetes

Strategy and Implementation Planr, determined that

approúmately 940 000 
^ustralians 

over the age of 25 years

had diabetes2. Furthermore, the prevalence o[ diabetes in

Australian adults had trebled since I 98 I and for every known

case of diabetes tlere was one undiagnosed case2.

O MDS Shephud, BC Mzzachi, AK Shephad, KJ Mcl-aughlìn, B Denner, c Bames, 2005 A licence to publish this material has been given to
eRrmN http://nh.deakin.edu.au/ 2
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Recently, in the Ausralian state of Victoria, diabetes was

recognised as one oftÀe top l0 health problems for people of

all ages in the rural 'Mallee Track' region (centred on the

comtry town of Ouyen, approximately 400 km nortlr-west

ofMelbourne, the capital ofVictoria [Fig. ll)'. In an attempt

to improve diabetes services in this region, the Mallee Track

Health & Community Service (MTH&CS), based in Ouyen,

undertook a project entided 'Diabetes Management Along

the Mallee Track'. This project was funded by a Rural

Chronic Disease Initiative (RCDI) program grant from the

Australian Government's Department Health and Ageing,

Canbena, and was based in part on the MAN Model of

Health Promotion, piloted and developed by Centre for

Advancement of Men's Health aaoss rural Victoria+.

The primary aims of the Diabetes Management Along the

Mallee Track project were:

l. To identify people at risk for diabetes and raise the

level of awareness about diabetes in the general

community, through the delivery of community-

based risk assessment programs across the region.

2. To provide improved services for people with

established diabetes across the region, through the

establislùnent of an integrated, multidisciplinary,

'one-stop' service for the management ofdiabetes.

The novel use ofpoint-of-care (POC) pathologr testing wâs a

key component of both the risk assessment and management

arms of t}re project. POC testing (POCT) is a major growth

area within conìmunity and hospital nredicine in Australia,

and is soon to be trialled within the general practice sector in

Australiaí. POCT provides the opportunity for pathologr

tests to be perforrned on-site in the community by a trained

health professional, with results available within I 0- I 5 min.

This article describes the use of POCT for the risk assessment

and management arms of the Mallee Track program

(focussing particularly on the latter), and reports the level of

satisfaction among community members with diabetes, their

doctors and allied health professionals with the new POCT

services provided as part of this project. An initial assessment

on clinical outconre nìeastes for patients with diabetes, one-

year post-introduction ofthe program, is made.

Methods

Description oJ the Møllee Track Region

The Mallee Track region of nortl-west Victoria is a classiffed

as a remote area, according to the Australian Government's

rural and remote areas (RRMA) classlÊcation system6. It is

more than 350 km Êom the nearest capital cities (Adelaide

and Melbourne) and 100 km from the nearest rural centre,

Mildura. Agriculture (wheat and barley) and sheep farrning

are the region's main local industries. There are three main

towns in the region, Ouyen, Underbool and Murayville,

Ouyen having the largest population of approxirnately

ll50people (690adults). The regron's total population is

approximately 2800 (1680 adults).

Description oJ diabetes servìces Prior to the introd.uction

oJ the program

Prior to the introduction of the program, diabetes services

for patients were dis;ointed and uncoordinated. Local

services provided by two GPs were used sporadically by only

I 5-20 patients with diabetes. Patients had to travel

considerable distances (l00km) to obtain selected specialist

services (such as diabetes education) and had to wait several

days for pathology results. On average each patient had one

haernoglobin A 1 c (HbA I c) rneasurement perforrned annually

to assess his cr her diabetes control.

Partnershìps

The Diabetes Management Along the Mallee Track project

was established and directed by the Special Community

Health Projects Team from MTH&CS, in PartnershiP with

local GPs and MTH&CS Allied Health and community healtÀ

nurses. A diabetes educator visited the Mallee Track Medical

Centre monthly through a partnership witlr the Mallee

O MDS Shephad. BC Muzachi, AK Shephard, KJ Mclaughlin, B Denne¡. G Bames, 2005 A licence to publish this ntaterial has been given to
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Division of General Practice. A podiatrist was also engaged

locally. The Community Point-of-Care Services unit from the

Flinders University Rural Clinical School supported the

project with POC technolog¡r, training and competency

certiffcation for local POCT operators, quality management

procedures, data management and assistance in designing

community surveys. A local Advisory Committee was formed

to provide di¡ection and guidance to t.he program; the

committee included local community representation from

the Ouyen Diabetes Support Group.

Community-based risk assessment programs

Members of the Mallee Track community were invited to

participate in community risk assessment sessions held in

seven towns across the region: Ouyen, Murayville,

Walpeup, Underbool, Patchewollock, Speed and

Manangatang. Participation in risk assessments was voluntary

and opportunistic. Risk assessments were conducted in a local

community 'settings' approach; for example, using the local

Community Fire Authority (CFA), local schools and colleges,

and community Êeld days as venues fior risk assessment

sessions, as well as targeting specifìc community groups such

as the local walking group and the local men's tennis club.

Diabetes risk factor assessment was based on current

Australian best practice guidelinesT-¡r, and incÌuded random

capillary blood glucose and total cholesterol (measured by

ffngerprick POCT), blood pressure, age, personal and family

history of diabetes, smoking status, and self-assessed weight

and level of exercise.

Management oJ people vith established diobetes

Community members with established diabetes were invit€d

to participate in a new multidisciplinary service, which

involved a single appointr¡ent witÏ their lool GP This

appointment also included meeting the diabetes educator and

podiatrist and on-site POC testing for HbAlc, urine

albumin: seatinine ratio (ACR), blood lipids and glucose

perfonned by the Special Community Health Projects team

nurse. Having POCT results available witlin the single

consultation enabled the GP to enact patient management

artdlor change treatnrent during tJre consultation, without

tle need for the patient to return for a follow-up visit. This

integrated approach was designed to provide a more

accessible and convenient seruice for people with diabetes,

and to improve patient motivation to self-manage their

diabetes. It also overcame the need for Patients to travel long

distances to access specialist services. A loml register of all

participants in this servlce was established, including POCT

results conducted at the commencement of t}te program

(0 months) and at every subsequent visit to tieir loml GP.

This enabled future trachng of diabetes control and an

:ï,::*. 
of clinical outcomes post introduction of the new

POCT inst¡uments

The Bayer DCA 2000 (Bayer Australia, Melbourne, Vic,

Australia) and tle Cholestech LDX Lipid Analyser (Point of

Care Diagnostics, Sydnel', NSW, Australia) were used for

POCT. The Bayer DCA 2000 measured HbAlc on a

fìngerprick (l pL) of whole blood in 6 min. HbAl c is a well-

established biochemical marker that provides a measure of a

person's diabetes.control over the preceding 3 monthsr'2?,

The DCA 2000 is rurrendy used for POC HbAlc monitoring

lor people with diabetes in 60 urban, rural and remote

Australian Aboriginal mediml services, through the

'QAAMS' program (Quality Assurance for Aboriginal

Medical Services¡''-'*. The DcA 2000 has proven safe,

analytically reliable and robust, and clinically and culturally

effective in this settingr2'lt.

The DCA 2000 was also used to measure albumin:aeatinine

ratio (ACR) on 40 pL of urine in 7 min. Urine ACR is a key

biochemiol marker for the early detection of

microalbuminuria and fo¡ monitoring the progression of

diabetic nephropathylG. The instrument is used in the national

"QAAMS" program for point-of-care ACR testing, its

analytical performance has been validated against equivalent

laboratory-based methods, and it is a useful test for the

detection and management of chronic disease in a rural

community setting't't-to.

@ MDS Shephrd, BC Mazzachi, AK Shephrd, KJ Mclaughlin, B Denner, G Bames, 2005 A licence to publish this nìaterial has been given to
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Figure 1: Location of Ouyen, the central town in the Mallee Track region of Victoria.

The Cholestech LDX machine measured total cholesterol,

triglyceride, HDL-cholesterol, LDL-clrolesterol (calculated)

and glucose on a Êngerprick (35 pL) of whole blood in
5 min. The analytical performance ofthe Cholestech machine

has been validated in the laboratory and in the rural

community setting2o-2r.

@tality management oJ the POCT equipment

The Flinders' Community Point-of-Care Services unit
implemented an internal quality management program to

monitor tle analytical performance of the POC instruments

in the field. Local operators of the POC equipment were

reguired to test a commercially available quality control

(QC) material for each POC test and on each POC

ínstrument every time a new reagent kit was opened

(containing I 0 testing cartridges).

@restionnoires to assess project outcomes

With assistance Êom the [linders University Centie for

Epidemiolopr and Biostatistics, a questionnaire was

developed to assess participants' views on the introduction of

POC services and to assif policy development for the future

planning and delivery of diabetes services along the Mallee

Track region. The questionnaire design was based on the

5-point Likert scale2!, with respondents recording their levels

of agreement o¡ disagreement with statements posed.

Partícipants were given equal opportunity to agree or

disagree with each statement. The questionnaire for people

wilh established diabetes assessed their level of satisfaction

with the POC testing services provided through the project,

and was administered at the completion of the project (that

is, after l2months). The President ofthe Ouyen Diabetes

Support Group assisted with the development of this

questionnaire. The Manager of the MTH&CS Special Projects

team explained the aims and objectives of the questionnaire

to people with diabetes at a monthly meeting of the Ouyen

Diabetes Support Group. Following this meeting each person

fìlled out a questionnaire in his/her own time and at his/her

convenience Conrpleted questionnaires were returned in a

sealed envelope to the Manager of tle MTH&CS Special

Projects team within 2 weeks. Two further surveys were

inrplenrented. Tlrree loul GPs werc surveye.l to asscss thcir

satisfaction with the new POC testing seruices for diabetes

management, and the three health professionals responsible

@ MDS Shephæd, BC Mzzachi, AK Shephard, KJ McLaughlin, B Denner, G Bames, 2005 A licence to publish this nraterial has been given to
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for conducting POC testing also completed a questionnaire to

gain information about their acceptance of the POC

technology used duing the project.

Statìstical methods

The denrographics anr.l POC rcsults uf thc parlicipants who

underwent community-based risk assessment were

examined. Continuous, normally distributed variables were

expressed as means and standard deviations (SD), and

variables with skewed distributions were reported as medians

and inter-quartile ranges (IQR). Categorical variables were

reported as Êequency and percentage. Comparisons were

made between tìe POC measurements by gender, usin-q

Mann-Whitney U-tests. The prevalence of risk factors in

community participants was reported, and their relationship

with age was examined using X2 test for trend. For

participants with established diabetes, group mean (SD) POC

measurements were calmlated at the program

commencement and at their most recent visit to their local

GP.

The results of the satisfaaion questionnaires were reported as

the number (and percentage) of respondents who agreed,

were neutral, or disagreed with the statements presented in

the questionnaires. Comparisons were made between the

satisfaction with diabetes services provided prior to, and

following the progrâm implementation, using a 1¿¿ test.

Results

RisA assessment

Three hundred and twenty people underwent risk assessment

for diabetes during community sessions along the Mallee

Track, over the study period. The mean age of those assessed

was 50.3 years (SD 14.7, range l6-86 years). POC

measurements collected at community risk assessment are

desaibed (Iable l). Male pdticipants had higher random

blood glucose and higher systolic and diastolic blood

pressures, when compared with female participants (Mann-

Whitney U-test, pS0.05).

Risk factors for diabetes among those assessed in the Mallee

Track community were common, with over two-thirds

(r = 210) having an equivoæl capillary blood glucose

(5.1-ll.0mrnol/L) (Figue 2). 38% (n= ll6) uf tl'usc

tested had abnormal lipids (total cholesterol

) 5.5mmol/L), wlile 44o/o (n= 137) had hypertension

(systolic blood pressure ) l40mmHg or diastolic blood

pressure ) 90 mmHg). Smoking rates were low

(l3o/o, n = 37). These prevalence rates for people in the

Mallee Track region are lower t-l¡an the national 
"u"."g"'fo.

lipids (38% vs 5l%o respectívely) and smoking (l3Vo vs 16%o)

but higher for hypertension (44or'o vs 29o/o). The latter ffnding

is attributed to a very high rate of hypertension in males in

the region (54Vo vs 3l%o nationally). A positive trend was

identiffed between hypertension and increasing age

(X'= Z+.5, ¿<0.001), and between abnormal lipids and

increasing age (X2 = 12.8, p= 0.03), The prevalence of
diabetes (random blood glucose ) l1.l mmo/L) in those

assessed was not associated with age (X'= 11.2, ¿ = 0.35),

however the number of persons assessed in the lower age

groups were small. Three new cases of diabetes were

identiÊed as a result ofthe risk assessments conducted.

Manag ement of establis h ed diabet es

Forty-nine persons with established diabetes commenced

POC pathologr testing at their lool general practice across

the first l2 months of the program, with another fìve people

with diabetes joining this group over the following 6 nronths.

A local diabetes register was established and all POCT results

were entered into this register following each GP visit. The

MTH&CS and the Flinders' Community Point-of-Care

Services unit jointly mainta¡n the register, which is

electronically updated and available to local general

practitioners.

O MDS Shephud, BC Mæzachl AK Shephrd, KJ Mcl-aughlin, B Denner, G Bames, 2005 A licence to publish this material has been given to
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Table 1: Baseline characteristics of POC m€asurements conducted during the community risk assessment program

0.00021+78l683l680Diastolic BP

<0.0001201302314027133Systolic BP

0.0600.925.20L1+5.311.025.28Total cholesteroì

0 0281.40s. 301.405.501.455.40Random blood qlucose

IQRMedianIQRMedianIQRMedian
POC Test p Value*FemalesMalesAil

POC, Point of care; IQR, interquartile range; BP, Pressure
tComparisons were made between males and females, using a Mam-WhitDey U test

Randor¡ blood glucose rnmol/L (¡ = 319; 160 males), total cholesterol rnmol/L (n = 305; 156 males), systolic blood pressure tnmHg

(n = 3'10, I 56 males) and diastolic blood pressure mmHg (n = 309, 1 56 males).

Diabetes Likely

D¡abeies Uncerlein

Abnormal Lipids

Hyperlension

Family F{isÎory

Smoking

Perceived Weight Problem

Leck of Exercise

0 10 20 30 40 50

Overall R¡sk Pre\fi¡lence (o,t)

60 70

Figure 2: Prevalence of risk factors* for diabetes in the Mallee Track region. *Categorisation of key risk factors:

diabetes unlikelyr capillary blood glucose ( 5.0 mmol/L; diabetes uncertain, capíllary blood glucose 5.1-11.0

mmor/L; diabetes "-Y;lïlii,#T::i*:Hl iï;ffiT3:Hï;i, åitotar 
choresteror ) 5'5

These diabetes patients (n = 54) have now been monitored

by POCT for a mean of l0months (range 3-18 months). A

total of 162 POCT HbAlc tests, 9l ACR tests, and 132 lipids

tests have been performed since POCT commenced. The

percentage of diabetes patients achieving optimal glycaernic

control (HbAlc<770) inaeased lrom 33Vo (start of the

program) to 63% (POCT measurement at their most recent

visit to the GP). The percentage achieving controlled

glycaernia (HbAlc < 870) increased frorn 597o to 9l%0, while

tlre number exhibiting poor control fell frorn l3%o to 6o/n

(Figure 3). Since the colnmencement of POCT, tle mean

HbAlc, cholesterol, and s)'stolic blood pressure of the

diabetes group has fallen signifìcantly (paired t-test) by 0.57o,

0.36 mmol/L and 9 rnmHg as measttred by POCT at their

most recent visit to the GP (Tabte 2). Diâstolic blood

pressure had fallen by 5 mmH-{.

@ MDS Shephard, BC Mazzachi, AK Shephard, KJ Mclaughlin, B Denner, G Bames, 2005 A licence to publish this tnaterial has been given to
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Table 2z Mean (SD) of POCT measurements in the Diabetes Management group at the commencement of the

program (0 months) and at their most recent visit to the GP (most recent)

0.09s276 (1o)8 r (21)mmHgDiastolic blood pressue
0.004s2r34(14)t+3 (21)mmHgSystolic blood pressure

0.0152+.28 (O.9\4.6+ (1.O\mmol/LCholesterol

0.035+7.t (1 .+)7,6 (t.6)o/oHbAl c

Paired t-testnMost Recent0 MonthsUnits

Test p Value*Mean ISDì

Alcc,

p(0 05 represents significant chmge

100

s0

80

70

Twenty-two Bayer HbAtc QC tests, l'TBayer Urine ÀCR

QC tests and 44 Cholestech lipld QC tests were conducted

during the project period (Table 3). The precision ofinternal

quality control testing for HbAlc, urine ACR, urine albumin

El0 monlhs

I Mosl recent

Poorly Conlrolled
Olycaemla

(HbAl c>10%)

and urine creatinine met the desirable analytical performance

speciffcations recommended by the Australian Government's

'lnterim Standuds for Point of Care Testing in General

Practice'z'. For total cholesterol, tlre precision achieved for

quality control testing was very close to the recommended

analytical goal.

ît

o
t!
Ê
o
s

60

50

40

30

20

10

0

Targel 0lycaemla
(Hþ41 c<7%)

Controlled
Olycaemla

(HhA1 c<8%)

Figure 3: Improvement in glycaemic control among diabetes patients, showing an increase in percentage of
diabetes patients attaining glycaemic targets and a decrease in the percentage ofpatients exhibiting poor

control, as measured by POCT at the commencement of the program (0 montls) and at their most recent visit to
the Gp,

@talìty management oJ POC instÌuments

O MDS Shephard, BC Mazzachi, AK Shephad, KJ Mclaughlin, B Demer, G Bames, 2005 A licence to publish this m¿terial has been given to
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Table 3¡ Precision achieved for internal quality control testing on POC instruments

6.06.8
56.6+.6Cholesterol (mmol/L)

2.235.4
63.88.8Urine Creatinine (mmol/L)

5.2211 .0
t08.03 3.0urine Albumin (mg/L)

+.16.¡
126.13.6Urine A,CR (mglmmol)

4.0I t.0
+275.5HbAlc (%)

Goat (%)Precision (%)Concentration/
level

Test

seãtiníne ratio; HbAIc, haemoglobin Alc.

Table 4: Results of questionnaire on Poc testing for people with established diabetes

9l3l930lsme-stop d¡abetes service an improvement

r003600Should POC testing be available to all diabetics in Mallee

1003500Should POC program conrinue

9+333I3IResouces and questionnã¡les easy to use

Specific guestions

97323I0Doctor able to diabetes better

97ll3I0POC has helped relationship with doctor

9+3t620Being able to speak about result at visit positive

9+333I3IVisit more worthwhile with POC results available

Doctor-patient Issues

97323I0Happy to retun lor regular POC testinq

9+3l620Mot¡vated to look after diabetes because of POC

1003500POC acccptable alternative to laboratory testing

973+3
,l

0Confìdent in acoracy of POC result

97353I0Getting immediãte result less sb-essful

97353I0Fingerprick less stressful than venepuncture

Personal issues

97353
,l

0Advantage not having to return to clinic for result

97353I0Satisfied with POC result immediately available

Convenience

%n%n%n

Item AgreeNeutralDissree

POC, Point of qre.
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25

20

15

I Before proiect

¡ Afier project
f0

234
Satisfact¡on Rãt¡ng

(l=rrÞry unsaticfied, 5ã/ery satisf¡sd)

Figure 4: Comparison ofthe overall level ofsatisfaction with diabetes services before and after the Diabetes

Management Along the Mallee Track project.

SatisJaction with New Management ServicesJor Diabetes n= 18 I64Vol, after: n = 29 Iglo/ol, X'= 6.10, p= 0.01)

(Figure 4).

Satisfaction questionnâires were received from 36 people

with estâblished diabetes, two-thirds (n = 28) o[whom were

aged 5 5 years or older This nrunber of respondents

represented 73% (36/+9) of all persons in the Mallee Track

region known to have diabetes at tlìe time the questionnaires

were implemented. The majority of respondents (> 9O%)

reported a high level of satisfaction with the convenience of
the program, personal issues, doctor-patient issues and the

program overall (Table 4) There was unanimous agreement

among respondents that they would like to see POC testing

continue lor their own diabetes management, and that they

wished POC testing to be available to all people with diabetes

asoss the Mallee Track region.

ä
o
=Itq,

5

0

5

The proportion of respondents who were satisfied/very

satisffed with the available diabetes services was signilìcantly

greater following the introduction o[ the project (before:

Three local GPs completed a satisfaction questionnaire. All

agreed that the availability ofPOCT during consultations was

convenient and the opportunity to dismss POC results

irnmediately was advantageotrs. They had confìdence in the

accuracy and reliability of the POC result and believed it was

an acceptable alternative to laboratory testing. They also

agreed that immediate availability of the POC result

contributed positively to overall patient care and patient

compliance, as well as improving their rapport and

relationsbip with the client. All three strongìy agreed that the

POCT component of the program made a positive

contribution to the management of diabetes within their

servlce.

Th¡ee community health nurses responsible for conducting

POCT completed a satisfaction questíonnaire. All a-qreed that

@ MDS Shephard, BC Mzzachi, AK Shephæd, KJ Mclaughlin, B Denner, G Bames, 2005 A licence to publish this nìaterial has been given to
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the education, training and resources provided by the

Flinders' Community Point-of-Care Services unit were useful

ând appropriate. They had confìdence in the acmracy and

reliability of the POC results and understood the need to

perform quality control testing. Among the three
respondents, there was general agreement that patients in the

community were happy with POCT services, the program
had provided a focus lor raising community awareness about
diabetes and enhanced the sense of community ownership of
tie project.

Discussion

The ernergence of POC patlrology testing throughout the

world has paralleled signifìcant advances in medical

technologt, changes in healthcare delivery, witå a nrore
patient-orientated approach to care and an increasing demand

for improved turnaround of pathology results2+ The

Australian Federal Government recently commissioned a

major review of the role and value of pOCT in the general

practice environment2;. This review concluded that only very

limited information is currendy available on the efÊcacy of
POCT in general practice in Australia26 but that rural and

remote practices could potentially be the greatest

beneficiaries of POCT.

In the rural-based Diabetes Management Along the Mallee

Track Project, POCT was introduced for both risk
assessment and the management of diabetes. The use of the

DCA 2000 and Cholestech LDX POC technologr for this
purpose has proven safe, robust and analytically reliable in
rural community hands. As part of the risk assessment

sessions, POCT cont¡ibuted to a greater community
understanding of diabetes and its associated risk factors and

provided an effective and rapid means for on-going

surveillance of communify risk. The coordinated,
multidisciplinary 'one-stop' approach to diabetes

management, combining access to GP and specialist support
services with on-site POCT and immediate result availability,
has been well supported by the region's diabetes patients.

There are now more than two-and-a-half times more patients

accessing this new service and receiving closer monitoring of
tleir diabetes control compared to the number utilising the

previous diabetes service. The nmber of patients achieving

glyeernic targets has increased gready, while inÌprovements

in diabetes, lipid and blood pressure control have also

occurred. Patients with diabetes have expressed Ã

signiffcantly higher level of satisfaction with the new diabetes

servÍce, although there is potential for rctrospcctivc bias.

They were unanimous that they wanted POCT to continue
for their personal diabetes management and that pOCT

should be available lor all people with diabetes in the region.

Local doctors and health professionals conducting pOCT

were confìdent with this mode ofhealth service delivery.

Two key challenges for the program are: (i) t}e on-going

maintenance of the local diabetes register and the

commiûnent to continue performing key POC pathologr
tests at the Êeguency recommended for best practice

management; and (ü) attention to the care and follow up of
people identiffed at greatest risk for diabetes via dre

community risk assessment sessions.

The Diabetes Management Along the Mallee Track project
was initially selected as one of lginnovative rural projects
funded through tÌ¡e Australian Government's RCDI program.
At the conclusion of this RCDI program, the Government
selected the Diabetes Management Along the Mallee Track

project as one ofthree demonstration projects for showcasing

to all rural and remote health services in Australia through
the production of an education resouce called Building
Healtiy Conrmunities2?. This resource features a DVD and

video on how the Diabetes Management Along the Mallee
Track project is conducted on a day-to-day basis and aims to

provide a frar¡ework to assist rural communities throughout
Australia to conduct more effective community projects.

While acknowledging the population sample size in this

project was relatively small and a larger study would be

needed to broaden the generalisability of our ffndings, the

Mallee Track model, with its associated pOCT services, has

considerable potential to be tailored locally and applied to
many similar rural and remote health seruices in Australia,

@ MDS Shephud, BC Mazzachi, AK Shephad, KJ Mclaughlin, B Demer, G Bames, 2005 A licence to publish this nraterial has been given to
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where community will and health professional commitment

can work togetlrer for the common cause of reducing tle
prevalence and burden ofdiabetes.
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APPENDIX I

Questionnaire administered to 36 pat¡ents with d¡abetes to assess tleir level of satisfaction with their diabetes service after tlre introduction oI the

Progrm.

DIABETES M,ANAGEMENTACROSS THE MALLEE TRACK

Federally funded by the Department of Health and Ageing

Research and Eyaluation conducted by the

Community Point-of-C¡re Services unit, Ilinders University Rural Clinical School

Questjonnaire on Point-of-Care Testing For People with Diabetes

The 'Diabetes Management Along the Mallee Track' Special Projects Team in associatioD witlr the Conrmunity Point-of-Care Services unit is ver).

¡nterested to leen about your level of satisfaction with tle point-of-€re testing service and the point-of-cüe eguipment (Cholestech and DCA

2000) used in this program for you diabetes management.

As a person using our services, you¡ exper¡ences are very important to us and your feedback is greatly valued. The

information gathered from this survey will assist in planning for future point-of-ere testing services across the Mallee
Track region, Your responses will be regarded as strictly confidential.

Thank you [or your time in filìing out this questionnaire.

Section I. Generol Questions

Could you circle your response to the following statements jn terms of how strongly you agree or disagree with the stâtement:

I = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree:

Regarding Convenience

I I ãm satisfied with having tlre point-of-ere result immediately available to me

StronglyDisagree I 2 3 4 5 StronglyAgree

2. An advantage of point-of-ere testing lor me is that I do not have to come back to the clinic at a,later date to get my laboratory result

Sn-onglyDisagree I 2 3 + 5 StronglyAgree

Personal Issues

3. Having my blood test done by finger prick is less stressful than having blood taken from my arm

StronglyDisagree | 2 3 4 5 StronglyÂgree

4. Getting my point-of-ere result while I wait is less stressfuì than hav¡ng to come back later on another day to [ind out my result

StronglyDisagree I 2 3 + 5 StronglyAgree

5 l have confidence in the accuracy ofmy point-of-ore test result (as compared with the laboratory result).

SronglyDisagree 1 2 3 + 5 SrronglyAgree

6, Point-ol-rue testing is acceptable to me as an alternative to conventional laboratory testing.

StronglyDisagree 1 2 3 + 5 StronglyAgee

7 I am more motivated aboul looking after my diabetes because ofregular point-of-care testing

StronglyDisagree I 2 3 + 5 StronglyAgree

O MDS Shephard, BC Muzachi, AK Shephrd, KJ Mclaughlin, B Den¡er. G Bames. 2005 A licence to publish this nìaterial has been given to
ARHEN http://nh.deakin.edu.aul 14
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8. I am happy to come back regularly for further point-of-øe testing as part of the manatement of my diabetes.

StronglyDisagree I 2 3 + 5 StronglyAgree

Doctor-Pât¡ent Issues

9. My visit to the doctor is more worthwhile because I have my point-ol-ere results with me when I see the doctor.

StronglyDisagree I 2 3 + 5 StronglyAgree

10. Being able to speak to t¡e doctor about my result in the same visit makes me more likely ro manage my diabetcs well (by medietion/tablets

or diet/exercise).

StronglyDisagree I 2 3 + 5 StronglyAgree

I l. Point-of-care testing has helped my relationship with my doctor

SronglyDisagree I 2 3 + 5 StronglyAgree

12. My doctor is better able to help me manage my diabetes with the point-of-care results and the help ofthe Diabetes Risk Assessment Team?

StronglyDisagree 1 2 I 4 5 StronglyÂgree

Section 2. Specifc @restions

Please make comments on whether point-of-care testing has helped you look after your diabetes

Please fick your response to the following questions:

| . Would you like Poi¡t-of-Care Testing progmm to continue to be used for the management of your diabetesT

Yes No Don't know

2 Would you like to see Po¡nt-of-@re Testing available to all people with diabetes across the Mallee Track region?

Yes No Don't know

3. Is the 'one-stop' diâbetes service, incorporating point-of-ar€ testing and v¡sits to the GP, Diabetes Educator and Podiatrist, now bett€r than

the diabetes service that were offered prior to this proiect

Yes No Don't know

4 PRIOR to the introduction of this proiect, what was your level ofsatisfaction with the diabetes services provided for you?

Very unsatisfied Unsatisfied Unsure Satisfied Ver) satisfied

5' AFTER to tìe introduction ofthis project, what is your levcl ofsatisfaction with the diabetes services provided for you?

Very unsatisfìed Unsatisfìed Unsure Satisfied Very satisfied

Section 3. Demog rophics

Please complete the following information by ticking the relevant box.

Gender: Male FemaÌe

Age Group: l5-2+ 25-3+ lS-44 45-54 55-6+ 65+

My Home Town in Mallee Track reqion is:

Ouyen Murrayville Underbool Patchewollock Other (please specify)

Please give your completed questionnaire to either Pauline Harrison, Diabetes Support Group, or Glennis Barnes, MTH&CS

Ifyou have any queries or questions concerning the questionnaire, please contact Glennis or Bernard Denner on 50921 I I I

This questionnaire has been prepared by Community Point-of-Care Seryices unit, Flinders University Ru¡al Clinical Schoot
and the Diabetes Management Across the Mallee Track Special project Tæm.

@ Morh Shephord, Communit-t Point-oJ-Cøre Senic6 unit, Flin¿ers IJnile¡si¡.t Aurøl Clinicol School, 20O4

@ MDS Shephard, BC Mazzachi, AK Shephad, KJ Mclaughlin, B Denner, G Bames, 2005 A licence to publish rhis material has been given to
ARHEN hnp://rrh.deakin.edu.au,/ 15
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POINT.OF.CARE TESTING TRIAL IN GENERAL PRACTICE.

Mark D.S. Shephard

Community Point-of-Care Services, Flinders University RuralClinical School, Flinders University,
Adelaide, South Australia

Point of Gare 2006; 5: 192.
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Point-Of-Care Testing Trial ln General Practice In Australia.

This final short paper, written at the request of the journal's editor, provided a very general

description of the Australian Government's POCT Trial in General Practice, in which the author was

the Trial's POCT Device Manager, responsible for the education, training, competency assessment

and conduct of quality control testing by nursing staff from the participating general practices across

urban, rural and remote Australia.

The training resources and quality framework developed for use in the POCT in General Practice

Trial were adapted exactly from the successful strategies utilised in my lndigenous POCT models.

The direct transference of education and research tools from an lndigenous to a mainstream health

program is a rare occurrence in the Australian health care system but reflects the robustness and

adaptability of the POCT models conceived and implemented in this research program.

.{
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Point-of-Care Testing Trial in General Practice
in Australia

Mark D. S. Shephørd, MSc, MAACB

Abstract: A randomized controlled trial of point-of-care
testing (POCT) is currently being conducted in approximately
60 general practices in urban, rural, and remote Australia. The
trial will investigate clinical and cost-effectiveness, safety,
benefits to patients and general practitioners, and clinical
outcomes ofpoint-of-care testing. Point-of-care tests measured
as part of the trial include hemoglobin A lc, urine albumin-to-
creatinine ratio, lipids, and intemational normalized ratio.

Key Words: point-of-øre tesling, general pmctice, hemoglobin Al c,

urine albumin-to-creatinine ratio, lipids, intemational nomaliæd ratio

(Poinr of Care 2006;5:192)

I n 2002. the Australian
I on the 

'role 
and value

general practice in Aus
rural and remote general practices could potentially be the
main beneficiaries ofPOCT but that further work was needed
to determine the clinical and economic benefits of POCT in
general practice. As a result, the govemment recommended
that a trial of POCT in general practice be conducted. The
objectives of the trial were to investigate the clinical
effectiveness, cost effectiveness and safety of POCT in
general practice; to investigate the benefits to the patient and
the general practitioner (GP); and to determine whether POCT
Ied to improved health outcomes-all within a structured
quality management framework. A design for the trial and an
evaluation framework was developed before the commence-
ment ofthe trial, as were a detailed set of standards for POCT
in general practice, which incorporated trial guidelines.2J

The l8-month randomized controlled Point-of-Care
Testing Trial in General Pr¿ctice commenced in 2005 and will
finish in 2007. The tial is being conducted in urban, mral, and
remote geographic areas, with approximately 20 general
practices being recruited from each of the Adelaide, South
Australia (urban), Bendigo, Victoria (rural) and Dubbo, New
Soutb Wales (remote), regions, respectively (approximately 60
practices overall). Halfthe general practices will conduct POCT
(ie, be in the intewention group), whereas the remainder will be

From the Comun¡ty Point{f-Carc Seryices, Flinden Univemity Rural
Clinical School, Flindeß Un¡vmity, Adelaide, Sourh Ausmlia, Aùsmlia.

Reprints: Mark D S Shephard, MSc, MAACB, Community Pointsof-
Care Services, Flinders Un¡versity Rural Clinical School, Flinders
University, Bedford Park, Adelaide, South Australia, Australia (e-mail:
mark shephard@ flinders edu au).

Copyright @ 2006 by Lippincon Williams & Wilkins
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control sites, conducting routine laboratory testing. Approxi-
mately 5000 patients have been recruited for the trial. Patients

must have a preexisting diagnosis ofdiabetes or hyperlipidemia
or be on anticoagulation therapy. Tests to be measured as pa¡t of
the trial are hemoglobin Alc and urine albumin-to-creatinine
ratio (for diabetes management), lipids (for monitoring patients
with hyperlipidemia who are being prescribed lipid lowering
drugs), and intemational normalized ratio (for measuring
clotting time for patients receiving anticoagulation [warfarin]
therapy). The POCT devices selected for use in the trial were the
DCA 2000 @ayer Australia Ltd, Melboume, Victoria, Aus-
tralia) for HbAlc and urine albumin{o-creatinine ratio testing,
the Cholestech LDX @oint of Care Diagnostics Ausualia Pty
Ltd, Sydney, New South Wales, Australia) for lipids, and the
CoaguChek S (Roche Diagrrostics Austalia Pty Ltd, Sydney,
New South Wales, Australia) for intemational normalized ratio.

The trial is being delivered by 3 lead organizations,
working collaboratively from an Adelaide base. They are the
University of Adelaide, Flinders University, and the RCPA
(Royal College of Pathologists of Australasia) Qualiry
Assurance Programs Pty Ltd. A trial management group is
responsible for day+o-day administration of the trial and for
issues relating to accreditation and safety, recruitment of
general practices, and evaluation oftrial outcomes. A POCT
Device Working Group.is responsible for the development of
a training manual, the delivery ofinitial and refresher trainirig
workshops, competency assessment for POCT operators, the
implementation and maintenance of an intemal quality
control program for the POC tests, and the supply of devices,
reagents, quality control materials, and consumables, The
Extemal Proficiency Testing Program Group is responsible
for the implementation and maintenance of an external
quality assurance (proficiency testing) program for the POC
tests. All 3 groups report directly to the Australian
Govemment Department of Health and Ageing, through a
govemment-elected POCT Steering Committee.
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Neot Potient Testing in General Ptact¡ce. Decembet 2,2004. Ava¡lable
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lncorporating PoCT Trial Guidelines, December 2, 2004. Available at:
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CHAPTER 8: DISCUSSION

Main Features of fhls lfiesÅs and Principal Signifrcance of the Research Findings

The peer-reviewed published papers presented in this thesis represent the first and most

comprehensive research assessment of the effectiveness of POCT ever conducted in Australia.

Significantly, they address and fill the major gaps in the knowledge base of POCT identified in the

literature review (Chapter 2Table 2.25) and answer calls by leading academic researchers for better

designed studies to assess the effectiveness of POCT, particularly in the primary care setting (176,

178,179).

This research program commenced at a time when POCT as a medico-scientific discipline was very

much in its formative years in this country and there was only limited interest shown in this field by

medical scientists and academic researchers. Critically, this research was conducted in arguably the

most difficult and challenging of all non-laboratory primary care environments - the lndigenous

medical service. Here the geographic isolation of the largely rural and remote participating services;

the diverse mix of services in terms of their size, resources and patient base; and the requisite need

to conduct research within a framework of mutual trust and respect and strict observance of cultural

sensitivi$ have truly tested the rigour, adaptability and sustainability of POCT (13). Prior to this

research work, implementation of POCT models for chronic disease prevention and management

had never before been attempted in the Australian lndigenous medical service setting. ln 1997 this

research program was initiated at a single site, the Umoona Tjutagku Health Service in Coober Pedy

in remote South Australia, During the course of the ensuing decade, as shown in Figure 8,1, the

number of lndigenous services engaged in POCT programs developed and managed by the author

has expanded to 80 (as at March 2007).
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Figure 8.1 Location of Aboriginalmedicalservices engaged in the autho/s POCT programs (i)in

1997 and (ii)in 2007,

(¡)1ee7

(ii) 2007

O

O
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The systematic approach used in this research program has been based on the following common

set of overarching methodological principles, which have proven pivotal to the successful application

of POCT in the lndigenous health setting:

for use in lndigenous medical services,

Health Workers (and nurses) as POCT operators,

analytical quality of POCT results, and

the clinical and cultural effectiveness of POCT.

The originality of this research program is evidenced by a number of 'firsts' which have resulted from

this work; they include:

urine ACR measurement and the Cholestech LDX device for POC lipid testing in Australia

(9, 25),

competent POCT operators in a non-laboratory primary care setting (10, 16, 18,21),

quality which is equivalent to the laboratory and meets internationally-recognised

laboratory-based analytical goals (18, 21),

lndigenous medicalservices anywhere in the world (18,21),
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delivery, having gained widespread acceptance by lndigenous POCT operators, lndigenous

patients with chronic disease and their treating medical practitioners (22,26),

POCT has assisted the identification of chronic disease risk in the general community and

conhibuted to improved management of patients with diabetes and renal disease (22,26),

lndigenous setting (32, 36). This is a unique occurrence in the Australian health care

system, as so often mainstream health programs are enforced into lndigenous health but

rarely does the reverse apply (374).

Collectively, these findings have built a substantial new knowledge base on POCT in the lndigenous

medical service setting and, in the process, answered key research questions on the effectiveness

of POCT and confirmed its validity and reliability in this setting.

ln addition, the HbAlc and urine ACR Medicare rebates now available through the QAAMS Program

represent a further significant outcome of this research program. They are the only rebates for POC

pathology tests which can be claimed under the Australian Government's Medicare system (other

than a small group of qualitative tests such as urine dipstick and pregnancy tests)(34). The approval

of these rebates by two Auskalian Government Federal Health Ministers (the Hon Dr Michael

Wooldridge in 2000 and the Hon Tony Abbott in 2006) indicates the Government's acceptance of (i)

the research findings of the QMMS Program and (ii) POCT as a legitimate and credible means of

pathology service delivery in Australia.
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Problems Encountercd with the Current Research Program and Future Research Directions

Several problems and challenges were encountered during the development and implementation of

the POCT models presented in this thesis, in particular the QMMS Program. These are highlighted

in the ensuing text and, where appropriate, are discussed in the context of future research directions

(Table 2.26).

Maintaining POCT Operator Competency and Analytical Standards through Continuing Education

and Training

As the number of lndigenous medical services participating in the QMMS Program continued to

grow across the years, it became increasingly difficult to provide timely access to education and

training programs for both (i) new services joining the program and (ii) services that had recently lost

their cunent POCT operato(s). ln relation to the latter, high rates of POCT operator turnover not only

represented the most significant challenge to the continued sustainability of the QAAMS program but

also meant that this pool of research subjects was constantly changing. At the end of 2004, an audit

was undertaken regarding the number of changes in POCT operators within the QAAMS program at

each site during the first five years of operation. 21o/o oÍ services experienced four or more POCT

operator changes (with one site experiencing seven operator changes) (375). These latter sites were

spread broadly across urban, rural and remote geographic locations and not restricted to one

particular geographical zone. ln many instances, when POCT operators left their service, they took

the QAAMS education and kaining resources with them and provided little or no handover to their

replacement.

On-site, face{o-face training for individual services (especially those with immediate training needs)

has proven increasingly impractical and inefficient in a management sense and it has been

necessary to continually explore and engage an ever-evolving anay of culturally appropriate training

options.
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The annual QAAMS Workshop, which has been a particularly successful training forum, now

specifically prioritises the funded attendance of those services with the most pressing training needs.

On-site training is generally only conducted for groups of services within a common geographic

region at a location convenient to the participating services. Training by videoconference also

commenced in 2006 and has been particularly useful as a 'by distance' training option for remote

medical services with immediate training needs,

ln terms of future directions, web-based POCT training has recently been developed in the United

Kingdom (376) and, with further advances in web-streaming technology, this mode of training

delivery will undoubtedly become more widely used for large POCT programs, especially those that

have a national or international focus with large numbers of participating services. Advantages of

web-based training include around-the-clock availability, with the opportunity to progress through

training at one's own pace and to complete at least the theoretical component of competency

assessment online (376). I am currently developing a website for the QAAMS Program, in which

enrolled participants will be able to access the program's full training program in a 'live' web-

stieamed format. While broadband access required to view the web-based training still remains

limited in some remote parts of Australia, the concept of web-based training for POCT will provide a

significant further advance for services to gain immediate access to training. For those services

unable to access the web, the training presentation could be burned to a DVD and sent to these

sites as a further'by distance' training option.

The introduction of web-based training methods begs the interesting and important research

questions for my future work:
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Assessmenf of Clinical Outcomes in the lndigenous Health Setting

The ability to investigate the clinical effectiveness of POCT has been limited by several factors. As

noted in the literature review, in terms of study design, randomised controlled studies provide the

highest quality of evidence for assessing outcome measures (170). However, in working in the

lndigenous health setting, it has certainly been the author's experience that Aboriginal Health

Research Ethics Committees are reluctant to permit the conduct of randomised controlled studies as

they hold the view that they do not want to preclude any community members from receiving

potential benefits of a successful intervention strategy. Secondly, at the request of the participating

lndigenous medical services, the outcome studies investigating the effect of the introduction of

POCT on diabetes control were conducted as 'real time' prospective studies following

commencement of patient POCT. The author was not able to gain access to patient data on HbAlc

measurements conducted by the laboratory prior to POCT; therefore changes in glycaemic control

before POCT was introduced were not able to be compared with changes post POCT. At one of the

services in the POCT in Aboriginal Hands program and also in the non-lndigenous Diabetes

Management Along the Mallee Track Program, POCT was integrated into a new multi-faceted

diabetes care strategy and therefore the observed improvements in glycaemic control cannot solely

be attributed to the introduction of POCT. The difflculty of 'teasing out' the direct contribution of

POCT to improved patient care is certainly not restricted to the present research program and, as

indicated in the literature review, is a major issue in many POCT outcome studies (203,204lr.

Future research on the clinical effectiveness of POCT should continue to monitor changes in

glycaemic control (and other related parameters) in patients with diabetes across time, but be based

on an improved research design which includes the following elements: (i) the ability to source

laboratory HbAlc prior to the introduction of POCT to enable a true 'before and after' study, (ii) the

monitoring of diabetes patients who have received no change in clinical care pre and post POCT to

determine the direct assessment of the impact of POCT only and (iii) the tracking of diabetes
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patients over the long{erm (3-5 years) to validate the sustainability of improved clinical outcomes.

The ability to conduct research in this manner will however be contingent on the approvalof both the

relevant ethics committees and the participating lndigenous medical service(s).

Cost Effectiveness of POCf

It has not been possible to undertake a detailed analysis of the cost effectiveness of POCT during

the current research program, due to lack of resources and personal expertise in this field. As

evidenced by the literature review, cost effectiveness remains the most poorly researched area in

the field of POCT, with the longer{erm cost benefìts of POCT in particular being extremely difficult to

quantitate (79, 118, 17 4).

Cost effectiveness will be assessed as an outcome measure of the Australian Government's POCT

in General Practice Trial by the Evaluation Committee within the Trial Management Group and the

findings of this economic assessment will be eagerly awaited by all POCT researchers. Future

research in this field would require the engagement of health economists and should focus on

directly comparing the total cost of diabetes care in patients having POCT with the total cost of

patients having the same clinical care in patients without POCT.

PoCT Devices and Continuous Quality lmprovement

The Bayer DCA 2000 POC device has proven robust and analytically sound during the course of this

research program. The Cholestech LDX lipid analyser, used at different times during this research,

has also demonstrated acceptable analytical performance. However these devices have now been in

the global POCT market place for more than 10 years and represent'first generation' POCT devices.

Although simple to use, they lack some of the modern connectivity features now demanded by

current international industry standards (104,377). The DCA 2000 has limited capacity to connect to

an external printer, while the Cholestech LDX system does include an optional basic printer with
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hard copy readout. The DCA 2000 can store 16 patient results in its display memory but the

Cholestech LDX device only holds the most recently performed test result. lt is cunently not possible

to download patient or quality control results to a central laboratory or clinical information system

with either device. While relatively compact in design, neither device could be considered to be on

the miniaturised size-scale of most modern POCT devices. Battery operation is also not possible

with either device.

The research and development division of Bayer Diagnostics in the USA will be releasing a'second

generation' DCA 2000 device in late 2007/2008. ln 2005, the author was consulted by Bayer USA

and my direct input was requested into the design and specifications of this new model. While

featuring a more streamlined and modern appearance, the overall size of the new DCA 2000 will

remain unchanged, as will the analytical method principle (immunoassay) which has rigorously stood

the test of time. However, the new DCA 2000 will incorporate the full suite of connectivity features,

including the ability to electronically download and transfer patient and quality control results, track

individual patient test results, plot serial quality control results and calculate imprecision statistics.

More than half of the DCA 2000 devices currently used in the QAAMS program are over 7 years of

age, having originally been purchased by the Department of Health and Ageing in a bulk order from

Bayer Australia at the commencement of the QAAMS Program. While the devices have proven

robust, the author has recently held discussions with the Department of Health and Ageing regarding

the development and implementation of a replacement policy for ageing devices and well as seeking

funding support for an annual DCA 2000 service contract for each participating QAAMS service.

The latter will guarantee a loan device will be sent to each service within 48 hours of receipt of their

original device and minimum downtime of POCT service provision. These initiatives will be integral to

the continuing sustainability of this national POCT program.
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A specific area of future research interest is the measurement of blood creatinine by POCT. As

discussed in the literature review, the clinical use of an estimated GFR measurement (eGFR) based

on blood creatinine measurement has sparked renewed interest in this test (289). ln my discussions

with clinicians working with chronic disease patients in the lndigenous medical services around

Australia, the one POC test that I am consistently asked about is creatinine. ln 2000 I conducted the

first evaluation in Australia of the portable |-STAT POCT device (Abbott Diagnostics, Australia),

which included an assessment of a new creatinine module (378) and the device was trialled in an

lndigenous medical service in remote Western Australia. However, the creatinine POC test exhibited

poor analytical performance, with a high cailridge error rate and unacceptable imprecision; as a

result this device was not included in my current research models, Since that time, I have attempted

to identify a suitable alternate POCT device for creatinine measurement without success. The

challenge exists for POCT manufacturers to improve current technology for this test as there will be

considerable market interest in such a device with eGFR now an integral component of renal

disease assessment, A key research question for the future will be: Will new and improved POCT

devices for blood creatinine be able to demonstrate acceptable analytical accuracy and imprecision

and prove clinically useful in the lndigenous health care setting?

ln a more general sense, the literature review highlighted the recent development of, and

technological advances with, rn vivo, ex yiyo and minimally invasive POCT devices which can, for

example, provide continuous glucose measurements that could potentially result in improved

glycaemic control (64,82,85,95). Howeverthere remain many unanswered research questions in

this area, particularly how analytically reliable will these devices be in practice compared to existing

technology and will a change to this new technology result in clinical and cost benefits for the patient

and health services.
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Developing an Accreditation Framework for lndigenous POCT

As mentioned in the literature review, there are currently no specific government regulations or

accreditation requirements for POC devices and POCT testing in Australia including lndigenous

medical services (167), other than the provisional accreditation framework being trialled in the

Australian Government's POCT in General Practice Trial (which was developed by the Trial

Management Committee's Accreditation Working Group, of which I was a member) (34, 36, 113,

168).

With the continued growth of the QAAMS Program, a future direction of this work will involve the

development of a national accreditation framework for this lndigenous POCT model. The challenge

will be to construct an accreditation checklist that is comprehensive but remains culturally

appropriate, relevant and practical. ln many ways this task has been made simpler and more

straightforward by the current research program, as my research findings have (i) set the agenda

and determined what many of the standards for accreditation should be (particularly in relation to

education, training, competency assessment, quality control, quality assurance, analytical goals and

clinical governance) and (ii) provided the evidence that they can be achieved in the lndigenous

heath care setting.

Unceñainty Regarding lnternational Standardisation of HbAlc and UACR Methods

During the current research program, the conduct of POCT for HbAlc in lndigenous medical

services has continued across a period of professional uncertainty regarding the development and

introduction of procedures for the international standardisation of HbAlc methods. As mentioned in

the literature review, the lnternational Federation of Clinical Chemistry (IFCC), through its Working

Party on HbAlc Standardisation, has established a reference system for global standardisation (239,

254-260). This reference system has been developed to a stage which now includes a specific

chemical and analytical deflnition of the measurand, the development of a primary reference
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material, two reference methods (mass spectroscopy and capillary electrophoresis), an intemational

Network of Reference Laboratories and Secondary reference material that is .u.ì'rb,. for all

manufacturers of HbAlc methods. A plan for the worldwide implementation of the reference system

is also underway (260).

ln relation to the latter, the topic of most contentious debate is the HbAlc reporting units to be

adopted globally. Two main options are being considered: (i) the use of an IFCC HbAlc Sl unit which

will necessitate the introduction of a new reference interval of 3-5% HbA1c, with an optimal

treatment target of 5% and a change of therapy proposed at HbAlc values greater than 6% and (ii)

the reporting of HbAlc as'glucose equivalents', which requires further prospective clinical studies to

re-confirm and establish with certainty the relationship between HbAlc and mean blood glucose

levels (255,260).

While the push for global HbAlc method standardisation has had negligible impact on the day to day

management of current POCT models developed in this research program, in the longer term,

implementation of the planned change of reporting units will unquestionably require a significant re-

education program for clinicians, POCT operators and patients with diabetes in the interpretation and

clinical use of HbAlc results, Key research questions that will need to be answered to assess the

effectiveness of g lobal standard isation include:

the USA where resistance to global standardisation has been most pronounced)?

routine clinical practice across the world?

initial clinician and patient uncertainty about changes to HbAl c reporting units?
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As mentioned in the literature review, the accuracy of urine albumin (and hence urine ACR) methods

are also the subject of professional scrutiny following the recent published description of non-

immunoreactive form of albumin in the urine of diabetes patients (283-286). At the time of writing this

thesis, an IFCC Working Party has been established to address this issue but minimal work has

been conducted, ln the future, however, the global adoption of a new system for reporting urine

albumin and the classification of albuminuria status will require a new education program for all

stakeholders, including POCT operators, diabetes patients and their clinicians and present similar

future research questions to those posed for HbA1c.

FormalTeaching of POCT at University and Other Teaching lnstitutions

ln the cunent research program, 301 Aboriginal Health Workers, nurses and doctors have

undertaken specific training programs in the use of POCT for the management of diabetes and renal

disease. However, to the author's knowledge, there is minimal, if not a total lack, of formal teaching

of POCT in universities and other teaching institutions such as TAFE colleges, An important future

direction for POCT will be to develop and introduce structured teaching programs/modules about

POCT to Australian and overseas undergraduate and post graduate medical students and related

health professionals groups (for example nurses, Aboriginal Health Workers, diabetes educators,

and pharmacists). A key future research question will be: Can POCT teaching modules be integrated

effectively into coursework for a range of different health professional groups?

Translation of POCT Models on a Larger Scale both Oyerseas and in Australian General Practice

The research findings presented in this thesis represent the first substantial body of evidence base

to support the effectiveness of POCT in the Australian lndigenous medical service sefting. Together

with preliminary evidence from the quality assurance testing conducted in the island of Tonga, these

findings also form the basis for the compelling argument that the foundation elements of the POCT

models developed in this research program should be adaptable to lndigenous communities and/or

rural and remote communities globally and have immeasurable potential to address the global
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burden of diabetes and renal disease now present among world's lndigenous peoples. This is a

significant potential long-term future outcome of this work and one which will be the subject of future

planned research beyond this thesis.

I have held several rounds of discussions with senior managers within both Bayer Australia and the

parent company in the USA and have prepared a written proposal for the development and

implementation of an international program based on the QAAMS model, which is cunently being

considered by these managers, The proposed name for the international model is the ACE Program

for Diabetes Management, ACE being an acronym for Analytical and Clinical Excellence and

reflecting my desire for this program to not only maintain standards of high analytical quality but also

have a strong clinicalfocus with outcome assessments a high priority.

The QAAMS POCT model has already attracted world-wide interest and led to national and

international collaborations with clinical and research colleagues and industry in the Westem Pacific

region, Canada, North America, New Zealand, lndia and South Africa, making the vision of the

intemational ACE model feasible and attainable in the future, albeit on a signiflcantly larger scale

than the QAAMS model and necessitating the answering of a further suite of research questions

including:

of training?

level' and how can issues of anticipated even higher rates of staff turnover be addressed on

a larger scale?
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hj,

compromised by the likely more diverse and more remote nature of intemational

participants?

participating countries?

As described in Chapter 7, I have also played a major role in the establishment and delivery of the

Australian Government's Point of Care Testing in General Practice Trial. The results of the Trial will

not be completed and published until 2008. Should the Govemment decide to support the national

rollout of POCT into general practice in Australia, similar research questions to those posed for the

ACE program will need to be addressed as POCT is expanded on a significantly larger scale to

general practices across the country,

I

I
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Table 8.1. Future research directions for this POCT work,

il
il?
irli

Î

ls the QAAMS model robust enough to be successfully introduced

overseas?

Can web-based training be used on an international scale as a
practical and effective mode of training?

How will competency standards for POCT operators be assessed
practically at the 'ground level' and how can issues of anticipated even

high rates of staff turnover be addressed on a larger scale?

Will standards of analytical quality observed with the QAAMS program

be achievable or be compromised by the likely more diverse and more

remote nature of international participants?

Can POCT continue to be clinically and culturally effective when
conducted across different participating countries?

Translation of POCT models on

a larger scale

Can POCT teaching modules be integrated effectively into coursework
for a range of different health professional groups?

Formalteaching of POCT

Can global standardisation of HbAlc and urine albumin assays
(including those conducted by POCT) occur seamlessly across the

world with minimal clinical management errors occurring as a result of

the introduction of new reporting units?

lnternational standardisation of
HbAlc and urine albumin
methods

Can an accreditation framework be developed for the conduct of POCï
in the lndigenous health setting that is culturally appropriate, relevant

and practical?

Accreditation for lndigenous
POCT

Will new and improved in vivo, ex vivo and minimally invasive POCT

devices be able to demonstrate acceptable analytical accuracy and

imprecision and prove clinically useful and cost effective?

Research and evaluation of new

POCT devices and test
applications

What is the total cost of diabetes care in patients having POCI
compared to the total cost of patients having the same clinical care

without POCT?

Cost effectiveness

Using a before and after study design, what is the long-term clinical

effectiveness of POCT for monitoring diabetes patients compared to
patients undergoing the same clinical care without POCT?

Assessment of clinical outcomes

Can web-based training for POCT be as culturally effective as face-to-

face training and will it be accepted as a haining strategy by

lndigenous POCT operators?

Education and training

Key Future POCT Research QuestlonsArea of Future POCT Research
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